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Introduction from the editors of the thematic issue

The digital transformation of the economy, education, and everyday life has become a reality. Digital
technologies are actively used in the educational process, where teachers' and students work at different
levels of education. In psychological and pedagogical research, the concept of a digital learning environ-
ment (DLE) is becoming more popular. There are a lot of studies about its influence on the interaction
between teachers and students and their academic achievements. There are a lot of discussions about
the perception of DLE by participants of the educational process. In this issue authors reveal predictors of
DLE adoption and the "barriers of the first and second order". The first "shock" from the sudden and mas-
sive transition of the education system "to digital rails" during the COVID-19 pandemic had been replaced
with an understanding of the new possibilities of digital technologies and their partial application in modern
professional and everyday life. As a result, recently appeared some constructive studies on that, and we
selected them for this thematic issue.

The professional community is beginning to understand that the DLE is not only online learning; it s the
whole set of modern digital platforms, LMS, tools, and services for managing the learning and self-learning
process and implementing new opportunities for interaction between a teacher and students or schoolchil-
dren. In one of the articles in our new issue, the digital learning environment of a university is understood
as a set of digital technologies, methods, and tools designed to support the educational process and the
implementation of scientific activities by students and teachers to promote learning, self-learning, and the
development of general cultural, professional, and digital competencies that students will need to find their
place in the labor market [Sorokova M.G., Odintsovo M.A., Radchikova N.P., Evaluation of digital educa-
tional technologies by university teachers].

The DLE consists of various components in different combinations, including: online courses on the
educational platforms (Moodle, Coursera, Stepik, etc.); webinar software for distance education (Mirapolis,
Zoom, Cisco Webex, Google Meet, etc.); university platforms for independent testing of students' aca-
demic achievements (HT-Line, etc.); an electronic library of the universities; digital tools and programs for
quantitative analysis of empirical research data (SPSS, Statistica, Mathcad, etc.); tools for checking the
uniqueness of texts (Anti-Plagiarism, etc.); and others. There is also an increasing interest in the use of
gamification in education.

The indicated trends are discussed in the articles of this thematic issue "Digital socialization and teach-
ing in a digital learning environment". There are three sections: "The role of digital games in the develop-
ment of children and adolescents", "Digital tools for assessing development, competencies, and behavior"
and "Digital learning environment in the modern process of education and upbringing". The first section
contains articles that analyze the correlationship between the personal characteristics of adolescent gam-
ers and their behavior in the virtual space, the role of social intelligence in successful task solving in
computer games, and the study of the correlation between preferred digital games and the regulatory
functions of children 6—7 years old. The second section combines articles that analyze assessments of
creativity, digital literacy, cognitive control while using digital tools, as well as cyberloafing among school-
children and students. The third section covers the analysis of the readiness of students and teachers to
use digital technologies in education and the study of the mechanisms of "virtual education" in the Virtual
College of Medical Education and Management of the University of Medical Sciences of Tehran. There
is an interesting analysis of the phenomenon of "technostress" and the features of interaction between
teachers and students in the DLE provided by scientists from Indonesia. Other subjects are the formation
of methodological readiness for mediation in the hybrid model of education and digital storytelling as an
educational tool for the formation of spiritual and moral values among adolescents.

Marina G.Sorokova.,

Doctor of Education, docent, PhD in Physics and Mathematics, Head of

Scientific and Practical Center for Comprehensive Support of Psychological Research
PsyDATA, Professor, Chair of Applied Mathematics, Faculty of Information Technology,
Moscow State University of Psychology and Education, Moscow, Russia

Olga V. Rubtsova,

PhD in Psychology, Associate Professor of the Age Psychology Department,

Head of the Center for Interdisciplinary Research on Contemporary Childhood, Moscow State
University of Psychology &amp; Education, Moscow, Russia
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between Personality Traits and Online
Behavior in Adolescents and Young Adults:
Research on Dota 2 Players
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The article presents the results of a correlation analysis of the influence of Dota-2
players’ personal characteristics on their behavior in the virtual space. The analy-
sis is based on the data, received in the course of a series of experiments con-
ducted by the Center for Interdisciplinary Research on Contemporary Childhood
in Moscow State University of Psychology and Education in 2015-2023. Research
methods include the Q-Sort technique by W. Stephenson, the Butler-Haigh “Real
and Ideal Test”, the Role Conflict Questionnaire developed by O.V. Rubtsova, and
Adolescent Egocentrism Scale (AES) by R. Enright. The sample includes 103 ac-
tive players of MOBA Dota-2 aged 14—25. The paper discusses statistical cor-
relations, in particular, those identified on the basis of a network analysis of partial
correlations. The analysis suggests that such factors as role incompatibility and the
need for role-playing experience may be manifested in virtual play activity and part-
ly determine the specifics of its implementation by adolescents and young adults.

Keywords: computer games, play activity, virtual reality, adolescence, role
conflict, partial correlations, network analysis.
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B ctatbe npeacTaeneHbl pe3ynbTaTtbl KOPPENALMOHHOrO aHanuaa BAnsHmA
NIMYHOCTHLIX OCO6EHHOCTEN UrPOKOB BUAeourpsbl «Dota 2» Ha nx nosepeHve
B BUPTYaslbHOM UrPOBOM MPOCTPaHCTBE. AHANM3 BbIMOSIHEH HA OCHOBE AaH-
HbIX, MOJMTyYEHHbIX B XOAEe Cepun UccrnefoBaHui, npoeefeHHbIX B LieHTpe
MeXAMCUMNIIMHAPHBIX UCcrefoBaHuin coBpeMmeHHoro getctea MITIMY B
2015—2023 rr. B kayecTBe MeTOAMK MCCnegoBaHua NPUMEHSNINCL: TECTO-
Bas MeToguka «Q-coptupoBka» b. CtedhaHcoHa, «TecT pasnuunii Mexay
«SA»-peanbHbIM» N «A»-npeansHbim» G.M. Butler n G.V. Haigh, aBTopckui
«OnpocHuk ponesoro KoHdnukta» O.B. Py6uosoi, a Takxe OnNpocHWK
«[1oOpOCTKOBBIN 3roUeHTpU3M-coumoleHTpuam» (AES) P. OHpavita. Bbl-
60pKy uccnegosanua coctasnnm 103 akTUBHbIX NONb30BaTeNs KOMMNbIOTEP-
How urpbl «Dota 2» B Bo3pacTte oT 14 go 25 neT. B crtatbe obcyxpaatorcs
KOPPENALUMOHHbIE 3aBUCMMOCTU, KOTOPble ObINN BbISIBMEHbI B TOM 4uUcne
Ha OCHOBE CETEBOro aHanmaa 4acTHbIX Koppenauun. okasaHo, 4To Takme
haKTOpbl Kak poneeas HECOBMECTUMOCTb M MOTPEBHOCTL B POSIEBOM OMbl-
Te MOryT NposiBAATLCS B BUPTYanbHOW UrPOBOW AEATENIbHOCTU U OT4acTu
onpenenaTb cneunduky ee peannaaumm Urpokamm rnogpoCTKOBOrO N IOHO-
LLieckoro BospacTa.
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Introduction

Video games and research

Development of the video game indus-
try has resulted in a rapid transformation of
video games, that have evolved from quite
simple, allowing for only a limited array of
actions, to complex virtual worlds providing
multiple choices and paths [29]. As a result,
in the past few decades video games have
turned into a mass medium.

Entertainment Software Association esti-
mates that in the USA more than 227 million
people play video games, and 60% of Amer-
icans play video games daily. The average
age of a video game player is 31. In total,
players are roughly half female (45%) and
half male (55%). Players agree that video
games can bring different people together
(89%) and create an accessible experience
for people of different abilities (89%) [18].

Given the growing popularity of video
games, recently there has been a significant
increase in the number of research works
studying the effects of video games on various
aspects of physical and mental development
— particularly, in children and adolescents,
who represent more than one fourth (around
27%) of the world’s gamers [11, c. 25]. Re-
search in this field includes such issues as
video game addiction, association between
video games and aggression, the influence of
video games on higher mental functions (e.g.
attention, thinking and memory) as well as on
creativity and academic achievement[1].

Russian research in this area often in-
dicates that Internet addicts and gamers
often demonstrate signs of negative psy-
chological characteristics [4; 10; 12; 13].
Interestingly enough, the results of the re-
search are quite controversial. On the one
hand, there are scholars who argue that
playing video games excessively may re-
sult in problems with attention, self-control,
aggression and anxiety in children [20].
On the other hand, certain scholars report
on the potential positive impact of video
games, their mental health benefits [22],
including various specific positive effects
[25], in particular: decreased reaction times
[35] as well as improved performance on
visual attention tasks [22] and spatial abil-
ity [24]. Other reported benefits include im-
proved academic achievement — particu-
larly in maths, reading and science [27; 31].
Finally, there is even research to suggest
that playing violent video games can help
improve social skills by reducing violent be-
havior among certain populations [19].

An interesting area of research is repre-
sented by scholars studying the connection
between personality and behavior in video
games [32]. As Borders argues [15], playing
video games should be perceived as a con-
scious activity, which requires a sizeable com-
mitment. According to Hartmann T. and Klim-
mt C. [26], the conscious effort to partake in
any kind of behavior is influenced not only by
situational constructs, but also by consistent
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constructs, such as personality. Thus, there
are strong grounds to believe that decisions
made about video games represent a reflec-
tion of personality and its traits. In this regard,
contemporary research aimed at studying the
possibility of using video games to diagnose
cognitive abilities is of great interest [28].

Studying the association between per-
sonality and behaviors in video games is
rather challenging both theoretically and
methodologically. From the theoretical per-
spective, one could assume that behaviors
in video games resemble very much the
player's real-world behaviors. This implies
that users with particular psychological char-
acteristics are more likely to demonstrate
in video games certain behavioral patterns
than others (e.g. communicative individuals
would communicate more than those who
are less communicative in real life etc.).
However, many video games allow players
to emerge into a totally different reality and
experience events that are impossible, ille-
gal, or unlikely in the real world [35]. In addi-
tion, players’ behaviors in video games are
generally free of real-world consequences,
which may result in individuals breaking free
of habitual behavioral constraints and dem-
onstrating absolutely unexpected patterns of
behavior and interaction. Another challenge
is connected with giving an interpretation to
actions and behaviors that have no direct
equivalent in the real life.

From the methodological perspective,
research in this area requires adequate
tools for examining video game behavior
and, more specifically, for revealing the cri-
teria that could be associated with certain
traits of personality. It should be taken into
account, that given the variety of the existing
video games and the diversity of behavioral
patterns, which they offer, it may be difficult
to generalize the results of research.

It is probably due to this theoretical and
methodological complexity that research
in this field has been rather limited. There
have been several studies examining the
association of personality traits and video
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game behavior in a number of popular
video games: “Second Life” — an online
virtual world, in which a variety of activities
are available [14], the Massively Multiplay-
er Online Role-playing Game (MMORPG)
“World of Warcraft” — a fantasy-type world
that allows players to control an avatar [21;
35]. These studies have revealed that in-
game behaviors and motivations for play
are related to personality traits in predict-
able ways. A few studies of the connec-
tions between personality and motivation
for playing also suggest that personality-
behavior correlations may be found in other
video games [30], including mobile games
[34]. The study by Worth & Book [35] pro-
vides a more general overview to the con-
nections between personality and dimen-
sions of behavior in video games.

However, more research is needed to
explain why and how people are deeply im-
mersed in certain types of play and what
are the factors that influence, predict, and
help clarify video game play. The relation-
ship between personality traits and behav-
ior in virtual gaming reality is particularly
interesting to investigate.

The current study

The article presents the results of a corre-
lation analysis of the influence of Dota-2 play-
ers’ personal characteristics on their behav-
ior in the virtual space. The analysis is based
on the data, received in the course of a series
of experiments conducted by the Center for
Interdisciplinary Research on Contempo-
rary Childhood in Moscow State University
of Psychology and Education in 2015-2023
[7]. The aim of the research was to reveal
the existing connections between personality
traits and behavior in the video game «Dota
2» («Defense of the Ancients 2»). The game
was chosen for the empirical research due to
a number of circumstances. First, for a cer-
tain period of time «Dota 2» was one of the
most popular video games among teenagers
and young adults (approximately 12,5 mil-
lion of users around the world.) Second, the
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game provides access to the history of the
sessions, which makes it possible to analyze
the gamers’ behavior in a longitudinal per-
spective. Third, the game offers a big variety
of roles with different playing functions and
capacities. The results presented below refer
to the network correlation analysis [2; 3] of
the data obtained in the studies.

Methods

Video game “Dota 2” and indicators

of play efficiency

“Dota 2” is a multiplayer online battle
arena (MOBA) video game. The game
was developed as a sequel to the game
“Defense of the Ancients” by Valve Corpo-
ration. “Dota 2” is played in matches be-
tween two teams of five players with each
team occupying and defending their own
separate basis on the map. Each of the ten
players controls a powerful character — a
“hero”, having unique abilities and a par-
ticular style of play. During a match players
collect experience points and items for their
heroes in order to defeat the other team’s
heroes in player-versus-player combat. A
team wins by being the first to destroy a
large structure located on the competing
team’s basis, called the “Ancient”.

The game offers a big variety of roles
with different playing functions and capaci-
ties (e.g., players can cooperate with each
other to defeat difficult game-generated op-
ponents in raids, or attack and kill others’
avatars in player-versus-player activities
like battlegrounds).

Valve Corporation provides access to the
history of all “Dota 2” matches. Each match
is recorded and made available on the web-
site Dotabuff [16]. Dotabuff is an open-ac-
cess service collecting raw statistical data of
each “Dota 2” match using Steam Web API
(application programming interface).

Play behaviors are reflected in numer-
ous indicators that may be used for objec-
tive analysis, including:

e frequency of playing and time spent
in game (match date and time);

e results of the match (match result:
win; lost);

e number of matches abandoned
(abandoned match: yes; no);

e number of bot matches played by the
player (bot match: yes; no);

e number of playing kills, deaths and
assists performed by the player (KDA);

e the hero chosen by the player (hero
name; hero role);

¢ the level of the “skill” developed by the
player (normal skill; high skill; very high skill).

An important part of the analysis con-
sisted in considering the choice of heroes
by the players throughout the history of
matches. For this the following classifica-
tion of heroes was used [17]: Carry, Sup-
port, Nuker, Disabler, Jungler, Durable,
Escape, Pusher, Initiator. In the framework
of the research all of the indicators listed
above were downloaded and analyzed for
70649 matches.

Procedure and ethics of the study

Participants were recruited through a
posting on the site of the Russian social net-
work “VKontakte”. In order to be eligible for
the study participants were required to have
played “Dota 2” at least several times and to
be not younger than 14 years of age. A link
to the research webpage was provided in the
study posting; individuals who were interest-
ed in participation could click on the link to en-
ter the project website, where they viewed a
consent and information form that explained
the purpose and nature of the study. Partici-
pants who chose to partake clicked on a link
at the bottom of the consent form in order to
indicate agreement to start the study.

Taking part in the study required that
participants share their profile on Dotabuff
webpage [16]. Each participant who chose
to partake inserted the link to their profile
on Dotabuff (including Steam ID) into the
registration form on the webpage of the
research project. Participants then com-
pleted the tests. All participants completed
the questionnaires in the same order.
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Sample characteristics

The participants for the current study
were 203 Dota-2 players from Russia,
of which 100 participants were excluded
because they had failed to fill in all the
questionnaires offered in the study. Of the
103 participants included in the analysis,
98 (95.1%) were male.

Participants ranged in age from 14 to
25, with a mean age of 18.3 (SD = 2.9).
The majority of participants (79; 76.7%)
were under the age of 21.

Frequency of playing video games
among participants in the current sample
ranged from less than once a month 6
(5.8%) to seven days a week 32 (31.1%).
Among 103 participants 34% (35 par-
ticipants) did not report their frequency,
29.1% (30 participants) reported playing
once a week, three times a week or more
than 3 times a week. The number of games
played by the participants of the study var-
ied from 8 to 8451 matches (M = 1710;
SD = 1476) for gaming experience through
1to 10 years (M =7.1; SD = 2.8).

Measures

Q-sort technique of W. Stephenson

(“Test Q-Sort”)

This technique was developed at the
Humboldt University in Berlin and published in
1958. The technique was adapted on the ba-
sis of the Research Institute named after V.M.
Bekhterev. The stimulus material includes 60
statements, with each of those the subject is
asked to agree or disagree. The technique
is designed to study a person’s ideas about
themself and determines tendencies towards
dependence and independence, towards so-
ciability and lack of sociability, towards “fight”
and avoidance of “fight”. The technique also
makes it possible to identify the presence of
intrapersonal conflicts [5].

Self-ldeal Discrepancy Test

(“Test Self-ideal’)

The method of Self-Discrepancy Testing
was developed in 1954 by G.M. Butler and
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G.V. Haigh and makes it possible to deter-
mine the features of the modalities of the
“l-concept” of the individual. The subjects
are asked to evaluate 50 statements with
characteristics of the self-image in the range
from 1 to 5. The assessment is carried out
on the basis of how the subjects see them-
selves in reality, and then — how they would
like to see themselves “ideally”. The diag-
nostic indicator is the discrepancy between
the indicators of “I-real” and “l-ideal” [5].

Inner-Role Conflict Test

(«Test Roles»)

The questionnaire was developed by
0O.V. Rubtsova and allows to identify con-
tradictions in the structure of role identity,
manifested in such indicators as: rejection
of one’s own role behavior; rejection of the
role behavior of other people; level of need
for role-playing experience. The question-
naire consists of 30 statements, with each
of those it is proposed to express agree-
ment or disagreement [5].

Adolescent Egocentrism Scale (AES),

R. Enright (“Test Enright”)

The AES questionnaire is a classic
method for measuring the level of egocen-
trism. The original questionnaire included
45 questions. A variant containing 60 ques-
tions was used (variant of Ryabova T.V.,
1997) [9].

Additional variables

In addition to the test variables, the age
and playing experience of the players in
years were also taken into account:

e personal age;

e personal gaming experience (in
years).

Results of network correlation
analysis

Sample characteristics

The main results of the study, related to
the description of the sample and standard
statistical analysis, are published in the ar-
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ticle [7]. The number of matches played by
players has been shown to increase with a
player’'s age, which is due to the increase in
gaming experience with age. Similarly, gam-
ing experience increases with age (Fig. 1):

Correlation analysis
Designations of personal, psychological
and game factors are shown in Table 1.

Game experience (average)

Correlation analysis of 101 measured
factors, including personal qualities and
“Dota 2” game ratings, was carried out us-
ing Spearman’s rank correlation and net-
work analysis of partial correlations using
the glasso method [2;3]. Mathematical pro-
cessing was carried out in R with the help
of “ggraph” package. Glasso network model
of 101 correlated factors is shown in Fig. 2.

14 15 16 17 18 19 20 21 22 23 24 25
Age
Fig. 1. Average player game experience for each age scale
Table 1
Designations of personal, psychological and game factors

# Symbols Factors’ names Comments

1 AG “Player Age” Personal age

2 |GE “Player Experience” Personal game experience in years

3 |R1-R5 Inner-role Conflict Test (“Test R1 — rejection of their own role behavior,

Roles”) R2 — rejection of other people’s role behavior,
R3 — role incompatibility, R4 — role overload,
R5 — the need for role experience.

4 |Q1-Q6 Q-sort technique (“Test Q-Sort”) | Q1 — dependence, Q2 — independence, Q3
— sociability, Q4 — unsociability, Q5 — accep-
tance of conflict, Q5 — conflict avoidance.

5 |YA Self-ideal discrepancy Test The magnitude of the difference between “I-real”

(“Test Self-ideal”) and “l-ideal”.

6 |E1-E6 AES, R. Enright (“Test Enright”) | E1 — personal myth, E2 — imaginary audience,
E3 — self focus, E4 — personal interests, E5
— social and political interests, E6 — social and
political activity.
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# Symbols Factors’ names Comments

7 |T™ “Matches Total” Number of Total Matches played.

8 |AK “Kill”, “Average Kill” The Average number of Kills.

9 |AD “Death”, “Average Assist” The Average number of deaths.

10 [AA “Assist” The Average number of assists.

11 |AW “Win Total” Total number of games won.

12 |AL “Lost Total” Total number of losing games.

13 |TA “All Total” Total number of games played.

14 |TN “Abandon No” Total number of not abandoned games.

15 |[TY “Abandon Yes” Total number of abandoned games.

16 |[T1-T9 “Class Total” 9 game factors of “Total_classificator”.

17 | 1W-9W “Class-Wins” 9 game factors “Wins_classificator”.

18 | 1N-9N “Class-Normal-Skill” 9 game factors “Classificator_normal_skill”.
19 | 1H-9H “Class-High-Skill” 9 game factors “Classificator_high_skill”.

20 |[1V-9V “Class-Very-High” 9 game factors “Classificator_very_high_skill”.
21 1U-9U “Class-Unknown” 9 game factors “Classificator_unknown_skill”.
22 [1B-9B “Class-Bot” 9 game factors “Classificator_bot_match”.

23 [1S-9S “Class-no-Stats” 9 game factors “Classificator_no_stats”.

As Figure 2 shows, factors of different
types are grouped and form certain clusters
in the network. Clustering is more related
to game factors dedicated to game classes
and total coefficients. The characteristics
of personal psychological testing are also
more or less grouped. Meanwhile it is clear
that they are not strongly connected with all
game rates. Moreover, not all of the links
presented in Figure 2 are truly meaningful.
A detailed check of the relationship between
test factors and game factors showed that
only some game indicators have more or
less significant correlations with personal
and test psychological factors.

Figure 3 shows a network of partial cor-
relations of 28 factors, showing the rela-
tionship of all personal and psychological
factors with individual game factors 6S, 1H,
9H, 1N, 3N, 8N, AK, AA. It can be seen that
the psychological factors of the tests are
associated with a relatively small number of
game factors, and these relationships are
generally not very strong.

Spearman’s significant correlations be-
tween game, player, and test factors are
shown in Table 2 below. The value of the
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presented correlations lies in the range:
0.19 < p < 0.40.

The age factor AG positively correlates
(p=0.30"*, Table 2) with the psychological
factor R5 (role experience). Players with a
greater need for role-playing experience
tend to be older. The test factor R5 positively
correlates with the game factor 8N — class 8
of ordinary abilities (p=0.20*, Table 2).

The gaming experience factor GE posi-
tively correlates (p=0.23*, Table 2) with the
psychological factor Q4 (non-sociability).
Players with more gaming experience are
less sociable (apparently, excessive commu-
nication distracts from the game). GE gaming
experience also contributes to an increase in
the average number of players helping other
players in the game AA (p=0.19%, Table 2).
The game is difficult to win without the mutual
help of the players in the team.

Factors AG and GE with a high de-
gree of significance (p<0.001) correlate
(0.34<p<0.44) with the entire group of
gaming factors 1N, 1H-9H (the last 9 fac-
tors correspond to a high level of gaming
skills). The 1N factor is located in the net-
work separately from other medium N-type
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Fig. 2. A network of partial correlations reflecting the relationships between the studied factors:
the age of players AG and game experience GE, personal test characteristics E1-E9, YA, Q1-Q6, R1-R5, and
game ratings TY, TN, 1B-9B, 1H-9H, 1S-9S, 1N-9N, 1U-9U, 1V-9V, 1W-9W, AK, AD, AA, TA, T1-T9, TW, TL,
TM (parameter A = 0.1, hyperparameter y = 0.5)

Average Assist - AA
Average Kill - AK
Class-High - 1H,9H
Class-no-Stats - 6S
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Fig. 3. A network of partial correlations reflecting relationships between 28 studied factors:
age of players AG and game experience GE, personal test characteristics E1-E9, YA, Q1-Q6, R1-R5
and game ratings 6S, 1H, 9H, 1N, 3N, 8N, AK, AA (parameter A = 0.1, hyperparameter y = 0.01)
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Table 2

Spearman’s correlations between testing and player factors and gaming factors

# Correlated factors Spearman’s correlation The rate of significance
1 R3-1N -0.24 p <0.05
2 R3-1H -0.24 p <0.05
3 R3-2H -0.19 p <0.05
4 R3-6H -0.21 p <0.05
5 R3-7H -0.20 p <0.05
6 R3-9H -0.23 p <0.05
7 R5-8N 0.20 p <0.05
8 R5-AG 0.30 p < 0.01
9 Q2-AA —0.26 p <0.01
10 Q3-3N -0.21 p <0.05
11 YA-AA 0.25 p <0.01
12 E2-AK 0.24 p <0.05
13 E3-AA —0.20 p <0.05
14 E5-6S 0.21 p <0.05
15 AG-AA 0.19 p <0.05
16 AG-1N 0.40 p < 0.001
17 GE-AA 0.19 p <0.05
18 GE-1N 0.35 p < 0.001
19 GE-6S 0.21 p <0.05
20 GE-Q4 0.23 p <0.05

factors and closer to the group of high H-
type factors (Fig. 2) — see the light green
node, which is located next to the cluster of
yellow nodes. That is why in Fig. 3 factor
1N is located next to the factors 1H and 9H.
Almost all of these game factors (1N, 1H,
2H, 6H, 7H, 9H) are significantly (p<0.05)
negatively correlated with the R3 factor
(0.19<p<0.24, Table 2). The 1N factor cor-
responds to players with normal skills, and
the H-type factors correspond to players
with high skills. An increase in the values of
these factors is associated with a decrease
in R3, which means a decrease in the dif-
ficulty of combining roles in a group of high
skilled players. It should be noted that such
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dependence is not observed in the group of
very high skilled players.

Players who, on average, help more in
games, are significantly positively correlated
with the YA factor (p = 0.25**) and negatively
with the Q2 (p =-0.26"*) and E3 (p =—0.20%)
factors (Table 2). On the one hand, this
suggests that these players are more de-
pendent on other players, and on the other
hand, they are less focused on themselves.
The psychological factor Q3, which deter-
mines sociability, negatively correlates with
the gaming factor 3N (p =-0.21%).

Players who, on average, kill more dur-
ing the game, as a rule, have relatively
higher E2 scores (p=0.24*, Table 2). Appar-
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ently, they are more focused on an imagi-
nary rather than a real audience.

The gaming factor 6S has a significant
positive correlation with the psychological
factor E5, which determines social and
political interests, and the gaming experi-
ence GE (p=0.21%), and at the same time, it
negatively correlates with the gaming help-
ing factor AA (p = —0.40 ***, Table 2).

It is important to note that the above-
mentioned correlations of game factors 1H,
3H, 8H, 1H, 2H, 6H, 7H, 9H, 6S with indica-
tors of psychological tests have a relatively
low level of significance.

Conclusion

On the basis of correlation analysis,
small statistically significant relationships
between personal psychological and game
factors were revealed. In order to identify
other and possibly more significant relation-
ships between gaming and psychological
indicators, it seems necessary to increase
the sample of subjects.

The possible relationships identified on
the basis of correlation analysis show that
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The present study is focused on the measurement of the game efficiency by the
younger adolescences in the individual and collaborative game problem solving
conditions. The previously elaborated computer game system “PL-modified” was
used. Social and emotional intelligence as well as gender factor were additionally
controlled. 189 middle-school students from the 5—6th grades participated in this
study. The results showed that game efficiency was higher in collaborative prob-
lem solving conditions (in comparison with the individual game) no matter which
additional factor was controlled. Furthermore, the whole sample was divided in
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concerns significant impact of social intelligence on the game performance in the
pairs of boys. Emotional intelligence demonstrated only one significant positive
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sample of young adolescents and taking their cognitive abilities into account.
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VccnepoBaHue HanpaeieHo Ha OLEHKY YCMELHOCTM PeLLeHUst UFPOBOW KOM-
NbIOTEPHONM 3afjadn Ha npumepe pas3paboTaHHOW KOMMbIOTEPHOW CUCTEMbI
«PL-modified» y4awmmucsa mnagwero nogpocTKOBOro BO3pacTta B YCIOBUAX
VX MHOMBUOYaNbHOM N COBMECTHOW (B Nape ¢ napTHepom) paboTbl. OTaensHO
OLIeHVBANNCb N KOHTPONMPOBANMNCL Takne NepeMeHHble, Kak: UHAVBMAYarb-
Hble Pas3nuynsa B yPOBHE COLIMANbHOMO Y AMOLMOHANIbHOTO MHTENNEKTA, FeH-
OepHbIn hakTop. Onsa peanu3aumm nocTaBneHHON 3adaqu 6b110 NpoBedeHo
vcenefoBaHve Ha BbIGOPKe y4eHUKoB 5—6-x knaccos (189 yenosek). Urpo-
Basi pe3yNbTaTMBHOCTb OKa3anach BbiLLE B YCIOBUSIX COBMECTHOrO peLleHus
3aay He3aBMCUMO OT APYrMX KOHTPONMpyeMbIx hakTopos. Kpome Toro, Bbi-
6opKa y4alymxcs bbina pasgeneHa Ha Ase rpynmbl ¢ y4eTOM YPOBHS coumarnb-
HOrO UHTENNeKTa, KOTOPbIN AEMOHCTPUPOBAaNM UrparLLme B napax napTHepsbl.
TaK, rpynny 1 coctaBunm MUCnblTyemble C OAMHAKOBbIM YPOBHEM UHTEJNIEKTA,
a rpynny 2 — c pasHbIM YPOBHEM COLManbHOro MHTennekra. Pesyneratbl
CPaBHUTENBbHOMO aHanMa3a nokasanu, Y4T0 Urposasi pe3ynsTaTVBHOCTE B Ma-
pax BblLle, KOraa KOrHUTUBHbIE BOSMOXHOCTM UIPOKOB paBHbl. OTAenbHbIM
pesynsTatoM MOXHO CHMTaTb BKNaA COLMAanbHOro MHTenneKTa B nokasarenm
VIFpOBOI7I pPe3ynbTaTMBHOCTU B Napax y MaJib4MKOB. B cBoto odepedb, JaHHble
3MOLIMOHANBbHOIO MHTENNEeKTa nokasanu nofoXnTeNbHYI CBA3b C OAHWM Mo-
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Introduction
to the scientific problem

In recent years, the enthusiasm of
teenagers and youth to play video games
increase. According to Russian Public
Opinion Research Center , the num-
ber young people 18-24 years old play-
ing video games, increased from 40%
in 2019 [3] to 56% in 2022, with 20% of
them playing daily. Most often used for
games mobile phone and landline avail-
able computer [9]. Even more common
passion for video games among children
and teenagers sprouts. Thus, according
to JSC Laboratories Kaspersky”, 83% of
Russian children are old over 7 years old
play video games [4]. Similar data are
also provided by foreign studies — 81%
of adolescents and young adults young
people from 10 to 24 years old play video
games, and friendships are formed and
maintained have been online since school
age [15]. As the researchers note, under
conditions global digitalization children’s
game also inevitably undergoes a digital
transformation and becomes specific type
of age-related play activity, in which largely
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occurs socialization of modern children [2;
6; 7]. In this regard, psychologists are in-
terested in possibilities of video games for
the development of social skills, especially
among teenagers, who often experience
difficulties in communication with peers.
The first similar studies were conducted on
samples children with autism and showed
good performance results. In 2006 it was
presented at digital board game SIDES,
developed by aimed at helping teenagers
with the syndrome Aspergers acquire skills
to effectively group work. Six-month results
activities have demonstrated that co-seat-
ing board computer games are motivating
and supportive tool to facilitate effective ac-
tive group work among the target audience
[17]. Subsequently it was carried out many
similar studies that showed that the use of
information but-communication technolo-
gies in therapy opens up new prospects for
treatment many areas in people with dis-
orders autism spectrum. K. Grossard with
colleagues provide data on 31 “serious
game”, 16 of which are aimed at recogniz-
ing formation or production of emotions,
and 15 — on social skills [13].
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Despite the fact that such games looked
promising for developing many different
skills, they have some restrictions: most of
them designed for high-functioning of peo-
ple; their clinical validation is rare meets
evidentiary standards medicine; game
design is usually not descriptive varies; in
many cases clinical validation and playabil-
ity/game design incompatible. According
to the authors, about future research plans
should be more reliable from a method-
ological point of view, including including
stability assessment social and emotional
changes skills [13]. It is also necessary to
take into account the possible negative in-
fluence of certain elements video games —
for example, with the help of a specially
developed video game based on Minecraft
it was shown that modeled in game situ-
ation social competition, increasing cogni-
tive load, has a negative effect — reduces
concentration, learning efficiency and situ-
ational interest. The authors note that al-
though competition is one of basic elements
of video games, you need. It is possible to
strike a delicate balance between increas-
ing the mental load on players and motiva-
tional benefits in the process of achieving
game results [16]. New ones are currently
being developed “serious games” aimed at
development social competencies, and not
only for children with symptoms of ASD, but
also for normotypical adolescents. One of
these games became LINA, a smartphone-
based augmented reality game designed
for children from 10 years old and their
teachers. This game can be played by the
whole class to facilitate and improve class
interaction and reduce stress factors. The
authors believe that use of augmented re-
ality, sharing an exciting story and shared
gameplay in a common classroom space
makes it possible to use teenagers’ pas-
sion for digital technologies to improve so-
cial connections in the real world [15].

The effectiveness of communication
processes in video games can be assessed

in different ways, for this it is used as post-
interviews of participants and evaluation
team gaming productivity. There is a large
number of studies which use psychophysi-
ological diagnostic methods, for example,
recording eye movements during social in-
teraction [1]. Social intelligence adolescents
playing video games is a significant predic-
tor of positive relationships with parents and
peers, and its level is negatively associated
with negative emotions, and these effects
manifest themselves over time [14].

Thus, the development of “serious
games” aimed at developing communica-
tion among adolescents and young adults
and their cognitive capabilities is a current
direction of modern practical psychology.
Moreover, as the studies described above
show, individual psychological characteris-
tics players, including differences in social
skills (social intelligence) and emotional re-
sponses (emotional intelligence) can make
a significant contribution in the efficiency
of solving game problems. The presented
research is aimed to study the contribution
of individual psychological differences in
younger adolescents — namely, the level
of their social and emotional intelligence —
on indicators of their success in solving
computer game problems in different game
conditions: individually and in interaction
(in pare) with a partner.

General design and research
methods

The study used a modified version of
the “PL-modified” computer gaming sys-
tem developed by the authors to implement
the tasks in previous studies [5]. A sample
computer game is shown in Fig. 1: on a field
of size 9x9 cells according to certain rules
(“patterns”) colored colors appear balloons.
The player’s task is to line up balls of the
same color to score points. Understanding
the rules for the appearance of balls should
help more effective game, manifested in par-
ticular, in more points. Specific parameters
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of the game — understanding rules and their
use in the game are diagnostic markers of
specific mental actions — analysis (under-
standing rules) and planning (game results).

The procedure for research and evalua-
tion of the parameters of the effectiveness
of solving game problems. The study was
conducted at school for three academic
hours (lessons). At the first lesson, partici-

S

Fig.1. The playing field of the “PL-modified” system
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pants were introduced to the “PL-modified”
system, for two minutes they played the
training version games with random appear-
ance of balls. Next, the participants played
individual version of the game consisting of
three 10-minute sessions in which the balls
appeared according to certain patterns, dif-
ferent in every session. After each of three
sessions ended, each participant had to
answer questions about what the rules were
used in the game. By answers the actors’
understanding of the elements of the pat-
tern was assessed. It was also recorded the
number collected by each participant points.
Thus, to assess the effectiveness of solving
game problems, we carried out calculation of
the following parameters: 1) general number
of correctly named rules (patterns of the ap-
pearance of balls), which characterized the
formation mental action (hereinafter referred
to as UD) analysis, 2) game performance,
which characterized the formation of the
mental action of planning and was calcu-
lated according to the following formula: X1/
X2, where X1 is the general number of points
scored in each game, X2 is the number of
game moves. This calculation was made in
order to equalize the capabilities of players

O

B, O

EEEe 8 A& f

9 W &

Fig.2. An example of a playing field with options, with examples of the presentation of balls, permission /
prohibition of a move
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in different game conditions (so how obvious
it is that individually a person will obviously
score more points, than working in pairs)'.

In the second lesson, the participants
played the game in pairs with a partner,
for which they were randomly assigned to
pairs. The participants took turns making
moves, but each of them had the oppor-
tunity to forbid or allow each move of the
partner (see Fig. 2). It is assumed that the
proposed format of the game in the form of
a dialogue initiates the mental activity of stu-
dents, activating the use of mental actions to
successfully complete the task. During the
game, the participants had the opportunity
to communicate with each other. In this ver-
sion of the game, the participants also first
played the training version with a random
presentation of the marbles, then moved on
to the main version with the regular presen-
tation of the marbles. In it, as well as in the
individual version, there were three sessions
of 10 minutes each with different patterns in
each session. Participants answered ques-
tions about the elements of regularities one
by one, and the number of points scored
was recorded for the pair.

Thus, in total, for each respondent, 4
indicators of game performance were re-
corded: 1. the number of named elements
of regularities in an individual game (LE of
analysis); 2. performance indicator in an
individual game (planning UD); 3. the num-
ber of named patterns in the game paired
with a partner (UD analysis — separately
for each player); 4. performance indicator
in the game paired with a partner (planning
UD for each player).

In the third lesson, participants filled out
tests of abstract, social and emotional in-

telligence in paper format. Assessment of
general (abstract) intelligence was carried
out using the J. Raven Standard Progres-
sive Matrices test?. The level of social and
emotional intelligence was assessed using
two tests decision-making designed specif-
ically for adolescents 10—15 years old [8].

Data analysis was carried out using the
methods of mathematical statistics — cor-
relation analysis and comparison of aver-
ages, and was carried out in the IBM SPSS
Statistics 23 program.

Sample. The study involved 189
Russian-speaking students of a second-
ary school in Moscow (46% girls and 54%
boys), age range: 10—12 years.

Results

The results of the study provide data
on: 1) game performance indicators in
two game conditions: in an individual for-
mat and in the form of an active dialogue
between the participants; 2) game perfor-
mance indicators in two game conditions,
taking into account the individual psycho-
logical differences of the actors; 3) game
performance indicators in two game condi-
tions, taking into account the gender differ-
ences of the actors.

Average indicators for two variables —
LGD analysis and planning — are present-
ed in Table. 1.

The Wilcoxon non-parametric statistical
t-test was used to compare the average
values of the indicators in the two game
conditions. The results of both tables in-
dicate the following. First, there are obvi-
ous significant differences in the severity
of game indicators between the two game
conditions. This applies to both the plan-

1 Indicators of success in solving a game problem (game performance) were calculated in accordance with criteria de-
veloped and described in previous studies by the authors [5]. This article focuses attention is focused on another subject
of research, therefore the indicators of UD analysis and planning will not be disclosed in detail, they appear as the main

parameters for solving game problems.

2 The study used a shortened version of the test consisting of 12 tasks, which was previously tested in several studies, in-
cluding on students of the Faculty of Software Engineering at Moscow State University of Psychology and Education [12].
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Table 1

Average values of game performance indicators (standard deviations
are given in parentheses)

Name of indicator Game type
UD Analysis UD Planning

Ind. a game Pairs game Ind. a game Pairs game
1st game 0,91 0,75* 1,31 1,48*
2nd game 0,87 0,9 1,64 2,08**
3rd game 0,9 0,61** 1,14 2,72**
General game 3,33 (2) 2,56 (1,61)* 4,1 (1,31) 6,31 (3,38)*
indicator

* differences are significant at the level p < 0.006; ** differences are significant at the level p < 0.000.

ning indicator and the analysis indicator.
Secondly, despite the higher indicators of
analysis in individual conditions, it is the
game performance (planning indicator)
in the conditions of joint solution of game
problems that gradually increases with
each new game set and, in general, turns
out to be higher in the conditions of two
players working in pairs.

Next, a correlation analysis of intelli-
gence indicators (abstract, social and emo-
tional) was carried out with the main indica-
tors of game performance. The Spearman
coefficient was applied to calculate the val-
ues. No significant differences were found,
except for a positive relationship between
the level of social intelligence and the indica-
tor of planning in a game in pairs, however,
the resulting indicator slightly exceeds the

required significance level threshold (r = 0.2;
p = 0.07). These data allow us to conclude
that general intelligence does not affect
the gaming performance of the test takers.
However, individual differences in social in-
telligence can be significant. To confirm this
assumption, the conditions of the game in
a pair with a partner were analyzed from a
different angle, namely: the entire sample of
subjects was divided into two groups: group
1 (54 people) consisted of actors playing
in a pair with the same level of social intel-
ligence, group 2 (48 people)consisted of ac-
tors who worked in pairs and whose level of
social intelligence differed (by one or more
standard deviations). In table. 2 shows the
average values of the studied variables®.
The data in the table also show sig-
nificant differences in game performance

Table 2
Mean values for the tested variables
(standard deviations are given in parentheses)

Name of indicator Group 1 Group 2

Analysis Ind. a game 3,52 (2) 3,45 (2)
Pairs game 2,67 (1,71) 2,66 (1,4)

Planning Ind. a game 4,03 (1) 4,4 (1,73)
Pairs game 6,27 (3,6)** 5,2 (2,18)*

* differences are significant at the level p < 0.06; ** differences are significant at the level p < 0.001.

3 The results of each actor were marked as follows: as higher than 66.7% of the sample (high level), in the range from
33.3 to 66.7% of the sample (medium level), or lower than 33.3% of the sample (low level).
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between the conditions of work individually
and in pairs with a partner — these patterns
are observed regardless of the division into
group type and, despite the fact that the
understanding of the rules for constructing
patterns is slightly (but still insignificant)
higher in individual game conditions. In
addition, the results of the table show that
if in an individual game the indicators of
gaming performance are almost equal in
both groups of actors, then in the case of
playing in pairs with a partner, this indicator
is higher in group 1,when the players have
equal opportunities in the manifestation of
the level of social intelligence. Thus, de-
spite the absence of significant correlations
of game results with cognitive abilities,
nevertheless, the contribution of cognitive
variables, in particular, in this case, social
intelligence matters when it comes to the
interaction of two players.

Next, a correlation analysis was carried
out between cognitive abilities and game
performance indicators, taking into account
the division of the sample by gender. Given
that differences in the manifestation of
levels of social and emotional intelligence
in boys and girls have been studied for a
long time [11], we assume the possibility of
obtaining different effects. Table below. 3,
which contains the main results of the cor-
relation analysis between the studied vari-
ables on the sample of boys.

The results of the table show that the
level of social intelligence of boys is associ-

ated with such variables as LE of analysis
(i.e., understanding the rules in an indi-
vidual game), as well as LE of planning
(game performance in a game paired with
a partner). With an understanding of the
rules in an individual game, it reveals sig-
nificant positive correlations and the level
of emotional intelligence. No such associa-
tions were found in girls. Emotional intelli-
gence also turned out to be the only one
of the studied indicators, the level of which
differed in boys and girls — in girls it was
significantly higher when analyzed by Stu-
dent’s t-test (9.31 and 6.68, respectively,
p<.01). The indicators of analysis and plan-
ning themselves do not differ between boys
and girls, but they turn out to be higher
when paired with a partner, regardless of
the gender of the actors.

Study Findings

The study was devoted to assessing the
degree of formation of mental actions of
analysis and planning of schoolchildren of
younger adolescence through game indi-
cators, namely: using a specially designed
computer game system “PL-modified” in
two game conditions,individually and with
a partner. In addition, game performance
indicators were compared taking into ac-
count the cognitive capabilities (level of
social intelligence) of the players in a pair,
as well as taking into account the gender
factor. The results obtained allow us to for-
mulate several fundamental conclusions.

TaTable 3

The results of the correlation analysis of the level of abstract intelligence,
social and emotional intelligence and gaming performance in individual
and group play among boys (paired correlations)

Abstract intelligence Social intelligence Emotional intellect
Analysis (ind. a game) 0,19 0,28* 0,33*
Analysis (pair game) -0,03 0,14 0,02
Planning (ind. a game) 0,16 -0,12 0,16
Planning (pair game) 0,04 0,34* 0,25

* differences are significant at the level p < 0,05.
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First, game performance indicators as
diagnostic markers of mental actions of
analysis and planning, as well as patterns
of relationships between them, are mediated
by several factors: game conditions (indi-
vidually / in pairs) and intellectual resources
(equal / unequal abilities). The empirical
facts obtained indicate that the game con-
ditions in pairs are more productive, which
is manifested, first of all, in higher indicators
of game performance (SP planning) both
for the entire game and for each new stage.
These effects allow us to conclude that there
are favorable opportunities for using indi-
vidual computer games as a modern tool for
diagnosing mental actions with the possibil-
ity of organizing joint problem solving, where
a productive dialogue is needed to get the
most out of the game task being solved. This
conclusion is confirmed by both the recurring
general effects of previous studies [5] and
the same data on the greater productivity of
the playing conditions in a pair with a partner
at each game stage, taking into account ad-
ditional psychological factors.

A separate issue is related to the mental
action of analysis, the indicators of which
are higher in individual conditions of the
game, which contradicts the previously ob-
tained data of previous studies by the au-
thors. Such effects may be partly due to the
limitations of the process of interpreting the
results, when knowledge of the rules of the
game (by which the LEV of analysis was
understood) in the conditions of working
in pairs was also assessed individually for
each player (for certain technical reasons).
It seems that a deeper procedure for evalu-
ating game indicators will also make it pos-
sible to obtain more differentiated results
in relation to game indicators, and, conse-
quently, the mental actions of players. In
any case, it should be taken into account
that a joint game is a complex structural
phenomenon, “sensitive” both to external
dimensions (organization of diagnostics)
and to internal differences associated with
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the individual psychological characteristics
of the players themselves.

Secondly, the (indirect) contribution
of social intelligence to game outcomes
is found. Although significant correlations
were not obtained on the general sample
of players, nevertheless, the analysis of the
gaming performance of couples, taking into
account their level of social intelligence, re-
vealed a significant superiority in favor of
partners with equal opportunities. In addi-
tion, an important result is the contribution
of the boys’ social intelligence to the indica-
tors of LE of analysis (when playing indi-
vidually) and LE of planning (in pairs with
a partner). This phenomenon can be com-
mented on taking into account the specifics
of the sample itself — it was made up of
students of younger adolescence. Commu-
nication is the leading activity of younger
adolescents [10], in this regard, the individ-
ual psychological characteristics of players
in this age category are the prism through
which the results of any activity are refract-
ed. Previous research has also shown the
importance of abstract intelligence for ado-
lescent couples at play. Thus, the cognitive
capabilities of the players are an important
factor to be taken into account when devel-
oping diagnostic computer games. As for
gender differences, it is obvious that it is
boys who need the same (in terms of level)
partner to a greater extent in order to dem-
onstrate effective play. Taking into account
the fact that mental actions of planning are
behind the indicators of game performance,
the contribution of social intelligence to the
formation of specific mental actions in the
game is indicative in boys. The game inter-
action of girls in this regard depends to a
lesser extent on their cognitive level.

The results obtained, of course, are an
intermediate stage on a long journey of
studying computer games as a diagnostic
tool and the influence of their conditions on
the manifestation of the mental capabilities
of the players. Atthe same time, it is already
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important to understand how important it
is precisely an integrated approach to the
studied psychological variables, which is
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Pa6oTta HanpaBneHa Ha u3y4eHWe B3aMMOCBSA3M TUMOB LMUMPOBLIX Urp,
KOTOpble MPEeAnoYUTalOT OOLUKONbHMKMW, C Pa3BUTUEM Y HUX PEryNATOPHbIX
dyHKUMI. Ha ocHOBe aHanun3a MHTEepPBbIO JOLLKONBbHUKOB, a TakXe C y4eToM
UrPOBbIX MEXAHN3MOB W 3aeNCTBYEMbIX B UrPax KOrHUTUBHbIX PYHKLNIA Obl-
na paspaboTtaHa Knaccudukaumsa umdposblx Urp. Boino BbigeneHo 6 Tunos
LMPPOBLIX Urp: UTPbl HA BBICTPYIO peakuumio, Iormyeckne urpbl, obyyaroLme
Urpbl, cTpaTerm4yeckne MUrpbl, Urpbl-pucoBaHve u uUrpbl-cuMmynsaTopbl. O6-
was Bbibopka Bkovana 335 geten (48,6% AeBo4vek) B Bo3pacTe 6—7 net
(M=74,6 mecsiua, SD=6,06 mecsua). ViccnenoBaHune CoOCTOSO U3 OLEHKM pe-
rYNATOPHBIX PYHKLMI 1 6ecefpbl 0 NPeAnoYnTaeMbIX LUGPOBbLIX Urpax UHAN-
BMAyanbHO C KaxAabiM pebeHkoMm. Bbinn ncnonb3osaHel cyo6Tectsl NEPSY-II
ONS UBMEPEHUS YPOBHS PErynaToOPHbIX PYHKLUMIA UCTbITYEMbIX: 3pUTENbHOM
1 BepbanbHoi paboyen NamaTh, a TakxkKe KOrHUTUBHOIO 1 NoBEeAeH4YeCKoro
CAEPXMBAIOLLEro KOHTPONA. Takxe 6bina ucrnosnb3oBaHa metoamka «CopTtu-
pOBKa KapTo4eK No M3MeHsieMbIM napameTpam» L5 OLEeHKN KOrHUTUBHOMN
rmékocTn. Pesynbtatbl nokasanu, Y4TO Urpbl Ha ObICTPYIO peakuuio Obinn
caMbIMM MOMNYNAPHBLIMU Cpeaun AOLIKONbHUKOB 6—7 neT. [anee no nonynsp-
HOCTW ciefoBanu Nornyeckne rpbl, CTtpaternieckmne Urpbl U Nrpbl-CUMyns-
Topbl. ViccneposaHne nokasano, 4To 3putenibHas pabodas namsaTb fydLle
pasBuTa y Tex, KTO UrpaeT B Urpbl Ha ObICTPYIO peakumnio, Yem y TeX, KTO He
urpaet B Takme urpbl. [letun, nrpatoLlme B normyeckme urpbl, o6padatbisanm
VHopMaUmio ¢ 60sbLLIEN CKOPOCTLIO, YeM Te, KTO He UrpaeT B AaHHbIN BN
urp. PecnoHaeHTbl, KOTOpbIEe UTPaIOT B UMPbI-CUMYNATOPbI, NOMy4Ynnu 6onee
BbICOKMI 6ann Mo KOrHUTMBHOMY CLEPXMBAIOLLEMY KOHTPOSIO, YeM AeTw,
KOTOPbIE He Urpanu B 3TOT TUM Urp.

KnroyeBble crioBa: [OLLKONbHBIN BO3PACT; PErynsatopHble yHKUMM; umd-
POBbIE UMPbI; UrPbl HA BLICTPYIO peakumio; paboyas namsTb; CAEP>XXMBaOLLMIA
KOHTPOIb; KOTHUTUBHASA MMOKOCTb; CKOPOCTb 06paboTKN MHGOPMAaLIMW.
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Introduction

Executive functions (EF) belong to the
family of top-down mental processes that
provide purposeful problem-solving and
adaptive behavior in new situations [28] In
the research literature, EF are discussed
in the context of self-regulation [24; 44].
The most common assessment model
applicable to the children’s EF skills [4] is
proposed by Miyake. Following Miyake’s
approach, basic EF skills include working
memory, cognitive flexibility, and inhibition
[45]. Working memory allows us to retain
the memory target items during the per-
formance of the task. Cognitive flexibility
enables us to switch the attention from one
task to another, and to adapt to changing
conditions. Inhibition is understood as the
ability to regulate dominant but inappro-
priate impulses. EF skills are most rapidly
developed in childhood [21; 30; 69]. EF are
important predictors for child’s social, cog-
nitive, and psychological development at
school and later. Thus, children with better
EF skills show higher results in mastering
math [26; 67], and speech development
[41; 47]. Their transition to school [20]
goes easier, they have higher academic
achievements [46; 64], and behave more
appropriately in the classroom [52].

Both genetic [34] and environmental
factors [29; 59] influence the EF develop-
ment. Therefore, the search for conditions
and factors that surround children on a daily
basis and affect the development of the EF
skills is of topical interest for psychology.
For example, digital devices are an impor-
tant constituent part of modern childhood
[10; 11; 37]. Relevant studies revealed that
screen time among children has increased
significantly through the recent years [11;
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58]. Children spend more than 3 hours ev-
ery day using digital devices [12; 39; 60].
Playing digital games in everyday life af-
fects children’s cognitive development in-
cluding EF [43; 60]. Thus, the prevalence of
digital games among preschoolers and the
“sensitivity” of this period to the develop-
ment of the EF skills emphasize the impor-
tance of studying the correlations between
playing digital games in everyday life and
the development of EF in children. Identify-
ing optimal conditions for the use of digital
games can facilitate parental support of a
child’s digital activity. This, in turn, can re-
duce the negative effects of digital games,
and contribute to its developmental and
educational potential [6].

Digital games as a tool for training
EF skills

According to research, play activity is
of the utmost importance for the cognitive,
emotional, and personal development of
preschoolers [14, 29]. It was demonstrated
that play has a high developmental poten-
tial also, in case of the EF [22; 30; 59]. In
comparison to other activities, the biggest
advantage of play in the context of the de-
velopment of the EF skills is its naturality
and spontaneity. Moreover, play is enjoy-
able [14: 5]. Since recently, digital game
occupied a solid position among traditional
types of play [38, 61]. Let us emphasize,
though, that digital games are not a com-
plete alternative for traditional games. From
the perspective of the cultural-historical ap-
proach, these are the key characteristics of
children’s play: 1) a child creates an imagi-
nary situation and acts within it, and 2) play
develops through the changes in the rela-
tionship between the roles, rules, and play
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actions [61; 63]. Digital games don’t always
meet these requirements. Nevertheless, the
interest of the scientific community to this
type of games is constantly growing due to
the fact that children spend more and more
time using digital devices for playing [39;
58]. The potential of using digital games for
the development of the EF skills is under
active consideration and study in the expert
community. A number of research works re-
vealed that digital games can affect the de-
velopment of the working memory [17; 51;
56] and inhibitory [27] in a positive way. The
results of certain training experiments also
confirmed that the effect of digital games on
the EF skills’ development is more notice-
able than the one of traditional games and
other developmental means such as sports
education, drawing, etc. [42; 48; 59; 65].

For example, in the study by Xiong and
colleagues (2019), 60 4—6-year-old pre-
schoolers attended 20-minute intervention
sessions for 8 weeks. The participants were
divided into groups randomly: the first group
played specially selected exergames (a new
generation of digital games that provide a
more active, whole-body play experience),
and the second followed a traditional teach-
er-led physical activity program. Apparently,
the children who played exergames, dem-
onstrated much more significant dynamics
in the development of skills n social accep-
tance, if compared to those who participated
in the physical activity program. This out-
come can be also explained by the fact that
exergames are an innovative physical activ-
ity combining traditional physical exercises
and an engaging video-game, which results
in additional developmental effect.

Similar results were obtained in the
study by Rafiei Milajerdi and colleagues
(2021). It explored the influence of the
“Sports, Play and Active Recreation for
Kids” program and exergaming on EF in
6—10-year-old children with ASDs. The re-
sults revealed that the use of digital games
for the development of the EF skills was

more efficient than the conventional sports
and play programs, due to a higher motiva-
tional involvement of children.

The development of the EF skills by
means of digital games proved its efficiency
both for girls and boys [59; 65]. However, cer-
tain gender differences were registered in the
digital game preferences. Boys chose com-
petitive games more often, for example, “mili-
tary games”, action-games, or racing games,
while girls rather opted for puzzle games [13;
35; 55]. Both genders were equally interested
in the creative and construction games [23].
Nevertheless, at the moment, there is still a
serious lack of research aimed at the gender-
based digital game preferences and the de-
velopment of the EF skills.

Thus, digital games can be used not
only for entertainment but as a tool of cor-
rection, training, and development at pre-
school age [60]. Because of the deep en-
gagement [16] and the direct skill training
by means of digital simulators, the EF skills’
development in children becomes possible.
It is essential to note that the active involve-
ment of adults into the organization, selec-
tion and discussion of digital games con-
siderably enhances their developmental
potential [8, 60]. The reason is that it is the
adult who transmits to children the ways of
use of digital devices and digital games as
psychological and cultural means, as well
as demonstrates all the range of options
of interacting with them [54]. So, if digital
games are played by children on a regular
basis, and are an efficient developmental
tool in the preschool age, it provides the
grounds for the following questions. Are all
types of digital games equally efficient for
the EF development? How is the content
and the mechanism of a digital game re-
lated to the development of the EF skills?

Different types of digital games
and the EF development

Cognitive psychology mostly relates the
development of the EF skills to action video
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games that require an active use of voluntary
attention and a well-developed perception
from the player [15; 18]. Digital action-games
are complex 3D games with fast-moving
goals that quickly appear and leave the range
of the player’s vision. Digital action-games
include such genres as fighting games, beat
‘em ups (hand-to-hand fighting against multi-
ple opponents), shooter games, and platform
games. All of them require an agile reaction
to multiple quickly-moving visual and audial
stimuli, a flexible adjustment of behaviour to
the constantly evolving conditions of the play
situation, and the development of control
strategies for one’s actions.

However, other research results con-
tradict the theory of action video games
as the most efficient for the development
of the EF skills [33; 66]. For example, 119
3—~6-year-old children participated in the
study by Yang and colleagues (2020), and
it revealed no connection between action
video games with the total EF skills score.
Moreover, action content of digital games
was correlated with the inhibition develop-
ment negatively. The lack or even a com-
plete absence of positive effect of action
video games is related to the fact that this
genre requires a very quick reaction almost
at every moment of playing process which
leaves no room for strategic planning.

At the moment, it is the efficiency of a
new generation of digital games, the exer-
games, is of immediate research interest.
This genre combines exercises and play,
i.e., physical activity and cognitive involve-
ment. This is why many authors believe
them to be the most effective type of digital
games in regard to development of the EF
skills [32; 34; 65]. For example, Gashaj and
colleagues (2021) undertook a study that in-
cluded 97 preschoolers and their parents in
order to explore the relationship of classical
digital games, exergames, non-digital board
games, and EF. Parents evaluated their chil-
dren’s play behaviour by the criteria of fre-
quency, duration, and type of game. It was
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revealed that in comparison to other digital
games (3-dimensional, balance-objects
games, etc.), exergames, non-digital board
games, and puzzle digital games positively
correlated with the development of the EF
skills. Let us indicate the fundamental differ-
ence between exergames and other types
of digital games, it is the criterion of physical
involvement. Other than that, in their mech-
anism, rules, engagement of psychological
functions, and content, exergames can be
identical to other digital games, such as fast-
paced arcade games, first-person shooter
games, puzzle games, and others. There-
fore, the analysis of the specifics of digital
games promoting the EF skills’ development
needs more explicitation.

Currently, the research of digital games
is contradictory and not sufficiently system-
ic. Comparative studies distinguish differ-
ent game types at the author’s will, because
already existing popular classifications of
digital games are mostly based on genres
and the criteria of the plot, design, and
tasks [3]. This approach is not sufficient for
the definition of a potential correlation be-
tween games and cognitive development.
Another categorization of digital games
in comparative studies is based on the
analysis of parent surveys [7]. The parents
describe the games their children prefer in
interviews or surveys, and the categories
are drawn according to these responses.
However, this data may not reflect the real
interests of the preschoolers, since parents
are not always aware of the digital content
their children are dealing with [54]. More-
over, there is almost no research that would
include the data obtained directly from the
preschoolers. All the above-mentioned
complicates the definition of the specifics of
digital games contributing to the develop-
ment of the EF skills. Still, it is essential to
underline that the exploration of spontane-
ous use of digital games by children in real
life together with children’s preferences is
of the urgent interest for us.
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The present study

This study was aimed at the correla-
tion between the types of digital games
preferred by preschoolers and their EF
skills. We wanted to find out what types of
games were popular at the moment among
present-day preschoolers in general, and
the preferences of boys and girls, in par-
ticular. Secondly, we aimed to examine the
relationship between those preferred types
of digital games and the EF skills in children.
For a more detailed study of the connection
of types of digital games and the specifica-
tion of their key features defining their ef-
ficiency, we created a classification of the
games in question. It was based on the chil-
dren’s responses about the digital games
they preferred and the current vision of their
genres and mechanism [1; 3]. We selected
two parameters as the classification crite-
ria: the game mechanism, and the required
cognitive functions. We pointed out 6 types
of digital games: quick reaction games,
logic games, educational games, strategic
games, drawing games, and simulators.

The first category included action-
games, platform games, and racing games.
They require an active processing of visual
information in the conditions of fast ap-
pearance and disappearance of multiple
objects in the player's range of vision. It
is also crucial to retain multiple objects in
focus. These specifics activate visual work-
ing memory. Quick reaction games also
imply that the player makes very quick but
precise decisions which requires an inhibi-
tion of impulsive reactions.

Logic games included arcades, puzzles,
and causal games. This category is charac-
terized by relatively simple control mecha-
nism, and simple rules. Logic games don’t
require an active voluntary attention, but do
need strategic thinking and use of logic. Cre-
ating their own strategy requires the skills of
control of spontaneous actions in favour of
the ones that are strategically necessary.

Educational games are basically adjust-
ed educational programs, for example, for
English, ABC, maths, and other disciplines.
Normally, they have an attractive multico-
loured interface, include virtual rewards,
video instructions to perform the tasks, and
the actual tasks. Educational games are
aimed at the training of a particular skill.

Strategic games include sandbox mode
(configuration and moving of objects, map-
ping), Battleship, chequers, and chess.
Games that belong to this category have
a more complex mechanism than the logic
ones. This genre requires planning of the
player’'s activity, coordination, and control
of the sequence of actions, and remember-
ing a certain volume of visual information
to be able to use it later. Strategic games
activate planning skills and visual working
memory. It is important to note, that often,
preschoolers don’'t use the benefits of all
the potential of strategic games.

We assigned a separate category to the
drawing games. In order to draw an object,
a visual analysis is required, along with the
examination of the details and features of
the object. Itis also necessary to remember
its physical properties. Therefore, drawing
activates the mental functions related to the
retaining and transformation of images. Be-
sides, the games of this type imply active
use of motor skills.

The last but not least category compris-
es simulation games, or simulators. They
create an image imitating real conditions,
they reflect a certain part of reality in the
virtual environment. A child gets a chance
to try to imitate handling some objects.
Simulators offer trying out “adult” roles to
children: taking care of an animal, decorat-
ing a house, doing grocery shopping, and
so on. This characteristic is common for
simulation and plot role play.

Deriving from this classification of the
digital games preferred by preschoolers
and the analysis of corresponding re-
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search literature we assumed the follow-
ing: 1) boys would prefer quick reaction
games to the others, and 2) girls would
rather choose logic games over other
genres. We also proposed four specific
hypotheses regarding the preferred game
types and the EF skKills:

Quick reaction game players and stra-
tegic game players will demonstrate higher
visual working memory scores than the
non-players.

Quick reaction game players and stra-
tegic game players will demonstrate higher
scores in verbal and auditive working mem-
ory than the non-players.

Quick reaction game players will dem-
onstrate higher cognitive flexibility scores
than the non-players.

Quick reaction game players, strate-
gic game players, and simulation game
players will demonstrate higher inhibition
scores than the non-players.

Methods

Participants

335 children (48.6% girls) aged 6—7
(M=74.6 months, SD=6.06 months) were
recruited for this study. All children were at-
tending public kindergartens in the districts
characterized by the same infrastructure
level, and designed to accommodate pri-
marily medium-income families.

Procedure

The study included two stages: EF
skills assessment and an interview. Both
were conducted individually with each child
using electronic versions of the tests and
questions on a tablet. This made the test-
ing procedure identical for all participants.
Three meetings with each child were held
to complete all tests and the interview. Dur-
ing the interview about digital devices, the
children were asked: “What games do you
like to play?”. Participants could name sev-
eral favorite games. These answers formed
the basis of the proposed classification.
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The assessment took place in a secluded
quiet place, familiar for the child in one of
the kindergarten rooms.

Parents of all the participants gave writ-
ten consent for their child to participate in
the study. The study was approved by the
Ethics Committee of the Faculty of Psy-
chology of Lomonosov Moscow State Uni-
versity.

EF assessment

We used the NEPSY-II subtests [4; 40]
to measure the examinees’ EF level: visual
(“Memory for Designs”) and verbal working
memory (“Sentence Repetition”), and inhi-
bition (“Naming and Inhibition”, “Statue”).
We also used “The Dimensional Change
Card Sort” [68] to assess cognitive flexibil-
ity. It allowed us to measure various com-
ponents of the preschoolers’ EF.

The NEPSY-II “Memory for Designs”
(MD) subtest was used to assess visual
working memory. This test reflects the
correct memorization of image details and
their spatial location

The NEPSY-Il “Sentence Repetition”
(SR) subtest was used to assess verbal
working memory. This test consists of
17 sentences that gradually become more
difficult to remember due to their length and
grammatical structure.

The “The Dimensional Change Card
Sort” (DCCS) test was used to assess
cognitive flexibility. This technique consists
of three tasks for sorting cards. First, the
child must sort the cards by color, then by
shape, and eventually, to follow a complex
rule: if a card has a frame, it must be sorted
by color, and if there is no frame, by shape.

To assess the cognitive component of
inhibitory control, we used the NEPSY-II
“Naming and Inhibition” (Inhibition) sub-
test in order to measure the information
processing speed and inhibition of impul-
sive reactions. This technique consists of
two blocks: a series of white and black
circles and squares, and a series of white
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and black arrows pointing in different di-
rections (up and down). Two tasks were
performed with each series of pictures:
first, to identify the form (in this case, the
child simply had to quickly name the forms
that he/she saw), and an inhibition task. In
the latter case, the child had to do every-
thing contrariwise: for example, if a square
was demonstrated, he/she was supposed
to say “circle” and so on. For each task,
the researchers recorded the number of
mistakes the child made and corrected
or could not correct, as well as the time it
took to complete the task.

The “Statue” subtest was used to evalu-
ate behavioral inhibitory control. In this test,
the child needs to maintain a stationary
body position with his/her eyes closed for
75 seconds, restraining impulsive reactions
in response to distracting sounds.

Data analyses

A frequency analysis of participants’ re-
sponses was conducted to determine the
types of digital games children preferred.
Then Pearson’s chi-squared test was used
to reveal gender-based differences in the
preferences of digital game types. The
Mann-Whitney test was performed to com-
pare the EF in children playing different
types of digital games. Significance was set
at a p-value of 0.05 throughout the analysis.

Results

Preliminary analyses

A frequency analysis of children’s re-
sponses to the question “What games do
you like to play?” was carried out. First, the
answers were categorized according to the
proposed classification of digital games
(quick reaction games, logic games, edu-
cational games, strategy games, drawing
games, simulators). Second, a percentage
distribution of preferences was calculated.
In 55.2% of the responses quick reaction
games were mentioned. Children were the
least likely to name games involving draw-

ing (10.4%). Table 1 provides an overview
of the frequency statistics for the six pre-
ferred types of digital games for the entire
sample, and separately for each gender.
The descriptive statistics for the measures
of the executive functions are presented in
Table 2. The Shapiro-Wilk test demonstrat-
ed that the distribution was abnormal (see
Table 2). Thus, nonparametric criteria were
used in further analysis.

Analysis of gender preferences

of digital game types

Pearson’s chi-squared test was ap-
plied to display the differences in the pref-
erences of digital game types between
boys and girls. The results confirmed that
the boys played quick reaction games
(Chi-square test, x = 26.6, p < 0.001) and
strategic games (Chi-square test, x = 9.55,
p = 0.002) significantly more frequently than
the girls (see Table 1). The girls preferred
logic games (Chi-square test, x = 4.65,
p = 0.031), educational games (Chi-square
test, x = 7.81, p = 0.005), drawing games
(Chi-square test, x = 10.4, p = 0.001),
and simulators (Chi-square test, x = 38.7,
p < 0.001) significantly more often than the
boys (see Table 1).

The mean scores (mean values, the
median, and standard deviation) in the
EF tests meet the normal values for the
6—6.5-year-old preschoolers, both for girls
and boys (Veraksa et al., 2020).

The analysis of the correlation

between preferred digital game

types and the EF skills

An intergroup comparison of the EF in
children playing different types of digital
games was carried out to reveal the corre-
lation between the preferred type of digital
game and the EF skills. The Mann-Whitney
test was used to analyze the following
six pairs: 1) quick reaction game players
(n=185, 35% girls) and quick reaction game
non-players (n=150, 63% girls); 2) logic
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Table 1
Frequency distribution of preferred digital game types
Digital game type Sample Boys Girls

N=335 N=173 N=163
Quick reaction games 55.2% 268.8% 40.7%
Logic games 28.1% 23.0% 33.5%
Educational games 11.6% 6.9% 516.7%
Strategic games 27.2% 334.5% 19.5%
Drawing games 10.4% 5.2% ®15.9%
Simulators 29.5% 14.5% °45.4%

Note: 2Boys play this type of digital game significantly more frequently than girls; °Girls play this type of digital

game significantly more frequently than boys

Table 2
Descriptive statistics for the executive functions measures
N | Mean | Median 3;?1?;?;: Minimum | Maximum Svr\};ﬁiw' S‘I;va;rkir:-
MD_Content |boys | 161 | 40.9 41 5.21 22 48 0.950 <.001
girls | 152 | 409 | 415 5.10 22 48 0.954 <.001
MD_Spatial |boys | 161 | 20.6 21 3.55 24 0.856 <.001
gils | 152 | 20.0 | 21.0 3.58 24 0.893 <.001
MD_Bonus boys | 161 26.5 28 13.3 48 0.959 <.001
girls | 152 | 22.9 | 20.0 13.0 48 0.949 <.001
MD_Total boys | 161 | 88.0 89 20.3 38 120 0.966 <.001
girls | 152 | 837 | 815 19.7 42 120 0.970 0.002
SR_Sum boys | 161 | 19.3 19 3.39 12 31 0.967 <.001
gris | 152 19.7 | 200 3.54 11 30 0.979 0.022
DCCS_Sum |boys | 163 | 19.9 20 2.68 13 24 0.948 <.001
girls | 173 | 19.7 19 2.81 12 24 0.941 <.001
Naming boys | 163 | 11.0 11 3.14 1 17 0.959 <.001
comb. score [ 173 | 11.1 11 3.15 3 18 0.950 <.001
Inhibition boys | 163 | 11.1 11 3.10 4 19 0.982 0.023
comb.score i 173 | 11.2 11 2.98 4 19 0.981 0.026
Statue boys | 163 | 26.6 28 4.60 4 30 0.708 <.001
girls | 173 ] 273 29 3.70 10 30 0.682 <.001

game players (n=95, 57% girls) and logic
game non-players (n=93, 51% girls); 3) ed-
ucational game players (n=39, 69% girls)
and educational game non-players (n=39,
72% girls); 4) strategic game players (n=92,
34% girls) and strategic game non-players
(n=93, 38% girls); 5) drawing game play-
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ers (n=35, 77% girls) and drawing game
non-players (n=35, 77% girls); 6) simula-
tion game players (n=98, 74% girls) and
simulation game non-players (n=97, 78%
girls). The compared groups (except quick
reaction game players and quick reaction
game non-players) did not differ by gen-
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der, age, and the number of digital game
types that children played. The quick reac-
tion game players and non-players differed
by gender. All pairs, except quick reaction
game players and non-players were formed
purposefully, so that for each child playing
each type of digital game, a child of the
same age and gender was selected from
those who did not play that type of games.
For quick reaction games, this procedure
omitted because there were more players
than the non-players.

Significant differences in visual work-
ing memory were registered for the quick
reaction game players and non-players.
Children who played quick reaction games
showed better results in memorizing image
details in the visual working memory task
than children who did not play such games
(Mann-Whitney test, U = 10686.500,
p = 0.039; M = 23.42, SD = 12.9 for non-
players; M=26.56, SD = 13.7 for players).
The quick reaction game players also ob-
tained higher total scores in visual working
memory tasks than those who did not play
this type of games (Mann-Whitney test,
U = 10557.500 at p = 0.033; M = 83.44,
SD =19.17 for non-players; M=88.32,
SD =20.75 for players).

Significant differences in information
processing speed were revealed for the
logical game players and non-players
(Naming combined score in the Inhibition
test) (Mann-Whitney test, U =3453.000, p =
0.009; M =10.5, SD = 3.16 for non-players;
M=11.7, SD = 2.78 for players).

For simulation game players and simu-
lation game non-players, significant dif-
ferences were revealed as well. Children
who played simulators showed significantly
higher results in cognitive inhibition than
those who did not play simulators (Manna-
Whitney test, U = 3727.500, p = 0.009;
M = 10.58, SD = 2.80 for non-players;
M=11.66, SD = 2.94 for players). No signifi-
cant differences were registered for other
game types.

Discussion

The main goal of this work was to exam-
ine the preschoolers’ preferences in digital
games, and their correlation to the EF skills.
Our data analysis revealed that quick reac-
tion games were the most popular at this
age. The next favourite were logic games,
strategic games, and simulators. Educa-
tional games and drawing games were
mentioned by the examinees much less
frequently. Moreover, boys preferred quick
reaction games and strategic games more
often than girls, while the latter chose four
other types of digital games, compared to
the boys: logic games, educational games,
drawing games, and simulators. The study
also demonstrated quick reaction game
players’ visual working memory was better
developed than in the non-players. We also
discovered that logic game players pro-
cessed information at a higher speed than
the non-players. Simulation game players
obtained higher score in cognitive inhibi-
tion, than the children who didn’t like this
type of games.

The obtained data confirms the popular-
ity of quick reaction games (action-games,
shooter games, racing games, and platform
games) among present-day preschool-
ers. This type of games is the most wide-
spread, and this is why its influence might
be both the most noticeable and the most
accessible for studying. This fact partially
explains the high interest of the scientific
psychological community for the analysis
of action video games in the context of the
EF skills’ development [2]. These results
coincide with the previous research data
that it was the genre of action video games
that was mostly related to the EF develop-
ment in cognitive psychology [15; 18]. On
the other hand, the obtained data comple-
ments and specifies already existing ideas
about contemporary children’s interests.

The gender differences discovered in
the digital game preferences match our
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first hypothesis that boys would play quick
reaction games more eagerly than the
girls. This data also coincides with previ-
ously obtained information that boys tend
to prefer competitive and sport games [13;
35; 55]. However, our second hypothesis
assuming that girls would choose logic
games above others, remained uncon-
firmed. Same as with the boys, of all digi-
tal game types, the girls preferred quick
reaction games which may be explained
by their dynamism and intensity. Yet, girls
still preferred logic games more often than
the boys, and in general, demonstrated
more diverse play interests. These gen-
der differences match the research data
revealing that girls tend to prefer more in-
tellectually challenging digital games [35;
55]. A higher diversity of girls’ interests in
regard to digital games can be related to
their broader non-digital play repertoire
than the one of the boys. For example,
at preschool age, boys usually play with
construction blocks and all kind of cars,
while girls prefer puzzle games and crafts,
play with stuffed toys and dolls, and en-
joy “family” role play [57; 58]. Girls’ more
miscellaneous interests in toys ad plots
in conventional play activity can be trans-
ferred to digital games as well. Besides,
the revealed gender differences can be
also explained by the influence of market-
ing. The manufacturers and the sellers of
games tend to orientate boys and their
parents on the games related to explora-
tions, victories, and aggression [9]. Mean-
while, girls are offered the games based
on consumer behaviour (shopping, beau-
ty parlour, clothes, etc.), communication,
demonstration of care, and intellectual
development [42]. Thus, all these factors
together can indeed, form the ground for
the gender differences in digital game
preferences.

Quick reaction game players demon-
strated a higher level of visual working
memory, than the non-players. The cause
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of these differences can derive from the
very mechanism of quick reaction games
and the most required and active men-
tal functions of the players. This genre
requires immediate reaction to multiple
quickly moving visual stimuli [15; 18]. The
child needs to quickly perceive and focus
on many objects at the same time, as well
as make decisions based on this informa-
tion. Therefore, quick reaction games imply
active engagement of visual working mem-
ory. Moreover, the differences in visual
working memory scores can be related to
gender differences in digital game prefer-
ences. Among children who played quick
reaction games, boys prevailed (65%),
while among the non-players, there were
more girls (65%). However, some studies
revealed that at the age of 5—7 years boys
generally have a better developed visual
working memory [2; 49]. The combination
of these two factors can potentially explain
the higher scores for visual working mem-
ory in children who played quick reaction
games, compared to the non-players. Yet,
more recent meta-analyses didn’t reveal
any gender differences in visual work-
ing memory at preschool age [62], which
is why the explanation suggested above
may be not sufficiently valid. Let us also
note that the comparison of other groups
of players didn’t evidentiate any significant
differences in visual working memory.
Therefore, the hypothesis that higher score
in visual working memory is related to the
preference of quick reaction games, draw-
ing games, and strategic games, is only
partially confirmed.

The obtained results demonstrated that
logic game players processed information
at a higher speed than the non-players.
This difference can be related to the specif-
ics of the mechanism of logic games. They
don’t activate voluntary attention directly,
but often imply making the decisions based
on the logical analysis of the situation in the
limited time conditions. Therefore, the child
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playing a logic game has to process a sig-
nificant volume of information at the same
time. For example, he/she has to analyse
all possible outcomes of a certain event,
and choose the most favourable. The ob-
tained results match earlier research data
that revealed that digital games could posi-
tively affect the perception speed and the
speed of activation of executive attention
network in children [49; 53].

Stimulation game players demonstrat-
ed a higher level of cognitive inhibition
control than the non-players. This differ-
ence can also be caused by the mecha-
nisms of this genre of games. Simulators
imply taking up a play role (a pet-owner
or a hairdresser) that requires performing
certain role functions. This is a common
feature for simulators and plot role play.
In other words, in a simulation game, the
child has to follow the rules and require-
ments of a virtual role, for example, to feed
a virtual cat at the established time, and
take proper care of it. Same as in plot role
play, in a simulator, the child has to play
up the role correctly to receive bonuses
and rewards. He/she should comply with
the rules and control his/her impulsive
reactions. A constant obligation to fol-
low the role pattern activates inhibitory
control in children. Besides, at the age of
5—7 years, this mental function is devel-
oping most dynamically [19]. This EF com-
ponent is the most sensitive to the external
influence such as digital games. Another
possible reason for a higher level of inhibi-
tory control in simulator players, compared
to the non-players, is related to the paren-
tal control. Simulators don’t have a logical
end, nor levels to complete, or any other
limits, like other games featuring an end
of playing session. There, you complete
a mission, perform an educational task,
draw something, etc. Apparently, one can
play a simulation game endlessly, which
means, the parents of the children prefer-
ring this genre would more probably have

to be strict about their screen time. This,
in turn, would contribute to the inhibitory
control development. In other groups, no
differences in the level of inhibitory control
were registered. Therefore, the hypothesis
that a higher inhibition level is related to
the preference of quick reaction games,
strategic games, and simulators, was only
partially confirmed.

This study didn’t reveal any differ-
ences in the indicators of the EF skills
between the children that played strategic,
educational, and drawing games, and the
non-players. This was an unexpected re-
sult. However, the absence of correlation
might be caused by the fact that in these
games, the activation of other cognitive
processes was required, rather than the
classic EF components. For instance,
strategic games imply an active but not an
on-stream planning of the players’ activ-
ity. Despite that planning is closely related
to the EF development, the most popular
theories see the function of planning and
the EF as separate phenomena [28; 45].
Moreover, preschoolers usually use the
most primitive features of strategic games
that are comprehensible at their age. This
relatively low level of cognitive complexity
does not foment EF development. Draw-
ing games, in turn, activate the functions
related to the analysis and the transforma-
tion of images together with motor skills.
Thus, visual working memory per se, is
not often required for such tasks, since
drawing games normally provide the sam-
ple that is accessible at any moment of
time. Or, children draw freely. Educational
games are aimed at the development of
particular skills that are not necessarily
related to the EF. Besides, the absence
of connections between the digital game
type and the EF development could be
also caused by the insufficient number
of children in some groups. In fact, there
were just a few educational and drawing
game players and non-players. This fact
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could explain the absence of the statisti-
cal differences between the groups. Thus,
the obtained results reflect the need in the
search for the most favourable conditions
and ways of the EF skills’ development in
preschoolers by means of various digital
games, including those normally used for
mere entertainment. The question of the
correlation between game preferences
and other cognitive processes also arises
in this context.

The lack of control of the screen time
the children spent playing this or that type
of the digital game appeared to be an
important limitation for this study. How-
ever, it is necessary to emphasize that
the homogeneity of the environment the
sample came from, allows assuming of
an approximately equal time the examin-
ees spent playing games [59]. Secondly,
a recent meta-analysis [25] demonstrated
the absence of any significant correlation
between the total screen time and the EF
skills. This fact also speaks in favour of a
bigger impact of the type of the game than
the screen time, on the development of
the EF skills. Another limitation is related
to the insufficient control of the charac-
teristics of the compared groups. When
the pairs of groups were selected for the
analysis, the following factors were taken
in to consideration: if they played a certain
type of digital game, or not; gender and
age composition, and the number of other
types of digital games the children played.
However, other types of the games played
by the participants were not controlled.
Furthermore, there weren’'t enough pre-
schoolers playing one particular type
of game to perform a reliable statistical
analysis. The sample didn’t include the
children who didn’t play any digital games,
either. The analysis of the interviews re-
vealed that some games were not easy
to categorize definitively, since they pos-
sessed the features of two or more types.
Last but not least, this study was also lim-
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ited in the sense that its results only allow
the conclusion about the correlation be-
tween the preferred digital game and the
EF development, but not about any cause-
and-effect connections. On the one hand,
playing a certain type of digital games
can indeed determine a higher level of EF
development. On the other hand, a cer-
tain level of development of different EF
components can also determine children’s
game preferences.

Further research could be potentially
focused on the sample extension to pro-
vide the data for a more reliable statistical
analysis of the players and non-players of
certain games. More research parameters
should be controlled, too. Besides, the
amplification of the diagnostic toolkit will
allow gathering more complete and sys-
temic date about the digital preferences of
present-day preschoolers.

Conclusion

This study suggested a classification
of digital games based on the children’s
reports about their preferences. This
classification was designed considering
the mechanism and the most actively
engaged mental functions of the players.
Digital game preferences of present-day
preschoolers were defined, as well as their
correlation to the EF skills. The suggested
classification and the obtained data can
be of avail to the end of further research
aimed at the definition of the most favour-
able conditions of digital devises’ use. It
can also benefit to the preschoolers’ par-
ents and kindergarten educators, since
the adult’s participation is fundamental
for the EF skills’ development by means
of digital games. Adults should choose the
game together with children, take partin it,
and discuss it. The results obtained in this
study can be also applied by adults to pur-
posefully select the most efficient games
for children’s development and prepara-
tion for school.
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Pa6oTta nocesileHa n3yyYeHnio HOBOW (hOpMbl AEBUALIMMN CPEAN yHaLLMXCa —
KuéepnaduHry. [aHHbIi TepMUH 0603Ha4aeT UCMOSIb30BaHNE UHTEPHET-TEX-
HOMOrnii BO BPEMS YHEOHbIX 3aHATUIN AN HE CBA3aHHbIX C y4ebHbIMU 3afaqa-
MU uenen. @akTnyeckun 3To OTBNEYEHNE OeTEN BO BPEMS YPOKOB Ha feNCTBUSA
B CeTn unun ocbnaviH. ABTOpbI NPeacTaBuaM Matepuansl SMNMPUYECKOro 1c-
crnefoBaHus, NoflyYeHHble Ha BbIGOPKE CTYAEHTOB W LUKOMbHUKOB, 06y4ato-
wuxeca B r. YenabuHcke. B nccneposaHun npuHanm ydactve 233 4venoseka
B Bo3pacTe oT 13 o 20 net. Beibopka LKonbHNKOB: 146 4enoBek B BO3pac-
Te 13—15 net (42% — Manbyvku n 58% — neBo4kn). Beibopka CTyaeHTOB:
87 4yenosek B Bo3pacte 17—20 net (40% — toHOWM 1 60% — [EBYLUKM).
[ns c6opa aMNMpUYECKMX AaHHbIX UCNOMb30oBanachk LWKana kmbepnadguHra,
npegnoxeHHas Y. Akbulut (B pycckossbldHol Bepcun H.B. Cuspukoson).
Mony4eHHble pe3ynbTaTthl JaOT BO3MOXHOCTb FOBOPUTL O TOM, YTO YPOBEHb
KubepnagvHra y y4acTHMKOB UCCrefoBaHNA HU3KMI U CBA3aH C MOSIOM U CTY-
neHblo 06y4eHus. Pasnnmumna mexpy LUKOMbHMKaMK U CTyAeHTamu KacatoTcs
CTPYKTYpbI KnbepnaduHra.

KrnroueBble cnioBa: kKnoepnaduHr, MegnanotpedrieHne; UHTEpHET-gesmaumm;
VHTEPHET-3110yNoTPebeHns; LMdpoBbIe TEXHONOMMM B 06pa30BaHnu; ragkeTbl.

®duHaHcupoBaHue. ViccnegoBaHue BbINOMHEHO NpU hMHAHCOBOWM nopaepke MopaoBCKOro rocy-
[apCTBEHHOro neJarorm4eckoro MHCTUTYTa B paMKax Hay4HoOro npoekra «l/ccnegoeaHve gesnaHT-
HOro MoBefeHUs!, CBA3AHHOIO C UCMOMb30BaHMEM LIMGPOBBIX TEXHOMOTUI 1 rafXeToB», 3asBKa OT
04.05.2023 Ne MK-42-2023/2.

Ansa uutatbl: Cuspukosa H.B., Mrawko T.I"., lMepebesiHoc A.E. CMmapToH Ha napTe: Uccnepnosa-
HMe 0cob6eHHOCTeN KnbepnaduHra y LLUKONbHUKOB 1 CTyAeHTOB // MNcuxonornyeckas Hayka 1 o6paso-
BaHue. 2023. Tom 28. Ne 4 . C. 52—62. DOI: https://doi.org/10.17759/pse.2023280403

Introduction creasingly relevant as the widespread use
Why do students hold a smartphone of digital technologies leads to the blurring
on their desk? This issue is becoming in- of the boundaries between virtual and real
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space, between study and entertainment.
Students, having access to the Internet
through their gadgets, can surf the web
during lessons and not always for study
purposes.

Researchers use the special term
"cyberloafing" to refer to the use of tech-
nical devices (most often with access to
the Internet) for personal purposes while
studying or working. This is a special form
of avoiding boring work or a variant of pro-
crastination, carried out through the use of
information technologies [9]. Researchers
see cyberloafing as a type of counterpro-
ductive workplace behavior [29]. However,
cyberloafing can be seen not only in the
workplace. It is observed in the academic
environment too.

Scientists note that cyberloafing is a
problem that has intensified due to the
need to switch to a remote format of work
or study, as well as the digitalization of edu-
cation [18].

The intensive development of digital
technologies, their special role in the life of
a modern person, and their widespread in-
troduction into the learning system explain
the growing interest of children in the use
of digital technologies and the interest of
teachers in assessing the advantages and
risks of their use in education. Researchers
from different countries conclude that infor-
mation and communication technologies
have become a natural part of education
and learning [3; 4] and contribute to signifi-
cant changes in the habitat and develop-
ment of children [20]. Digital games are in-
creasingly included in classroom education
in different countries around the world [2].
For example, in 2019, 47% of teachers in
grades 3—8 in the United States reported
using digital games in their classrooms
several times a week [6]. Research in other
countries also shows the use of digital tools
in training as tools to transfer or strengthen
academic skills [10]. The use of digital
educational resources is now possible on
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a wide variety of media, including tablets,
mobile phones, game consoles, portable
game controllers, and computers [6; 17].
Many of them have access to the Internet.
Such innovations lead to the emergence of
new forms of behavior in lessons, require
a revision of the norms of "correct" child-
hood declared by psychology, and require
the development of new methods for moni-
toring the behavior of children in the digital
environment. However, solving such global
problems requires a preliminary empirical
study of the problem of media consump-
tion among children. Firstly, new forms of
deviant behavior, such as cyberloafing, de-
serve attention.

The request from society encourages
researchers around the world to analyze
the identified problem. Scientists analyze
changes in the use of gadgets by children
[20], risks to the health, development, and
education of children associated with the
use of digital technologies [6; 17], factors af-
fecting academic performance and personal
development [12; 13; 16], and teachers' will-
ingness to digitally transform learning [10].

The reasons for the use of digital de-
vices in the lesson are one of the central
aspects of cyberloafing research. E. Er-
gun and A. Altun [5] highlight the following
causes of cyberloafing in the lesson: mo-
tivation, teacher personality, environment,
and time. Other authors add to this list the
content of the course, the student's identity,
and their knowledge of information technol-
ogy [25, 28]. When studying the personal
predictors of student cyberloafing, the re-
searchers found that this type of behavior
in the lesson is influenced by psycho-social
ideas, attitudes, and learning strategies
[26; 27]. Among the environmental factors
associated with the level of cyberloafing of
students are: level of study, family income,
and place of residence [7; 24].

Researchers consider the positive and
negative results of the digitalization of edu-
cation. Data on the effects that are found
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with regard to academic performance are
ambiguous, but in most studies, they are
negative [8]. Teachers admit that it is naive
to expect schoolchildren to use digital de-
vices exclusively for educational purposes
during class. Moreover, this can negatively
affect the emotional sphere of the child [6;
17]. On the other hand, the researchers
emphasize that interaction with digital tech-
nologies can displace educational content
and other types of communication [19].

Arecognized fact is that the use of digital
interactive technologies in the lesson leads
to improvements in student motivation [15],
metacognition [17], stress reduction, mood
improvement, self-development, and multi-
tasking ability [9; 6].

The ability to multitask is higher in rep-
resentatives of those generations who were
born in the era of intensive development
of Internet technologies, and cyberloafing
does not negatively affect the cognitive
activity of generation Z [11]. Researchers
recognize the possibilities of cyberloafing
as a means of restoring effort [27; 24].

It should be noted that all the empirical
data obtained on the prevalence of cyber-
loafing among students was obtained by
foreign researchers. In Russia, such stud-
ies have not yet been carried out. In this
regard, the issue of studying the level of
cyberloafing among Russian students and
schoolchildren is relevant.

Methodology

Study flow chart. Students and school-
children took a voluntary, anonymous part
in the study of the peculiarities of media
consumption. To do this, they filled out
specially prepared forms with a cyber buf-
fer scale and brief information about them
(age and gender).

Study sample. The study involved 233
respondents (ages 13 to 20). 146 school-
children aged 13—15 years (42% boys
and 58% gqirls) and 87 students aged
17—20 (40% male and 60% female). The

survey took place in classrooms during
extracurricular hours. Participation was
voluntary.

Research methods

We used the cyberloafing scale pro-
posed by Y. Akbulut et al., adapted by
N.V. Sivrikova [15], to collect empirical data.
The scale contains 24 points (for example,
| view my friends' posts). Previously, the
study participants were given instructions:
Below are a number of statements that re-
late to the use of the Internet during classes
(lessons) for personal purposes (not to
solve the tasks set by the teacher). Each
of them may be more or less relevant for
you. Evaluate the following behaviors: Use
a five-point scale for this: 1-never, 2-rarely,
3-sometimes, 4-often, and 5-constantly.

The questionnaire included questions
about gender, year of birth, and the digital
devices available to the study participants.

The methodology is based on a five-
factor cyberloafing model. It allows you
to estimate the frequency of five forms of
cyberloafing behavior. These are online
shopping (6 points), online content usage
(7 points), games (3 points), online shar-
ing (9 points), and communication on social
networks (5 points). Reliability indicators
(Kronbach o value) of individual sub-scales
ranged from 0.78 to 0.88.

The analysis of the data assumed an as-
sessment of the distribution parameters of
the studied features in the sample (Table 1).

Empirical distribution parameters differ
from normal distribution parameters. Ac-
cording to Levene's criterion of Equality of
Variances, the application of parametric
processing methods to the resulting array
of empirical data will be incorrect. There-
fore, we used the Mann-Whitney U test
to compare the level of cyberloafing in
schoolchildren and students (as well as in
respondents of different genders). We used
Statistical Software Package (SPSS) ver-
sion 23.0 to perform the calculations.
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Table 1
Parameters of distribution of studied cyberloafing features
! . Levene's test
Cyberloafing behavior F P M SD Asymmetry Excess
sharing 10,7 0,001 2,6 1 -0,4 0,2
shopping 6,5 0,011 2 1,1 0,5 -0,5
content usage 11,7 0,001 2,7 1,1 -0,5 -0,1
games 0,5 0,5 1,7 1 1,1 1,7
communication on social networks 3,3 0,1 2,4 1,2 0,1 -0,6
Study results material independence. Perhaps they

The survey results showed that the
study participants most often own a smart-
phone (86%). About half of them (58%)
own a laptop, about a third (29%) own a
stationary computer, and about a quarter
(26%) own a mobile phone. Thus, it turned
out that smartphones were the most popu-
lar among the study participants.

The figure shows the results of the
analysis of mean values by sample, which
reflect the severity of individual cyberloaf-
ing factors among the study participants.
The findings say that students and school-
children use the Internet during study
sessions for non-study purposes, rarely
or sometimes. Most often, during les-
sons, study participants use the Internet
to search for information. During training
sessions, they play digital games. These
features are typical for both schoolchildren
and students (Fig.).

We applied the Mann-Whitney U test
to analyze differences between study
participants at different learning stages
(Table 2).

Analysis of the differences between
the compared groups showed that the
frequency of use of such forms of cyber-
loafing as exchange, online shopping,
and use of social networks is associated
with the stage of training. In particular,
students more often than schoolchildren
make online purchases during study ses-
sions. This may be due to their greater
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shop more often than schoolchildren,
since some of them live separately from
their parents. In addition, shopping via
the Internet is not always possible for mi-
nors. Schoolchildren are more likely than
students during study sessions to com-
municate on social networks and share
information online. This pattern may be
related to the differences in tasks and
leading activities among schoolchildren
and students. The leading activity of
the former is communication with peers,
which in recent years has become more
dependent on digital means of communi-
cation. An important task of adolescence
is self-expression and self-assertion
through the expression of one's opinion.
This is probably why teenagers are more
dependent on various forms of sharing on
the network: likes, comments, etc.

In Table 3, we presented data reflecting
the differences in cyberloafing due to the
gender of respondents.

Boys are more likely than girls to play
digital games during training sessions.
Girls are more likely than boys to use social
media during training sessions.

Discussion

As a result of comparing the data ob-
tained with the data of other studies, we
concluded that among Russian school-
children and students, the phenomenon of
cyberloafing is less common than among
schoolchildren in other countries. The rea-
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Fig. Features of cyberloafing among schoolchildren and students

TTable 2
Differences in the level of cyberloafing in students and schoolchildren
cyberloafing behavior N mean rank U p

sharing schoolchildren 146 125,18 5157,0 0,02
students 87 103,28

shopping schoolchildren 146 103,17 4332,5 0,00005
students 87 140,20

content usage schoolchildren 146 121,93 5631,5 0,15
students 87 108,73

games schoolchildren 146 115,79 6174,0 0,72
students 87 119,03

communication on social | schoolchildren 146 127,17 4865,5 0,003

networks students 87 99,93

cyberloafing schoolchildren 146 119,22 6026,5 0,51
students 87 113,27

son can be in the policy of banning gadgets
in a Russian school (although it should be
noted that recently they are increasingly
moving away from it). This practice indi-
cates that cyberloafing is seen as a barrier
to the successful integration of information
and communication technologies into the
educational environment.

In the presented study, the level of cy-
berloafing in schoolchildren indicates that
they rarely or sometimes use the Internet
during lessons to solve problems unrelated
to learning. Similar data on the prevalence
of cyberloafing was found in samples of
students from Turkey [28] and Turkish
students in grades 6—8 [22]. On the other
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Table 3
Features of cyberloafing in respondents of different sexes
cyberloafing behavior N mean rank U p

sharing male 97 110,94 6008,0 0,25
female 126 121,32

shopping male 97 115,49 6450,0 0,77
female 126 118,07

content usage male 97 125,91 5731,5 0,09
female 126 110,64

games male 97 137,39 4618,0 0,0001
female 126 102,46

communication on social | male 97 107,75 5698,5 0,05

networks female 126 123,60

cyberloafing male 97 119,61 6343,0 0,62
female 126 115,14

hand, students in the USA [21] and Indo-
nesia [12] demonstrate cyberloafing just
sometimes.

As a result of comparing the popularity
of certain types of cyberlafing, we found
that schoolchildren in classes use access
to online content to solve the problems of
socialization (self-expression and main-
taining significant relationships), students
also purchase goods during the lessons.
According to other researchers, students
communicate more often during classes
via the Internet [14]. Such differences may
be related to cultural aspects.

There is conflicting data on gender-
related differences in cyberloafing stud-
ies. In some studies, scientists found
no difference in the level of cyberloafing
among people of different genders [22,
28] or no association between gender
and cyberloafing [13]. In other studies,
it was found that gender mediates the
relationship between attitude-behavior
and goal-behavior [14], which should
also manifest itself in the features of cy-
berloafing. Therefore, it can be assumed
that the reason for the inability to detect
gender differences in the level of cyber-
loafing is related to the features of the
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study sample or to the features of the ap-
plied data analysis strategies.

In a number of studies, the authors say
that men more often demonstrate cyber-
loafing than women, both in workplaces
and in educational institutions [3; 23]. Re-
searchers attribute this to gender differenc-
es in the use of the Internet. For example,
the number of male Internet users exceeds
the number of female users in Turkey [28].
In Russia, the distribution of Internet users
is also shifted towards men (53.5% versus
46.5%) compared to the natural distribution
of the population. It is expected that men
will transfer the habit of using the Internet
to their place of work or study.

Gender differences in the use of the
Internet and cyberspace can be controver-
sial. For example, they can vary depend-
ing on the type of cyberloafing, which was
confirmed in our study. Gender differences
in cyberloafing can be influenced by differ-
ent factors. This is the nature of the study
sample and control variables, such as so-
cial desirability [14]. Our study found that
girls more likely than boys visit social media
during lessons, and boys more likely than
girls play games. These differences can
be explained by the fact that psychological
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features related to gender determine the
general activity of a person [15].

Conclusion

The study contributes to the study of
new forms of deviant interleaving (cyber-
loafing). Its value is increasing due to the
active introduction of remote formats of
learning using communication technolo-
gies in the educational process. By the re-
sults we received we can conclude that in
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trend. The use of such data allows us to consider the processes of creative
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simulation environment. In this way, we analyzed their creative and critical
thinking. Then the sequences of actions of students at different levels of cre-
ative thinking were compared, and various strategies they used to complete
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KpeaTnBHOE MbILLNEHNE ABNSAETCA BaXHbIM HABbIKOM COBPEMEHHOMO MUpa, a
€ro oLeHKa C MOMOLLbIO COBPEMEHHbBIX LIMPPOBLIX MHCTPYMEHTOB CTAHOBUT-
csa Bce 6onee CroXXHOM MeTodonorn4eckorn 3agaden. BknioveHne B mogenb
OLIeHKN KpeaTUBHOro MbllLUIeHUsa OaHHbIX O npouecce BbINMOSIHEHUSA 3ap,aHvu7|
ABNAETCA NepCnekTUBHbIM HanpaBneHneM, KOTOpoe CTAHOBUTCA BO3MOXHbIM
B KOMMbIOTEPHOM TECTUPOBaHMN. MNPUMEHEHME TaknX faHHbIX MO3BONAET y4n-
TbIBaTb MPOLECChbl KPEATUBHOMO MbILLMIEHNA B AMHAMUKE, YTO AenaeT OLEeHKY
YPOBHA KPEaTUBHOCTM YHEHNKOB 6051ee TOYHOW 1 MHOrorpaHHow. B ncecnepo-
BaHUW NpefcTaBfieH aHanu3 paboTt 823 y4eHUKoB 4 Knacca, KoTopble B Xofe
BbIMOMHEHNA 3a4aHns CO3AaBany N306paxeHns B 3aKpbITON CUMYNALMOHHON
cpefe ANA OLEeHKN KPeaTMBHOMO U KPUTUHYECKOro MbIlneHns. B amnvpurye-
CKOW 4acTu C MOMOLLbIO KpUTEPUSA XU-KBaApaT Oblnv CpaBHEHbI NocnepoBa-
TENbHOCTUN OT OAHOr0 A0 TPex AeNCTBUMA YHEHNKOB C pa3HbIM YPOBHEM COp-
MUWPOBAHHOCTW KPeaTMBHOIO MbILLMIEHMS], @ TaKXXe NpW BbIMONMHEHUN 3afaHns
Ha KpeaTUBHOE U KpUTUYECKOoe MbillnieHne. B pesynesrate 6bINo nokasaHo,
4YTO OaHHble O npouecce BbINOJIHEHUA 3afaHuUaA MOryT 6bITb NUCMONb30BaHbI
npuv NpoBepKe KavecTBa 3ajaHuii 1 BanMan3aunmm UHCTPYMEHTOB M3MEPEHWS,
a Takxe pacLumpsioT cucTemy rnopcyeTa 6annoB M 06paTHyo CBA3b MO pe-
3ynsTaTam TeCTUPOBaHWUS.
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Introduction

The education process identified some
important abilities called either “key com-
petences” or “21st century skills” [29], the
mastery of which is necessary for successful
realization in life. Creativity, or creative think-
ing, is one of these skills. While computers
and various artificial intelligent systems are
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now replacing workers for many standard
tasks [3], the ability to think creatively and
solve problems, complex communications,
and social skills are becoming increasingly
significant skills in the labor market. This re-
quirement forces teachers to consider how to
develop these skills and psychometricians to
consider how best to assess these skills.
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In the field of creativity assessment in
the educational sphere, there is a wide-
spread approach representing four main
categories of creativity definitions and re-
search areas known as the 4Ps: product,
process, person, and press of the environ-
ment [20]. In the following, we will review
the instruments for measuring cognitive
processes related to creativity and creative
products or outcomes.

The process approach to measuring cre-
ativity focuses on specific cognitive process-
es that contribute to creativity. Traditional
tests developed under this approach involve
open-ended or poorly structured tasks that
require the production of as many respons-
es as possible, which are then assessed to
determine various creativity factors, usually
including fluency (number of responses),
originality (statistical rarity), flexibility (num-
ber of different categories), and elaboration
(number of details). The main idea of as-
sessment is not only to consider the quantity
of answers, but also their quality.

A major contribution to the assessment
of creative abilities was made by Gilford
[10], who developed the Structure of the
Intelligent (SOI) model and divergent think-
ing tests, which is considered an important
element of creativity. It is also worth noting
that the most used creativity tests are the
Torrance Tests of Creative Thinking (TTCT)
[27], which have been translated into more
than 40 languages. Torrance designed 12
tests for different ages, grouped into a ver-
bal, visual, and audio battery. However,
Torrens tests are labor-intensive in terms of
training experts and administering testing. In
addition, the tests do not measure all aspects
of creativity, but they do not claim to do so
either. In the field of creativity assessment,
there is a position that no cognitive test is a
predictor of creativity if it does not include af-
fective and motivational factors [26].

The newer creativity tests for school-
children are most valuable as indicators of
potential creativity assessment (The Evalu-

ation of Potential Creativity, EPoC), which
are developed as procedures that assess the
"overlap area". The test consists of a series
of subtests that were designed to measure
both general and specific creative abilities in
two areas — verballliterary and graphic [4].
The EPoC subtests measure two key mod-
els of creative cognition — divergent and
convergent thinking. Divergent thinking tasks
involve creating as many drawings as pos-
sible using a simple abstract shape or familiar
object. Verbal thinking tasks involve creating
several simple story endings in response
to a unique story beginning or, conversely,
several plot twists in response to a unique
denouement. In convergent thinking tasks in
the graphic domain, test takers create a com-
pleted original drawing using at least four of
the eight abstract shapes or familiar objects
that serve as the basis for their composition.
In the verbal/literary domain of the conver-
gent thinking task, test takers are required to
create a completed story based on either a
given title or given fictional characters.

However, traditional approaches to cre-
ativity testing, such as paper-and-pencil
testing, are already outdated and have sev-
eral disadvantages. First, they require ex-
perts for assessment, which creates a high
testing workload due to the complexity of
administration and introduces the effect of
subjectivity of experts into the final scores.
In addition, traditional tests have psycho-
metric problems, such as inconsistent
evidence of reliability and validity of instru-
ments in different samples, the influence of
the test environment on test results, and
outdated psychometric analyses [23].

In this regard, the assessment of com-
plex skills requires using not only traditional
testing formats, but also more modern for-
mats. One such format is digital tasks con-
taining interactive elements that often re-
semble games in their form of presentation
[15]. Examples include a instrument for as-
sessing convergent thinking — BuzzWords
[13], divergent thinking — Immune Defence
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[16], convergent and divergent thinking si-
multaneously — Crea.blender [19]. Often,
instruments in digital environments not only
have automatic scoring rules without expert
involvement, but also collect data about the
process of task performance.

Task process data refers to data collect-
ed from respondents interacting with the
computerized assessment element. This is
recorded in computer log files and is often
represented as sequences of events (spe-
cific actions in the test environment) with
time stamps [9]. Such data is collected and
analyzed in the assessment of complex
skills, such as collaborative problem solv-
ing [30], as well as in modern task formats
that simulate video games [14].

For example, in the framework of the
Programme for International Student As-
sessment (PISA) in 2012, students' prob-
lem-solving skills were assessed using a
set of interactive test items [17]. The test
is designed to measure individuals' ability
to cognitively process information to under-
stand and solve problem situations where
the method of solution is not immediately
obvious. By exploring the problem situation
and interacting with the computer environ-
ment, students found pieces of information
that would be useful for solving the prob-
lem at hand. In addition to the answers to
the test questions, students' behavioral
data is also recorded to have an insight
into their problem-solving strategies. For
PISA problem-solving tasks, the learner's
explicit answers to each question are prod-
uct data, and the series of clicks and inputs
made during his or her interaction with the
questions, as well as the timestamps as-
sociated with each action, are process data
of the task. Different methods for analyzing
process data in relation to one of the 2012
PISA tasks were shown in [18], whose
findings suggest that the choice of data
analysis methods for analyzing the process
of task performance in a saturated digital
environment depends on the purpose of
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the analysis and the structure of the data.

The aim of the study is to determine
the possibilities of using data on the task
performance process in the framework of
evaluating creative thinking using an in-
strument in a digital environment. Based
on the indicators in the instrument, we get
information about the level of creativity skill
development, so we can compare the pro-
cesses of solving a task among students
with different levels of creativity skill de-
velopment. In this instrument, described in
detail in the next section, not only creativity
but also critical thinking is assessed using
the same format tasks.

Thus, in the study, we want to answer
the following research questions regarding
the data on the task process:

1. What actions distinguish the process
of performing a creative thinking task for
students with a high level of creative think-
ing from performing it for students with a
low level?

2. What actions distinguish the process
of performing a creative thinking task from
the process of performing a critical thinking
task?

Methods

The instrument

This study analyzes one of the tasks
of the instrument “4K” for 21st-century
skills assessment among fourth-grade
schoolchildren, developed by the Centre
for Psychometrics and Measurements in
Education (Laboratory for New Constructs
and Test Design) of Institute of Education
of HSE University. The instrument consists
of several scenario-type tasks that evalu-
ate four skills: creative and critical thinking,
communication, and cooperation. More-
over, most tasks allow to measure several
skills.

The instrument is presented to students
in computerized form. The task screen
is interactive: the test taker clicks on an
area of his/her choice and then sees a
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pre-prepared specific response from the
testing system. This format allows for the
demonstration of complex skills, as well as
keeps test takers motivated and reduces
test anxiety. At the same time, the simula-
tion of a real environment allows for more
accurate recording of observed behavior,
i.e., evidence that the test taker possesses
a specific skill.

This paper considers the task «Mon-
ster», which is aimed at assessing creative
and critical thinking. The general context of
the task is imaginary and consists in the fact
that the test taker found himself at a holiday
performance in the City of Monsters. The
task consists of description screens and a
constructor (Figures 1—2) with which the
test taker creates images.

In the first part of this task, aimed at as-

[PEACTABNERUE
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sessing creative thinking, each test taker
creates three monsters for the performance
poster, which should be surprising and un-
usual and different from the locals. The in-
terface of this part of the task is shown in
Fig. 1. The constructor consists of a canvas
in the center on which elements from the
bottom panel can be placed. All elements
are divided into categories (torso, arms,
various, etc.) and can be used an unlim-
ited number of times (except for the torso,
which must necessarily be one and is fixed
in the center of the canvas). On the right
side of the screen was a local resident,
which was considered a reference for the
purpose of originality scoring. Also, on the
screen above the reference and on the right
side of the bottom panel are instructions for
completing the task.
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MOHCTpa 4ns acuium
npeacraBfeHns. CHavana
BbIGepy TynoBMLLe.

nasa Pot

Fig. 1. Interface of the task «Monster» for evaluating creative thinking
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In the second part of the task, it turns
out that an emergency incident occurred
during the performance and the test taker
must draw up a sketch of the criminal
based on a short description. The inter-
face of this part of the task is not much
different from the interface of the previ-
ous part and is shown in Fig. 2. The main
difference lies in the instructions, accord-
ing to which the test taker must create a
sketch of a criminal monster, and not an
unusual monster.

Construct operationalization

To create the measurement instrument,
we defined the theoretical framework of the
creativity construct [1], which is based on
both the cognitive approach [10, 27] and
the concept of structured imagination [28].

% PASBICKMBAETCA  »

2

Creativity within this instrument includes
two sub-constructs:

1. Originality — the ability to generate new
ideas and problems solutions, which can be
expressed as new ideas and construct unob-
vious relations between existing ideas.

To evaluate the originality of the image
constructed by the test taker, we compare
it with the reference image. A reference is a
proxy image that reflects the image that is
most frequently found in the sample. When
creating a reference for a task, we identify
the most typical elements and their number
through cognitive interviews and quantita-
tive research at the pilot stage. The focus of
the task on creativity is determined by the
fact that as part of the task, test takers are
asked to create a new image that should
differ from the original one.
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vOOEWE

Pykn

a3a

7

lMomory cocTaeuTb
boTopo6oT MOHCTpa-
npecrynHuka! CBuaeTens
TOBOPWT, YTO Y MPecTynHuKa
6bLM pora, a 6onbLue oH
HUYEro He 3aMeTun.

PoT

Fig. 2. Interface of the task «Monster» for evaluating critical thinking
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2. Elaboration — the ability to work out
the proposed idea in depth, with a high de-
gree of detail.

Similar to the measurement in the cog-
nitive approach, in our study, elaboration is
measured as the number of elements that
are used in the solution, and their functional
diversity.

Sample and procedure

Testing was conducted in the spring of
2022 in several cities of Russia. From all
the samples, students were selected who
fully completed the task «Monster» (each
image contains at least 2 elements). Thus,
the base for the analysis consisted of 823
fourth grade students.

The average task completion time is
15 minutes. Testing took place in schools
under the supervision of a teacher with
the consent of parents in accordance
with research ethics. The results of the

students were anonymized for analysis
purposes.

Indicators

In scenario tasks of the instrument “4K”,
skills are evaluated using indicators. Indi-
cators are defined as the behavioral mani-
festations of a skill that were included in the
scenario set by the developer, for example,
test taker chosen or did not choose the
correct behavior in the situation that arose.
Behavioral display of creativity and critical
thinking in the task «Monster», we consider
the features of images created by test tak-
ers. These image features (indicators) have
predefined scoring rules, shown in Table 1.
The scoring rules were applied to each im-
age separately. Below are the scoring rules
based on the indicators of originality and
elaboration.

In addition to the indicator, the image
creating process was recorded for each

Table 1

Scoring rules for creativity assessment in the task “Monster”

Indicator | Scoring rules
Originality
origini 1 — number of elements from the category Legs is different from 2
0 — number of elements from the category Legs is equal to 2
origin2 1 — number of elements from the category Hands is different from 2
0 — number of elements from the category Hands is equal to 2
origin3 1 — number of elements from the category Mouth is different from 1
0 — number of elements from the category Mouth is equal to 1
origin4 1 — number of elements from the category Eyes is different from 2
0 — number of elements from the category Eyes is equal to 2
symmetlLegs1 1 — lack of symmetry for elements from the category Legs
0 — there is symmetry for elements from the category Legs
symmetHands1 |1 — lack of symmetry for elements from the category Hands
0 — there is symmetry for elements from the category Hands
position1 1 — at least one element from the category Legs is not in the leg’s slots
0 — all elements from the category Legs are in the leg’s slots
NA — elements from the category Legs are not used at all
position2 1 — at least one element from the category Hands is not in the hand'’s slots
0 — all elements from the category Hands are in the hand’s slots
NA — elements from the category Hands are not used at all
position3 1 — at least one element from the category Mouth is in the upper part of the torso
0 — all elements from the category Mouth are at the top part of the torso
NA — elements from the category Mouth are not used at all
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position4

1 — at least one element from the category Eyes is in the upper part of the torso
0 — all elements from the category Eyes are at the top part of the torso
NA — elements from the category Eyes are not used at all

Elaboration

2 =9 and more elements
1 =510 8 elements
0 =0 to 4 elements

nElements

except elements from the category Various

nVarious

2 =2 or more elements from the category Various
1 =1 element from the category Various
0 = elements from the category Eyes are not used at all

color
0 — did not change color

1 — changed the color of the monster at least once

0 — did not turn elements

turn 1 — turned any element at least 1 time

test taker in the form of a comma-separat-
ed record of all actions, for example, "Start,
Add_Torso, Add_Hands, Add_Hands,
Add_Legs, Add_Legs, Add_Mouth, Color,
Add_Eyes, Finish". All possible actions are
described in Table 2.

Data analysis methodology
To assess the level of creativity, the
methodology of confirmatory factor analysis

(CFA) on ordinal variables was used [6]. We
use the weighted least squares method using
the polychoric correlation matrix (WLSMV)
for reliable estimation due to the categorical
order of the data [7]. The model's fit to data
was determined based on the comparative
fit index (CFI), Tucker-Lewis index (TLI), and
the root mean square error of approximation
(RMSEA). The first two indexes show the
distance of the constructed model from the

Table 2

Actions in the Action Log

Action log entry

Action

Start

Beginning of the task

Finish

End of the task

Color

Changing the monster color

Add_X, where X can be:
Torso

Hands

Legs

Horns

Eyes

Mouth

Various

Adding an element from the corresponding category

Tur_X, where X is same as the case
with Add, except Torso, because the
torso is always located in the center of
the canvas and does not rotate

Rotate an element from the corresponding category

Del_X, where X is same as the case
with Add

Delete an element from the corresponding category

Que

Using help by clicking on the question mark
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null model, in which no variable is associated
with another [5], and the last one is based
on the analysis of model residuals [25]. We
used the following critical values of the co-
efficients, following the generally accepted
cut-offs (Yu, 2002): CLI>0.95; TLI>0.95;
RMSEA<0.06. To improve the quality of the
model, modification indices based on the
analysis of model residues were used.

The unit of analysis in models is the indi-
cator. The relationship between the indicator
and the factor can be described based on
the factor loading of the indicator in the CFA
model. A statistically significant and positive
factor loading indicates the presence of this
relationship, and a higher value of the factor
loading indicates a higher relationship of the
indicator with the studied factor.

Factor scores from the CFA model cal-
culated using the regression method are
used to assess the level of ability formation
[for more information, see 8]. Factor scores
are a standardized continuous scale with a
mean of 0 and a standard deviation equal
to the root of the square of the multiple cor-
relation between all indicators and the fac-
tor. Thus, the obtained factor scores can be
used for further ranking of test takers.

To work with data from the task perfor-
mance process, the recorded variables were
divided into N-grams,small sequences of cer-
tain actions, where N is the number of actions
in this sequence. The shortest sequences
are unigrams, i.e. sequences of one action.
Bigrams and trigrams are also used in the
work — sequences of two and three actions,
respectively. If the test taker performs 16
actions while completing the task, then this
sequence contains 16 unigrams, 15 bigrams,
and 14 trigrams. N-grams can be repeated
both between different test takers and within
the process of a task performed by one test
taker. Based on the Table 2 we can assume
that there will be 24 unique unigrams in the
task, and the "Start" and "Finish" unigrams
must occur in all tasks. Due to the different
frequency of occurrence, certain sequences

make a different contribution to distinguishing
groups of test takers, so the accepted prac-
tice when working with N-grams is to weigh
them [12] according to the formula

(1 + log(ni,j)) * log (,%)
0, eciun;; =0
where i,j is a certain action i (N-gram) in

a certain sequence |,

N is the total number of sequences,

n, — frequency of action i in the se-

quence j,

n,— frequency of action i in all sequenc-
es.

To compare the task performance pro-
cess, we calculate the weighted frequency of
N-grams in different subgroups to determine
how much one group differs from another
in terms of action frequencies. According to
the null hypothesis, two sets are randomly
equivalent, so the distribution of their actions
is proportional to each other. To assess the
deviation from this null hypothesis, the chi-
square criterion (x2) is calculated [for more
information, see 2]. N-grams with higher val-
ues of y2 are the sequences of actions that
distinguish the task performance process in
the selected subgroups. At the significance
level of 0.05, the critical value of 2 is 3.84.
That is, if the observed value exceeds it, then
we can be 95% sure that the action occurred
more often in one of the two subgroups. The
higher the value of ¥2, the greater the differ-
ences between the subgroups.

All calculations were performed using
the programming language for statistical
data processing R version 4.3.1 using the
lavaan package [21] for evaluating CFA
models and the ngram package [24] for
calculating N-grams.

w(i,j) = , eciun;; >0

Results

Assessment the level of creativity

First, models of confirmatory factor
analysis were constructed to determine the
level of creativity according to the indicators
included in the task. Two separate models
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were constructed for the Originality and
Elaboration. The fit indexes of both models
are presented in Table 3 and indicate that
both models fit well to the data.

Table 3
Indicators of compliance gaHHbIM
with the CFA model dataen K®A

Index Originality Elaboration
CFl 0.980 0.973
TLI 0.979 0.961

RMSEA 0.039 0.045

Figure 3 shows the factor structure of
the model for the Originality. For all three
images of monsters, correlations between
indicators of symmetry and hand posi-
tion, symmetry and the original number of
hands, symmetry and the original number
of legs were added to the model to better
match the data.

All standardized factor loadings are sig-
nificant (p < 0.05) and range from 0.22 to
0.67 with an average value of 0.45, which
is an acceptable value.

0.62,

0.54

Fig. 3. Factor structure of the Originality
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Figure 4 shows the factor structure of
the model for the Elaboration. In this model,
correlations were also added between re-
lated indicators, namely rotation, the num-
ber of elements except the category Vari-
ous, and the number of elements from the
category Various.

All standardized factor loadings are
significant (p<0.05) and range from 0.16 to
0.83 with an average value of 0.41.

Comparison of the process

of performing a creative thinking

task by students with high

and low levels of creative thinking

To answer the first research question,
we looked at the first images of a monster
that were created by test takers when solv-
ing a task aimed at assessment creative
thinking. Unigrams, bigrams, and trigrams

JeTalpHOCTE

0.29

0.79

0.81

0.26

nElements 3

0.3

were constructed, since longer sequences
do not have a high frequency in the data
and are difficult to interpret. Table 4-5
shows the chi-square value when compar-
ing two groups of test takers by the level of
formation of two creativity sub-constructs
(originality and elaboration), and 200 stu-
dents with the highest factor score for the
corresponding substructure were selected
in the high — level group, and 200 students
with the lowest factor score were selected
in the low-level group.

Among unigrams, there are no signifi-
cant differences between students with a
high and low level of originality. Based on
bigrams, we can conclude that high-level
students are more likely to use elements
from the category Various, which is logi-
cal, since this category contains unique
elements that responsible for originality of

0.31

nElements 2 0.24

nElements 1

0.23

0.31

0.33

nVarious_1

0.16

0.69

color 1

0.83

color 2

color 3

Fig. 4. Factor structure of the Elaboration
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Table 4

Difference in the frequency of N-grams in the process of performing tasks
for creative thinking in students with high and low levels of originality

High level Low level
Action | x2 Action | ¥2
unigrams (y2>5)
Tur_Various 5,3 Del_Mouth 8
Tur_Legs 6,7
Tur_Mouth 6,5
bigrams (x2>10)
Add_Various Add_Eyes 26,1 | Tur_Hands Color 17
Add_Various Add_Various 17,1 | Add_Eyes Add_Eyes 14,6
Add_Mouth Add_Mouth 15,1 | Add_Mouth Tur_Mouth 12,9
Del_Legs Add_Eyes 15,1 | Tur_Mouth Tur_Mouth 12,9
Add_Horns Add_Legs 14,8 | Color Add_Horns 11,3
Add_Legs Finish 14,2 | Tur_Horns Add_Various 10,8
Add_Various Del_Hands 10,3 | Tur_Hands Add_Mouth 10,2
Color Del_Legs 10,3
Del_Horns Add_Various 10,3
Del_Horns Finish 10,3
Del_Legs Color 10,3
Tur_Horns Add_Legs 10,3
trigrams (y2>20)
Add_Hands Add_Hands Add_Hands 33 Add_Mouth Add_Eyes Add_Eyes 24,5
Add_Eyes Add_Eyes Add_Eyes 27,1 | Add_Eyes Add_Eyes Finish 20
Add_Hands Add_Legs Finish 27,1 |Del_Torso Add_Torso Add_Legs 20
Add_Legs Add_Various Add_Hands 27,1
Add_Mouth Add_Legs Finish 23,3

the final image. Students with a high level
of originality also have bigrams that include
the action of deleting an element, which
can indicate a creative process when the
student tries different elements to create
an original image. Among the trigrams, the
greatest difference between students with
different levels of originality is observed in
the sequences of adding three elements
from the category (hands and eyes). This
confirms the existing scoring rules for
originality, since for these categories the
number of elements in the reference is two,
and if the test taker adds three elements at
once, this is associated with a high score
for originality.
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Students with a high level of elaboration
are significantly more likely to change the
color of the monster and rotate elements
from different categories. This is consistent
with the scoring rules for elaboration, as
these actions are associated with higher
scores for elaboration indicators. At the
same time, students with a low level of
elaboration remove items from different
categories, which reduces the total number
of monster items and indicates a low level
of elaboration of the test taker. In addition,
it is observed that unigram addressed to
help button is more common in students
with a low level of elaboration. This can be
explained by the fact that such students
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Table 5

Difference in the frequency of N-grams in the process of performing tasks
for creative thinking in students with high and low levels of elaboration

High level Low level
Action | 12 Action | r2
unigrams (y2>4)
Color 64,4 |Del_Torso 18,1
Tur_Horns 27 Que 18
Tur_Eyes 9,4 Add_Mouth 5,9
Tur_Various 8,6 |Del_Eyes 4,8
Tur_Legs 7,2 Del_Hands 4.6
bigrams (y2>35)
Add_Torso Color 75,8 | Add_Torso Add_Mouth 75,5
Color Color 59,6 |Add_Torso Add_Eyes 73
Color Finish 47,1 | Add_Torso Add_Hands 70,7
Color Add_Eyes 44,9 | Add_Legs Finish 65
Color Add_Legs 43,4 | Add_Hands Finish 62,2
Color Add_Hands 40,9 |Add_Hands Add_Legs 58,4
Add_Horns Tur_Horns 39,5 | Add_Eyes Finish 57
Color Add_Various 39,2 | Add_Torso Add_Legs 47,9
Color Add_Mouth 35,6
trigrams (x2 > 25 for high level and x2 > 45 for low level)
Start Add_Torso Color 72,8 | Start Add_Torso Add_Mouth 88,9
Add_Torso Color Color 42,6 |Start Add_Torso Add_Hands 83,6
Add_Horns Tur_Horns Tur_Horns 37,2 | Add_Hands Add_Hands Finish 74,3
Color Add_Legs Add_Legs 35,9 | Add_Torso Add_Hands Add_Hands 72,4
Color Add_Hands Add_Hands 34 | Start Add_Torso Add_Legs 66,7
Tur_Horns Tur_Horns Tur_Horns 32,5 |Start Add_Torso Add_Eyes 61,9
Add_Horns Add_Horns Tur_Horns 30 Add_Torso Add_Legs Add_Legs 59
Add_Torso Color Add_Legs 30 Add_Hands Add_Hands Add_Legs 55,8
Color Add_Eyes Add_Eyes 30 | Add_Mouth Add_Eyes Finish 51,2
Add_Torso Color Add_Eyes 26,7 | Add_Torso Add_Mouth Add_Hands 51,2
Color Color Color 26,7 |Add_Legs Add_Legs Finish 50,6
Add_Torso Add_Eyes Add_Eyes 48,9

may not have understood how to work in
the constructor and therefore could not cre-
ate a monster and show their creativity.

Comparison of the process

of completing tasks for creative

and critical thinking

To answer the second research ques-
tion, the first image of the monster was

taken each, which were created by test
takers while solving two parts of the task:
to assess creative and critical thinking. As
in the previous section, unigrams, bigrams,
and trigrams were constructed, but among
the trigrams, we selected those that occur
at least 10 times in all solutions to remove
very rare sequences, even if they allow
us to distinguish solutions. Table 6 shows
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the chi-square value when comparing two
groups of monsters (N-grams with the high-
est chi-square value in each group were
selected).

Among unigrams there are clear dif-
ferences between the solutions. In the
creative thinking task, test takers are sig-
nificantly more likely to delete elements in
all 7 categories. In the critical thinking task,
test takers significantly more often add el-
ements from the category Horns, which is
explained by the task, because when com-
piling a sketch of a criminal, who according

to eyewitnesses had horns, the addition
of elements from this category shows that
the test taker has correctly understood the
task and has shown critical thinking. But at
the same time, in the critical thinking task,
test takers are more likely to add elements
from other categories as well and turn
hands and horns. Based on bigrams and
trigrams, we can say that in the creative
thinking task, students more often change
the color of the monster, while in the criti-
cal thinking task, students leave its original
color (gray). They also remove and rotate

Table 6

Difference in the frequency of N-grams in the process of performing tasks
for creative and critical thinking

Creative thinking Critical thinking
M | b Action | %2
unigrams (y2>15)
Del_Legs 101,8 | Add_Horns 73,8
Del_Hands 52,5 Tur_Hands 50,6
Del_Mouth 38,5 Tur_Horns 23,1
Del_Eyes 34,2 Add_Mouth 21,9
Del_Torso 30,3 Add_Eyes 20
Del_Horns 27,6 Add_Hands 18,3
Del_Various 24 Add_Legs 17,2
bigrams (x2>60)
Del_Hands Add_Hands 1111 Add_Torso Add_Horns 238,4
Del_Legs Add_Legs 96,6 Add_Torso Add_Eyes 88,7
Add_Legs Del_Legs 88,2 Add_Eyes Finish 83,1
Color Color 79,4 Add_Horns Finish 72,1
Del_Legs Del_Legs 78,2 Add_Legs Finish 70,6
Add_Hands Del_Hands 64,7
trigrams (y2>60)
Add_Torso Color Color 106,1 | Start Add_Torso Add_Horns 187,8
Del_Legs Add_Legs Add_Legs 103,9 | Add_Torso Add_Horns Add_Horns 109,9
Add_Hands Del_Hands Add_Hands 99,4 Add_Torso Add_Horns Add_Mouth 100
Add_Legs Add_Legs Del_Legs 85,5 Start Add_Torso Add_Eyes 79
Del_Hands Add_Hands Add_Hands 78,6 Add_Torso Add_Horns Add_Legs 74,6
Add_Legs Del_Legs Add_Legs 77 Add_Legs Add_Eyes Finish 68,4
Del_Hands Add_Hands Tur_Hands 66,2
Add_Torso Color Add_Legs 63
Tur_Legs Tur_Legs Tur_Legs 60,9
Color Add_Legs Add_Legs 60,8

76




Tarasov S.V.

Using Process Data from Completing a Task in Creative Thinking Assessment
Psychological Science and Education. 2023. Vol. 28, no. 4

elements from different categories, which
indicates a creative process, while in the
critical thinking task test takers try to simply
assemble the monster from parts, so after
weighing, actions related to adding ele-
ments prevail in the process of completing
the critical thinking task.

Discussion of the results
and conclusion

The purpose of this work was to deter-
mine the possibilities of using process data
of the task performance in the framework
of assessment creative thinking. Using
instrument is implemented in a digital en-
vironment and consisting of two parts: for
evaluating creative and critical thinking.

At the first stage of the analysis, CFA
models were constructed to obtain test tak-
ers' scores for creative thinking. Further,
these scores were used to identify groups
of test takers with high and low levels of
originality and elaboration.

At the next stage, the method of N-
grams, small sequences of actions ex-
tracted from the test takers' action log, was
chosen to analyze data about the task per-
formance process. Sequences from one to
three actions were used.

We used the y2 criterion to compare
the frequency of occurrence of different N-
grams in students with high and low levels
of creative thinking. As a result, a few N-
grams were identified that are associated
with different levels of creative thinking. For
example, using an item from the category
Various indicates a high level of original-
ity, and deleting an item from the category
Torso indicates a low level of elaboration.

In the second research question, we
compared the performance of creative
and critical thinking tasks implemented in
the same constructor. Based on the fre-
quency of occurrence of certain N-grams,
we found out that different tasks work
accordingly. So, in the creative thinking
task, students are more likely to delete

and rotate elements, change the color of
the image, and in the critical thinking task,
students are more likely to add those ele-
ments that are necessary for the correct
solution of the task.

As a conclusion, it can be noted that the
chosen method of analyzing data on the
task performance process turned out to be
useful and can be used to understand the
behavior of test takers with different levels
of skill development (in this study, creative
thinking), it can also be usedin order to
check the quality of tasks.

Using data about the task performance
process can also enrich the scoring system
and feedback on test results. For example,
when analyzing students with a high and
low level of originality, we found a corre-
lation between the presence of bigrams in
the test taker's profile(deleting and then
adding elements), and a high level of origi-
nality. This relationship is not considered
in the current scoring system. However,
special attention should be paid in order to
better understand the intended use of such
data. This is important because expanding
towards the accumulation of more complex
data can challenge traditional approaches
to scaling assessment results in education-
al testing and can be handled inadequately
by test users [22].

Based on the analysis of the task per-
formance process, we found that other
characteristics of the test takers, such as
their level of digital literacy, can also in-
fluence the result of the creative thinking
task. This can be supported by the fact
that students with a low level of elabora-
tion more likely refered to the task refer-
ence, which contained on working with
the constructor, than students with a high
level. It can be assumed that due to the
low level of digital literacy, they did not
understand how to perform the task of
evaluating creative thinking in a digital en-
vironment. This observation describes one
of the limitations of modern assessment
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instruments, namely the possible interfer-
ence of other factors.

The limitations of this study include a
small sample for analysis, which is why
some N-grams were very rare in the aggre-
gate of solutions. For this reason, during
the analysis stage, we combined actions
by category (for example, adding or turn-
ing a hand), and did not consider specific
elements within the category (adding hand
#1 or turning hand #2). Analysis at the level
of individual elements is part of our plans
to refine the constructor test takers use to
create images. There is a hypothesis that
certain elements within categories may
be associated with the level of creativity,
for example, test takers with a high level
of originality will tend to add hand #3 than
other hands.

Further areas of research include ana-
lyzing data on the task performance time,
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CyLiecTByeT NpefcTaBfieHNe, YTO COBPEMEHHbIE MOJiodble Noau, KOTopble
BbIPOCMN B OKPY>XXEHWM LMPPOBbLIX YCTPOMCTB, CTUXMNHO OCBamBatoT Lmndpo-
Bble HaBbIKW, 1 MX (HOPMMPOBaHUE He TPedyeT creumanbHOro BHUMaHUS LLIKO-
nbl. HabnogeHns yuntenen n pesynstaTbl UCCNEAOBaHWIA CBULAETENLCTBYIOT,
YTO 3TO He Tak. BONbLUMHCTBO LUKOMLHUKOB HE CMOCO6HbI 3PheKTUBHO pe-
waTh 3aAaqv B UMGpoBON cpefe, Hanpumep, KOPPEKTHO MOCTPOUTb MOUCKO-
Bblll 3aNpocC 1in 06ecneynTb CBOK MHOpMaLMOHHYI0 6e3onacHocTb. Liensio
VCCnefoBaHus, NPeACTaBIEHHOMO B CTaTbe, ABMAETCH OLEHKa CBA3U Lndpo-
BOV rPamMOTHOCTU, BKIOYas €e OTAENbHbIe KOMMOHEHTbI (Hanpumep, yMeHve
paboTaTb ¢ MHbopmaLmei B LMPPOBOM Cpeae), C HEKOTOPLIMU KOTHUTUBHBLIMUW
XapakTepucTukamu yyaiuxcs. B yactHocTn, paccMoTpeHa cBasb LndpoBomn
rpaMoTHOCTU C 0CO6EHHOCTSIMU KOTHUTUBHOIO KOHTPOJIA yYaLlumxcsa ¢ y4eTom
4acToTbl U CNeuMdrKM aKTUBHOCTM MUCMOMb30BaHWUSA LMPOBBLIX YCTPONCTB.
MccnepoBaHne 0CHOBaHO Ha AaHHbIX OLIEHKWN YPOBHS LIMAPOBOMN rPaMOTHOCTHU
paspaboTaHHbIM UHCTPYMEHTOM M3MEpPEHUsi Ha BbIGOpKe 2860 ydalumxcs 7-x
1 8-x Knaccos LKon 4 pernoHoB Poccum oceHbio 2022 ropa.

Knro4eBble cnoBa: undpoBas rpaMOTHOCTb; KOFHUTUBHBIA KOHTPOIb; Lnd-
pOBbIe YCTPONCTBA; MHCTPYMEHT M3MEPEHUNsT; paMKa TeCcTa; MHOro3afgayHoCTb.

®duHaHcupoBaHue. CTaTbsi NOAroTOBIEHA B XOA4e peanv3aumny cTpaternyeckoro npoekra «Liud-
poBas TpaHcdopMaLms: TEXHONOrnKn, 3deKTbl, 3DHDEKTUBHOCTb» MPOrPaMMbl Pa3BUTUS HALMO-
HaslbHOrO VCCNIeA0BAaTENbCKOro YH1BEpCUTETa «BbiCLUas LLKONa SKOHOMUKU» B pamKax y4acTvsi B
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nporpamme MuHo6pHayku Poccun «[MpropnteT-2030» HauMoHansHoOro npoekTa «Hayka v yHusep-
cuTeTbl». DUHAHCUPOBaHME OCYLLIECTBASANOCH Yepe3 [Mporpammy dyHOaMeHTasnbHbIX UCCNefoBa-

Hun HAY BLUD B 2022 rogy.
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Bas rpamMOTHOCTb, KOFHUTUBHbIN KOHTPOMb U UCMONb30BaHNe LMAPOBLIX YCTPONCTB AeTbmu // Mcu-
xonoruyeckas Hayka v obpasosaHue. 2023. Tom 28. Ne 4. C. 81—97. DOI: https://doi.org/10.17759/

pse.2023280405

Introduction

Due to the increased frequency of chil-
dren’s use of digital devices (computers,
laptops, tablets, smartphones), a growing
number of researchers, teachers and educa-
tion policy makers are concerned about how
frequent use of electronic devices and the In-
ternet may affect cognitive functions. Rather,
the image of the negative consequences of
frequent device and Internet use is spreading
in the mainstream media. Just look at some
of the headlines in the media: “Depression,
laziness and addiction: How smartphones
affect the brain. Scientists: smartphones
dull human mental abilities™, “The Internet
instead of your convolutions. Scientists have
found out how gadgets affect the brain™. A
new term has emerged, “digital natives”, re-
ferring to a generation of children for whom
the use of the Internet and digital devices is a
habitual part of life almost from birth [18; 29].

While most publications with such scary
titles are based on a retelling of published
studies, researchers themselves are more
cautious about drawing unequivocal con-
clusions about the harms of using digital
devices or the Internet. Existing meta-anal-
yses suggest that research findings on the
association between frequent use of digital
devices and impairment of certain cognitive
functions are inconsistent [38].

On the one hand, some studies have
found a negative correlation between certain
types of Internet activity, frequent use of digi-
tal devices, and cognitive function [20]. For

example, such a feature of Internet activity
as multitasking has received quite a lot of re-
search attention. It has been shown that chil-
dren and adults who frequently use digital de-
vices become accustomed to quickly switch-
ing from one web-page or task to another
without immersing themselves in any of the
tasks for a long time. This rapid and frequent
switching from one task to another can put
additional strain on the attention system. Nu-
merous studies have shown that long-term
multitasking is associated with impairment of
cognitive functions, especially sustained at-
tention or cognitive control [20; 28].

Cognitive control (also known as inhibi-
tory control, attention control, or inhibitory
function) refers to the ability to inhibit stimuli
irrelevant to the task, not to react to extra-
neous stimuli (distractors) [14]. In a broader
sense, cognitive control may refer to the
ability to self-regulate, the ability to follow
instructions, focus on task performance,
and maintain sustained attention without
being distracted by extraneous stimuli.

Cognitive control is one of the compo-
nents of executive function, which is one
of the basic elements of working memory
[31]. In this regard, many researchers dis-
cuss the importance of this function for
successful functioning, including a child’s
academic achievement [2].

Studies have also shown changes in
memory performance for children and
adults who frequently use the Internet and
digital devices [21]. It has been shown that

' Gazeta.ru. 12.03.2018. URL: https://www.gazeta.ru/tech/2018/03/12/11679529/phones_and_brains.shtml
2 ia.ru. 19.12.2018. URL: https://ria.ru/20181219/1548211720.html
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people who use the Internet more frequent-
ly are better at recalling not the information
itself, but the resources where that informa-
tion is stored (e.g., web pages) [32]. Stud-
ies also show lower working and long-term
memory performance in children with high
multitasking scores [36].

At the same time, some researchers
have not found a significant relationship
between constant multitasking and deterio-
ration of attention, memory, and other func-
tions [5; 30; 39]. Moreover, some studies
have shown a positive correlation between
practicing multitasking and cognitive func-
tions [3; 22]. In particular, a study on an
adult sample showed that adults (32—84)
who frequently use a computer and prac-
tice Internet searching perform better on
tests of cognitive control [35].

Studies also show the small to medium
negative effects of multitasking and digital
device use on different types of educa-
tional outcomes [7; 10; 19]. For example,
in a longitudinal study on a large sample of
9-13-year olds, it was shown that students
who had and used smartphones at age 9
showed lower math and reading scores
later in life compared to students who did
not have phones at that age [11].

Another type of activity discussed in
terms of possible effects on cognitive pro-
cesses is video games. Several studies
have shown a positive effect of video games
on a child’s cognitive development. For ex-
ample, it has been found that children who
play video games, on average, show higher
scores of cognitive control and are more
successful on tasks in which it is neces-
sary to ignore stimuli irrelevant to the task
[8; 9; 33]. Children who play video games
were also more likely to perform better on
tasks involving tracking multiple objects and
switching between tasks [15; 34].

Despite the increased number of studies
on digital literacy, its formation, and devel-
opment, as well as the increased number of
studies on the correlation between the use of
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digital devices and cognitive functions, there
is virtually no research that examines the cor-
relation between digital literacy and cognitive
functions, taking into account the frequency
and specificity of the activity of using digital
devices. Our study aims to fill this deficit.

The objectives of the study were:

1) To assess the correlation between
measures of cognitive control and types
of digital device use for students in grades
7—8.

2) To assess the correlation between
digital literacy and indicators of cognitive
control for students in grades 7-8.

3) Assessment of the indirect effect of
the influence of different types of activ-
ity with digital devices on digital literacy
through indicators of cognitive control.

Methodology

Sample

The analysis includes data from 2,860
students in grades 7—=8 from 102 schools
in four regions of the Russian Federation
(Stavropol Krai, Krasnoyarsk Krai, Tomsk
Oblast, Saint Petersburg) participating in
the Federal Project “Digital Educational
Environment” (36% of 7th grade students).
The share of girls in the sample was 48%,
and the average age was 13.60 years
(standard deviation 0.61). At the regional
level, schools were asked to decide on the
number of test participants, including the
parallel classes and the number of classes.

Procedure and measurements

Students were tested on individual com-
puters in a computer lab. First they took a
verbal-spatial test, followed by a digital lit-
eracy test, and then they were presented
with a letter flanker test. All testing was ad-
ministered on a unified system and took 60
minutes to complete.

Digital literacy test
The test is aimed at measuring digital
literacy. Digital literacy is a complex latent
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construct that includes a number of digital
skills required to work in the digital environ-
ment, which is reflected in the definition —
the ability to use digital technologies safely
for oneself and others to search, analyze,
create, manage information, communicate
and work together to solve problems in the
digital environment to meet personal and
educational needs — and determines the
approach to the development of the mea-
surement tool [1].

The digital literacy measurement tool
was developed based on Evidence-Cen-
tered Design (ECD) [25], which involves
finding observable evidence that reflects the
construct being measured and evaluating
alternative explanations for that observed
behavior. This made it possible to model
these correlations given their complex na-
ture and to move [27] from the overall con-
struct to the variables on the basis of which
test items were subsequently created. Thus,
the method of evidence-based argumenta-
tion allowed an evidence-based approach to
the development of the instrument.

Scenario type was chosen as a form of
assignment — assessment based on such
assignments actualizes the student’s ex-
perience with a narrative context in order
to add a layer of meaning to the actions in
the simulation of the digital environment. In
contrast to classical forms [10; 40], such
tasks allow for maximum authenticity. They
simulate real-life situations, such as plan-
ning a trip to an unknown place, searching
for necessary information on the Internet
or creating a visualization in a multimedia
program [13]. This approach creates an
environment conducive to capturing be-
havior that corresponds with the measured
construct [4] and in general, helps to solve
the problem of intrinsic motivation of per-
formance, which is especially important for
tests with low stakes [6; 16; 24; 26].

The test version consisted of 4 test items
of varying difficulty. In the process of de-
velopment, the principle of equal coverage

was observed, so each task was aimed at
assessing one or more components of digi-
tal literacy in such a way as to evenly cover
each of the subcomponents presented in
the frame [1]. The unit of measurement is
the observed variable rather than the task
itself. Each scenario includes a number of
subtasks, which the test participant solves
using interactive simulations of programs,
services, and environments.

At the set testing start time, participants
were seated at their workstations and en-
tered an individual account to log into the
testing system. In qualitative research (cog-
nitive laboratories) with the target audience,
it was found that the interface of both the
system and the tasks is user-friendly, clear,
keeps attention where it is needed, and is
not overloaded with graphic elements. Nev-
ertheless, after logging in to the system, all
participants were shown instructions for test
tasks, which described, among other things,
important elements of the interface that
could later affect the assessment.

The tasks were presented sequentially
on the computer screen. Each task began
with a short text (instruction) describing the
general context of the situation, which was
necessary to bring the test task closer to
real life. The next screen presented a work
area — a desktop simulator with a toolbar
located at the bottom, specific to each task.
Test participants had the opportunity to
skip a task (go through the “Next task” but-
ton), as well as display instructions multiple
times (the “Show task” button), which made
it possible to reduce the influence of irrel-
evant constructs, for example, the ability to
memorize. During the performance of each
task, several digital simulators were used
with the possibility of switching between
them (Fig. 1).

Cognitive control

Two tests were used to measure cogni-
tive control (suppression function): the Let-
ter Flanker Test [12] and a new test devel-
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oped in the Stroop paradigm (verbal-spatial
test). According to the theoretical model of
cognitive control proposed by Friedman &
Miyake (2004), the Letter Flanker Test is
aimed at measuring distractor resistance,
while the Stroop Test is aimed at measur-
ing another factor of cognitive control — the
ability to suppress the dominant stimulus.

Verbal-Spatial Test

The test is designed in the Stroop para-
digm, which is characterized by a combi-
nation of congruent and incongruent tasks
[23]. In congruent tasks, the two param-
eters of each stimulus do not contradict
each other, whereas in incongruent tasks,
the two parameters of the task may require
different actions. The test consisted of 4
blocks, each of which required the execu-
tion of a different type of instruction. Each
block consisted of 12 tasks, the order of
presentation of tasks within each block was
randomized for each respondent.

In each block, the words “UP” or
“DOWN?” could appear on the screen. The
words could be located at the top or bot-
tom of the screen. In addition, up or down

arrows could appear on the screen along
with the words or separately (depending
on the block and the type of instruction),
which could also be located at the top or
bottom of the screen. In the first block, the
participant had to press the up or down ar-
row depending on the meaning of the word
while ignoring the location of the word on
the screen and the direction of the arrow
(Figure 2). In congruent tasks, the mean-
ing of the word and the part of the screen
on which the word was located matched.
If an arrow was also shown, then its direc-
tion also coincided with the meaning of the
word (the word “UP” is shown at the top of
the screen, the arrow is pointing upward).
In incongruent tasks, the meaning of the
word and the part of the screen on which
the word was written did not match. If an
arrow was added, it also did not match the
meaning of the word.

In the second block, it was necessary
to press the up or down arrow, depending
on the direction of the arrow on the screen,
ignoring the meaning of the word and the
part of the screen where the arrow is lo-
cated. In the third block, it was necessary

Fig. 1. An example of the workspace of the scenario task for measuring digital literacy.
Used simulators: cloud storage (in the browser), messenger, text editor, virtual assistant
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to trace the part of the screen where the
arrow was located by pressing the corre-
sponding key (up arrow on the keyboard
if the arrow on the screen was at the top
of the screen and down arrow if the arrow
was at the bottom of the screen). One had
to ignore the meaning of the word and the
direction of the arrow. In the fourth block,
you had to press the up or down arrow on
the keyboard, depending on the part of
the screen where the word was located. In
each block, there were 4 congruent tasks
and 8 incongruent tasks.

Letter Flanker Test

The letter flanker test was originally
proposed by Eriksen & Eriksen (1974). In
the version of the test used in our study,
participants were presented with a set of
7 letters (one letter in the center, 3 letters
on the left and right (flank letters)). If the
center letter was L or H, the participant had
to press the left arrow key. If the center let-
ter was E or P, the participant was required
to press the right arrow key. In congruent
tasks, the central stimulus coincide the
flanking stimulus in terms of the required
action (e.g., LLLHLLL or EEEPEEE). In
noncongruent tasks, the central stimulus
did not coincide the flanking stimulus (e.g.,
PPPHPPP or EEELEEE). There were a to-
tal of 32 tasks in the test, half of them non-
congruent tasks. The tasks were presented
to each participant in random order.

Calculation of indicators
In most studies, a measure of cognitive
control is calculated as the difference in ac-

curacy or speed between congruent and
incongruent tasks [31]. Some researchers
have noted the low reliability of such an
indicator [17]. As a possible alternative,
some researchers suggest using standard-
ized residuals obtained from a regression
model. In this model, accuracy in incongru-
ent tasks serves as the dependent variable,
while accuracy in congruent tasks acts as
the predictor [14; 17]. Positive residuals
indicate a higher level of cognitive control,
particularly in terms of accuracy.

We used this procedure to calculate a
measure of cognitive control. For the letter
flanker test, we considered standardized
residuals for accuracy. For the verbal-
spatial test, given the rather high level of
accuracy and low difficulty of the tasks, we
used a combined measure of accuracy and
speed — the rate of correct scores (RCS)
[37]. The RCS is calculated by dividing the
sum of correct answers by the total time
spent on all tasks. This indicator represents
the number of correct answers given per
unit of time (in our case, one second).

Types of Internet activity

and ways of using digital devices

To take into account the types of online
activity and the ways of using digital devic-
es, students were asked questions about
different types of activity and the frequency
of each type of activity. For example, how
often this school year have you done some-
thing on a computer, tablet, smartphone:
1) Read on the Internet about something
that interests me; 2) Watched movies, TV
series, cartoons or videos on YouTube and

Congruent tasks

Incongruent tasks

Fig. 2. Examples of verbal-spatial test stimuli, block 1
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other services; 3) Played games; 4) Made
presentations or projects on school sub-
jects; 5) Spent time on social networks (for
example, VKontakte, TikTok, etc.); 6) Stud-
ied programming; 7) Took online courses
(not to prepare for school).

The student had to choose one of
four response categories: 1) Never;
2) 1—3 times a month; 3) 1—3 times a
week; 4) every day or almost every day.
The two middle categories (1—3 times a
month and 1—3 times a week) are com-
bined into one. After analyzing the answers,
they were grouped into three categories:
never, sometimes (1—3 times a month or
1—3 times a week) and every day.

Statistical approach

Multilevel regression analysis and mul-
tilevel mediation analysis were used to as-
sess the relationship between frequency
and types of Internet activity and digital
device use, digital literacy, and cognitive
control. Digital literacy scores were the de-
pendent variable, cognitive control scores
were the mediator, and digital device use
scores were the predictors.

Variables for different types of activity in
different models were used to avoid mul-
ticollinearity. Several regression models
were analyzed to estimate the indirect ef-
fect of different types of activity. The first
step analyzed how Internet and digital
device use indicators are related to cogni-
tive control indicators (mediator-dependent
variable relationship).

In the second step, several regression
models with included predictors of indi-
cators of digital device use and cognitive
control were tested. The regression mea-
sures from this model show a direct effect
of digital device use characteristics. In ad-
dition, indirect effects (the product of the
coefficients of the relevant measures from
the first model and the coefficients of the
cognitive control test scores from the sec-
ond model) and standard errors for each
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indirect effect (bootstrapping method) were
calculated.

Several variables were also included
for a more precise assessment of ef-
fects: gender (0 — boy, 1 — girl), grade
(0 — 7th grade, 1 — 8th grade), number
of books in the house (0 — less than 100,
1 — more than 100) and resource avail-
ability index. The material situation index
was calculated as the sum of respondents’
answers to the question about what of the
listed items they have in the house (e.g., a
computer, a separate room, a music cen-
ter, a dishwasher, etc.).

The variable “Use of computers at
school” was also created to capture the
specific characteristics of the educational
environment. Students were asked to
note how often teachers (except for com-
puter science teachers) ask them to use
computers and gadgets for the listed ac-
tivities (at lessons, for doing homework,
etc.), on a scale from 0 (never) to 3 (at
every or almost every lesson). First, the
sum of scale indicators for each student
was calculated, then the aggregate indi-
cator for the school as a whole was cal-
culated.

The analysis was made using the Stata
17.0 program.

Results

Descriptive statistics

The average score on the digital literacy
test was 0.05 logits (standard deviation of
0.89 logits), with a minimum value of —2.61
logits and a maximum value of 2.62 logits.
Table 1 below provides descriptive statis-
tics for cognitive tests. Cognitive control
parameters were calculated as standard-
ized residuals from a model in which ac-
curacy or RCS in congruent tasks served
as a predictor, while accuracy (or RCS) in
incongruent tasks served as the outcome.
Table 1 also displays the regression mod-
els coefficients used to compute standard-
ized residuals.
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Table 1

Descriptive Statistics for Cognitive Control Tests

Test Metrics/Parameters Parameters in the Regression Model
Test Congruent Incongruent Standardized R2
Tasks Tasks Regression Coefficient
Letter Flanker Test (Accuracy) 0,72 0,69 0,73 0,53
Verbal-Spatial Test (RCS) 1,09 0,75 0,70 0,49

The standardized residuals for the two
tests exhibit a statistically significant weak
correlation (r=0.10, p<.001). The weak cor-
relation between the outcomes of the two
tests confirms that they likely measure dif-
ferent aspects of cognitive control.

Descriptive statistics for various types
of digital device usage are presented in
Table 2.

The results indicate that students in
the 7th and 8th grades most frequently
use digital devices for using social net-
works (75% reported doing this daily),
watching videos (58% daily), playing
games (53% daily), and reading (43%
daily). At the same time, 60% of the stu-
dents noted that they had never taken
online courses or studied programming.
23% of the participants mentioned that
they had never used digital devices for
creating presentations and projects. It
can be noted that these data may par-
tially reflect the specificity of children’s
use of digital devices. Students in the
7th and 8th grades prefer to use digital
devices not for educational purposes or

for learning, but for searching and view-
ing information of interest to them, en-
tertainment, and communication (i.e., for
personal purposes).

The Correlationship Between

Cognitive Control and the Use

of Digital Devices

Furthermore, we assessed the relation-
ship between the results of two cognitive
control tests (verbal-spatial test and letter
flanker test) and the frequency and meth-
ods of using digital devices. The results of
the multilevel regression analysis are pre-
sented in Table 3.

The analysis results indicate that
among all types of activities, the frequen-
cy of reading information on the internet
correlates with the results of the verbal-
spatial test (those who read sometimes
or every day have higher scores in the
digital literacy test compared to those who
never read), as well as with the creation
of presentations (those who occasionally
create presentations have slightly higher
test scores).

Table 2

Descriptive Statistics for Types of Activities Involving Digital Device Usage

Types of Activities Never Sometimes Every day
| read online about something that interested me 8% 49% 43%
| watched movies, TV series, and cartoons 4% 38% 58%
| played games 6% 41% 53%
| created presentations or projects 23% 73% 4%
| spent time on social media 5% 20% 75%
| studied programming 50% 44% 6%
| took online courses (not for school preparation) 60% 36% 4%
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Table 3
A Correlationship Between Cognitive Control Test Results and Types of Digital
Device Usage (Results of Multilevel Regression Analysis)

) Verbal-Spatial Test Letter Flanker Test
Variables
Coefficient (Standard Error) Coefficient (Standard Error)
1 2 3
Fixed Effects
Internet Reading:
— sometimes’ 0,17* (0,08) -0,11 (0,08)
— every day 0,22** (0,08) 0,01 (0,08)
Watch video:
— sometimes 0,19 (0,12) -0,28 (0,12)
— every day -0,16 (0,12) -0,34 (0,12)
Games:
— sometimes 0,10 (0,09) —-0,01 (0,09)
— every day —0,03 (0,09) —-0,10 (0,09)
Creation of Presentations and Projects:
— sometimes 0,10* (0,05) 0,05 (0,05)
— every day -0,07 (0,11) -0,12 (0,12)
Social Networks:
— sometimes —-0,06 (0,10) 0,01 (0,10)
— every day -0,10 (0,10) 0,06 (0,10)
Study Programming:
— sometimes —-0,03 (0,04) —-0,02 (0,04)
— every day 0,07 (0,09) 0,16 (0,10)
Taking Online Courses:
— sometimes —-0,06 (0,04) —0,05 (0,04)
— every day 0,04 (0,11) -0,16 (0,11)
Gender (1 = girl) 0,16*** (0,04) 0,03 (0,04)
Grade (1 = 8th grade) 0,07 (0,05) 0,04 (0,04)
More than 100 books at home 0,10* (0,04) 0,04 (0,05)
Material situation index 0,02 (0,02) 0,03 (0,02)
Index «Use of computers at school» 0,05 (0,03) -0,02 (0,02)
Random effects
Interschool Variance 0,03 0,01
Intraschool Variance 0,91 0,95
Note:" — here and in other variables indicating types of activities, the reference group is the ‘never’ category;

**+9<0.001, **p<0.01, * p<0.05

As for the results of the letter flanker test, which can be interpreted as higher re-
test, it only correlates with the frequency sistance to distractors.
of watching videos. Students who reported It is also worth noting that girls have
watching videos sometimes or every day higher scores on the verbal-spatial test,
have higher scores on the letter flanker while there were no differences between
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boys and girls in the results of the letter
flanker test. The number of books in the
house is also associated with the results
of the verbal-spatial test.

A Correlationship Between Digital

Literacy, the Use of Digital Devices,

and Cognitive Control

Next, regression models were tested
with digital literacy as the dependent vari-
able. Prior to inclusion in the model, the vari-
able was standardized. First, a null model
(a model without predictors) was evaluated

to assess the level of intra- and interschool
variance and calculate the intraclass corre-
lation coefficient. The intraclass correlation
coefficient was found to be 0.23.

The model with predictors includes vari-
ables describing the types of digital device
usage and cognitive control variables. Ta-
ble 4 presents the results of the multilevel
regression analysis for the model with pre-
dictors.

The analysis reveals that internet
reading and watching videos are posi-
tively associated with digital literacy. Stu-

Table 4

A Correlation Between Digital Literacy, Cognitive Control Test Results,
and Types of Digital Device Usage (Results of Multilevel Regression Analysis)

Variables

Coefficient (Standard Error)

1

2

Verbal-Spatial Test

0,16 (0,02)

Letter Flanker Test

0,07** (0,02)

Internet reading:

— sometimes 0,17* (0,07)

— every day 0,33*** (0,07)
Watching video:

— sometimes 0,21* (0,11)

— every day 0,30** (0,11)
Games:

— sometimes —-0,02 (0,08)
— every day 0,04 (0,08)

Creation Presentations and Projects:

— sometimes 0.12** (0.04)
— every day —0.20* (0.09)
Social Networks:

— sometimes -0,09 (0,09)
— every day -0,14 (0,09)
Studying Programming:

— sometimes 0,04 (0,04)
— every day 0,08 (0,09)
Taking Online Courses:

— sometimes —-0,07 (0,04)
— every day —0,30*** (0,10)

Gender (1 = girl)

0,13 (0,03)

Grade (1 = 8th grade)

0,05 (0,05)
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Variables Coefficient (Standard Error)
1 2

More than 100 books at home 0,10* (0,04)

Material situation index 0,07** (0,02)

Index «Use of computers at school» 0,10* (0,04)
Random effects

Interschool Variance 0,17

Intraschool Variance 0,71

Note: ***p<0,001, **p<0,01, * p<0,05.

dents who reported occasionally creating
presentations have higher levels of digital
literacy, whereas students who create
presentations every day have lower lev-
els of digital literacy compared to those
who have never created presentations.
Daily participation in online courses is
also negatively associated with digital
literacy.

It is worth noting that the results of both
cognitive control tests are positively related
to digital literacy. The analysis also indi-
cates that Material situation index and the
number of books in the house are positively
associated with digital literacy, as well as
the use of computers at school. On aver-
age, when accounting for other variables,
girls have higher levels of digital literacy.

Analysis of indirect effects

At the final stage, indirect effects of
types of digital device use were calculated.
Since the analysis of indirect effects as-

sumes the presence of a correlation be-
tween the predictor (use of digital devices)
and the mediator (cognitive control), the
analysis of indirect effects was carried out
only for those predictors that showed a sig-
nificant relationship with one of the tests of
cognitive control (Table 5).

Analysis of indirect effects indicated
that some activities may have indirect ef-
fects (either through the flanker test or the
verbal-spatial test). In terms of direction, in-
direct effects enhance direct ones, but in all
cases the indirect effects were very small.

Discussion

In this study, the results of a digital lit-
eracy test and two cognitive control tests,
namely the verbal-spatial test (measuring
the ability to suppress dominant stimuli)
and the letter flanker test (measuring resis-
tance to distractors), were analyzed. The
primary objective of the research was to
assess the correlations between the digital

Table 5

Results of the analysis of indirect effects

Predictors |

Direct path |

Indirect path | Overall effect

Mediator — Verbal-Spatial Test

Reading (occasionally) 0,19** (0,07) 0,03 (0,02) 0,23*** (0,07)
Reading (every day) 0,35*** (0,07) 0,04 (0,02) 0,39*** (0,07)
Preparation of presentations (sometimes) 0,13** (0,04) 0,02* (0,01) 0,15"* (0,04)

Mediator — letter test of flanks

Watching videos (occasionally)

0,24* (0,10)

0,02* (0,01) 0,26** (0,10)

Watching video (every day)

0,31** (0,10)

0,03* (0,01) 0,34*** (0,10)

Note: ***p<0,001, **p<0,01, * p<0,05.
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literacy test, cognitive tests, and certain
parameters of digital device usage while
controlling for some socio-demographic
characteristics.

The results indicate that the use of digi-
tal devices for video viewing and reading
is positively associated with cognitive test
performance and digital literacy. However,
different types of activities exhibit varying
correlations with cognitive control factors.
The ability to suppress dominant stimuli is
linked to the frequency of reading informa-
tion using digital devices. It is possible that
children who frequently read online display
lower impulsivity, although the study design
does not permit causal conclusions. Con-
versely, there may be a reverse correlation,
as children with higher resistance to domi-
nant stimuli may exhibit lower impulsivity
and, therefore, engage in more frequent
reading with digital devices.

Regarding video viewing, the frequency
of this activity is associated with higher
levels of resistance to distractors. It is pos-
sible that during video viewing, children can
concentrate on video content successfully,
disregarding distractions. It is also possible
that this skill can be transferred to other
materials. But again, it must be empha-
sized that the research design does not
allow us to draw conclusions about causal
correlations and does not reveal the mech-
anisms of the discovered correlations. Fur-
ther research with experimental designs
is needed to explore these correlations in
greater depth.

It should also be noted that some ef-
fects observed in previous studies, such
as the positive impact of video games on
certain cognitive functions, were not rep-
licated in our study. Additionally, data did
not confirm the negative effect of certain
types of activities on cognitive functions.

For instance, high activity on social media
platforms showed no significant correlation
with cognitive control or digital literacy.

Digital literacy also correlates with cog-
nitive performance, although the effect size
is small. The presence of a correlation be-
tween cognitive control and digital literacy
may suggest the specificity of the test, indi-
cating that tasks require the ability to sus-
tain attention, ignore irrelevant stimuli, and
so forth. On the other hand, this may also
suggest that digital literacy is a complex
construct associated with general cognitive
abilities.

It is worth noting that the school envi-
ronment is linked to the level of digital lit-
eracy. In schools where computer usage
was higher on average, individual digital
literacy scores were also higher. Addition-
ally, the intraclass correlation coefficient
for digital literacy scores was 0.23, indicat-
ing a moderate level of variation between
schools in digital literacy test results. This
finding is comparable to the level of varia-
tion observed in some academic achieve-
ment measures in international education
studies [41]. It suggests that schools may
have a certain impact on the development
of digital literacy.
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CerofHsLLHNX CTYAEHTOB MOXHO Ha3BaTb «MOKOMEHNEM Z», OHU MIIOTHO BCTPO-
€Hbl B MMP UMdPOBbIX TexHonorni. OCHOBHAas XapakTepucTvka Nokonenus Z,
«LIMPpOBbIX a6OPUreHOB» OHU O4eHb KOM(POPTHO cebsi HyBCTBYHOT B UCMOMb-
30BaHVN LMAPOBBIX YCTPONCTB B XW3HM 1 B COLMalbHbIX ceTax. HecmoTtpsa Ha
TO, YTO yYaLLMMCst KOM(POPTHO NONb30BATHLCSA LIMPPOBLIMM TEXHOMOMUAMU NS
KOMMYHWKaLMW, OHU BCE eLLe He [0 KOHLiA YMEIT BKIIoHaTb LMPOBbIE TEXHO-
NOrMK B CBOIO akafeMnHecKyto XuaHb. Llenb nceneposanns — agantupoeatb
VHCTPYMEHT M3MepeHus LmdpoBOM FPaMOTHOCTU B KOHTekcTe WHpoHesuw,
€o3paTb CBOK BEPCUIO MHCTPYMEHTA M3MEPEHUs akageMmnyeckon LmndpoBow
rpamMoTHOCTM yyalmxes. MeTofbl agantaumm BKIIOHaoT NepeBof, CUHTES, pac-
CMOTPEHMNe IKCNEepPTHOM KOMUCCUER 1 nNpepBapuTensHoe TecTmposaHue. B nc-
crnepoBaHuny yqacteoBanm 364 ctygeHTa us nposuHUmn BoctouHas fiea, NHpo-
Heaus. [pu aHanmae JaHHbIX UCMONb30BaNCA MOATBEPXAAIOLLMIA (DAKTOPHbIN
aHanu3 ¢ nporpaMmMHbiM obecriedeHnem M-Plus. Pe3ynsraTel nokasanu, 4to
3Ha4veHns KoadpdmumeHTa 3arpy3km Bapbuposanucs ot 0,47 po 0,87 n cooT-
BETCTBOBASIN MVHMMAIbHBIM KPUTEPUAM, MO3TOMY UX MOXHO ObINO CUMTaTh Ba-
nmaHbIMU. Ha HagexXHOCTb yKasbiBatoT 3HaveHus anbda = 0,87 n CR = 0,89, ko-
TOpble COOTBETCTBYIOT MUHUMATIbHLIM KpuTepusam, AVE = 0,74 n cootBeTcTByeT
MUHUMarbHbIM KPUTEPUSIM, YTO NOKa3bIBAET XOPOLLYHO KOHBEPreHTHOCTb.

KnroyeBble cnoBa: Apantaums CpeAcTB U3MEPEHUI, akagemMuydeckas umd-
poBasi rPaMOTHOCTb, BaNUAHOCTb, HAAEXHOCTb, CTYAEHTbI.
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Introduction

In the current digital era, students are re-
quired to have a new form of academic literacy,
so called academic digital literacy, which help
them effectively assist in completing their aca-
demic assignments. It's not only about a tradi-
tional academic literacy, but also about an aca-
demic digital literacy, which helps students learn
faster and complete their assignments [1; 2; 3].
In other words, academic literacy in today’s all-
digital educational environment is very important
in the form of mastery of digital literacy that sup-
ports their academics.

Every student needs an academic digital litera-
cy because it is an important aspect of functioning
successfully in an academic environment, which
is reading, writing, research, and communication.
This involves high-level reading and writing skills,
critical thinking, articulate writing, and discipline-
specific skills for reading and writing [4; 5; 40].

There are several researches which reveal
that digital literacy, self-control, and learning mo-
tivation can predict the academic achievement.
Apart from that, digital literacy also contributes to
increasing academic success, improving research
skills, and boosting self-confidence [3; 5; 6; 41].

The results of the research explain that
metacognitive knowledge, resource manage-
ment, and motivational beliefs have a significant
positive influence on digital literacy [7; 45]. By
systematic literature mapping study on the basis
of 298 articles published in two databases, Sco-
pus and Web of Science (WoS), we found out,
that the largest proportion of articles in Scopus
in most of the cases frequently mentioned topic
digital pedagogy. This provides a perspective on
digital transformation studies in higher education,
particularly related to academic digital literacy [8].

Students nowadays can also be called “Gen-
eration Z”, the ones who cannot be separated from
their digital life. Generation Z or “digital natives”
are very comfortable using digital devices such
as smartphones, iPads, and laptops in their online
social lives. Although students feel comfortable us-
ing technology for social interaction in the virtual
world, they are still learning how to incorporate
digital devices into their academic lives [9; 42; 44].

Therefore, it is important to adapt the aca-
demic digital literacy scale measurement tool
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for college students so that it can be used to
determine students’ abilities in mastering digital
technology in completing their academic tasks.

Academic digital literacy

Digital literacy is defined as the ability and
awareness of using digital technology to perform
tasks while demonstrating the right attitude in a
learning environment by utilizing digital technol-
ogy [10]. Following the model developed by [10],
digital literacy includes cognitive, technical, and
socio-emotional learning perspectives.

Digital literacy has also been identified as
a key competency because it is considered the
‘backbone’ of current educational pedagogy, as it
plays an important role in the world of education.
Digital literacy significantly increases the employ-
ability of graduates because it empowers them to
achieve more in the digital economy. In fact, even
in the world of work, 90% of jobs require excellent
digital literacy competencies [7; 11; 43].

Digital literacy is the ability to read and un-
derstand information in the form of hypertext or
multimedia. It is different from traditional literacy
because digital sources can produce various
forms of information, including text, images,
sound, and other formats [12; 13; 14; 15; 16].
Based on this explanation, it can be concluded
that academic digital literacy is the ability and
awareness to use digital technology as a learn-
ing resource and complete academic tasks in
the correct manner, encompassing cognitive,
technical, and socio-emotional dimensions.

Factors influencing academic
digital literacy

Digital literacy is influenced by several fac-
tors including; 1) use of online media, 2) aca-
demic achievement 3) role of parents or family,
4) intensity of reading [17; 18]. Digital literacy
skills are influenced by many factors, but the
most important according to [19] is related to the
drive or desire of individuals to understand digi-
tal literacy by reading and applying it.

Research results from Rosalina found that
there are three factors that affect the level of stu-
dents’ digital literacy competence, including: 1) En-
vironmental support factors consisting of the cam-
pus environment and family roles, 2) Socioeco-
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nomic conditions factors, which include individual
financial conditions and the criticality of the media,
and 3) The intensity factor of media use, which in-
cludes the use of digital media in daily activities and
the completion of academic assignments [20].
Thus, the main factor that can affect digital
literacy skills in using technology is a skill that
needs to be honed with daily activities. This em-
phasizes that the ability is a continuous process
that is carried out consistently in the utilization
and use of digital technology in literacy [21; 22].

Academic digital literacy dimension

The dimensions of digital literacy are the
same as the model developed by [10] that digital
literacy has three dimensions as shown in Fig-
ure 1 below.

The cognitive dimension of digital literacy re-
lates to the ability to think critically when search-
ing, evaluating, and creating digital information
handling cycles. It also means being able to eval-

Technical

Operational literacy
Critical literacy

Cognitive

Information literacy
Critical literacy

Multiliteracies: Photo-visual; audio,
gestural, spatial, linguistics

Digital
Literacy

uate and select appropriate software programs
to study or perform a particular task. This dimen-
sion of digital literacy requires individuals to have
knowledge of related ethical, moral, and legal is-
sues, and understand content that uses digitally
based resources (e.g., copyright and plagiarism).
This dimension involves the ability to intelligently
navigate through a hypermedia environment to
construct knowledge and synthesize new under-
standings using appropriate digital tools, which
will understand and find meaning in the best
sense [10]. Thus, the cognitive dimension is the
ability to choose technology, search, assess, and
select information using critical thinking skills.
The technical dimension generally means
having technical and operational skills to use.
This dimension can be applied to learning and
daily activities. It involves being able to connect
and use input devices and peripherals such as
earphones/headsets, external speakers, smart-
boards, and more. This assumes knowledge of

Social-
Emotional

Social-emotional literacy
Critical literacy

Fig. 1. Dimensions of digital literacy
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working parts, file protection, and the ability to
solve problems by reading manuals or via the
“Help” function and other web-based resources,
such as YouTube or other digital media. A digi-
tally savvy individual should be able to adequately
operate technology by understanding file struc-
ture, managing data transfer, including under-
standing file size and space required for storage,
finding, downloading and installing applications,
and uninstalling them when not needed. They
should know how to use infrared and/or Bluetooth
for mobile devices, understand data charges
associated with downloading data, set up and
use communication tools and social networks,
update/change user account information on the
Internet, send and retrieve attachments via email
and/or Dropbox, and open them with a suitable
application, such as opening a folder, and know
about the main features of software programs
[10]. Thus, this dimension is a major component
of digital literacy, which includes the skills needed
to operate digital technology for learning.

The social-emotional dimension involves the
responsible use of the Internet in order to commu-
nicate, socialize, and learn by observing applying
certain rules. These rules are similar to face-to-
face communication, require respect and the use
of appropriate language and words to avoid mis-
interpretation and misunderstanding. One should
maintain safety and privacykeep personal infor-
mation as confidential as possible, not disclosing
more personal information than necessary. One
should also understand when a threat is received
and know how to deal with it, such as whether
to ignore, report, or respond to it [10]. Thus, this
socio-emotional dimension relates to individual
behavior in the use of digital technology.

Academic digital literacy measurement

Measurements of digital literacy have been
developed according to research objectives and
contexts, and is based on certain theories. The
measurement of digital literacy was first devel-
oped by [10] with three dimensions, namely
technical, cognitive, and social-emotional.

Pala and Basibiiyiik research on digital lit-
eracy skills uses a digital literacy scale measure-
ment based on the four dimensions they devel-
oped, namely information processing, communi-
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cation, security and problem solving [5]. Nabhan
measures digital literacy using digital academic
writing skill questionnaires which he developed,
they consist of several dimensions, namely criti-
cal thinking, online safety skills, digital culture,
collaboration and creativity, finding information,
communication, and functional skills [23]

Mercado in his research, used qualitative case
studies to explore academic digital literacy skills.
This involved conducting semi-structured inter-
views and collating data from various sources,
such as digital academic notes, informal conversa-
tions with facilitators, online activities on institution-
al platforms, interactions with research seminar fa-
cilitators, supervisors, and researchers, as well as
drafts and final versions of academic manuscripts
[24]. Anthonysamy [7] using a digital literacy scale
in the form of a likert scale with a three-dimension-
al structure based on the instruments used by [10]
and [11] [11] consisting of technical (6 items), cog-
nitive (2 items), and social-emotional (2 items) to
measure the use of technology in learning for stu-
dents at the University of Auckland New Zealand.

In addition, the digital literacy scale instru-
ment has also been adapted to various coun-
tries and one of them was adapted by [25] into
Turkish. There are around 10 items based on the
digital literacy scale developed by [10], the item
scale factor loading varies between 0.46 — 0.74
and the Cronbach Alpha reliability is 0.86. Burgin
Hamutoglu also adapted a digital literacy scale
for college students with an internal consistency
coefficient (Cronbach Alpha) for the technical di-
mension = 0.88, the cognitive dimension = 0.89,
and the social-emotional dimension = 0.79. [26].

Esfandiari [27] and Isik [13] determine the
level of digital literacy using the digital literacy
scale from the model [10]. Durak and Seferoglu
[28] in their research also used the digital literacy
scale from [10] model which was adapted by [26].
Thus, referring to the study of previous research
results, it is recommended to measure academic
digital literacy using digital literacy scale instru-
ments based on the dimensions of the [10]. The
dimensions are the most appropriate for psycho-
logical variables and have been adapted to many
countries. The digital literacy scale instrument
consists of dimensions that can be scored indi-
vidually or combined for a total score.
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Method

The Ethics Commission of Research of the
Faculty of Psychology at the University of Mu-
hammadiyah Malang has approved the study
(approval number for research ethics: E.6.m/161/
FPsi-UMM/III/2023). The authors have assured
the participants that their study data would be
presented anonymously, and the participants
signed a written agreement to participate.

Participants

The participants of this research were sec-
ond, fourth, and sixth-semester students who
had a GPA > 2.00 and were currently studying
at public and private universities in East Java,
Indonesia, during May 2023. There were 283 fe-
male respondents and 81 male respondents,
making a total of 364 students.

Adaptation procedure

The process of adapting measuring instru-
ments in this study begins with a request for
permission from the owner of the measuring in-
strument. The measuring instrument adaptation
procedure in this study refers to [29] as shown in
Figure 2 below.

Figure 2 describes the adaptation proce-
dure according to the stages. The first stage
involves translations by two linguists and ex-
perts in the field of educational psychology
who graduated abroad and understand the
context of measuring instruments for Indo-
nesian students. The translations are done
through the language center at the University
of Muhammadiyah Malang. The second stage
is synthesis, where the results of the transla-
tions from both translators are brought to-
gether to find similarities and differences until
an agreed-upon translation is obtained. This
translation is referred to as the draft transla-
tion measuring instrument scale. The third
stage involves back translation and juxtaposi-
tion with the original measurement tool to find
differences in meaning so that the meaning
can be adjusted. The back translation is done
by linguists and experts in the field of educa-
tional psychology who are foreign graduates
and understand the context of measuring in-
struments through the language center at the
University of Muhammadiyah Malang.

The fourth stage, the expert committee re-
view, is to ensure there is a correlation of the

Expert in the field of

: Language expert

Translations guage exp science
Synthesis

A
Back translation Language expert Expert in the field of
science
Expert committee Language Methodology | | Expert in the field
review expert [ | expert of science

Pretesting Pretesting 1~ |-----1 Pretesting 2

Fig. 2. Procedure for adapting an academic digital literacy scale
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meaning and sociocultural context between be-
tween the original measuring instrument and the
translated measuring instrument. The reviewers
from the expert committee were linguists, meth-
odologists, and educational psychologists, five
experts in total. They were asked to provide as-
sessments and corrections for improvements to
ensure whether the adapted instruments were
equal in measuring constructs and suitability for
the cultural context of students in Indonesia. The
results of the assessment were quantified using
Aiken’s V formula. The results of the analysis on
each academic digital literacy scale instrument
item obtained a minimum value of the Aiken’s
V index ranging from 0.81 to 0.94 with a mini-
mum criterion of 0.040 based on the Aiken table
(P > 0.05%). Thus, it can be concluded that all
instrument items can be declared valid or equal
in measuring the academic digital literacy scale
construct in students in the context of Indone-
sian culture.

The fifth stage, pretesting, is to test the
measuring instrument on a small number
of subjects beforehand in order to find out
whether the measuring instrument is well un-
derstood by the subjects or not. If the measur-
ing instrument can be understood, then a trial
is carried out with a larger number of subjects.
Testing the measuring instrument on a small
scale was done by giving it to 40 students as
a pilot test to determine whether the instruc-
tions and statements on each item could be
understood properly before being tested on a
large scale. Based on the results of the small-
scale trials using the pilot tests, the respon-
dents stated that the instructions were easy to
understand, and the items of all scales were
also clear and well-understood. Thus, they
were able to proceed with trials of measuring

instruments on a large scale. The testing of
the measuring instruments on a large scale
was done by collecting data from 364 stu-
dents to test their validity and reliability using
CFA analysis.

Data analysis

Data analysis used Confirmatory Factor
Analysis (CFA) with the help of M-Plus software,
which gave rise to fit index values in the form of
Chi-Square, RMSEA, CFl, TLI, and SRMR [30].
According to [31], what must be reported in the
fit model analysis are the Chi-Square, RMSEA,
CFl, and SRMR tests.

Results and Discussion

Based on the final modeling results from the
CFA analysis that has been carried out in the
form of the results of the fit model from the mod-
el feasibility parameters of the academic digital
literacy scale as shown in Table 1 below.

Based on Table 1, we know that the out-
put value of RMSEA = 0.07, SRMR = 0.04,
CFl = 0.95, and TLI = 0.93 according to the
criteria, so that it fulfills the feasibility param-
eters of the model fit (goodness of fit) which
means there is no difference in measurements
developed with empirical models or those
which obtain data support. While the index in
the form of Chi Square (P-Value) = 0.00 does
not meet the criteria > 0.05, it is not fit, but
can be ignored because the respondents or
samples are large.

The results of the reliability test for this
scale use Cronbach’s Alpha and the Construct
reliability (CR) value and the Average variance
extracted (AVE) value. See the results of the
confirmatory factor analysis of the validity and
reliability tests as in Table 2 below.

Table 1
The final results of the fit model based on the feasibility parameters
of the academic digital literacy scale model (N=364)
Fit parameters Output Criteria Information
Root mean square error of approximation (RMSEA) 0,07 <0,08 Fit
Standardized root mean square residual (SRMR) 0,04 < 0,08 Fit
Comparative fit index (CFI) 0,95 > 0,90 Fit
Tucker-Lewis Index (TLI) 0,93 >0,90 Fit
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Table 2 and Figure 3 show that the loading
factor values range from 0.47 to 0.87 and have
met the minimum criteria of construct validity.
Meanwhile, the reliability indicated by the value

alpha = 0.87 and CR = 0.89 met the minimum
criteria, so the scale was reliable, while the
AVE = 0.74 met the minimum criteria so it indi-
cated a good convergence.

Table 2
Validity and reliability of the academic digital literacy scale (N=364)
No Dimensions Item Factor Loading Alpha CR AVE
1 Technical adl1 0,47 0,83 | 0,87 | 0,83 | 0,89 | 0,46 | 0,74
adl2 0,65
adi3 0,72
adl4 0,71
adl5 0,72
adlé 0,76
2 Cognitive adl7 0,76 0,64 0,64 0,48
adi8 0,62
3 Socio-Emotional adl9 0,87 0,72 0,73 0,58
adl10 0,64
adll — -773(.043)
.234 (.058) /
476 (.045) adlz — 572(.045)
.654 (.034)
T27(029)—— ) g3 e— 471(.043)
715 (.030)
875 (.022) W2 (.030) adl4 — 489 (.043)
adls — 479 (.043)
1.000 (.000) 1.067 (.044) kognitif
adlg +— -411(.041)
2764 (.034)
627 (.03N
705 C045) {006y \ adl7 #— -417(.051)
adlg +— -607(.048)
873 (.040)_\_\_1
619 (.042) adlo — .239(.070)
adllo — -578(.054)

Fig. 3. Final model of the academic digital literacy scale
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Academic digital literacy is measured us-
ing a digital literacy scale from [10] as many
as ten items (academic digital literacy scale,
see appendix) developed by researchers in an
academic context based on technical, cogni-
tive, and social-emotional dimensions. The
blue print of the academic digital literacy scale
before and after the try out is as shown in
Table 3 below.

The construct validity of this research is
based on internal structure evidence analyzed
through CFA, as explained by the American
Education Research Association (AERA) that
construct validity can be demonstrated through
five pieces of evidence, namely 1) test content,
2) cognitive/response test, 3) internal structure,
4) relations to other variables, and 5) conse-
quences of tenting [32]. The CFA test was car-
ried out to determine the feasibility of the model
and the size of the factor loading of each item
as evidence of construct validity based on the

internal structure. The overall model feasibility
parameters are as described by [33; 31; 34] as
it is shown bellow:

A model can be said to be feasible if it fulfills
one or more feasibility parameters. The more
the better. According to [35] if 4 — 5 parameters
are met, the model is considered sufficient to as-
sess the feasibility. After fulfilling the feasibility
parameters of the model, we can see the size of
the factor loading or factor loading of the CFA.
Factor loading with a value between 0.4 — 0.6 is
categorized as sufficient validity and if the factor
loading value is < 0.7, it's categorized as high
validity. However, if all items in one indicator
are used up or do not represent the factor load-
ing value it can be lowered to a value of 0.30
to 0.40, provided that there were at least 250
respondents [36].

In addition, to determine the reliability or
consistency of the instrument, there was an
instrument reliability test carried out. Instru-

Table 3
Blue print of academic digital literacy scale
) ) No. Item |
No Dimensions
Before try out After try out
1. 1,2,3,4,5,6 1,2,3,4,5,6
2. Cognitive 7,8 7,8
3. Social-emotional 9,10 9,10
Total item 10 10
Table 4
Model feasibility parameters
No Fit parameters Criteria
Absolute Fit
1 Chi square P-Value >0,05
2 Goodness of fit index (GFI) >0,90
3 Root mean square error of approximation (RMSEA) <0,08
4 Normed fit index (NFI) >0,90
5 Standardized root mean square residual (SRMR) < 0,08
Incremental Fit
6 Comparative fit index (CFI) > 0,90
7 Tucker-Lewis Index (TLI) > 0,90
8 Adjusted goodness of fit index (AGFI) >0,90
Parsimonius Fit
9 Parsimonious Normal Fit Index (PNFI) 0,60 — 0,90
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ment reliability relates to the instrument’s
ability to consistently measure instrument
attributes [37]. Instrument reliability in this
study was measured by calculating com-
posite reliability or construct reliability (CR),
and Average Variance Extracted (AVE) was
used to determine how large the indicator
size described its theoretical latent con-
struct.

Hair explains that the calculation of CR is the
square of the total value (sum) of standard load-
ing divided by the square of the total standard
loading value plus the sum error value. Mean-
while, the AVE calculation is the sum (total)
squared value of the standard loading divided
by the sum of the squared standards of loading
plus the sum error value [35].

The reliability of a construct is said to be
good if the CR value > 0.70, but if the CR value
is in the range of 0.60 — 0.70, then reliability is
still in the good category. While the AVE value
is more than 0.50 which is a good measure of
reliability, but this AVE is usually an option (op-
tional) in research [35; 38; 39].

This study aims to adapt the digital literacy
scale to Indonesian in an academic context

and to determine the validity and reliability of
the construct to suit Indonesian culture. This
scale consists of 10 items and three dimen-
sions (Table 2). All of these scale items meet
the minimum criteria so that this instrument
can be declared valid and reliable and meets
the standards for adapting measuring instru-
ments and measuring psychometric proper-
ties, so this instrument is suitable for use in
Indonesia.

Conclusion

The results of this study show that the
academic digital literacy scale instrument for
college students is suitable for use in Indo-
nesia and has been adapted to the culture of
students in Indonesia with the same number
of items. The psychometric properties show
that the loading factor value ranges from
0.47 — 0.87 which meets the minimum crite-
ria, so it can be considered valid. While reli-
ability is indicated by the value alpha = 0.87
and CR = 0.89 which have met the minimum
criteria, they are reliable, while the AVE = 0.74
has met the minimum criteria, and it shows a
good convergence.

APPENDIX: Instruments of the academic digital literacy scale for college students
Digital litercy scale versi asli

1= Strongly Disagree
2= Moderately Disagree
3= Neutral

4= Moderately Agree
5= Strongly Agree

what | have learnt

No Statement 1/2(3(4]|5
1 |1 know how to solve my own technical problems.

2 |1 can learn new technologies easily.

3 || keep up with important new technologies.

4 |1 know about a lot of different technologies.

5 |1 have the technical skills, | need to use ICT for learning and to create artefacts (e.g.

presentations, digital stories, wikis, blogs) that demonstrate my understanding of

o

| have good ICT skills

information from the Web

7 |1 am confident with my search and evaluate my skills in regards to obtaining

issues, plaigarism

8 [l am familiar with issues related to web-based activities e.g. cyber safety, search
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No Statement 1/12|3|4|5

9 [ICT enables me to collaborate better with my peers on project work and other
learning activities

10 || frequently obtain help with my university work from my friends over the Internet
e.g. through Skype, Facebook, Blogs

Academic digital litercy scale versi Indonesia
PETUNJUK PENGISIAN
Pilihlah pernyataan dibawah ini yang sesuai dengan diri Saudara dengan memberikan tanda
centang (V) sesuai dengan ketentuan berikut:
1= Sangat Tidak Setuju
2= Tidak Setuju

3= Ragu-Ragu
4= Setuju
5= Sangat Setuju
No Pernyataan 1/12(3|4|5
1 | Saya tahu cara mengatasi masalah-masalah teknis saat menggunakan perangkat
digital

2 | Saya mudah mempelajari teknologi digital terbaru

3 | Saya mengikuti perkembangan teknologi digital terbaru yang penting untuk keper-
luan akademik

4 | Saya mengetahui tentang berbagai jenis teknologi digital dalam menunjang akademik
5 | Saya memiliki keterampilan dasar menggunakan teknologi digital untuk pembelaja-
ran dan membuat berbagai produk digital, seperti slide presentasi, yang menunjuk-
kan pemahaman tentang apa yang telah saya pelajari

akademik

6 | Saya memiliki kemampuan teknologi digital yang baik dalam menunjang kegiatan

dengan keperluan akademik

7 | Saya sangat yakin mampu mencari dan menilai informasi dari internet terkait

searching dan plagiarism

8 | Saya cukup familiar dengan isu-isu terkait dunia digital seperti keamanan siber,

berbagai tugas dan aktivitas pembelajaran

9 | Teknologi digital membantu saya untuk berkolaborasi dengan teman-teman dalam

kuliah

10 | Saya sering berinteraksi dengan teman-teman menggunakan media online seperti
zoom, googlemeet, google drive atau lainnya untuk menyelesaikan tugas-tugas
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The article presents an overview of various digital technologies used in the edu-
cational process; the problem of their perception and application by teachers and
students is investigated. The purpose of the article is to identify the level of readi-
ness of direct participants of the educational process to use digital technologies in
their activities. The study was conducted on the basis of analysis and generaliza-
tion of domestic and foreign scientific publications devoted to the problem of the
use of digital technologies by participants of educational institutions. A sociologi-
cal study was conducted by online questionnaire of students. The research meth-
ods are comparison, concretization, system and comparative analysis. The au-
thors have revealed that the teachers’ perception of the use of digital educational
technologies in their activities depends on various factors, such as: age, gender,
availability and degree of development of organizational and communicative abili-
ties of a person, on the degree of motivation, as well as on the level of creativity of
the teacher’s personality. It is revealed that there are various barriers to the use of
TSOT by teachers. Regarding the readiness of students to use TSC, it was found
that students are not fully ready to use TSC in teaching, in particular, they are not
aware of the essence of the concept of immersive technologies and do not iden-
tify them with virtual or augmented reality technologies. A significant part of stu-
dents uses digital services that are quite similar in functionality. The actual digital
technologies used in teaching in the world practice are revealed. The necessity of
using digital services in virtual educational environments, including metaverses,
is substantiated. In order to increase the ability of teachers to use TSOT, it is
necessary that the curricula include courses on the use of TSOT in education in
the context of vocational training. It is also proposed to encourage teachers to use
technology in the educational process by allocating additional funding. Universi-
ties need to create conditions for students to use digital technologies.
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B ctaTbe npeacTasneH 0630p pasnunyHbIX LMPOBLIX TEXHOMOMMIA, UCMOSb3Y-
eMbIX B 06pa3oBaTesibHOM npoLiecce; nccnefosaHa npobnema nx BocnpuaTus
1 NpUMeHeHus npenogasatensamn u ctygeHtamu. Llenb ctatbn — BbIABUTH
YPOBEHb TOTOBHOCTU HEMOCPEACTBEHHbIX YYAaCTHMKOB 06pa3oBaTenbHOro
npoviecca K NPUMEHEHMIO LMPOBbLIX TEXHOMOMMIA B CBOEN AeaTenbHocTu. c-
cnefoBaHve NPoOBOAUIOCH HA OCHOBE aHanm3a 1 0606LLIEHNS OTEHECTBEHHbIX
1 3apy6eXHbIX Hay4HbIX Ny6nMKaumi, NOCBALLEHHbIX NpobiemMe NprMeHeHus
LMPpOBbLIX TEXHOMOMMIN y4acTHUKaMn obpasoBaTtesibHbIX y4pexaeHun. MNpo-
BEEHO COLMONOrM4eckoe WCCNefoBaHe MyTeM OHNaWH-aHKeTMPOBaHUS
obyyaroLmxcs. MeTogamm nccnefoBaHns ABASIOTCA CONOCTaBEHNE, KOHKPe-
TM3aums, CUCTEMHbBIA U CPaBHUTENbHO-CONOCTaBUTESbHbIN aHanun3. ABTOPbI
BbISBWIN, YTO BOCMpUSATME NpenojasaTensamMn NpUMEHeHNs B CBOEN AesATeNb-
HOCTW LMppoBbIX 06pasoBaTenbHbIX TexHonoruin (LIOT) 3aBucuT oT pasnuny-
HbIX (PaKTOPOB, TakKUX Kak: BO3PacCT, MOJ, HANMN4YME M CTeneHb PasBMTOCTU
OpraHn3aTopckMX M KOMMYHMKATMBHbLIX CMOCOOHOCTEN 4YenoBeka, CTeneHb
MOTUBaLMK, YPOBEHb KPEaTUBHOCTW IMYHOCTM Neparora. BeisiBneHo, 4To cy-
LLIeCTBYIOT pasnunyHble 6apbepsbl No ncnonb3osaxnunto LLOT npenogasatensamu.
OTHOCUTENbHO FOTOBHOCTM CTYAEHTOB K NpumeHeHuto LIOT o6Hapy>xeHo, 4To
obyyaroLmecs He B MOMHON Mepe rotoBbl K npumeHeHunio LIOT B 06y4eHun,
B 4aCTHOCTU, OHW HE OCBEAOMIIEHblI O CYLLHOCTU MOHATUSA «MMMEPCUBHbIE
TEXHONOrUM» N He NAEHTUULIMPYIOT MX C TEXHONMOMMAMW BUPTYaNbHON Uin
[OMONMHEHHON peanbHOCTU. 3HauuTenbHas 4acTb CTYAEHTOB WCMONb3YOT
[OBOMbHO CXOXMe MO (PYHKUMOHany LudpoBble CepBUCHl. BbisBneHbl ak-
TyanbHble LMPOBbIE TEXHOMOrMU, UCMONb3yeMble B 0OYYEHUU B MUPOBOW
npakTuke. O6ocHoBaHa HEOO6XOOMMOCTb NMPUMEHEHUS LMPOBLIX CEPBUCOB
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B BMPTYyasnbHbIX 06pa3oBaTtenbHbIX CpeAax, B TOM 4ucre B MeTaBCEeNEHHbIX.
[na noBbILWEHWsT CNOCOBHOCTU 1croNb3oBaHuUa npenogasaTtensmu LIOT He-
06X0AMMO, HTOObI B y4e6HbIe NnaHbl BKNOYMAM Kypcbl No npuMmeHexuto LIOT
B 06pa30BaHMM B KOHTEKCTE NPOgheccuoHanbHOM NOAroTOBKW. Takxe npeg-
naraeTcsi CTUMynupoBaTb npenojasaTenen K NPUMEHEHUIO TEXHONOrnmn B 06-
pasoBarenbHOM npoLiecce NyTeM BblAeNeHNa [ONONHUTENBHOMO PMHAHCUPO-
BaHus. YHMBepcuTeTam Heo6Xo0AMMO CO3[aBaTh YCMOBMSA NO UCNONb30BAHUIO

CTyAeHTaMu LMPOBbIX TEXHOMOTUIA.

KnroueBble cnoBa: undpoBble obpasoBaTenibHble TEXHONMOrUW; obpasosa-
TeNbHbIA NPOLECC; MMMEPCUBHbBIE TEXHONOMNW; BUPTYasnbHasa U AOMNOMHEHHas
peanbHOCTb; METaBCESIeHHbIE; FOTOBHOCTL MeJaroros; rOTOBHOCTb CTYAEHTOB.

Ansa uutatbl: Cunakosa J1.B., CocHuno A.M. ViccnenoBaHue roTOBHOCTM y4YacTHUKOB 06pasoBa-
TeNbHOro npouecca K NpUMEHEHMIo LMPOBbLIX TEXHONOMUIA B 06pa3oBaHum // MNcuxonornyeckas Ha-
yka v o6pasoBaHue. 2023. Tom 28. Ne 4. C. 112—133. DOI: https://doi.org/10.17759/pse.2023280407

Introduction

Due to significant changes in the vol-
ume of generated knowledge and its
transfer system (annually “5% of theoreti-
cal and 20% of professional knowledge is
updated” [1]), the state, teachers, students
and employers have to adapt to these
changes. In accordance with the “Kron-
berg Declaration on the Future of Knowl-
edge Acquisition and Transfer Processes”,
the main role' is given to online technolo-
gies. The usage of digital educational
technologies (DET) at the current stage
of development of the world educational
system is increasing every year. The pan-
demic and the need for rapid adaptation to
new conditions have accelerated the pro-
cess of DET dissemination at the global
level? [2; 3].

Some technologies are in high de-
mand, while others are still developing
more slowly for economic or technical
reasons. In recent years, the alternative

market of educational technologies and
products, which is more large-scale and
customer-oriented, first of all, has been
rapidly developing. In some niches, pri-
vate organizations have already become
leaders in terms of the amount of money
earned and have surpassed traditional
universities and business schools.
Transformation of the educational
process in private organizations is much
faster, they apply new approaches to the
educational process: classes are conduct-
ed by well-known personalities, instead of
traditional lectures they use a show involv-
ing practitioners and technical specialists
(sound engineers, cameramen, assistants,
etc.), they do recording and public broad-
casting, use interactive approaches and
gamification using a feedback from the
audience, they create exciting educational
content using wide range of educational
methods, virtual reality and augmented

1 Kronberg Declaration on the Future of Knowledge Acquisition and Sharing / Orenburg regional branch of interregional
non-governmental organization UNESCO “Information for All” (translation) , 2007 [Electronic resource]. Access mode:

http://ifap.ru /ofdocs/rest/kronberg.pdf

2 Viatkina G.Ya. Application of innovative educational technologies as a necessary condition for improving the quality
of education // Problems of modern agricultural science. Krasnoyarsk: Krasnoyarsk State Agrarian University — 2020.
pp. 416—420. https://www.elibrary.ru/item.asp?id=44126151 (access date: 10.01.2023).URL: https://www.elibrary.ru/

item.asp?id=44126151 (nata o6pawyeHus: 10.01.2023).

114




Silakova L.V., Sosnilo A.l.

Study of the Educational Process Participants Readiness to Applying Digital Technologies in Education
Psychological Science and Education. 2023. Vol. 28, no. 4

reality technologies®* [4—6], Such ap-
proaches cannot be economically justified
in private universities with small amount of
students, it requires a wider audience.

At the same time, the best educa-
tional programs of traditional universities
are gradually beginning to yield to private
EdTech companies in terms of the qual-
ity of content delivery. Only a few factors
keep public universities from falling be-
hind in terms of the number of students
and graduates: the availability of budget-
funded education, the availability of dor-
mitories and a sports complex, obtaining
a state diploma, historically established
stereotypes about the necessity of higher
education (in a university), and the lack of
financial resources among the population.
The introduction of innovations in the tra-
ditional educational process on open re-
sources is more rapid than it is done by the
leading universities and the most progres-
sive teachers within classical educational
institutions. The improving the educational
process is most often limited by the person-
ality of leaders of the educational organiza-
tion and the quality of the teaching staff.

There are quite a few examples of sys-
temic development at the Russian national

and regional levels, it's not enough to modify
educational system to modern conditions.

In Russia, as a positive example, we
can name such initiatives as grant sup-
port for teachers to create high-quality
electronic content, including the use of VR
technologies (supported by the Moscow
Government). At the same time, teachers
from all over the country and legal entities
can create content, which is open to all us-
ers of the regional library complex.

The website open.edu has become
extremely popular, especially during the
pandemic period, as it hosts educational
courses from many universities, giving stu-
dents all over Russia the opportunity to
get additional knowledge in areas of their
interest. However, this resource needs sup-
port in promoting and updating its content.
Educational institutions face a new challenge
to create an attractive and practice-oriented
educational product at a new level. The basis
for this transformation should be new digital
educational technologies, as modernization
of education is aimed not only at updating
the content of disciplines, but also at applying
new educational methods and techniques,
increasing the involvement, interest and mo-
tivation of students® 6.7.8.9.10. 11,

8 Shmelev, R.V. Web quest as a modern educational technology / R. V. Shmelev // Challenges of modern education in
the research of young scientists. Krasnoyarsk: Krasnoyarsk State Pedagogical University named after. V.P. Astafyev. —
2021. — pp. 126—128. https://www.elibrary.ru/item.asp?id=46135832 (access date: 10.01.2023)

4 Karnilov Yu.V. Immersive approach in education // Azimuth of scientific research: pedagogy and psychology. —
2019. — volume 8. — Ne1 (26). — pp. 174—178. Access mode: https://www.elibrary.ru/item.asp?id= 37130026

5 Hattie John A.S. Visible learning. A synthesis of the results of more than 50,000 studies covering more than 80 million
schoolchildren. Moscow: National Education, — 2017. 496 p. Access mode: https://visible-learning.org/hattie-ranking-
nfluences-effect-sizes-learning-achievement

6 Loshkareva E. et al. Skills of the future. What you need to know and be able to do in a new complex world / Loshka-
reva E., Luksha P., Ninenko |. Moscow: Report, 2017. 93 c. Access mode https://futuref.org/futureskills_ru (access date:
10.01.2023).

7 Beerda Joris. High ROI Gamification: the Octalysis User Experience Phases and Player Types// Octalysis categories
icon Gamification. URL: https://octalysisgroup.com/de/high-roi-gamification-the-octalysis-user-experience-phases-and-
player-types/

Education for a complex society "Educational ecosystems for social transformation" // Report of Global Education
Futures "Education for a complex world: why, what and how." Global Education Leaders’ Partnership Moscow. 2018.
212 p. Access mode: http://vcht.center/wp-content/uploads/2019/06/ Obrazovanie-dlya-slozhnogo-obshhestva.pdf (ac-
cess date: 10.01.2023).

115




Cunakosa J1.B., CocHuio A./. iccnenoBaHne roTOBHOCTM y4aCTHUKOB 06pa30oBaTeflbHOro
npotecca k NPUMEHEHMIO LIMPPOBBIX TEXHONOMNIA B 06pa3oBaHmm
Mcmxonornyeckasn Hayka n obpasosaHue. 2023. T. 28. Ne 4

The increasing information saturation
of the educational environment requires
the use of learning tools that correspond
to modern conditions [7], the availability
of educational resources, educational and
outreach programs to improve the effec-
tiveness of learning, increase interest in
learning, the ability to build a more rational
learning process [8].

Some Russian universities, for ex-
ample, ITMO University, give students
the opportunity to prepare and implement
educational courses on a competitive ba-
sis and with the support of mentors. If we
compare this experience with global educa-
tional practices, such initiatives were imple-
mented in the USA at Indiana University
more than 50 years ago in the early 1970s,
where students could take their own course
if they received support from one of the de-
partments or the dean [9].

The use of innovations in education at
the present stage is largely associated with
the use of various digital educational tech-
nologies.

Let us define the term digital technolo-
gies. They are interpreted by two main
aspects: the use of digitized information
and all technologies that allow creating,
storing, distributing and transforming
data (including electronic devices, pro-
grams, etc.).

Thus, in order to determine the pros-
pects for the development and dissemina-
tion of digital technologies in education at
present, it is necessary to determine how
widely digital technologies are used in the
educational process.

The application of digital technologies
shows that there is a wide range of them.
Researchers from the Institute for Statistical
Research and Knowledge Economy (IS-
KEE) of the Russian National Research Uni-
versity Higher School of Economics have
compiled a rating of the most promising digi-
tal technologies, consisting of the following
positions: 1. deep learning; 2. convolutional
neural networks; 3. computer vision; 4. re-
inforcement learning; 5. natural language
processing; 6. unmanned cars; 7. recurrent
neural networks; 8. transfer learning; 9. gen-
erative adversarial networks; 10. decision
support systems; 11. smart contracts; 12.
speech recognition. 13. quantum computer;
14. federated learning; 15. autonomous ro-
botics1. These technologies may be promis-
ing for large-scale use in the industry, which
will generate demand for training specialists
with competencies in these areas.

Some of the described technologies
are already included in master’'s degree
programs. The researchers of this issue
identify 9 fundamental technological trends
that are directly related to modern digital
technologies: big data; robotics; modeling;
horizontal and vertical system industrial
integration; industrial Internet of Things;
cybersecurity; cloud computing; additive
technologies; augmented reality [10]. A
number of the above-mentioned technolo-
gies are actively used in the educational
market (application of big data, cloud and
blockchain technologies). Big data make it
possible to train neural networks and use
the potential of their capabilities to improve
the educational process.

9 Atlas of new professions 3.0. / editors D. Varlamova, D. Sudakov. M.: Alpina PRO, 2021. — 472 p. Access mode:
https://atlas100.ru/upload/pdf_files/atlas.pdf (aaTta o6patieHus: 10.01.2023).

10 Egorov A.A., Zakharova U.S. and others. Digital transition: the experience of teachers and educational organizations in
Russia and the world // Expert-analytical report of the Segalovich Foundation and the Institute of Education of the National
Research University Higher School of Economics. 2021. — 98 p. Access mode: https://fund.yandex.ru/static/files/yandex-
fund-online-edu-research-2021-v11.pdf (access date: 10.01.2023).

" Corporate training for the digital world. Moscow: Autonomous non-profit organization of additional professional educa-

tion "Corporate University of Sberbank" , 2017. — 200 p.
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A large number of sub-processes that
make up the educational process can be
automated: checking test assignments, sub-
mitting various applications (submission of
documents, individual educational trajectory,
applications, etc.), calendar planning, filling
out various forms and reports, communica-
tion with students on typical recurring issues,
e-tutoring, recommendation systems for par-
ticipation in events, reminding about events
and deadlines, educational and management
analytics, attracting applicants and listeners,
autonomous learning, and other processes.
Many of the processes mentioned above
can be improved by using RPA technologies
(business process automation).

Taking into account the growth trends of
the education market in general and online
education and business process automa-
tion technologies, attempts are being made
to automate both universities and EdTech
companies. In addition to the automation
of processes, the formation of metavillages
as a learning environment is gaining wide
development'? prospects.

The market of educational technologies
is actively developing. According to the Ba-
rometer project’s open research on online
education, the global education market has
grown from $4.5 to $5.0 trillion in 2 years,
with online education accounting for 3.5%
($175 billion). The Russian education mar-
ket has grown over 5 years from 1.8 trillion
rubles in 2016 to 2 trillion rubles in 2021,

and the share of online education is about
2.6% (53.3 billion rubles)'3).

The revenue of average online schools
in Russia amounted to about 500 thousand
rubles per month. Among the most popular
directions of online courses in Russia were
the following: 17% — industrial training;
13% — creativity, applied decorative skills,
hobbies; 9% — sports, health; 7% — spiri-
tual practices and personal growth; 6% —
foreign languages, psychology, finance
and taxes, narrow profile specializations
(each category)'.

SkyEng, one of the market leaders in
online education in the Russian Federation,
has already integrated neural networks and
deep machine learning (artificial intelligence)
into the educational process to a significant
extent, adapting learning and making it more
personalized, the technologies help to check
assignments in real time. Al algorithms ana-
lyze video recordings of the class and track
the student’s progress. The neural network
evaluates whether the lessons meet the qual-
ity criteria based on the laid down criteria, and
at the end of the lesson gives the teacher ad-
vice on how to eliminate deficiencies, if any™.

The postupi.online service has focused
its efforts on helping university applicants
to solve the problem of searching for edu-
cation relevant to their interests and has
automated the process of selecting univer-
sities and educational programs by profes-
sion and other specified characteristics’®.

12 psako Miyasaka. Todai to offer metaverse studies to teach engineering // The Asahi Shimbun. 23 July 2022. [Electronic
resource]. Access mode: https://www.asahi.com/ajw/articles/14677709 (access date: 28.11.2022).
'3 Dreval M. Research of the Russian market of online education and educational technologies: materials of the report
for an international conference: Proceedings of the International Conference. 2021. Access mode: https://estars.hse.ru/
mirror/pubs/share/211448255 (access date: 10.01.23)
14 Dreval M. Research of the Russian market of online education and educational technologies: materials of the report
for an international conference: Proceedings of the International Conference. 2021. Access mode: https://estars.hse.ru/
mirror/pubs/share/211448255 (access date: 10.01.23)
5 Teach a knowledgeable one: how English teachers are trained in Skyeng [Electronic resource] // SkyEng company
magazine. Access mode: https://magazine.skyeng.ru/ uchi-uchenogo-kak-gotovjat-prepodavatelej-anglijskogo-vsky-
eng/?ysclid=1916r05jud 749717 991. (access date 10.01.2023).

See the service postupi.online for more information [Electronic resource]. Access mode: https://postupi.online/profes-
sii/ (access date 01.10.2022).
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Nowadays, it is more important to help
students to create their own projects and
startups. The National Technology Initia-
tive project implemented automated prac-
tices for more efficient selection of team
members using Al algorithms. The devel-
opers conducted preliminary diagnostics
and identified personal characteristics,
values and skills in order to identify har-
monious characteristics that formed the
basis for the division into teams. Further
work with the teams showed the suc-
cess of this approach, for example, the
longetivity of the developed projects were
higher.

The Promobot company from Perm city
published the statistics on the use of robots
as teachers in the educational process all
over the world. There were more than 4
thousand cases in general and 326 cases
in Russia'”. The company conducted an ex-
periment on the use of robots in the educa-
tional process and made the robot “YURA”
hold the exams for future medical doctors
in the Perm State Medical University. The
robot acted as a patient and checked how
students made the examination according
to one of the scenarios. Then the robot re-
ported the results.

Globally, individual research groups,
universities, schools and EdTech compa-
nies are experimenting with the integration
of robotics into the educational process. In
Germany at the University of Marburg, Pro-
fessor Jiirgen Handke uses a robot “Yuki”
at his lectures on linguistics. Yuki gives stu-
dents a task and checks the timing.

A good example of using robots as
teaching assistants was realized by re-
searchers from the University of Miami.
The robot helped to conduct classes for
young children doing physical exercises,
teaching them using questions, children

demonstrated him answers with cards that
the robot could recognize [11].

Researchers are trying to find out how
effective will be robots as co-learners be-
ing socialized (showing initiative in com-
munication, taking into account individual
characteristics of the person, actively mov-
ing) and non-socialized. The experiments
showed that children who interacted with
socialized robots had higher learning suc-
cess. More than half of the children saw the
robot as a friend (67%) [4]. However, the
use of such technologies brings not only
positive changes, but also has a risk asso-
ciated with the confidentiality of data stored
in robots, which can be hacked. There are
also a risk of misinterpretation of answers
or values transmitted by robots [12].

In some foreign universities, teachers
started to implement the technology of
blockchain in the preparation of students’
final qualification papers. The use of the
technology allowed teachers to track the
dynamics of progress in the completion of
final qualification papers more efficiently.
Russian universities are also introducing
innovations in the educational process,
mastering new educational programs.
Students of MIPT’s Blockchain Master’s
program in 2022 received diplomas as non-
interchangeable NFT tokens.

The smart-contract technology forms
a digital smart-didactics using cloud and
blockchain technologies in order to devel-
op the education system as a whole and
to promote better personal development
of students. Digital smart-didactics helps
teachers to better prepare the graduates,
to make a personalized educational trajec-
tory for them, to combine the educational
and entrepreneurial aspects, prepare new
skillful staff during a startup creation. This
approach can be structered as decentral-

7 Bunina V.. The education system is over: can robots replace teachers / Gazeta.ru. [Electronic resource]. — 27.07.2021.
https://www.gazeta.ru/tech/2021/07/27/13787258/Robo_teacher.shtml
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ized autonomous organizations, connect-
ing the needs of customers and providers
of products and services [6].

In some foreign universities, technology
such as blockchain has begun to be used
in the preparation of graduation theses by
students. The use of technology allowed
teachers to track the dynamics of progress
in completing the thesis more effectively.
Russian universities are also introducing
innovations into the educational process,
mastering new educational programs.
Students of the MIPT master’s program
“Blockchain” in 2022 received diplomas in
the form of non-fungible tokens (NFT).

Smart contract technology makes it
possible to create digital smart didactics
using cloud and blockchain technologies in
order to develop the education system as
a whole and promote the greater effective-
ness of personal development of students.
Digital smart didactics makes it possible to
increase the efficiency of graduate training,
create a personalized educational trajecto-
ry, and connect the student’s development
with an increase in entrepreneurial culture
and personnel training in the process of
creating a startup. This approach could
also be based on principles of building
decentralized autonomous organizations,
making it possible to tie together the needs
of customers and the needs of suppliers of
products and services [6].

Such technologies will help educational
institutions to pay more attention to each
student, to reduce the unpleasant for tra-
ditional higher education system factors,
when more than 20% of students fail to
cope with education and drop out, or are
demotivated by its low quality, as well as
the percentage of students who later work
outside their field of study, which indicates
the inefficiency of spending public funds

and non-compliance of the education sys-
tem with modern requirements.

By using of blockchain technology, in-
dustry representatives and partners of uni-
versities could adjust faster to educational
programs and supplement them with the
necessary skills and competencies that
students need to acquire.

Dell Technologies specialists found
out, that the following digital technologies
will have a significant impact on society in
the world by 2030: machine learning and
artificial intelligence, robotics, virtual and
augmented reality, cloud computing [2].

If the Russian government wants to
create a digital economy, it is necessary
to make changes in the education system
by introducing the above mechanisms that
facilitate the interaction between business
structures and universities, involving busi-
ness community in order to modernize edu-
cational programs and organizing as well
as internships for teachers.

The program of the Digital Economy of
the Russian Federation started in 2017 is
supposed to improve the education system
in order to provide the digital economy with
competent personel®.

One of the ways of digitalization of edu-
cation is the development and implemen-
tation of online educational courses, it will
increase the role of educational technolo-
gies in teachers’ work. On the one hand, the
expansion of the range of educational tech-
nologies helps students to obtain “a guaran-
teed specified educational result” [13]. On
the other hand, the level of teachers’ mas-
tery of digital technologies is rather low.

Methodology This study analyzes the
application of digital technologies in edu-
cation, highlights the most promising ones
from the point of view of teachers’ applica-
tion in the educational process.

8 On the strategy for the development of the information society in the Russian Federation for 2017-2030. Decree of the
President of the Russian Federation dated May 9, 2017 No. 203 Official Internet portal of legal information. [Electronic
resource]. URL://www.pravo.gov.ru/news/2017/news_0105.html (access date 01.10.2022).
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To determine the readiness of teachers
to use digital educational technologies, we
analyzed domestic and foreign scientific
publications on how digital technologies
were used by teachers of educational insti-
tutions.

There are many studies that highlight
the importance of using digital technolo-
gies to improve student learning. Various
factors influence receptiveness of teachers
to technology. Gender and age of teach-
ers are important factors, which influence
ICT training of the teaching staff [14]. The
results of individual studies indicate that
female teachers had greater digital compe-
tence in the use of ICT than male teachers
[15—19]. In terms of age, young teachers
have more knowledge; moreover, recent
graduates feel more confident when in-
troducing these technologies [20; 21]. An
important factor is the level of readiness of
the leaders to inform about changes when
introducing digital technologies into teach-
ing and learning in the higher education
system [19].

In Russian publications there is a small
number of works related to the readiness
and ability to use digital educational tech-
nologies by teachers [22—25] with differ-
ent assessments. The study [24] identifies
among teachers “skeptics” and “enthusi-
asts” according to their use of digital edu-
cational technologies, the group of “enthu-
siasts” makes up 48.7% (73 people). The
paper [25] revealed that the readiness of
future teachers to use innovative technolo-
gies is influenced by various factors, such
as the degree of motivation to use innova-
tive technologies, “creativity, communica-
tion and organizational abilities.” Another

article revealed the low level of qualifica-
tions of teaching staff regarding the use of
information and communication technolo-
gies. More than 50% of teachers do not
have a “clear idea of what needs should be
to implement the project.” The main barri-
ers are identified:

1) so-called “risky” barriers, due to the
fact that teachers believe that digital tech-
nologies have a negative impact “both on
society and on the individuals and their
education”, about 50% (47.13%) of teach-
ers who participated in a survey, work in
The Sverdlovsk region. They see more
shortcomings than prospects in the use of
social networks and messengers in teach-
ing activities;

2) barriers associated with the ruin-
ing the teacher’'s image, which comes as
a result of the availability of the teacher’s
personal information in the social networks
[24, p. 132]. About 1/3 of teachers insisted
on the an inadmissibility (reluctance) to be
registered on social networks;

3) barriers to the uptake and use of new
digital technologies.

The study'® shows that according to
32% of the 634 teachers of higher educa-
tion do not confidently use digital technolo-
gies or do not use them at all. At the same
time, the vast majority of teachers (more
than 90%) actively use the Internet and do
not experience difficulties in working on a
computer and other digital devices. More-
over, 59% of them actively use social net-
works. This is evidenced by the high level
of the digital literacy index of university
teachers (88% out of 100 possible2°).

Regarding the readiness of students
to use digital competencies, it should be

19 Aimaletdinov T.A., Baymuratova L.R., Zaitseva O.A., Imaeva G.R., Spiridonova L.V. Digital literacy of Russian teach-
ers. / Readiness to use digital technologies in the educational process. — M.: NAFI Publishing House, 2019. — 84 p. URL:

https://d-russia.ru/wp-content/uploads/2019/10/digit-ped.pdf

20 Aimaletdinov T.A., Baymuratova L.R., Zaitseva O.A., Imaeva G.R., Spiridonova L.V. Digital literacy of Russian teach-
ers. / Readiness to use digital technologies in the educational process. — M.: NAFI Publishing House, 2019. — 84 p. URL:

https://d-russia.ru/wp-content/uploads/2019/10/digit-ped.pdf
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noted that despite the relatively low level of
development of basic digital skills of Rus-
sians?' 2, Russian students have a higher
level of digital literacy, which makes 77%
out of 100 possible. This level is lower than
that of teachers, but much higher than the
average for the Russian population (52%
out of 100%). At the same time, with the
development of critical thinking the self-
assessment of the level of digital literacy
of students becomes lower, and the de-
mand for the use of digital technologies in
the educational process increases. Among
248 undergraduate students of 1st — 4t
year of the university in non-digital areas
at Novosibirsk State University of Econom-
ics and Management (“Human Resources
Management”, “Management”, “Econom-
ics”) [26], only 25% of respondents as-
sessed the disciplines in the curricula as
useful to increase their own digital literacy
level are sufficient, 34.5% of respondents
claimed that these disciplines at the univer-
sity are extremely insufficient. In addition,
the research [27] showed that PhD stu-
dents have significantly higher readiness
to use digital technologies than bachelor
students s and those to study to be a Doc-
tor in Sci.

It can be noted that there is an imbal-
ance between the level of digital literacy
and readiness to use digital technologies
in teaching. However, university teachers,
having a fairly high level of digital literacy,
are not striving to introduce new technolo-
gies into practice. While students, who
also have a high level of digital literacy,
want to increase it through the introduc-
tion of new technologies in the educational
process (expecting this from the teacher
as well).

On the one hand, the level of develop-
ment of basic digital skills of the Russian
population is far behind in comparison with
similar indicators in European countries.
The State strives to accelerate digitaliza-
tion in all sectors of the economy through
the implementation of programs such as
“Digital Economy of the Russian Federa-
tion” and “Priority 2030”; on the other hand,
employers need trained personnel with a
high level of digital proficiency, creating a
demand for competent specialists. At the
same time, the readiness and ability to
use digital technologies in the educational
activities at universities is different for dif-
ferent participants, the question is whether
the main participants of the educational
process, both teachers and students — are
ready to use them.

To analyze the readiness of students
to use digital technologies in education, we
carried out an analysis of scientific publica-
tions and conducted a sociological study
using online survey in Google among stu-
dents in the areas of ICT at ITMO Univer-
sity. The survey described the frequency of
use of digital technologies by students, the
degree of their awareness of specific digital
tools, and the level of use of such tools by
teachers in the educational process. 100
undergraduate and master students took
part in this. The survey was conducted on a
voluntary and anonymous basis. Respon-
dents were found in social networks, mes-
sengers and the portal of ITMO University.
The survey was conducted from December
2021 to July 2022.

In the study, the authors used system-
atic analysis and comparative analysis,
methods of generalization, and systemati-
zation of the analytical grouping.

21 Children and technology / T.A. Aimaletdinov, L.R. Baymuratova, V.I. Gritsenko, O.A. Dolgova, G.R. Imaeva. — M.:
NAFI Publishing house, 2018. — 72 p. — p. 36. The electronic version is available on the website of the NAFI Analytical
Center at the link : https://nafi.ru/projects/sotsialnoe-razvitie/deti-i-tekhnologii/

22 Abdrakhmanova G.l., Vishnevsky K.O., Gokhberg L.M. and others. Digital economy: 2020. / Brief statistical collec-
tion. — M.: National Research University Higher School of Economics, 2020. — 112 p.
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Results

To analyze the readiness to use digital
educational technologies for students who
have an understanding of various digital
technologies, ITMO University students of
ICT were invited to participate in the study.
The results (Fig. 1, Fig. 2) showed that a
significant proportion of students (70%)
used four technologies: computer equip-
ment (84 people), mobile Internet (82 peo-
ple), multimedia (projector, speakers, TV)
(81 people), software systems (program-
ming languages, translators, compilers, op-
erating systems, software packages, etc.)
(71 people).

49 to 51 out of 100 respondents used
during their education the high-speed Inter-
net (49 people), local information networks

(51 people), 3D modeling and prototyp-
ing (49 people), information system for
students and employees (47 people). The
last figure is interesting,, since currently all
students interact with a system of this type,
however, only 47 out of 100 noted this,
which may be either due to a misunder-
standing of what is meant by “information
system for employees and students”, or a
different interpretation of it by the students..

Analyzing the use of digital services, the
following services were identified: Kahoot
(74 people), Online Test Pad (65 people),
Quizizz — (45 people). The functionality
of the seservices is quite similar, so are
simplicity, easy to use and variability of the
functions.

The answers to question about full un-
derstanding of the essence and use of im-

What hardware digital technologies have you encountered in
the educational process of the Graduate School?
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Fig. 1. The level of use of hardware digital technologies in the educational process
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Fig. 2. Level of use of digital interactive services in education

mersive technologies showed that the ma-
jority of respondents were not familiar with
this concept (62%). Further questions were
about students’ experience in using virtual
reality (VR), augmented reality (AR), and
360-degree video technologies. 56% of
respondents indicated that they used a vir-
tual reality headset and only 38% claimed
having used an augmented reality head-
set. This indicates that students are not
fully aware of the essence of the concept
of immersive technologies and they don't
identify them with virtual or augmented re-
ality technologies. As for 360-degree video,
which also makes it possible to immerse
students in a certain environment, 61% of
respondents mentioned this technology.
There are several factors which are im-
portant for the large-scale development of
the technology, , relating not only to tech-
nical characteristics and cost, but also to
the positive experience students (custom-
ers) had. 43% of the respondents who had
experience using a VR headset, rated their
experience as 8-10 out of 10. Only two re-
spondents gave 5 points, which was the
lowest rating among all respondents, indi-

cating a high degree of perceived positive
user experience and high user satisfaction
(Figure 3).

However, despite the positive assess-
ment in general, VR headsets, like other
technologies, have disadvantages asso-
ciated with both economic factors (high
price) and technical ones. The number of
respondents who encountered discomfort
using a VR headset is almost equal to the
number of those who did not experience
discomfort (51% and 49%, respectively).
This may indicate inherent shortcomings in
the technology that are important to half of
consumers and have a significant potential
for technical improvement.

Discomfort among users when using a
VR headset was associated with several
factors: dizziness (9 people), headaches
(4 people), eye fatigue (4 people), sweat-
ing of the face and tearing (4 people), dif-
ficulties in orientation in space (5 people),
technical shortcomings (excessively heavy
weight of the headset, bad fit to the face,
uncomfortable ergonomics, flickering, bad
quality of the graphics, long connection
time) (5 people).
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Fig. 3. Rating the experience of using a VR headset from 0 to 10 scores (scores/person)
In addition to AR headsets, users Regarding the duration of using VR and
usedother types of devices (Figure 4). AR headsets, the majority believe that VR

At the same time, the majority of re- headset can be used no more than 4 hours
spondents believe that the use of virtual a day (40 people), respondents are more
reality technologies can improve the qual- cautious about AR headsets and the major-
ity of education, and only 8 people thought ity (25 people) do not recommend using it
that they could not (Fig. 5). more than 2 hours a day (Table 1).

Have you interacted with augmented reality through other devices?

= smartphone-44 = PC-19 = tablet-12 other -2 = Did not interact - 32

Fig. 4. Devices used to interact with augmented reality (persons)
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Do vou think that the use of virtual reality technology can improve
the quality of edueation?”

B0
&0
40

Yes — 7
mfes-74 ®m

Mo— &
MNo- 8

| can't answer that — 13
m | can't angwer that - 18

Fig. 5. Can the use of virtual reality to improve the quality of education (persons)

Table

Results of a surveys of students on the duration of use of VR
and AR headsets per day

Use of VR glasses per day

Use of AR glasses per day

) Number of respond_ents Duration Number of respond_ents
Duration, hours who chose the option, hours ’ who chose the option,
persons persons
No more than 4 40 No more than 4 -
up to 2 16 up to 2 25
up to 3 - up to 3 11
upto i 11 up to 1 10
0,5 5 0,5 2
5 5 4-8 1
6 1 6-8 1
- - 14 1
2 1 24 2

The most popular VR headset manu-
facturers were: Oculus, HTC and Sony
(Fig. 6).

Regarding the use of VR headsets, ac-
cording to respondents, it is most useful
and interesting to use it in the study of vari-
ous disciplines: chemistry (1st place), 3D
modeling (2nd place), physics (3rd place),
as well as history, astronomy, biophysics,
circuit design, electrical engineering, sys-
tems administration, economics, geogra-
phy, mathematics, geometry, biology, driv-
ing courses and psychology.

A very small number of respondents
(7%) have their own VR headset, while

35% would like to purchase a VR headset
(Fig. 7).

Respondents’ opinion on the frequen-
cy of using a VR headset range from sev-
eral times a day to several times a year
(Fig. 8)

The main reasons explaining why a
significant portion of respondents do not
use a headset are lack of financial means,
high cost (8 people), no time to use (2 peo-
ple), safety (2 people) and other reasons
(Fig. 9) .

External reasons for the wide use of re-
mote learning services were dictated by the
pandemic. Different educational organiza-
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What manufacturer's VR headset did you use?

HTC m=mSony mValve mOculus mSamsung

Fig. 6. The most popular VR headset manufacturers

Do vou have vour own vr headset?
40
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Yes —T  No— 41 No, but Mo, [ wouldn't
would liketo want to use
purchase — 35 a headset — 8

Fig. 7. Students having their own VR headset

If you have a headset, how often do you use it?

., ® o o P

Several Oncea Every few Oncea Several |don't—29
timesa day-2 days—-2 week-3 timesa
day - 2-2 year—1

Fig. 8. Frequency of use of the headset by users (persons/times)

tions and teachers have chosen their pre- for distance classes based on their audi-
ferred services by their own experience. A ence preferences. As a result, the majority
number of teachers chose digital services of respondents used different services dur-
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If you are not using a headset, what is the reason?
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the house -1

Fig. 9. Reasons for not using a headset

ing the learning process. The most popular
remote learning services turned out to be:
Zoom, Discord, Google class, Skype, VK
(Fig. 10).

A new stage in the development of
both VR/AR technologies and education-
al technologies will be their use in meta-
verses. Some innovative teachers have
already tried to implement their courses
via computer games and the Roblox
metaverse.

As the survey results showed, only a
small number of respondents managed to
try out a VR headset in the metaverses(9
participants), while 30 participants re-

sponded that they didn’t have such experi-
ence (Fig. 11).

In some Asian countries, individual uni-
versities use educational technologies in
metaverses. For instance, the University
of Tokyo (Todai) is starting to implement
a number of educational programs in the
metaverse. The project is implemented by
the Faculty of Engineering and the Gradu-
ate School related to Engineering. The
course in the metaverse is planned to be
open to everyone, both high school stu-
dents and adults. By using the metaverse,
developers want to make an access open
for everyone to a high-quality education in

What services did you use during distance learning?
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Fig. 10. Most popular remote learning services (%)
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Have vou used a vir headset in meta universes?

Mo, lwouldn't
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Mo, but |'d
like to 41
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Mo 30

Yes aNo = Mo, but I'd like to - No, l'wouldn't want to

Fig. 11. Have you used a VR headset in the metaverses?

the field of engineering and computer sci-
ence®,

The University of Hong Kong (Hong
Kong University of Science and Technol-
ogy) started teaching in virtual classrooms
and planned to launch a campus in the
metaverse?.

China has announced a two-year
plan for the development of metaverses
in 2022—2024. The plan is intended to
stimulate the development of the Web 3.0
Internet and focuses on promoting the
development of sectors related to meta-
verses, as well as smart city management
for the digital economy?. This way China
is trying to promote development sce-
narios of the digital education, strengthen
cooperation between technology compa-
nies and educational institutions, expand
interactive online education models and
develop new digital teaching platforms.
The action plan for the development of
the metaverse became an impetus for

providing all possible support for the de-
velopment of virtual reality in districts and
municipalities.

Russia also has started implementing
educational projects related to metavers-
es. At the annual conference “Digital In-
dustry of Industrial Russia” held in Nizhny
Novgorod, was presented a prototype of
the country’s first educational metaverse,
Neymark.MetaVerse. It was created by
the Gorky Center for Artificial Intelligence
in cooperation with the Project Office for
the Development Strategy of the Nizhny
Novgorod region and the IT company
AVM Technologies®. The EdTech com-
pany Geek Brain launched a twelve-month
course: “Developing Metaverses. Ad-
vanced Technologies of the IT Engineer-
ing: Metaverses”.

Conclusion

The perspectives for introducing new
digital technologies into the educational

28 Newspaper The Asahi Shimbun. [Electronic resource]. — URL: https://www.asahi.com/ajw/articles/14677709

24 In a class of its own? Hong Kong University of Science and Technology to launch virtual reality lessons in bid to cre-
ate metaverse campus. [Electronic resource]. URL: https://www.scmp.com/news/hong-kong/education /article/3186907/
class-its-own-hong-kong-university-science-and-technology (access date: 28.11.2022).

25 Prashant Jha. Beijing announces two-year Metaverse innovation and development plan 24 Aug 2022 [Electronic re-
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26 The prototype of Russia’s first educational metaverse “NEIMARK.MetaVerse” was presented at Digital industry of in-
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process open up a number of positive
opportunities for improving the educa-
tional system. There is a significant part
of business processes that can be au-
tomated using RPA technologies and Al
algorithms.

The use of virtual educational environ-
ments can significantly improve the qual-
ity of education and implement the best
educational practices. Gaming ecosystems
like Roblox facilitate the gamification of the
learning process and help to experience the
benefits of a virtual environment, but they
have limited functionality compared to the
metaverse. Environments such as Mine-
craft, Roblox or Fortnite are too connected
to the gaming style and can be unneces-
sarily distracting. However, it did not stop
some innovative teachers from conducting
their educational courses in these environ-
ments. The use of digital technologies has
a lot of positive aspects, but also a num-
ber of significant risks. In the case of using
virtual educational environments, there are
limitations for using headsets students with
sensory dysfunction

According to the surveys, headsets
have a number of disadvantages; their if
used for a long time it can cause dizziness,
headaches, eye fatigue and a number of
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The purpose of the present study is to investigate the correlations between ac-
ademic resilience and academic burnout analyzing the problem-solving ability
of the students. In 2021 the research questionnaires (demographics, academic
burnout, academic resilience and problem-solving ability) were sent online
through Press Online software, 260 students of virtual medical education were
recruited for this study. Descriptive statistics, Pearson correlation and Struc-
tural equation modeling were used to examine the characteristics of the partici-
pants, correlation between main variables in order to test the study hypothesis.
Based on the results, we found out that the model fit indices, CFI (comparative
fit index), NFI (normed fit index), TLI (Tuckere Lewis index), X2/DF (the ratio of
X2 to degrees of freedom) and RMSEA (Root mean of square error approxima-
tion) were appropriate. We discovered, that the academic burnout with problem
solving skill (3 = —0.77), academic resilience (B = 0.26) and problem-solving
skill with academic resilience (3 = 0.96) has a statistically significant correlation.
Also, it was found that most of the correlations between academic burnout and
academic resilience are indirect, we get them through the mediator variable
of problem-solving skills (-0.871).The results of this research determined that
there is a certain group of students at risk, who are suffering from burnout and
weak problem-solving skills, who are at risk. Such students should be identified
and provided with short courses for the developing of adaptive coping skills,
such as problem solving, in order to prevent their academic burnout.

Keywords: academic burnout, academic tolerance, problem solving ability,
structural equation modeling, students.
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Llenb HacTosLLErO UCCNeoBaHUs 3aK0HAETCH B U3YYEHUN B3aUMOCBSA3N MEX-
Oy akajeMu4eckor YCTOMYMBOCTBIO, aKafeMUYECKMM BbIrOPaHMEM N CMOCO6-
HOCTbIO peLuaTtb Npobnembl y CTYAEHTOB BUPTYasIbHOrO MeauLIMHCKOro o6paso-
BaHusA. B pamkax nccnegoBanust 6bimv MCNOb30BaHbl aHKETbI, BKIKOYaoLLme
aemorpadmyeckme OaHHble, a Takke AaHHble MO akageMu4eckomy Bbiropa-
HUIO, aKafleMN4eCKOM YCTOMYMBOCTU N CNOCOBHOCTU peLuaTh Npo6nembl. AHKe-
Thbl 6bINM pa30ciaHbl OHMAMH C UCMONb30BaHNEM NPOrpamMmMHOro obecneyeHns
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Press Online B 2021 rogy. B nccnegoBaHum 6binv NPUMEHEHBI OnvcaTenbHas
CTaTUCTUKA, KOPPENALMOHHBIA aHanun3 MNMupcoHa n MogenvpoBaHue CTPyKTyp-
HbIMW YPaBHEHUAMM NS U3YYEeHUs XapakTepUCTUK Y4aCTHUKOB W MPOBEPKM
rmnoTe3 nccnefgosaHus. Mo pesynstataMm mccrefoBaHus Obinv onpepeneHbl
MHAeKCbl cooTBeTcTBUA Moaenn CFl (MHOekc cpaBHUTENBHOrO COOTBETCTBUS),
NFI (nHpekc HopmumpoBaHHoro cootsetcTBus), TLI (nHOoekc Takepa-Jlblouca),
X2/DF (oTHowleHne X2 k cTeneHsam csobonbl) 1 RMSEA (cpepgHekBagpaTuy-
HOe 3HadveHvie owmnbKK). Bce 3T MHAOEKChI yKasbiBalOT Ha NoaxoAsLlee cooT-
BeTCTBME Mofenn. Bbino obHapy>XeHo, YTO akafeMn4eckoe BbiropaHue nmeet
CTaTUCTMHECKN 3HAYUMYIO CBSi3b C HaBbIKOM pelleHusi npobnem (B=-0,77),
aKafeMn4eckon yctonumeocTbio ($=0,26) M HaBbIKOM peLLeHus nNpobnem ¢
aKagemMmnyeckor yCTonumBocTbio ($=0,96). Takxe 6bIno yCTaHOBIIEHO, YTO OC-
HOBHas 4acCTb CBA3U MeX[y akaAeMMYeCKMM BbIrOpPaHMEM N akafemun4eckomn
YCTOMYMBOCTBIO MPOUCXOANT KOCBEHHO Yepe3 MeauaTopHY NepeMEHHYI0 Ha-
BbIKOB peLleHns npobnem (-0,871). Mo pesynsratam AaHHOrO UCCNefoBaHus
6bINI0 BbIABMEHO, YTO CyLLECTBYeT rpynna CTyAEeHTOB, KOTOPble UCMbITbIBAKOT
akajemuyeckoe BblropaHne 1 UMET HeJOCTaTOYHbIe HaBbIKW PeLLEeHns npo-
6nem. OTa rpynna HaxoauTcs B 30He pucka. PekoMeHayeTcs BbISBNATb Takux
yyaLlLmxcs 1 npegnaratb UM crieumarnbHble KpaTkue Kypcbl, HanpaBfieHHble Ha
pa3BuUTHe afanTUBHbIX HABLIKOB NMPEOAONEeHNA TPYAHOCTEN, BKIlOHas peLueHne
npo6sieM. AT Kypcbl MOMOryT NPeaoTBpaTUTL akageMUyYeckoe BbiropaHue y
CTYAEHTOB 1 6yayT CNOocO6CTBOBATL MX OOLLEMY YCreXy B 06pa3oBaHUm.

Knro4eBble crnioBa: akafieMmnyeckoe BblropaHue; akagemMmnyeckasa TonepaHT-
HOCTb; CMOCOBHOCTb pewaTtb I'IpO6J'IeMbI; mMopgenupoBaHue CTPYKTYPHbIMU
YpaBHEHUAMWN, CTYOEHTbI.

®duHaHcupoBaHue. JTa paboTa 6bina nogaepxkaHa YHMBEPCUTETOM MeamMuMHCKMX Hayk Lllaxvpa
Bexelwtn n ogobpeHa 3tnyecknm kommtetom (IR.SBMU.SME.REC.1400.019).

BnarogapHocTu. ABTOpbl XO0Tenu 6bl nobnarogaputb BuMUe-KaHunepa no UccrnefoBaHUsM U
TexHonornam yHI/IBepCMTeTa MeOULMHCKNX HayK LWaxnpa Bexewt 3a CbIAHaHCOByIO nognepxXxky ons

npoBefeHns 3Ton paboThbl.

Ansa yutatbl: Xowrogtap 3., Kapamann @., Hacpabagn M.3., Xatamu Hexan M. Viccneposanve
B3aMMOCBSA3UN MeX[yY CNOCOGHOCTLIO K PELLEHUIO NPOBMeM, YCTOMHMBOCTLIO M aKafeMUYECKUM Bbl-
ropaHneM y CTyAeHTOB, MOMyYaloLLMX BUPTYyanbHOe MEAULIMHCKOe 06pa3oBaHmne C UCMONb30BaHNEM
MOZENIMPOBaHNA CTPYKTYPHbIMU ypaBHeHuUaMU // Tcuxonormyeckas Hayka n obpasoBaHue. 2023.
Tom 28. Ne 4. C. 134—144. DOI: https://doi.org/10.17759/pse.2023280408

Introduction:

Although attending university is often linked
with positive experiences, for some individuals
it might result in indifference, exhaustion, and
inefficiency (1). Academic burnout manifests
as ineffectiveness, exhaustion, and apathy.
Academic burnout is characterized by a lack of
enthusiasm for learning, a negative outlook, and
a sense of academic inadequacy (2). Academic
burnout is the primary result of long-term stress,
which is brought on by the excessive amount of
homework and disregard for psychological fac-
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tors. It decreases a person's capacity to cope
with stressful situations while in school, which
negatively affects cognitive commitment, inter-
est in the course material, participation in class
activities, and the sense of being able to learn
the material and makes students feel incom-
petent and helpless. It therefore results in their
poor performance. According to studies, in addi-
tion to making individuals less equipped for the
workforce and increasing absenteeism and the
desire to quit the service, studying also reduces
people's motivation to work (5). Resilience is
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one of the things that may protect individuals
from stressful conditions and keep them from
experiencing depression (6—7). The capacity
to bounce back from ongoing problems and be
able to rebuild oneself is resilience. Despite be-
ing subjected to intense stresses, this human
potential may help him overcome unpleasant
situations, and he can also increase his social,
intellectual, and professional competence which
reduces academic fatigue (8—9). A construct
called resilience has elements related to learn-
ing, behavior, and emotion. Academically resil-
ient students are those that remain highly mo-
tivated to succeed and perform at their best in
spite of adverse environmental circumstances
that may otherwise lead to poor academic per-
formance or even dropping out (9). The capacity
to address issues is another important factor in
academic burnout. The term "problem solving
skill" refers to a cognitive-behavioral process
that offers a variety of potential and alternative
solutions to deal with problematic situations.
This process increases the likelihood of select-
ing the best and most efficient alternative solu-
tions and effectively dealing with current and
potential future problems (10). In many ways,
developing problem-solving skills may be con-
sidered as a process of fostering personal de-
velopment and, as a consequence, raising the
likelihood of successful coping in a variety of
circumstances. People find, develop, or uncover
resources for successfully dealing with traumatic
life situations throughout this phase (11). Oral et
al. (2006) discovered that a person's health and
successful development depend greatly on their
capacity to confront difficulties and use prob-
lem-solving techniques. They point out that via
problem-solving, individuals learn to cope with
difficulties rather than avoid them, utilize the re-
sources they already have, and think creatively,
all of which help to build resilience (12). Depres-
sion is a problem that is particularly prevalent
among students, because they experience a lot
of stress throughout their education. Students
experience a lot of stress due to a variety of fac-
tors, such as a relocation and an abrupt sepa-
ration from their families, unfamiliarity with the
university setting and culture, a lack of interest
in their field of study, interpersonal difficulties,

academic pressure,exam anxiety, and a lack of
financial and welfare resources (13). Addition-
ally, online education due to the COVID-19 pan-
demic may also have an impact on the students’
academic performance. Some courses involve
practical and laboratory workshops, and there
are many courses to choose from, students
don't have enough mobility and they must spend
hours learning online. Many researchers exam-
ined an academic burnout using straightforward
statistical correlations, they found, that the mod-
eling facilitates a better and more precise under-
standing of interactions between various factors.
The current study's objective is to use structural
equation modeling to ascertain the association
between students enrolled in virtual medical
education and their capacity for problem solving,
resilience, and their risks of academic burnout.

Hypotheses and research questions

1) Is there a correlation between academic
burnout and problem solving ability?

2) Is there a correlation between problem
solving ability and academic resilience?

3) What is the correlation between academic
burnout and academic resilience?

Methods:

The present research is cross-sectional and
descriptive. All master's students at Tehran's
Shahid Beheshti University who participate in
online education were recruited for the statisti-
cal analisis. Based on the research conducted
by McCallum in 1999 (14), the sample size was
estimated using the ratio of the sample size to the
free parameter. According to it, the lower limit is
five to one, the average is ten to one, and the
maximum is twenty to one. The sample size for
this research was determined to be 300; of the
total number of issued questionnaires, 260 were
fully completed and returned, and these were the
questionnaires that were examined in this study.

The tool used:

Demographic Information Questionnaire:
online questionnaire included demographic vari-
ables, such as age, sex, occupation and marital
status, year and academic term.

Academic Resilience Questionnaire: Samu-
els created the academic resilience question-
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naire in 2004. (15). The participants are asked
to score their degree of academic resilience on a
5-point Likert scale, from strongly disagree (1) to
strongly agree (3), in 41 items that make up the
final form of this questionnaire (5). There are
three parts to this scale. These elements include
problem-solving abilities, an optimistic outlook,
and communication skills. In 2012, Soltaninejad
et al. standardized the current questionnaire in
Iran (16). They found Cronbach's alpha coeffi-
cients in the student sample ranging from 0.62
to 0.76.

Academic burnout questionnaire:

The modified general version of the Maslesh
burnout scale was used to assess academic
burnout (17). In 2002, Schaufli and colleagues
modified it (18). There are three subscales and
a total of 15 items on the survey. Five questions
are used to assess emotional exhaustion, four
to assess doubt and pessimism, and six to as-
sess intellectual self-efficacy. Every question is
graded on a 7-point scale, with 0 being never
and 7 being always (6). Academic burnout is in-
dicated by high emotional tiredness, uncertainty,
pessimism and low self-efficacy scores. For the
female students of Isfahan University in 2013,
Zainab Rostami conducted the standardization
of this scale. The emotional exhaustion subscale
had a Cronbach's alpha of 0.89, uncertainty had
a 0.84, and self-efficacy had a 0.67. (19).

Problem solving ability questionnaire:

To measure problem solving ability, we use
Hepner's problem solving skill survey, which
was developed in 1988 (20). This survey asks
35 questions on a Likert scale with 6 levels,
from fully agree (1) to completely disagree (6).
15 statements with negative connotations are
presented and graded backwards to guard
against fraud. The questionnaire's overall score
is calculated by adding the scores of each re-
sponse. 11 statements address problem-solving
confidence; 16 statements address tendency-
avoidance style; and 5 comments address
personal control. Rastgo et al study in 2011 de-
termined the reliability of this questionnaire, and
the alpha coefficient for self-confidence in prob-
lem solving was 0.80, for welcoming or avoiding

138

issue solving activities it was 0.78, and for man-
aging emotions and behavior it was 0.70. (21).

Variables' normality test:

Kolmogorov-Smirnov test is used to examine
and confirm the normality of the sample distribu-
tion and the data. The null hypothesis is rejected
in this test if the P-Value decision threshold is
less than 0.05, which suggests that the data
cannot come from a certain distribution like the
normal, Poisson, exponential, or uniform. All fac-
tors seem to be normal based on the findings,
which are shown in Table 1.

Correlation test:

The next stage is to confirm that there is a
meaningful link between the variables in order to
verify the study hypotheses using the structural
equation modeling approach, which is based
on regression analysis. The Pearson correlation
analysis will be applied since each variable is nor-
mally distributed. Table 2 lists the findings of the
connection. If the correlation coefficient between
two variables is less than 0.25, the correlation is
deemed weak; if it is between 0.25 and 0.6, the
correlation is deemed average; and if it is more
than 0.6, the correlation is deemed strong. It im-
plies that the two variables have a significant link.

Sample size adequacy test:

KMO (Kaiser-Meyer-Olkin) criterion shows
whether a data set is enough for factor analysis.
Kaiser-Mayer-Olkin index, KMO: this index must
be above 0.7, although between 0.5 and 0.7 it
is also acceptable with caution. Furthermore,
Bartlett's test is to show the ability of the vari-
ables to act, and for this purpose, this test must
be meaningful.

Fit of measurement and structural
models:

The adequate fit of both measurement types
and structural models is important to consider
when using modeling structural equations. The
components of the overall model that depict the
link between manifest and latent variables are
known as measurement models. Six measure-
ment models for the first and second order hid-
den variables based on the conceptual frame-
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work of this study are reflective, i.e., the obvious
variables or survey questions explain the proper-
ties of the model's hidden variables. First, factor
loadings and significant t-numbers for all obvi-
ous variables must be determined in order to
start evaluating the fit of measurement models.
There is no need to remove any of the obvious
indicators or variables describing the measure-
ment models because the coefficients of the
factor loadings for all indicators are greater than
0.4, the significant numbers are greater than
1.96, and the relationship between the structure
and the indicators is significant.

To assess the fit of the model, several indi-
ces were applied, including CFl and RMSEA.

The greater the comparative fit index (CFl),
which ranges from zero to one, the better the
model fits the data. RMSEA statistic, also known
as the root mean square error of approximation
statistic, may be used to measure how well a
model fits the data. Another measure is the chi
square to measure a degree of freedom ratio, or
X2.df-1; if this ratio is less than 2, the model con-
cidered well-fitted; if it is more than 2, the model
concidered acceptable. Table 1 lists further use-
ful indicators. Based on the Table's data, all of
the acquired indicators are at a level that is ac-
ceptable, and the measurement and structural
models fit together well (22—23).

Results:

260 students were evaluated using study
scales for the current research. Of them,
247 questionnaires were examined, and
13 questionnaires were eliminated for lack of
data. The participants' ages, which ranged
from 35 to 49, were on average 40. Among
them, 98.8% were married, 2% were single,
and 71.1% of the participants were women.
23.07% of the respondents were in their second
semester, with the remaining respondents be-
ing in their third semester or later. Additionally,
100% of the population was working, and those
who did work, worked as nurses, midwives,
doctors, public health workers, and laboratory
scientists, respectively.

The link between the first and second was
examined using Pearson's correlation coef-
ficient, and the results are shown in the table.
The results of the correlation study demonstrate
a substantial corrlation between the research
variables, and it can be said that all of the re-
search variables have a significant relationship
with one another at a confidence level of 0.99%.
Additionally, it was determined that none of the
variables' significance levels are above the error
level of 0.01, allowing the correlation between
the variables to be accepted.

Table 1

The results of descriptive statistics and indicators of reliability, normality
of variables and adequacy of sample size

KMO BT test Kolmogorov- Cronbach's | Mean anf.l s_tandard Variables
test Smirnov test alpha deviation
0.85 0.001 0.26 0.7 26.3 (5.6) Academic self-efficacy
0.7 7.5 (1.5) Emotional exhaustion
0.7 23.9 (5.3) Doubt and pessimism
0.85 57.8 (11.2) Academic Burnout
0.77 0.001 0.14 0.7 41.3 (8.8) Confidence to solve problems
0.9 64.4 (14.2) Tendency-avoidance style
0.6 18.5 (4.4) Personal control
0.93 124.3 (24.9) Hepner's Problem solving
0.91 0.001 0.48 0.8 48.7 (8.6) Future orientation
0.8 37.5(6.8) Communication skills
0.7 23.4 (4.4) Problem-oriented and positivity
0.92 109.7 (18.6) Academic resilience
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X?/DF and RMSEA statistics have numbers
below 3 and 0.08 respectively, what indicates
the good fit of the model. Due to the results of
the modeling among the variables of academic

burnout, academic resilience and Hepner's
problem solving ability, it was found that the
variable of academic burnout with problem solv-
ing skills (B = —0.77, p = 0.00), academic resil-

Table 2
Correlation coefficients between research variables

No 1 2 3 4 5 6 7 8 9 10 11 12
1 | Emotional *

exhaustion
2 | Doubt and 725" *

pessimism
3 | Academic self- 612" | .564" *

efficacy
4 | Confidence to -.6257 | -.610" | -.432" *

solve problems
5 | Tendency- - 4477 | -.4267 | -.3027 | 7127 *

avoidance style

6 | Personal control -5117|-.484" | -.339" | .741"

.670" *

7 | Communication -4567 | -.4197 | -.2957 | .672"
skills

764" | 625" *

8 | Future orientation |-.495" | -472"|-.373" | .681"

739" | 621" | .821" *

9 | Problem-oriented |-.391"|-.362" | -.279" | .598"
and positivity

6717 | .579" | .830" | .749" *

10 | Hepner's Problem | -.568" | -.546™ | -.386™ | .893"

942" | 822" | .785" | .773" | .698" *

solving

11 | Academic burnout | .930" | .916" | .715" | -.663" | -.468" | -.533" | -.468" | -.524" | -.406" | -.597" *

12 | Academic -.4877 | -.454" | -.3407 | .704”" | .785" | .656" | .962" | .926" | .898" | .814" | -.506" | *
resilience

Figure 1- The final research model
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Table 3
Model fit indices
Structural model Recommended value Fit indices
43.25 X2
2.06 1—3 the ratio of X2 to degrees of freedom (X?/df)
0.992 >0.90 comparative fit index (CFI)
0.984 >0.90 normed fit index (NFI)
0.986 >0.90 Tuckere Lewis index (TLI)
0.052 <0.08 Root mean of square error approximation (RMSEA)

ience (B = 0.26, p = 0.00) and problem solving
skills and resilience statistically are pretty much
related (B = 0.96, p = 0.00). Moreover, based
on the results of mediating variable analysis, it
was found that most of the correlations between
academic burnout and academic resilience are
indirect and via the mediating variable of prob-
lem solving skills (—0.871).

Discussion:

The goal of the current research was to ex-
amine the correlation between academic resil-
ience, academic burnout and problem-solving
skills among students enrolled in online medical
education. via the mediation of problem-solving
skills. It has an excellent fit based on the re-
sults of structural equation modeling, and the
model's fit indices support it. We used positive
fit indicators GFI 0.93, RMSEA 0.07, and other
indicators, which were above 0.9. Bahrami et
al. (2016) revealed that the model of the influ-
ence of perception of the classroom environ-
ment through academic resilience on academic
burnout has a suitable value, which supports
the results of the proposed model (1). The find-
ings of the current study are compatible with the
research of Abol-Maali et al., which also has
strong fit indices of RMSEA 0.055 and GFI 0.94.
(24). Aarabian et al.demonstrates the proper fit
indices of the research model, and the RMSEA
indices 0.069, GFI 0.95, suggesting the direct
influence of problem-solving ability and its in-
direct effect through the mediation of resilience
on lowering academic burnout. (25). Accord-
ing to the current findings, academic resilience
and academic burnout have a substantial and
inverse correlation. The research by Bahrami et
al. (2015) discovered a substantial connection

between resilience factors and academic burn-
out (1). Academic stresses have an impact on
the factors of academic burnout, academic mo-
tivation, and academic resilience, according to a
research by Yazdakhasi and Fazel (2015). They
discovered that individuals with strong resilience
preserve their psychological flexibility in chal-
lenging and bad circumstances, and as a result
their productivity and job satisfaction grow(26).
Hope, resilience, and emotional intelligence are
negative predictors of academic burnout, ac-
cording to research by Sadougi et al. (27). The
study of Viskarmi and Gashnigani (2017) con-
cluded that academic resilience and cognitive
adjustment strategies play a significant role in
decreasing academic burnout (28). A study by
Syprine Aoko Oyoo et al., a study by Liselotte N
Dyrbye et al., and a study by Garcia-lzquierdo M
et al. also found similar results (29—31). Thus,
it can be concluded that enhancing the level of
resilience as well as training students and long-
term planning to increase resilience will play a
decisive role in decreasing academic burnout.
In fact, those who are resilient can handle and
even excel in challenging circumstances in life,
and this quality helps them adjust to stressful
events, increasing productivity and reducing
academic burnout. Students that show more re-
silience are more efficient and feel more capable
to overcome obstacles in their lives. Students
who are more resilient are able to see problems
as problems and feel less alone and forlorn.
They search for alternatve solutions or methods
to change the situation . Since optimism is one
of the traits of resilient people, it helps these stu-
dents, despite being in high-risk and traumatic
environments, to not be mentally damaged and
to look at problems in learning and problems in
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life in a positive and optimistic way. This gives
them a positive outlook and optimism towards
life. Consequently, these individuals experience
less academic burnout, show higher flexibility in
challenging circumstances, and feel more pro-
ductive and satisfied at work.

According to the results, problem-solving
abilities and academic resilience are directly re-
lated in a substantial way. There was a positive
and substantial linear connection that demon-
strated the correlation and prediction of resil-
ience and coping mechanisms in the research
by Jess de la Fuente et al. published in 2017.
These elements had a big positive impact on
the university students' academic performance.
(32). The results of a study by Coskun et al.
demonstrate that college students are quite
flexible. Additionally, there were no discernible
differences in university students' resilience
levels according to their gender, grade level,
monthly income, or housing options. But when
it comes to a talent, job experience, academic
success, potential professional growth, father's
educational level, parenting style, and self-de-
scription, the results vary significantly in terms of
resilience. Additionally, according to the average
problem-solving score, university students have
average problem-solving abilities. However, the
Pearson correlation coefficient of 0.67 (p>0.05),
calculated to see thecorrelation between stu-
dents' resilience and problem-solving abilities,
revealed a favorable and somewhat strong con-
nectionbetween university students' resilience
level and their problem-solving abilities (33). We
could suggest that making effective use of stu-
dents' social standing enhances their flexibility
and resilience in social interactions.

According to ourresults, academic prob-
lem solving abilities and academic exhaustion
are inversely related. According to a Shin and
Hwang research, academic resilience is an im-
portant characteristic. Students who possess it
are more likely to pursue their education and
gain from initiatives that improve their social
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This research desires to analyze the determinants of blended teaching-learning
performance in the new typical environment by exploring the role of teachers’
technostress as mediation. This study uses a quantitative approach. Quantita-
tive research methods aim to test the hypotheses that have been set. This ap-
proach uses numerical results from measurements made using a questionnaire
about the study’s variables. Using the complete sampling technique, which
involves selecting the whole population as the research sample, it consisted
of senior high school teachers in South Sumatra. The researchers used 712 re-
search data in this investigation. The research used the structural approach of
the Equation Model (SEM) and the intelligent application of PLS for analysis.
According to the outcomes of this investigation, understanding technical and
pedagogical content has a considerable positive impact on blended learning
and teaching performance and teachers’ technostress. Teachers’ self-efficacy
has a considerable positive impact on combined learning-teaching performance
and blended teaching-learning performance and is significantly mediated by
teachers’ technological stress. Teacher experience significantly impacts teach-
ers’ technostress and is mediated considerably by teachers’ technostress.
Administration and school support show a considerable positive impact on
blended teaching and learning performance and teachers’ technostress, which
is significantly mediated by teachers’ technostress. Teachers’ technological
stress has a large positive effect on combined teaching-learning performance.

Keywords: technological pedagogical content knowledge; teachers’ tech-
nostress; blended teaching-learning performance; teachers’ self-efficacy;
teacher experience; administration school support.
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IeTepMuHaHTbl 3pPpeKTUBHOCTU CMELUAHHOIro
npenogaBaHNA-06y4eHUA B HOBbIX YC/IOBUAX:
uccnegoBaHue posiv TeXxHocTpecca

y npenogasaTenen

Myxaman YioH
®dakynbTeT nemxonoruun, Necnamckuin Yaueepeutet Herepu PageH ®@artax Manem6aHr, NHOoHe3us
ORCID: https://orcid.org/0000-0002-6561-7437, e-mail: muhamaduyun_uin @radenfatah.ac.id

Llenb gaHHOro MccnegoeaHus — npoaHanmMavpoBaTh hakTopsbl, onpeaenstoLme
3(PPEeKTUBHOCTb CMELLIAHHOMO TUMNa NpenogasaHvs 1 06y4eHnst B HOBOW TUMOBOWN
cpefie NOCPefCTBOM M3y4eHWsi TexHocTpecca npenopasarenen. B gaHHom wc-
CrNefoBaHNM UCNOMb3YETCA KONMYECTBEHHbIM Noaxof. KonuvecTBeHHble MeTo-
Obl NCCrEeoBaHMA HanpasneHbl Ha MPOBEPKY BbIABUHYTLIX rvnoTes. [py Takom
NnoAxofe MCrosb3YTCA YMCIIOoBblE MoKasaTenn MnepemMeHHbIX, MofyYeHHble Mo
[aHHbIM aHkeT. Bbin ncnonb3oBaH METOA NOSTHON BbIGOPKK, TO €CTb 6bISI0 ONpPo-
LLIEHO BCE HacesieHne, B BbIOOPKE y4acTBOBa/IN y4UTENS CTapLUMX KNaccoB LLKON
IOxHow Cymartpebl, B pedynsrare 6b110 nonyveHo 712 aHkeT. B nccnegosaHum uc-
nosib30Basiocb MOAENMPOBaHNE CTPYKTYPHbIMU ypaBHeHUAMU (SEM) v nHtennek-
TyanbHoe npunoxexue PLS ans aHannsa gaHHbix. CornacHo pesynsratam uccre-
[O0BaHVsi, MOHMMAaHWEe TEXHNYECKOrO 1 Nefarornieckoro cogepxxanus obyHeHns
0oKasblBaeT MONOXUTESIbHOE BNUSAHME HA SPdEKTUBHOCTb CMELLAHHOrO 0by4ye-
HVS 1 MpenofaBaHys, a Takxke Ha ypoBeHb TexHocTpecca yumtenen. CobCcTBeH-
Has ahbdheKTMBHOCTL NpenogasaTteniert NonoKUTENbHO BNMSET Ha AdhdeKTmB-
HOCTb N Pe3ynbTaTMBHOCTL NMpoLecca CMELLIAaHHOro 0by4eHust 1 npenojasaHus,
CyLLIECTBEHHO 06YCroBIeHa Hann4mem TexHocTpecca. Ha yposeHb TexHocTpecca
BMUSIET OMbIT, KOTOPbIM 06nafaeT npenodasatens. MNogaepxka agMyHUCTpaLmm
1 LLIKOSbI MOSIOXKMTESNBHO CKa3blBaOTCS Ha 9O(HEKTVBHOCTM CMELLIAHHOMO Mpeno-
JaBaHus 1 00y4eHVs, yMEeHbLLIAIOT YPOBEHb TEXHOCTPECCa yUUTENEN.

KnroyeBbie cnioBa: TEXHONOIMYECKUI NE[ArOrMYECKUI KOHTEHT 3HAHWIA; y4n-
TENbCKUIA TEXHOCTPECC; Pe3yNbTaTMBHOCTb CMELLAHHOIO NpernofaBaHusi-ooy-
YeHus; co6CTBEHHAsA ahHEKTUBHOCTL NpenodaBaTenei; npenogaBaTenbCKuit
OnbIT; aAMUHUCTPATUBHASA LUKOMbHAs NOAAEPXKKA.

BnaropapHocTu. ABTOp BbipaXaeT 6narofapHocTb [ocynapcTBeHHOMY MCNaMCKOMY YHUBEPCUTETY
LP2M PapeH ®atx MNanembaHr, npegocTaBmnBLLEMY BO3MOXHOCTb NPUHATL y4acTue B NpoBedeHnn
nccnefosannsa. Hapgeemcsi, 4To nosly4eHHble pesynbTaTbl CMOTYT BHECTM BKNaf, B pa3BuTue No6u-
MOrO Komnegxa.

Ana uutatbl: YioH M. [eTepMuHaHTbl 3P(PEKTUBHOCTU CMELLAHHOMO NpenojaBaHus-06yHeHns
B HOBbIX YCIIOBUAX: MCCIeJoBaHMe ponn TexHocTpecca y npenogasareneit // MNcuxonornyeckas Hay-
ka n obpasoBaHme. 2023. Tom 28. Ne 4. C. 145—157. DOI: https://doi.org/10.17759/pse.2023280409

Introduction es all activities undertaken by an individual or
Teachers hold various roles that must be group to achieve the desired result. With the
carried out as a teacher. This part encompass- teacher’s role, everything will work as it should.
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The teacher’s role in developing the quality of
education is one of the steps that can be taken
to improve and advance human resources.
A formal educational institution is an educa-
tional institution that must be developed and
fostered continuously. In this case, the teacher
is essential in increasing student motivation in
the teaching and learning process [1] [2]. The
teacher is responsible for implementing the
learning system so that it works well and has
an essential role for students.

One way to develop the learning quality of
teachers is by developing science and technol-
ogy [3]. According to Wulandari (2018) [4], a
teacher must understand and develop TPACK
abilities, which eight PCK Shulman developed
in 1986. According to Quddus (2019), [5]
TPACK is knowledge for integrating technology
into education. Shulman had already devel-
oped PCK in 1986. Pierson proposed incorpo-
rating technological knowledge into Shulman’s
PCKin 2001, which later evolved into the TPCK
and was used as knowledge about technology
integration in pursuits. In 2007, Mishra and
Koehler proposed a new name for TPCK to be-
come TPACK [6].

Mishra and Matthew J.J. Koehler founded
TPACK in 2006 to accelerate the advancement
of technology in society. Rapid technological
advancements in society and a balance with
technological change are the cornerstones of
development [7]. According to Koehler (2009)
[8], the foundation of TPACK is the integration
of content or material with pedagogy and tech-
nology used in a setting. According to Suyamto
(2020) [9], TPACK is the primary foundation
for technology-enhanced teaching and neces-
sitates understanding the constructive depic-
tion of technology-enhanced concepts and
technological methodologies. It is possible to
overcome, assist, and alleviate challenges
teachers and students face by using technol-
ogy to teach a subject that is more challenging
to understand.

Regarding the form of knowledge, the
teacher’s teaching experience also needs to
assist students while learning [10]. Thus, it
will ease the burden on experienced teachers
to address student issues in the learning and

teaching process relevant to the subject matter,
and even teachers can inspire and foster stu-
dent passion for learning. They can maximize
the teacher’s abilities [11]. Teachers need to be
able to understand their abilities so that they
can optimally channel their knowledge [12].
If a school aims to improve the quality of its
education, it can do so not only by improving
the quality of its teachers but also by providing
administrative support. School administration
is a series of processes consisting of control-
ling, managing, and managing various efforts
to implement school goals.

Its original goals were to assess the per-
formance of blended teaching and to learn in
a school setting with the help of teachers and
school administration. As a result, the title of this
study was “Determinants of Blended Teaching-
Learning Performance in the New Normal Envi-
ronment: Exploring the Role of Teachers’ Tech-
nostress as Mediation.”

Theoritical review

Technological Pedagogical Content

Knowledge (TPACK)

Technological Pedagogical Content Knowl-
edge (TPACK) is an understanding that tran-
scends the three categories of content, peda-
gogy, and technology. It is different from the
knowledge that is discipline-specific or techno-
logical, as well as the pedagogical knowledge
that teachers across disciplines possess [13].
Pedagogical Content Knowledge is a clear
picture of how an educator teaches the subject
matter, what is known about the students he
teaches, what is known about the curriculum
related to the subject, and what is used to teach
the content of the material [14]. TPACK can be
measured through the knowledge of pedagogi-
cal, content, technological, and technological
content [15].

Teachers’ Self-efficacy

According to Bandura (2010) [16], self-
efficacy is the conviction that a person can
plan out and carry out the tasks required to
accomplish specific goals. Besides, Santrock
(2012) [17] states that self-efficacy greatly in-
fluences behavior. A low-self-efficacy teacher
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frequently gives up in trying circumstances.
Meanwhile, a high-self-efficacy teacher will
work harder to address current difficulties.
Komarraju & Nadler (2013) [18] agreed, pro-
viding evidence that instructors’ perceptions
of their efficacy are critical in inspiring them to
complete complex tasks to meet their objec-
tives. Self-efficacy motivates us to set chal-
lenging targets and keep going when things
get tough. According to Badura (2010) [16],
teacher self-efficacy can be measured through
the dimensions of magnitude, strength, and
generality.

Teaching Experience

Teaching experience for a teacher is
something precious. Teaching is not just a
science of technology and art but also a skill.
Teaching as a skill is the actualization of theo-
retical knowledge through the interaction of
the learning and teaching processes. Teach-
ing skills need to be owned and mastered by
teachers in order to be able to carry out the
interaction of the learning and teaching pro-
cesses effectively and efficiently. Theoretical
knowledge mastered by the teacher will be
better if it is complemented by teaching expe-
rience [19]. According to Yin and Yun (2021)
[20], teaching experience can be measured
through social presence, setting the climate,
teaching presence, selecting content, and
cognitive presence.

Administration School Support

Facilities and infrastructure are essential
educational tools to support education’s suc-
cess. Therefore, it is vital to have good edu-
cation management, as it is said that a school
can be successful or run smoothly if the
management of facilities and infrastructure
is good [21]. Administration school support
can be measured through non-instructional
support, nonpublic schools, and systemwide
costs.

Teachers’ Technostress

Due to the necessity of using ICT, tech-
nology stresses are prevalent in numerous
fields, including computer science, ergonom-
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ics, education, business, and technostress.
Previous research has demonstrated that
technological stress negatively influences
performance, health, and productivity [22].
Teachers’ classroom roles are changing due
to technological advancements and digitiza-
tion procedures [23]. In this situation, teach-
ers’ attempts to implement technology into the
teaching-learning process are all influenced
by outside factors like educational policies,
corporate management, communication, and
collaboration with colleagues. They either
need to be recognized for their efforts or fall
short of expectations. They all show signs of
technological stress [24]. Additionally, Efilti &
Coklar (2019) [25] explains that the learning
and teaching process, professional issues,
technical issues, personal issues, and soci-
etal issues can all be used to quantify teach-
ers’ technological stress.

Blended Teaching-Learning

Performance

The combination of traditional teaching
techniques, such as in-person and online in-
struction, is frequently referred to as “blended
learning” [26; 27]. When it combines face-to-
face instruction with computer technology,
online and offline activities and materials, it
is referred to as “blended learning” [28]. Izud-
din (2012) [29] argues that blended learning
is defined as a flexible method of instruction
that uses the combination of traditional class-
room instruction with online learning conducted
through the usage of communication and infor-
mation technology (ICT). According to [30], the
elements of offering a straightforward explana-
tion, developing fundamental skills, drawing
conclusions, providing an additional explana-
tion, and determining strategy and tactics are
utilized to analyze the effectiveness of blended
teaching and learning.

Research method

Research Design

Testing previously established hypotheses
is the goal of quantitative research [31]. A
quantitative methodology is used in this inves-
tigation. This approach uses numerical results
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Thinking Framework

Technological Pedagogical
Content Knowledge

Teachers' Self-efficacy

Teaching Experience

Administration
School Support

from measurements made using a question-
naire about the study’s variables. They are em-
ploying a whole population sampling technique,
which involves using the entire population as
the research sample. The population utilized
here consisted of senior high school teachers
in South Sumatra. Researcher in this investi-
gation used 712 participants. The structural
approach of the Equation Model (SEM) and
the intelligent application of PLS were used for
analysis in this work [32].

Instrument Testing

Table 1
Instrument Testing
Instrument Test Test used
Validity test Convergent Validity
AVE
Reliability Test Cronbach Alpha
Composite Reliability

R Square test

When evaluating the impacts of several in-
dependent latent variables on the latent depen-
dent variable, the R-square for the dependent

Teachers' Technostress

H9, H10,| H11, H12

Blended Teaching-
Learning Performance

construct is utilized, which displays the magni-
tude of the influence.

Inner Model Analysis

When utilizing Smart PLS, the internal
model analysis process involves testing the
hypothesis in light of the t-statistical and prob-
ability values. The value of the t-statistic used
to test the hypothesis, i.e., by applying statisti-
cal values, is 1.96 for an alpha of 5%, and the
beta score is used to ascertain the direction of
the influence of the link between variables. The
following are the criteria for accepting or reject-
ing the hypothesis:

if t-statistic > 1,96 and p-values < 0,05, H is
accepted;

if t-statistic < 1,96 and p-values > 0,05, H is
rejected.

Results

Outer Model Analysis

Validity test

Convergent validity and AVE were used in
this study’s validity assessment. If the individual
reflection measure correlates with the measured
concept reaches more than 0,7, it is considered
high (Dahri, 2017).
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Table 2
Validity Test Results
Variable Outer Loading AVE Information
Technological Pedagogical Content TPACK. 1 0.741 0.550 Valid
Knowledge (X1) TPACK. 2 0.729 Valid
TPACK. 3 0.741 Valid
TPACK. 4 0.756 Valid
TPACK. 5 0.766 Valid
TPACK. 6 0.749 Valid
TPACK. 7 0.708 Valid
Teachers’ Self-Efficacy (X2) TSE.A 0.754 0.533 Valid
TSE.10 0.705 Valid
TSE.2 0.717 Valid
TSE.3 0.727 Valid
TSE.4 0.718 Valid
TSE.5 0.724 Valid
TSE.6 0.714 Valid
TSE.7 0.729 Valid
TSE.8 0.751 Valid
TSE.9 0.756 Valid
Teacher Experience (X3) TE. 1 0.778 0.533 Valid
TE. 2 0.771 Valid
TE. 3 0.763 Valid
TE. 4 0.627 Valid
TE.5 0.701 Valid
Administration School Support (X4) ASS. 1 0.534 0.523 Valid
ASS. 2 0.711 Valid
ASS. 3 0.761 Valid
ASS. 4 0.723 Valid
ASS. 5 0.675 Valid
ASS. 6 0.767 Valid
ASS. 7 0.750 Valid
ASS. 8 0.815 Valid
ASS.9 0.739 Valid
Blended Teaching-Learning Perfor- BTLP. 1 0.711 0.513 Valid
mance (Y) BTLP. 2 0.710 Valid
BTLP. 3 0.714 Valid
BTLP. 4 0.726 Valid
BTLP. 5 0.713 Valid
BTLP. 6 0.703 Valid
BTLP. 7 0.732 Valid
BTLP. 8 0.717 Valid
BTLP. 9 0.717 Valid
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Variable Outer Loading AVE Information
Teachers’ Technostress (Z) TT. 1 0.767 0.590 Valid
TT.2 0.779 Valid
TT.3 0.789 Valid
TT.4 0.780 Valid
ST.5 0.725 Valid

Reliability Test

Composite reliability quantifies a variable’s
true level of dependability. A composite reliabil-
ity score greater than 0,7 indicates that the data
is reliable.

The test results demonstrate that all items
have a Cronbach’s alpha value as well as a
Composite reliability of > 0,7, which are consid-
ered reliable.

Test Convergent Validity

after modification

After removing the indicators that didn’t fulfill
the requirements for the loading factor value, the
findings of the PLS SEM model’'s measurement
are shown in the following diagram. The study
continues on to the discriminant validity test be-
cause, as can be observed in the diagram, the
loading factor values for the indicators in every
variable are not below 0,6.

R-Square Test

According to the data analysis completed
with the help of the smartPLS application, the
R-Square figures are obtained as depicted in the
corresponding table.

According to the test results, the mixed
teaching-learning performance (Y) has an R-
Square score of 0,735, which demonstrates

73,5% of it is affected by the following factors:
teacher experience (X3), teachers’ self-efficacy
(X2), teachers’ technostress (Z), teachers’
knowledge of technological pedagogical content
(X1), administration school support (X4), and
another 26,5% is impacted by factors excluded
from this study. The findings indicate that the R-
Square value for teachers’ technological stress
(Z) is 0,534. It further indicates that teachers’
technological stress is impacted by teacher ex-
perience, teachers’ technological pedagogical
content competence, self-efficacy, school ad-
ministration support, and other factors by 53,4%
and 46,6%, respectively.

Hypothesis Test Results

The hypotheses can only be accepted or re-
jected if the t-statistic is more significant than the
t-count. When utilizing probabilities to reject or
accept a hypothesis, the hypothesis is accepted
if the p score is higher than 0,05.

Table 5 shows that the p-value is 0,367
(p < 0,05), the t-statistic value is 0.903
(t > 1,660), and the beta score is 0,081, indi-
cating H1 is accepted. In addition, the p-value
is 0,000 (p < 0,05), the t-statistic is 3,576 (t >
1,660), and the beta score is 0,299, indicating
that H2 is accepted. On the other hand, the
results of testing the teachers’ self-efficacy hy-

Table 3

Reliability Test Results

Cronbach’s Alpha Composite Reliability
Administration School Support (X4) 0.884 0.907
Blended Teaching-Learning Performance (Y) 0.881 0.904
Teacher Experience (X3) 0.783 0.850
Teachers’ Self-efficacy (X2) 0.903 0.919
Teachers’ Technostress (Z) 0.826 0.878
Technological Pedagogical Content Knowledge (X1) 0.864 0.895
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Fig. 1. Convergent Validity test after modification
Table 4
R-Square Test
R Square R Square Adjusted
Blended Teaching-Learning Performance (Y) 0.735 0.727
Teachers’ Technostress (Z) 0.534 0.522
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Table 5
Hypothesis Test Results
—o| 85| «
= | Siu [}
S0 | v 2
R
g|leg| @
Administration School Support (X4) -> Blended Teaching-Learning Performance (Y) 0.150 | 1927 | 0.055
Administration School Support (X4) -> Teachers’ Technostress (Z) 0.286 | 2,903 | 0.004
Teacher Experience (X3) -> Blended Teaching-Learning Performance (Y) 0.112 | 1,293 | 0.197
Teacher Experience (X3) -> Teachers’ Technostress (2) 0.318 | 3,257 | 0.001
Teachers’ Self-efficacy (X2) -> Blended Teaching-Learning Performance (Y) 0.299 | 3,576 | 0.000
Teachers’ Self-efficacy (X2) -> Teachers’ Technostress (Z) 0.323 | 3,414 | 0.001
Teachers’ Technostress (Z) -> Blended Teaching-Learning Performance (Y) 0.251 | 3,960 | 0.000
Technological Pedagogical Content Knowledge (X1) -> Blended Teaching-Learning 0.224 | 2,327 | 0.020
Performance (Y)
Technological Pedagogical Content Knowledge (X1) -> Teachers’ Technostress (Z) 0.081 | 0.903 | 0.367
Administration School Support (X4) -> Teachers’ Technostress (Z) -> Blended 0.072 | 2.123 | 0.034
Teaching-Learning Performance (Y)
Teacher Experience (X3) -> Teachers’ Technostress (Z) -> Blended Teaching-Learn- | 0.080 | 2,626 | 0.009
ing Performance (Y)
Teachers’ Self-efficacy (X2) -> Teachers’ Technostress (Z) -> Blended Teaching- 0.081 | 2,513 | 0.012
Learning Performance (Y)
Technological Pedagogical Content Knowledge (X1) -> Teachers’ Technostress (Z) -> | 0.020 | 0.856 | 0.392
Blended Teaching-Learning Performance (Y)

pothesis on teachers’ technostress obtained a
p-value of 0,001 (p < 0,05), a t-statistic value
of 3,414 (t > 1,660), and a beta score of 0,323,
indicating H3 was received. The results of the
teacher experience hypothesis test on blended
teaching and learning performance obtained a
p-value of 0,001 (p < 0,05), a t-statistic value
of 3,257 (t > 1,660), and a beta score of 0,318,
indicating H4 is accepted. Then, the results of
testing the teacher experience hypothesis on
teachers’ technological stress obtained a p-val-
ue of 0,197 (p < 0,05), a t-statistic value of 1,293
(t>1,660), and a beta score of 0,112, indicating
H5 is accepted. The results of the administra-
tion-school support hypothesis test on blended
teaching and learning performance obtained a
p-value of 0,055 (p > 0,05), a t-statistic value
of 1,927 (t > 1,660), and a beta score of 0,150,
indicating that H6 is accepted. The results of the
administration school support hypothesis test on
teachers’ technological stress obtained a p-val-
ue of 0,004 (p < 0,05), a t-statistic value of 2,903

(t> 1,660), and a beta score of 0,286, indicating
that H7 is accepted. The results of testing the
teachers’ technostress hypothesis on blended
teaching and learning performance obtained
a p-value of 0,000 (p< 0,05), a t-statistic value
of 3,960 (t > 1,660), and a beta score of 0,251,
indicating H8 is accepted. The results of test-
ing the hypothesis of technological pedagogical
content knowledge mediated by teachers’ tech-
nostress on the blended teaching-learning per-
formance obtained a p-value of 0,392 (p > 0,05),
a t-statistic value of 0,856 (t < 1,660), and a beta
score of 0,020, indicating H9 was accepted.
The results of testing the teachers’ self-efficacy
hypothesis mediated by teachers’ technologi-
cal stress on blended teaching-learning perfor-
mance obtained a p-value of 0,012 (p < 0,05), a
t-statistic value of 2,513 (t > 1,660), and a beta
score of 0,081, showing that H10 is accepted.
The results of testing the teacher experience
hypothesis mediated by teachers’ technologi-
cal stress on blended teaching-learning perfor-
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mance obtained a p-value of 0,009 (p < 0,05),
the t-statistic value is 2,626 (t > 1,660), and the
beta score is 0,080, indicating that H11 is ac-
cepted. The results of testing the administration
school support hypothesis mediated by teach-
ers’ technological stress on blended teaching
and learning performance obtained a p-value
of 0,034 (p < 0,05), a t-statistic value of 2,123
(t > 1,660), and a beta score of 0,072, showing
H12 accepted.

Discussion

TPACK helps teachers in the learning pro-
cess to make it easier to understand and can
improve students’ analytical skills [34]. The ap-
plication of learning technology is carried out
using strategies that combine material, technol-
ogy, and learning strategies. The teacher carries
out the learning process by integrating technol-
ogy, lesson content, and learning strategies. In
terms of learning technology media, for example,
searching the internet for images that are relevant
to learning materials and learning strategies.
Another example of the use of learning technol-
ogy is showing videos related to objectives and
learning materials using laptops and projectors.
The outcomes of an earlier study also indicated
that the better the teacher’s pedagogical ability,
the higher the learning achievement of students
[35]. This means that prospective teachers must
improve their pedagogical abilities to have a vari-
ety of teaching strategies that focus on students
[36]. Prospective teacher students’ pedagogical
abilities are critical in developing and increasing
student confidence [37]. As a result, prospective
teachers’ self-confidence in their knowledge and
skills is required to increase their readiness to be-
come teachers later [38].

In addition, based on this research, the bet-
ter the teachers’ self-efficacy, the more it will
affect teacher technological stress. Self-efficacy
is the state in which a person believes that they
can control the results of their efforts. Self-effi-
cacy will influence how individuals interact with
stressful situations [39]. Individuals with a high
level of self-efficacy will always believe that they
can carry out a task well and can find reason-
able solutions if they have obstacles in doing
their work. Magistra et al. (2021) [40] revealed

154

that self-efficacy did not significantly affect tech-
nostress and vice versa. In addition, Siddiqui et
al. (2022) [41] also explained that self-efficacy
influences technostress.

The basic education taken by a teacher is
one of the things that determines the quality of
competence possessed. The level of compe-
tence possessed by a teacher grows in direct
proportion to their level of education, because
the higher the education obtained, the broader
the academic knowledge possessed by the
teacher. Therefore, in the end, they can in-
crease their competence as teaching staff, and
the more provisions the teacher has to carry
out their duties, the more knowledge and skills
related to the ability to carry out learning they
will have. It will make the teacher more capable
in his work. Furthermore Law et al. (2019) [42]
defines that the more educated a person is, the
more likely he is to succeed in his career.

According to the study, the greater the
teacher’s experience, the less this affects the
teacher’s technostress. It means that the lon-
ger a person pursues the profession of teacher,
the higher the level of professionalism will be,
and vice versa. The teacher’s extensive role in
education plays a vital part in determining the
quality of educational outcomes. A teacher
must not only be capable but also thrive in the
classroom. One of the elements assisting in the
implementation of academic activities is work
experience. The amount of professional experi-
ence a teacher has will affect the learning goals
students must achieve to achieve the school’s
goals. The teacher’s tenure in performing his du-
ties as an educator in a specific academic unit
in line with an assignment letter from a recog-
nized institution is the teacher’s work experience
(it can be from the government or community
groups providing education). Thus, the more ex-
perience the teacher has, the less stressful it will
be, according to Gupta et al. (2018) [43].

According to this study’s findings, the better
the administration and school support, the better
the blended teaching and learning performance
will be. Education administration alludes to a
method for achieving educational objectives.
Planning, organizing, directing, monitoring, and
evaluating are the first steps in the process.
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Planning involves deciding what has to be ac-
complished, how it will be accomplished, how
long it will take, how many people will be re-
quired, and how much it will cost. This plan is
made before an action is implemented. The pri-
mary job of teachers is to manage the teaching
and learning process in a school environment,
and all teachers should understand what is hap-
pening in their work environment. The process
of planning, organizing, directing, coordinating,
financing, and assessing curriculum activities,
student affairs, buildings and infrastructure,
school staff, finance, and school-community
connections must be carried out by teachers in
a proactive manner. All of this must be properly
administered. Finally, the teacher’s performance
will be valuable if all actions are completed as
effectively as possible. Thus, a teacher’s per-
formance will be even greater if they carry out
their administrative tasks as honestly and effec-
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B ctaTtbe npencTaBneHa npobnemMa KoHuenTyanusauum heHoMeHa «MeToau-
Yyeckasi FrOTOBHOCTb K MeAnaLmMmn» Kak 4aCTHOro criydas npodeccroHarbHowm
rOTOBHOCTW Mepfarora-ncuxonora K peanvsaumMm Megvaumm B o6pasoBaHun.
OnwucaHbl pe3ynbraTbl NEJArorMyeckoro SKCNepuMeHTa rno )opMmpoBaHuio
MEeTOANYECKON FOTOBHOCTU MarvcCTpaHTOB B YCNOBUAX CMELLaHHOro oby4ye-
Hus. OCHOBHas naes nccnefoBaHns 3akyaeTcs B TOM, YTO MeToAuYeckas
NOAroToBKa ABNSETCHA NPonefeBTUKON NpoeccnoHanbHOM rOTOBHOCTM K Me-
anaumm B uenom. OpraHunsaumsi o6pa3oBaTesisHOro npoLlecca OCHoBaHa Ha
NpYHUMNax nNpakTMKO-OPUEHTUPOBAHHOIO U COOLITUIAHOrO MOAXO[0B M Npes-
nonaraet Norpy>eHve MarMcTpaHToB B OCHOBbI MeAuauun B yCroBUSX CMe-
LwaHHoro oby4eHuns. OnpepeneHbl 0CO6EHHOCTU (POPMMPOBaHUS MeToaMYe-
CKOWM rOTOBHOCTM K MeAmaumun B yCNOBUAX CMELLAHHOMo 06yYeHWs, OCHOBaH-
Hble Ha MpUHUMNE rymaHutapusaumm, obecneymBaloLe MHHOBaLMOHHOCTb
MCMNONb30BaHWsA MeaMaTMBHOMO noaxofda B MpakTukax BocnuTaHus. B onbiT-
HO-3KCNepUMeEHTanbHon paboTe NpuHANM yy4actne 92 maructpaHta Cubup-
ckoro defepansHoro yHueepcuteta (COVY), obyyaroLmxca no nporpammam
NcMXonoro-negarormyeckon maructpartypbl B 2020—2023 rr. MNpeacTtasneHsbl
MeToanyeckne MaTepuansl B 061acTu Megmaumm, paspaboTaHHble U peanu-
30BaHHble MarnctpaHtamm CAOY B xoe NpodeccnoHanbHOM NOaroTOBKM.

KnroueBble crioBa: MefyaTop coumarbHbIX KOHPMKTOB; MeToauyeckas ro-
TOBHOCTb K Meauaumu; MeToau4eckoe TBOPYECTBO; Neaaror-ncuxosior; cme-
LuaHHoe oby4eHue; LuncpoBas TpaHchopMaLums 06pa3oBaHuns; rymaHuTapi-
3aums 06pa3oBaHust; ANEKTPOHHOE NOPTONO.
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Introduction

In the context of the development of
digitalization of the education system and, in
particular, its gradual transition to the stage
of digital transformation, the role of blended
learning in the organization of educational
activities, updated by regulatory documents,
is increasing (Strategy for the development
of the information society in the Russian
Federation for 2017—2030 [25], Strategy
for scientific and technological development
of the Russian Federation [26], Strategy for
the development of the information technol-
ogy industry in the Russian Federation for
2014-2020 and for the future until 2025 [14],
Program “Digital Economy of the Russian
Federation” [15], priority project “Modern
digital educational environment in the Rus-
sian Federation” [9]).

Modernization of education in the condi-
tions of the information society requires im-
provement of methodological approaches
to the use of e-learning tools and distance
learning technologies in the logic of digital
transformation, implying a systemic update
of the forms, methods, means and results
of education, evaluating the latter in condi-
tions of active use and development of the
digital educational environment.

One of the consequences of the emer-
gence of the information society is the
emergence of new professions in the 21st
century, which include the mediator of so-
cial conflicts. In the educational sphere,
the position of mediator and curator of the
school reconciliation service is occupied by
teachers, educational psychologists, social
educators and additional education teach-
ers. With the advent of new functional re-
sponsibilities, the problem associated with
the professional training of teaching staff
in the field of mediation and restorative ap-
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proach has become urgent for the imple-
mentation of mediation practices in the
education system.

The relevance of the development of
mediation as a resource for harmonizing
interpersonal relationships is confirmed by
the Professional Standard of a Teacher.
Mastery of technologies for the preven-
tion and resolution of conflicts is one of the
pedagogical tasks and labor functions of an
educator, which includes the formation of a
culture of dialogue through discussions on
problems related to the resolution of conflict
situations; protecting the interests and dig-
nity of students in a conflict situation, pro-
viding them with pedagogical support [12].
In accordance with the Professional Stan-
dard “Teacher-Psychologist (Educational
Psychologist)”, the specialist's knowledge
in terms of conflict management training
includes methods of managing socio-
psychological safety and conflict resolution
[13]. The Strategy for the Comprehensive
Safety of Children in the Russian Federa-
tion for the period until 2030, approved in
May of this year, identifies among the main
tasks and directions in the field of ensur-
ing safety in the children’s environment
the implementation of restorative technolo-
gies and the development of reconcilia-
tion services in educational organizations,
countering the escalation of interfaith and
interethnic conflicts among students [27].

Despite the demand for mediation in ed-
ucation, today there is no state educational
standard for training mediators for the edu-
cation system. The professional standard
“Specialist in the field of mediation (me-
diator)” does not explicitly include the hu-
manitarian and educational component of
the activity of a mediator of social conflicts,
which is characteristic of the professions
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of a teacher and educational psychologist.
Implicitly, the professional standard reflects
aspects of the mediator's activity taking
into account the specialized (educational)
field, including restorative mediation in
education, and also presents the interdis-
ciplinary nature of mediation, integrating
content from at least 4 areas:pedagogy,
psychology, conflict management and ju-
risprudence.

Being a central component in the struc-
ture of a teacher’s professional readiness,
methodological readiness has an integra-
tive nature, representing the unity of the
theoretical and practical components of
readiness to solve professional problems.
However, in the context of mediation, meth-
odological readiness as a subject of re-
search has not previously been considered
in scientific research, which determines the
relevance of this study and confirms the
advisability of choosing methodological
readiness for mediation as a pedagogical
category for consideration and conceptual-
ization.

Features of the sample, means used
and stages of the study

N.V. Lomonosov defines the system
of blended learning for students as the in-
terconnection of elements (administrative,
methodological, technological and peda-
gogical support) aimed at solving social
problems and implying taking into account
the interests of students, while the basis
of this system is electronic educational re-
sources [7].

O.P. Polukhina reveals the essential
characteristics of blended learning as a
technology that promotes the effective
formation of the personal and professional
position of a bachelor's psychologist. A
blended learning system is a teaching and
learning system that includes interdepen-
dent methods and tools that make up a
single whole, such as:

— telecommunications tools, web fo-
rums and web quests, video conferencing;

— heuristic teaching methods, collab-
orative learning, case studies;

— information resources [10].

In the context of blended learning, up-
dating the problem of developing meth-
odological readiness is justified, since the
methodological component in the structure
of a teacher’s professional readiness en-
sures the effectiveness of mastering the
content [24], and blended learning acts
as a mechanism for influencing the effec-
tiveness of the interaction of participants
in educational relations with the content.
Thus, we complement the educational po-
tential of blended learning — as an external
condition for promoting the effective devel-
opment of educational content — with a
methodological component in the structure
of professional readiness — as a factor
in ensuring the effectiveness of students’
work with educational materials.

The pedagogical feasibility of integrat-
ing the principle of humanitarization and
the didactic possibilities of blended learn-
ing in the context of the formation of meth-
odological readiness is due to the fact that
mediation is an interdisciplinary field of
knowledge and has an integrative nature,
just as blended learning integrates various
models and ways of organizing the peda-
gogical process (independent learning,
flipped classroom, rotational training, face-
to-face training with web support, online
laboratory, etc.). In addition, digitalization
and humanitarization today are among the
leading and mutually determining trends in
the development of the education system.
Methodological readiness, in turn, also has
an integrative nature in the structure of pro-
fessional readiness; itis a set of knowledge,
skills and personality traits associated with
the possibilities of implementing various
types of methodological activities [24].

Review of master’s programs in media-
tion [20; 21] revealed the scarcity of devel-
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opments and methodological materials
for training professional mediators for the
education system, taking into account the
specifics of the implementation of multicul-
tural education.

The pedagogical experiment was car-
ried out in the process of training master’s
students in the psychological and peda-
gogical direction of the Institute of Peda-
gogy, Psychology and Sociology of Sibe-
rian Federal University. The sample of this
study consisted of 92 people (42 people in
the control group and 50 in the experimen-
tal group).

The study was conducted from 2019
to 2023. in three stages. At the first stage
(2019—2020), a multidimensional analysis
of the literature and legal documentation on
the problems of the work was carried out,
the relevance of the chosen topic was con-
firmed, the methodological apparatus of the
study was determined, and the essence of
the methodological readiness of master’s
students in psychological and pedagogi-
cal directions for mediation was clarified.
At the second stage (2020-2023), educa-
tional and methodological tasks and the
content of expert assessment were devel-
oped and tested for the formation and as-
sessment of the methodological readiness
of master’s students in psychological and
pedagogical areas for mediation in the con-
text of blended learning. At the third stage
(2023), experimental work was completed,
the results of the expert assessment of the
electronic portfolio of undergraduates were
processed.

Analysis and discussion
of research results

In the study by A.S. Chupris defines
readiness for mediation as a universal per-
sonal competence, including:

— experience in conducting mediation
meetings;

— a complex of cognitive and predictive
abilities for processing information about
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the mediation process, for recognizing and
preventing negative emotional reactions of
negotiators;

— ability to use mediation appropriately;

—emotional and value-based attitude to
the democratic style of communication and
participation in the conciliation procedure
[30].

Based on this work, as well as research
by scientists devoted to the formation
of mediation competence and ensuring
readiness for pedagogical (R.G. Redun)
[17] and online mediation (O.G. Smolyani-
nova, E.A. Alekseeva) [1], methodological
readiness is considered in this study as
a special case of readiness for mediation
and professional activity in general, in the
structure of professional and methodologi-
cal competence (R.V. Ryumin, R.V. Ardo-
vskaya) [18], defined in a general sense
as an activity characteristic motivated the
ability of a teacher-psychologist to method-
ologically support the educational process
based on mediation material, i.e. reflects
the methodological nature of the forma-
tion of the components of readiness for
mediation activities. Methodological activ-
ity acts, in essence, as a propaedeutic of
readiness for mediation in general, which
is pedagogically appropriate and significant
due to innovative content of the restorative
approach and mediation, the heterogeneity
of the contingent of master’s students with
different life, professional and educational
experiences, all this actualizes the task
of primary value-semantic understanding
master’s students in mediation and the re-
storative approach, which determines his
professional position [5].

Clarifying the range of methodological
tasks of a teacher in the aspect of media-
tion and restorative approach is advisable
on the basis of analysis and synthesis
of unified legal acts that reflect the state
and social order for conflict management
training of teaching staff. A comparative
analysis of the Federal State Educational
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Standard of Higher Education 3++ in the
direction of 44.04.02 Psychological and
pedagogical education (master's degree)
[11], the Professional Standard “Teacher-
Psychologist”, as well as the Professional
Standard “Specialist in the field of media-
tion (mediator)” made it possible to identify
their relationship in aspect of the theoretical
prerequisites for methodological readiness
for mediation, which is not directly indicated
in legal acts, but is implicitly reflected in the
relationship of educational results and labor
functions with each other, the actualization
of mediation. The relevance of preparation
for mediation is confirmed by universal and
general professional competencies and
labor functions in the specified regulatory
documents. In accordance with them, the
professional and methodological tasks of a
teacher-psychologist in the aspect of me-
diation and restorative approach in educa-
tion involve not only the organization and
conduct of the mediation procedure and
the conclusion of a mediation agreement
(A/01.6, A/02.6, A/03.6, B/01.7, B /02.7),
since this is, in essence, a subject area of
training.

From the point of view of methodologi-
cal activities and, accordingly, the meth-
odological direction of preparation for me-
diation, the tasks of a teacher-psychologist
are associated with a critical analysis of
problem situations and the development
of a strategy for resolving them (UK-1), the
use of modern communication technolo-
gies (UK-4) and effective psychological
and pedagogical technologies for indi-
vidualization of education (GPC-6), taking
into account intercultural diversity in social
interaction (UK-5), self-organization and
self-development of a teacher-psychologist
(UK-6), compliance with professional eth-
ics and the provisions of legal acts in pro-
fessional activities (GPC-1) , designing
individual and group educational activities
of students (GPC-3), creating conditions
for the spiritual and moral education of

children and youth (GPC-4), organizing
interaction between educational subjects
(GPC-7), methodological support of edu-
cational activities (A/01.7 ), examination of
the safety and comfort of the educational
environment (A/02.7), psychoprophylaxis
and psychological correction of behav-
ior and development of students (A/07.7,
B/04.7), education of participants in educa-
tional relations (B/01.7).

In 2020—2023 We designed and im-
plemented the content of methodological
preparation for mediation within the frame-
work of psychological and pedagogical
master’s programs, which is divided into
three stages. The theoretical prerequisite
for building a methodological system of
preparation for mediation was the distribu-
tion and integration of disciplines, prac-
tices and original methodologically ori-
ented modules in the structure of master’s
training disciplines (Table 1). The logic of
the distribution and interconnection of the
components of educational activity implies
the mastery of disciplines in integration
with practical training in 1—4 semesters,
prolonged for the entire period of study
in the master’s program. Integration and,
as a consequence, the interdisciplinary
nature of training are ensured through
practice-oriented educational and meth-
odological tasks that activate the creative
potential of educational psychologists
in the development of methodological
support for the educational process, its
implementation within the framework of
semester-long distributed practice, rich
in educational events. The effectiveness
of methodological training was ensured
by combining various models of blended
learning: independent work on educational
and methodological tasks; mastering edu-
cational and methodological materials on
preparation for mediation in the format of
electronic, asynchronous learning; a com-
bination of full-time and distance learning,
optimal use of Internet support resources.
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As part of mastering the methodologi-
cally oriented module “Pedagogical support
and career guidance for peer mediators”,
students created and put into practice a
collective project “Pedagogical design of
Olympiad assignments in mediation and
multicultural education for schoolchildren
in grades 10-11”, structured in the MOOC
[8]. From a psychological and pedagogical
point of view, the master’s students in the
project passport justified the choice of the
age category of the intended participants in
the Olympiad, associated with the transi-
tion of leading activities from intimate and
personal communication to educational
and professional activity, which occurs at
a given age. In accordance with this, the
structure and topics of assignments are
determined in a general cultural, interdis-
ciplinary logic that promotes successful
professional socialization in the field of me-
diation at the level of conceptual thinking.

Since in the second semester, in addi-
tion to the discipline “Peer Mediation”, the
course “Information Technologies in Pro-
fessional Activities” was implemented, the
project described above was of a prolonged
nature. The continuation was the creation
and development in social services of the
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network child-adult community “Multicul-
tural mediation in Yenisei Siberia” (Fig. 1)
[19], uniting peer mediators and teacher-
mediators from the macroregion of Yenisei
Siberia. Master’s students played the role
of community moderators, selected speak-
ers for live broadcasts, were engaged in
posting, selecting thematic content for pub-
lication and discussion.

The design and implementation of edu-
cational events was preceded by the devel-
opment in the first semester of the value-
semantic foundations of mediation and the
restorative approach within the framework
of related modules of methodological
training “E-portfolio and imageology of a
teacher-mediator”, “Mediation culture in the
professions of a teacher and educational
psychologist”, “Mediation as resource for
the development of human ecology”, “Me-
diation in education in the conditions of a
multicultural society of Yenisei Siberia”.

As a resource for online support of edu-
cational activities, the electronic portfolio
is a recognized and resource-intensive
means of blended learning and acts as a
tool for authentic student assessment. An
electronic portfolio is a pedagogically ap-
propriate means of humanitarizing meth-
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Rice. 1. Fragments of the interface and content of the online community for children and adults created
by undergraduates as part of their methodological training
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odological training in the logic of digital
transformation. Since its content is not
only a representation of a professional and
personal image, but also educational and
methodological material that is mastered,
simultaneously created, and improved dur-
ing training, implemented in the context of
the digital culture of self-presentation on
the Internet, in the format of a digital trace
with background, reflection on education
and life path professional, personalized ar-
tifacts of professional and methodological
activity in the form of labor products and
achievements.

From the position of imageology and,
accordingly, social branding as a resource
for humanization, an electronic portfolio can
be considered as a means of forming and
developing digital identity. As well as broad-
casting the value and semantic parameters
of the branding object. Therefore, as part
of the first stage of methodological train-
ing, students were immersed in the basics
of mediation and the restorative approach,
including through simulation branding of
mediation, in particular, the implementation
of a group creative project in the format of
developing a corporate style for multicultur-
al mediation in Yenisei Siberia (Figure 2).
Master’s students developed brand books
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in electronic document format [4; 28],
where, in addition to visual constants, they
defined the value-semantic parameters of
mediation as a social, educational and cul-
tural brand, that is, in interdisciplinary logic;
The features of the professional portrait of
a mediator were determined (Fig. 2). As
a conceptual basis reflecting the values
and principles of the restorative approach,
most typical for mediation in the educa-
tion system, the undergraduates chose the
philosophical parable “Everything is in your
hands”, and from there they also borrowed
the butterfly symbol to develop the visual
component of the brand and slogan — as
the basis for understanding the role media-
tor in the formation of the subjective posi-
tion of the parties to the conflict regarding
the conflict interaction.

Humanitarianization as a condition for
the effectiveness of methodological train-
ing determines the interdisciplinary aspects
of mediation in the structure of the meth-
odological readiness of a teacher-psychol-
ogist, and is ensured not only through the
integrative nature of the training content, but
also through the implementation of the logic
of digital transformation in the conditions of
blended learning, expressed in the use of
Internet support resources and an electronic
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Rice. 2. Fragments of group projects to develop a corporate style for multicultural mediation in Yenisei Siberia
and an booklet explaning what is mediator of social conflicts as a profession, reflecting the value and semantic
parameters of mediation as an object of branding
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portfolio in interdependence with the content
of education and its development.

In addition to the examples described
above, which, from the point of view of the
systemic logic of digital transformation, re-
flect the rather indirect nature of its imple-
mentation for preparation in mediation, and
are associated with the development and
understanding of the psychological and
pedagogical aspects of the mediator’s ac-
tivity as a methodologist. As part of their
training, master’s students also purposefully
developed practice-oriented methodologi-
cal resources aimed at solving professional
and methodological problems, taking into
account the interdisciplinary aspects of me-
diation. Since one of the components of
methodological readiness (in particular,
theoretical and methodological) is directly
related to the tasks and mission of master’s
training in terms of solving applied problems
in professional activities using scientific
methodology, then, for example, in the first
semester, within the framework of research
practice, master’s students it was necessary
to develop and test diagnostic tools aimed at
solving one or more professional and meth-
odological tasks of a mediator in an educa-
tional organization, such as:

— professional socialization of school-
children in the field of mediation;

— humanitarian examination of the so-
cio-psychological safety of the educational
environment;

— study of ideas about the mediator
profession and mediation as an interdisci-
plinary brand;

— monitoring the activities of school
reconciliation services in the focus of multi-
culturalism and cyberbullying;

— psychological and pedagogical edu-
cation in the field of mediation.

Examples of the content of question-
naires and questionnaires [2; 3], developed
by undergraduates, are presented in Fig. 3.
For example, future educational psycholo-
gists studied the ideas about mediation
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among subjects of the educational process,
in particular, associative series and char-
acters from works of art were selected for
questions, taking into account the value-se-
mantic parameters of the mediator’s activity.
As part of their research practice, students
prepared reports and theses on mediation
for the International Conference [16].

In the second semester, students, while
solving educational and methodological
problems, developed chatbots on the sub-
ject of mediation as a means of method-
ological support of the educational process,
in particular the activities of the online child-
adult community described above. Today,
a chatbot is one of the most interesting and
promising forms of content implementation,
including in the context of blended learning,
as it represents an example of the effective
and interactive use of artificial intelligence
and machine learning technology, which,
due to its conversational interface, makes it
possible for automated mediation between
students and content [6], which expands
the opportunities for self-education inher-
ent in master's programs. For example,
master’'s students developed a practice-
oriented chatbot using the terminology
of the mediation approach, which can be
used within the framework of psychological
and pedagogical education [29].

Pedagogical support of peer mediators,
acting as a propaedeutic of methodologi-
cal support and a condition for mastering
it, was implemented over a long period of
time, both in the second and third semes-
ter. As part of the technological practice,
students provided individual and group
pedagogical support for the participation of
talented schoolchildren in specialized medi-
ation competitions — within the framework
of an international conference, a city team
competition of web quest projects (online
communities, chat bots, websites, etc.).
Based on the subsequent analysis of video
recordings of schoolchildren’s speeches at
the conference [31] and the products of ac-
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Rice. 3. Examples of diagnostic tools in the field of mediation, developed by undergraduates
as part of research practice in the first year

tivity created as part of a team competition
[23], undergraduates developed method-
ological recommendations to ensure the ef-
fectiveness of promoting the development
of schoolchildren in the field of mediation,
the effective organization of creative work
of students at the intersection of mediation
and digital technologies.

In the final, fourth semester, master’s
students, as part of practical training, took
part in the interregional case championship
in mediation, playing and resolving cases
reflecting the problems of intercultural con-

flicts in education in the multicultural society
of Yenisei Siberia (using the example of the
characteristics of the indigenous peoples of
the North) [22] . Questions for solving the
case were aimed not only at the substantive
component of the mediator’s work in resolv-
ing the conflict, but also at the methodologi-
cal understanding of cases on conflict topics.

Methodological preparation for media-
tion included the accumulation and record-
ing of learning results in an electronic port-
folio in the form of products of educational
and methodological activities and artifacts
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confirming the acquired professional and
methodological experience, participation or
victory in an educational event. Based on
the electronic portfolio, the level of meth-
odological readiness of undergraduates for
mediation is assessed upon completion of
training, during the state final certification.

The maturity of methodological readi-
ness within the framework of the pedagogi-
cal experiment was diagnosed through an
expert assessment of the electronic portfolio
of each graduate of the psychological and
pedagogical master's program. Tradition-
ally, a level approach to scaling results was
used (0-20 points according to the criterion).
The expert assessment sheet contains 5
assessment criteria directly related to meth-
odological readiness for mediation, respec-
tively, the maximum possible score is 100:

— the portfolio of achievements acts
as a resource and information base for the
implementation of practical activities (OPK-
1), includes practice reporting materials re-
flecting the specifics of interaction with par-
ticipants in the educational process, social
partners in solving research problems, its
leadership functions in conducting experi-
mental work (OPK -7);

— contains scientific (articles, mono-
graphs, abstracts), educational, method-
ological and information publications, doc-
uments confirming participation in research
projects (OPK-2);

— includes developed and used methods
for organizing educational activities, psy-
chological, pedagogical and methodological
support for the implementation of basic and
additional educational programs, diagnostics
of children and students (PC-1, PC-5);

— contains reports on research work
demonstrating awareness when conduct-
ing research work, the ability to provide
psychological counseling to subjects of the
educational process (PC-3), includes arti-
facts demonstrating the ability to self-edu-
cate, see one’s own professional prospects
and build a career, awards for the results of
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research work (UK-6 );

— contains practice reporting materials
showing mastery of methods of psycho-
logical education of subjects of the educa-
tional process (PC-6), the ability to provide
psychoprophylaxis (PC-7) [11].

The results of the expert assessment
of the portfolio in the control groups (CG)
and experimental groups (EG) are clearly
reflected in Fig. 4 in percentage terms, and
demonstrate significant differences in the
data of the pedagogical experiment in the
CG and EG. In particular, a high level of for-
mation of methodological readiness for me-
diation prevails in the experimental group,
and an average level in the control group.
In addition, the low level of readiness in the
EG is lower in percentage terms than in the
CG. The data obtained indicate the effec-
tiveness of developing the methodological
readiness of undergraduates in psychologi-
cal and pedagogical areas for mediation in
the conditions of blended learning.

Conclusion

In modern conditions, the contradiction
between the demand for mediation in edu-
cation and insufficient scientific understand-
ing, legal and methodological support for its
implementation in the context of education
is becoming more urgent. Therefore, the
targeted formation of methodological readi-
ness of master’'s students in psychological
and pedagogical areas for mediation is jus-
tified and makes it possible to ensure the
pedagogically appropriate use of mediation
for the prevention and resolution of conflicts
between subjects of the educational pro-
cess. The phenomenon of methodological
readiness in relation to conflict management
training is of a proactive nature and is as-
sociated with the solution of professional
and methodological tasks to harmonize the
psychological climate of the educational en-
vironment. At the same time, consideration
of methodological readiness as a subject of
research requires interdisciplinarity in the
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study of this pedagogical phenomenon, tak-
ing into account the specificity of the field of
mediation and the professional position of
the mediator of an educational organization,
integrating the functions of a teacher, meth-
odologist and mediator.

As part of this study, a methodological
approach was developed to prepare under-
graduates in psychological and pedagogi-
cal fields for mediation, which is based on
the integration of the principle of humani-
tarization and blended learning technology.
Methodological readiness is an integrative,
activity-based characteristic of the person-
ality of a professional mediator, expressed
in his ability to design and solve profession-
al and methodological problems, taking
into account the interdisciplinary aspects
of mediation. It is formed and revealed in
methodological creativity, in the design and

implementation of methodological activi-
ties. It is advisable to determine the range
of professional and methodological tasks of
a mediator of an educational organization
through the competencies and labor func-
tions enshrined in the Federal State Educa-
tional Standard for Higher Education 3++
in the direction of 44.04.02 Psychological
and pedagogical education (master’'s de-
gree), Professional standards of a teacher-
psychologist and mediator.

The conducted research represents
one of the options for developing a prom-
ising theoretical and practical problem of
methodological preparation for mediation;
it does not pretend to be a complete dis-
closure of all aspects of the topic raised.
The described theoretical and practical de-
velopments can be extrapolated and con-
tinued by other educational organizations.
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LincbpoBomn CTOPUTESININHI KaK CPeacTBO
BOCNUTaHus n popMmmpoBaHuns
AYXOBHO-HPaBCTBEHHbIX LLeHHOCTEN

B NOAPOCTKOBOM BO3pacTe

(Ha npumepe nuTepaTypHOro Mmatepuana)

lMockakanoBa T.A.

Ore0Y BO «MocKoBCKUA rocyAapCTBEHHbIN NCUXONOro-nefarormieckuin yHuBepeuTeT»
(Preoy BO MITTIMY), r. Mockea, Poccuiickas depepaums

ORCID: https://orcid.org/0000-0003-4932-0921, e-mail: poskakalova @gmail.com

B ctaTbe npenctaBneHbl pe3ynsTaTtbl UCCNefoBaHUS, NOCBSALLIEHHOMO M3y4e-
HWUIO BO3MOXHOCTEW NPUMEHEHUS OeATENIbHOCTHON TEXHOMOMM MO CO3[AaHUI0
LMPPOBLIX UCTOPUIN B LIENAX OYXOBHO-HPABCTBEHHOIO BOCMUTaHWUSA NOAPOCT-
koB. ViccnepoBaHue npoxoguno B mapte 2023 r. Ha 6aze MBOY COLU Ne 4
r. Kawmpbl, B HEM NPUHANK yy4acTue 38 LLKOSIbHUKOB 7-X KIaccoB B BO3pacTe
13—14 net. B pamkax nccnegoBaHus B TeHeHue Tpex 3aHATUI Oblnnv coO3faHbl
9 MynbTOUNIBMOB B TEXHMKE Stop-motion aHMMauMm Ha OCHOBe nuTepartyp-
Horo matepuana A.l. YexoBa. B cTtatbe npefactaBneH aHanmM3 TBOPHYECKOrO
npouecca co30aHus aHMMaUMOHHbIX MPOAYKTOB, PACCMOTPEHbI OCOOEHHOCTH
hopMUPOBaHMS [yXOBHO-HPaABCTBEHHbIX LIEHHOCTEN B Mpolecce co3faHus
MynbTMnbMOB. Takxke npeacTaBfieHbl AMNMPUYECKME OaHHbIe, OEMOHCTPU-
pytoLLme 0CO6EHHOCTM BOCTIPUATUSA COBMECTHOM AeATENIbHOCTM Mo paboTe Haf
MynbTUbMaMy B 3aBUCUMOCTU OT CTEMeHVW MOTUBaUMU K OEeSTENbHOCTU.
[okaszaHa 3pPeKTVBHOCTb MPVMEHEHWS NPaKTUK MO CO3[AaHMI0 LMMPOBbLIX
VCTOPUIA MOJPOCTKaMU ANs HaNaXMBaHUs MEXIIMYHOCTHON KOMMYHMKaLMK,
NMPVCBOEHMSA HPaBCTBEHHbIX U MPOCOLManbHbIX MOAENEn NoBeAeHWs, pa3Bu-
TUS MHTEpeca K KNnaccu4eckon nurtepaType, TBOPYECKON camopeannaaLnum.

Knro4eBble cnoBa: LMPPOBOM CTOPUTENNUHE; Stop-motion aHumaums; noa-
POCTKM; Knaccuyeckas nurepartypa; fyxoBHO-HPaBCTBEHHOE BOCMMTaHUE.

®duHaHcupoBaHue. ViccnenosaHve BbINOMHEHO Npu huHaHcoBoW noanepxke MuHucTepcTea npo-
cBeLeHns Poccuiickont defepaumm, rocyaapcteseHHoe 3agaHve Ne 073-00038-23-05 «lMogpocTko-
BbIl TeaTp Kak AesTeNbHOCTHAs TEXHOMOMMS BOCNUTaHUSA U (DOPMUPOBaHNSA [yXOBHO-HPABCTBEHHbIX
LIeHHOCTEM».

IAnsa umtatel: [lockakanosa T.A. LIMbpoBON CTOPUTENNUHI Kak CPeACTBO BOCMUTAHUS 1 (hOPMMPO-
BaHWSA [yXOBHO-HPABCTBEHHbIX LIEHHOCTEN B MOAPOCTKOBOM BO3pacTe (Ha nMpumepe nutepaTypHoro
martepuana) // MNcuxonornyeckas Hayka u obpasoanue. 2023. Tom 28. Ne 4. C. 177—189. DOI:
https://doi.org/10.17759/pse.2023280411

Digital storytelling in an educational digital storytelling is seen as a pedagogi-
aspect cal technology that involves delivering the

Today, digital storytelling has become an  content of education in the form of a story
integral educational practice in both higher with its typical structure and components
education and schools [8]. In education, (introduction, development of events or con-
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flicts, climax, resolution), but with a focus
on digital visualization and the use of digital
tools. Though digital stories can take forms
of multimedia presentations, documentary
films, animated videos, infographics, web
publications, etc. The advantages of digital
storytelling in education include its memo-
rable narrative due to emotional impact, ef-
fective delivery of information, presentation
of a large amount of material in a concise,
dynamic, and visual form, stimulation of
motivation for learning and individualization
of education [5]. Digital storytelling is often
used in school to develop ICT and com-
munication skills, linguistic and intercultural
competencies, critical and creative thinking,
multimodal and functional literacy [17; 18].
Currently, it is passive storytelling that
predominates in Russian pedagogical prac-
tice. It implies the teachers’ use of digital
stories to support and visualize their expla-
nations, simplify communication with “digital
natives” or teach online. According to this
approach, teachers use technology to en-
hance their own speech, while students are
supposed to be attentive viewers and listen-
ers'. At the same time, it can be assumed
that more effective practices involve active
storytelling, when it is students themselves
who become authors of stories, whereas the
teacher’s role is to articulate the initial event
or a problem to develop in the plot as well
as to control the process of creating a story
and evaluate results. In this approach, the
teacher imparts not only explicit knowledge
but also “hidden” knowledge — skills that
are difficult to assess or distinguish but the
ones that encompass a range of acquired
skills (communication skills, self-regulation,
reflection, logical thinking, etc.). The most
convenient form of implementing active
digital storytelling is through project-based
work [1]. Digital storytelling projects can ad-

dress one or several academic disciplines,
establish interdisciplinary connections, bring
together different groups, and contribute to
the formation of prosocial behavior.

However, it should be noted that despite
the growing interest in digital storytelling in
the educational context, it is still rarely used
by Russian educators as a tool for charac-
ter education, particularly for the purposes
of spiritual and moral values formation.

Digital storytelling and classic
literature

Spiritual and moral education in sec-
ondary school not only stands for students’
integration into society, but also encom-
passes the formation of a communicative
and empathetic personality, which is char-
acterized by such qualities as kindness,
mindfulness, responsibility, respectfulness,
empathy, and willingness to help. Spiritual
and moral education also aims at “realizing
the moral and aesthetic value of literature”.
Classic literature serves as a “guide and
manual” for shaping moral ideals and value
orientations [3; 6; 13, p. 1321]. However,
contemporary teenagers have shown a
decline in interest in reading, partly due
to a lack of understanding of moral ideals
and orientations presented in classic lit-
erature [9, p. 253]. In addition, according to
N.N. Kaznacheeva, today’s youth is char-
acterized by “the contradiction in the for-
mation of value orientations that causes a
slow internalization of values, which leads
to the phenomenon of moral infantilism
that results in social immaturity” [4, p. 20].
Among the reasons why teenagers refuse
to read are: the trend towards simplifica-
tion, the prevalence of visual culture, the
preoccupation with social media and self-
presentation, the preference in reading hy-
permedia texts rather than classic literature

1 Digital storytelling. Opportunity to develop skills in modern technologies, creativity and imagination URL: https://ug.ru/

czifrovoj-storitelling/
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texts [10; 14; 15].

To address this situation, a systematic
solution is required, such as expanding a
variety of educational systems and peda-
gogical technologies?. Digital storytelling
could be considered as a tool to help teen-
agers pay attention to classic literature,
analyze it from a spiritual and moral per-
spective, form their own value orientations
as a mature and cultural personalities.

It is worth to mention that in recent years
digital storytelling has been actively devel-
oped for the purposes of school literature
classes. Students are encouraged to pre-
pare essays, writers’ biographies reports,
simulated interviews, virtual excursions,
and book trailers (creative videos by stu-
dents with reviews of the books they have
read) in digital format [5]. To increase the
range of active digital storytelling practices
as well as to explore the ways of integrat-
ing ICT into the educational process for the
spiritual and moral development of contem-
porary teenagers, a study was conducted
as part of the project “Teenage Theater
as an Activity Technology of Upbringing
and the Formation of Spiritual and Moral
Values”. It was carried out on the basis of
the Center for Interdisciplinary Research
of Contemporary Childhood, MSUPE, the
research objectives were:

e studying teenagers’ perception of
digital storytelling as a new creative prac-
tice and experience;

e assessing the educational potential
of active digital storytelling and evaluating
its role in the moral development in con-
temporary teenagers;

e examining the impact of digital sto-
rytelling on teamwork within project-based
activities;

¢ assessing the acquisition of new digi-
tal competencies;

e evaluating readiness for artistic re-
interpretation and presentation of spiritual
aspects of classic literature in digital format;

 identifying difficulties in the process
of learning digital storytelling.

Research design

The research was conducted in March,
2023, on the basis of school Ne 4 in Kashira
town, Moscow region; 38 teenagers aged
from 13 to 14 years old took part in it. The
teenagers were divided into two groups:

e unmotivated teenagers (17 students
from the 7th “A” class, characterized by
detachment, conflicts, weak academic
achievements, lack of motivation for new
types of activities);

e motivated teenagers (21 students
from the 7th “V” class, distinguished by
friendly relationships within the class, high
performance and involvement in school life).

e During three sessions (1.5 hours
each), the teenagers created 9 cartoons
that were included in the final performance
of the project — in the play “Who Are You,
Mr. Chekhov?”. After finishing the cartoons,
the teenagers filled in:

e aquestionnaire “How | created a car-
toon”, consisting of 10 mostly open-ended
questions, aimed at revealing their roles in
the creative process; self-assessing con-
tribution to the teamwork, analyzing the
difficulties of realization of ideas and imple-
mentation of plans; evaluating the value of
the acquired experience;

* reflexive diaries, the purpose of which
was to reveal the teenagers’ emotional at-
titude to the activities on animation produc-
tion, their reflexive observations of their own
progress, changes in the teammates.

The results of the surveys were pro-
cessed with the use of descriptive statistics
and qualitative analysis.

2 Order of the Government of the Russian Federation No. 996-r from May 29, 2015 “On approval of the strategy of devel-
opment of education in the Russian Federation for the period until 2025”.
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Stop-motion animation for upbringing
and educational purposes

As a literary basis and reference for
digital stories the teenagers chose short
stories and words of wisdom (quotes)
by A.P. Chekhov, since the educational
potential of his texts has been noted by
researchers [6; 16]. They created car-
toons in the stop-motion technique, which
presents frame-by-frame animation. Its

production involves sequential shooting of
photographs with further montage of these
photographs into a video or animated sto-
ry [12]. This technique was chosen due to
its simplicity. For teenagers it is both easy
to understand and use for artistic self-ex-
pression, also it allows to work in groups
of 3—5 students and create creative prod-
ucts relatively quickly. The plan of work
(stages) is shown in Fig. 1.

/ Pre-production stage — \

4 N

getting acquainted with
the principles of stop-
mation animation,
development of a cartoon
idea

1. Explanation of principles
af animation creation
{differences and technical
aspects of taking photos
due to the specific goals,
shooting process,
compasition).

2. Acguaintance with
techniques and software
for editing an animated
product (cartoon].

3. Setting or elaborating
the rules for what should
NOT be induded in an
animated product (scenes
of violence, offensive
language, swearing, ete.).

4. Setting the task,
explaining the evaluation
criteria for the assignment,

5. Brainstorming,
developing a brief stary
script.

&. Creating storyboards, a
script.

&

AN

Production stage - preparation of
the background, characters, and
shooting.

I. Preparation of the background.
Creating a background on a sheet
of paper for the unfolding story
(drawing, caloring or printing
objects, cutting out, sticking or
gluing them).

. Il Creation of characters

Creating characters ar abjects that
will later be moved across the
background. Body parts can be cut
separately to mowve characters by
bending their limbs according to
the script. If possible, fasten them
with brads or reusable adhesive
materials (UHU PATAFIX PASTEL,
office clay, etc.) to maintain the
ability to “reassemble” the
characters.,

Il. Shooting of photographic
material

1. Setting up the lights, adjusting
the filming equipment
(smartphone, cameral, testing it
and shooting the first frame.

2. Moving characters and objects,
subsequent frame-by-frame
shooting the scenes.

Post-production
stage - editing an
animated product.

1. Uploading the
photographic
material to a
computer/tablet,
processing and
editing the photos

2. Imparting the
photos into editing
software, selecting
soundtracks from
available options
or recording own
MUSIC O WHCE.

3. Editing the
cartoon according
to the storyboard
or the script.

4. Presenting the
cartoon to the
audience ar
educator, project

defense.

/

. J/

Fig. 1. Stages of cartoon creation process with the use of stop-motion animation technique
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Considering the specifics of the activi-
ties, the main criteria to assess the educa-
tional achievements and the results of for-
mation of spiritual and moral values were
figured out, they are [7]:

spiritual and moral interpretation of liter-
ary material;

established relationships between stu-
dents and students as well as students and
teachers, based on mutual understanding,
respect and cooperation;

organization of students’ independent
work (interest, motivation, consciousness,
self-assessment, reflection, self-realization,
self-determination and etc.);

students’ mutual assistance (willing-
ness to help, patience, sensitivity, respect).

The sessions were conducted in accor-
dance with the indicated goals, the content
of the sessions is presented in the table 1.

While teaching the sessions, the educa-
tors created and implemented the personal-
ity-developing situations: teenagers had to
organize their activities without adults’ help,
distribute equipment (tripods, lamps), share
tools and craft materials, assign respon-
sibilities for different types of activities and
actions, formulate the moral “core” of their
stories and critically assess achievements.

Analysis of the cases on creating
animation

From a pedagogical point of view, spiri-
tual and moral education is a multi-stage
work. Within the framework of the process of
cartoons creation, these stages included [2]:

e formation of ideas about values —
analysis and discussion of literary material,
inventing a plot and characters, thinking
over the moral foundations for characters,
their motives and etc.;

e consolidation of values in the structure
of the personal value system and forma-
tion of readiness to act in accordance with
them — development of effective commu-
nication in teams, formation of responsibility
for task fulfillment, acting independently from
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teachers (self-organization), expression of
empathy, helping the “lagging behind”;

e practical activities based on previ-
ously formed values — self-control of be-
havior, the spread of developed behavioral
models to both school life and dalily life.

According to the assessments by teach-
ers, who worked with teenagers during the
sessions, the project participants started ex-
periencing difficulties already at the stage of
analyzing the moral value of the literary mate-
rial. Also, they couldn’t interpret the essence of
what they were reading. Thus, the most active
teenage team took on the making a cartoon
based on the short story “Enemies” by Chek-
hov. This story raises the question of a doctor’s
duty and responsibility. “Enemies” tells about
the moral conflict between two characters, a
doctor, whose only son has just died because
of the iliness, and his visitor, Mr. Abogin, a self-
ish and manipulative person. Mr. Abogin is of
a higher social status; his fake grief turns out to
be a farce and mortally insults the doctor as he
is suffering from the real loss. Initially, the story
was perceived by teenagers only as a certain
sequence of events and characters’ actions
(“the external level of the story”), they justified
Abogin’s actions by the fact that any doctor,
whose service is paid, has to obey and do
his job, neglecting his own dignity, demands
and feelings. During their work on the cartoon,
teenagers not only repeatedly analyzed the
text of the story, but also researched the writ-
er's biography and letters, watched the film ad-
aptation directed by Yu.P. Egorov (1960). As
part of this work, the teenagers discussed and
in collaboration interpreted such concepts as
“humanity,” “vulgarity,” “offense,” and “human
cruelty,” which were initially completely incom-
prehensible to them. The teenagers carefully
worked on the story’s characters, focusing at-
tention on their motives and emotions. Such
practice was useful for the teenagers as later
they incorporated their experience in the final
play of the project. They played themselves
the episode with the doctor and his visitor on
the school stage.
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Besides misunderstanding the charac-
ters’ feelings and misinterpreting the essence
of the moral conflicts, the teenagers also
consider some moral statements (words of
wisdom) incomprehensible. For example,
the quote “An idle life cannot be pure” by
A.P. Chekhov confused the teenagers, as
they believed that the word “idle” does not
have a negative connotation. What is more,
the teenagers believed that if people were
resting 24/7 and enjoying pleasures, they
were truly happy, though such way of living
cannot be considered as meaningless or
lead to harmful consequences for both in-
dividual and society. One more example of
such mixing up the meanings is animated
interpretation of Chehov’s quote “Life is like
a flower, growing luxuriantly in the field: a
goat comes, eats it and there is no flower”.
Teenagers again saw it as an ability to live
a life joyfully and fully rather than the fragility
of life and brutality of actions that can take it
away in a moment. After some analysis and
discussions, the team of teenagers created a
cartoon, showing a person’s foot stepping on
a flower, struggling to grow on the meadow
under the sun, and totally destroys it. This
plot, in their opinion, reveals carelessness to-
wards the surrounding world, including living
nature, though they reflected the idea of the
quote quite directly and failed to recognize
a metaphor. Interestingly, in the teenagers’
team, worked on this quote, there were two
competing leaders who could not agree with
each other . However, another girl later joined
them and since then all the team started
working productively and managed to com-
plete the cartoon. The situation suggests that
the teenagers themselves were able to cope
with instability themselves and emerge from
it, showing friendliness and determination.

One more case of two boys S. and D.,
who used to stay apart from their classmates
before the project, demonstrates the similar
positive impact of participation in cartoon-
making project on interpersonal communi-
cation. Their learned helplessness led to the
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fact that in the first session they even did not
start working, as they had not had prepared
for it properly, though they could not even
ask for help or borrow craft materials from
the classmates. They also did not dare to
approach the teachers, it was difficult for
them to form a request. Had discussed the
problems in the second session, they finally
chose the quote to work on. It was “There is
no better reward than the peace paid with
work”, which they initially interpreted as the
need to earn a lot of money to be able to re-
lax and chill out. As a result, the boys came
up with a plot about building a public bath/
sauna, where after hard work on its con-
struction not only the builder, but also other
people could have a rest. However, during
the work, it turned out that the boys did not
get along with drawing and cutting out op-
erations due to underdeveloped motor skills.
They were very ashamed of their inability.
With the teachers’ help the boys explained
the problem and asked the girl A. to join the
team. Not only three of them completed the
work but also became friends and now sup-
port relationships in free-of-school time.
Among other plots on a moral choice of
cartoon characters in a problematic situa-
tion, the most striking one was the plot due
to which teenagers help a young mother
who does not have enough physical
strength to drag the stroller with a newborn
into the porch. This episode reflected the
quote “While young, strong and full of life,
do not stop doing good things”. Another
cartoon showed a story in which a pedes-
trian indifferently watches as a hooligan
breaks a snowman, made by a child. As a
punishment for indifference to the observed
actions of bulling and injustice, the pedes-
trian turns into a huge black hole. The idea
arose on the basis of the quote “Indiffer-
ence is the paralysis of the soul and a pre-
mature death”. Thus, the analysis of some
animated plots confirms that the cartoon
project participants after discussions and
team work in the sessions demonstrated
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a tendency to create social advertising, re-
flect on their experience, develop their own
pro-social behavior, which resulted in de-
crease in conflicts in their daily school life
as a whole. In addition, personal changes
in the team members were noticed by both
the project participants and even those
teachers who did not take part in the proj-
ect but continue teaching these teenagers.
For instance, Mrs Hegai, a teacher of Rus-
sian Language and Literature, noted that
“the teens, involved in the project, have be-
come more confident in answering during
her lessons, their motivation for learning
and self-esteem increased as well”.

Adolescents’ perception of digital
storytelling as a form of collaborative
activity

Despite the fact that, when working on
cartoons, the majority of teenagers in both
subsamples experienced difficulties in joint
activities and communication, by the end of
the sessions the greatest dynamics in estab-
lishing relationships were observed among
unmotivated teenagers. In their reflective
diaries not once they noted that they learned
to “work in a new company”, “communicate
negotiate and

normally with classmates”,
come to an agreement with other guys.”

discover new talents and interests
get acquainted with new creative activities

make friends with classmates

get better acquainted with Chekhov's works and
literature legacy

s

These changes were also confirmed by
the empirical data. Unmotivated teenagers to
a greater extent saw in the cartoon creation
activities an opportunity to make friends with
classmates and unite (23% of the unmotivat-
ed teenagers and only 6% of motivated teen-
agers) (Fig. 2). In their turn, motivated teenag-
ers saw more opportunities for development
and personal growth. Thus, they largely noted
that they were able to discover new talents
and interests in themselves (35% and 47%
of unmotivated and motivated teenagers ac-
cordingly) and get acquainted with new cre-
ative activities (29% and 41% of unmotivated
and motivated teenagers accordingly). The
largest number of teenagers in both samples
mentioned that, thanks to digital storytelling
sessions, they were able to become better
acquainted with works by Anton Chekhov
(35% and 58% of unmotivated and motivated
teenagers accordingly). This means that dur-
ing sessions the largest number of teenagers
paid attention specifically to the literary and
semantic aspect of the activities.

Reflecting on the question whether ani-
mation experience would be useful in the
future, unmotivated teenagers mostly an-
swered “l don’t know” or “it will be useful at
work,” while motivated teenagers thought
about more realistic prospects. They as-

a47%
35%
41%
29%
6%
3%
S8%
35%

10% i 0% 4% 50 G0% 0%

m motivated teenagers munmotivated teenagers

Fig. 2. The teenagers’ assessment of the results and value of digital storytelling activities
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sumed that they would be able to imple-
ment their obtained knowledge “in creat-
ing projects at school”, in such classes as
“Technology and Fine Arts”, “in some other
creative activity”, they would also be able to
“help children in the future”, etc.

In both subsamples the empirical study
demonstrated a difference in teenagers’ mo-
tives and in the assessment of their anima-
tion activities. A quarter of motivated teen-
agers noted that they achieved their goals
and completed assignments in class, but
not a single teenager from the subsample
of unmotivated teenagers noted that they
completed the work to the end. At the same
time, the majority of unmotivated teenagers
answered that they could produce cartoons
(45% of the subsample) or were ready to try
(22% of the subsample) (Fig. 3).

I digd it

|

| want to do this

| can dao it

|

| weill kry 2904

how can | do it 86

14%

I will not do it 7%

E
=]
I*

Q0 0% 2%

25%

1

Interestingly, absolutely all motivated teen-
agers noted that they felt passionate while
working on cartoons (100%), among unmoti-
vated teenagers this number reached 71%. At
the same time, 22% of unmotivated teenagers
experienced frustration and dissatisfaction
with themselves, 7% of unmotivated teenag-
ers felt fear that they would not be able to cope
with working on cartoons, that they would not
succeed. Also, after digital storytelling ses-
sions, 43% of unmotivated teenagers expe-
rienced fatigue, while none of such students
were found among motivated ones. Also,
among motivated teenagers, a significantly
larger number of project participants perceived
animation activities positively and would like
to develop in this direction (75%), while only
36% of unmotivated teenagers would agree to
continue producing cartoons (Fig. 4).

59%

I 0% S 60% T

mmotivated teenagers munmotivated teenagers

Fig. 3. Teenagers’ attitudes towards digital storytelling classes

everything was great, | want more “ 75%

I e e 43%

o34 10% 0%

3% A3 0% 60% T0% B0

mmotivated teenagers munmaotivated teenagers

Pic. 4. Emotional perception of activity on digital storytelling production
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Conclusions

The received data shows that digital
storytelling as a practice-oriented peda-
gogical technology allows to solve a wide
range of tasks from establishing interper-
sonal relations to creative development
of teenagers. The mechanism of creating
digital stories not only helps to develop
digital competencies, understand the moral
essence of classic literature, express one’s
opinion and attitude towards the studied
problem, but also offers a range of oppor-
tunities to reduce conflicts among peers,
instill moral traits in them and make teen-
agers confident in their abilities. While
working on digital stories, based on literary
material, regardless of team cohesion and
motivation, such experience contributes to
the formation of spiritual and moral stan-
dards of teenage behavior and the devel-
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Man of Activity
To the 75th Anniversary of Vitaly Vladimirovich Rubtsov

On October 20th, Dr. Vitaliy V. Rubtsov celebrates his 75th anniversary. Dr. Rubtsov is a
founder, the first dean, the president of MSUPE, and the head of the International UNESCO
Chair on “Cultural-historical Psychology of Childhood” (MSUPE). Vitaly Rubtsov is a leading
scientist, a specialist in general psychology, pedagogical and age psychology, an academician
of RAO Rubtsov began, under the guidance of Dr. Vasiliy Davydov, to study the problem of
cooperativeness in solving physical tasks and created a new scientific direction in socioge-
netic psychology. He investigated the determination of developmental processes in learning
by social relationships between children and adults, he created a concept of new forms of
child-adult sociality in education. He investigated the formation of the individual subject within
the collective subject, investigated the correlation between the transformation of the collective
subject and rising learning independence, initiative, arbitrariness, and freedom among other
students. The traditional school tries to make the content and form of learning accessible for
children's (and adults') minds, and cultivates "delayed" development; the school is not ready
to change. Such a conclusion is made by Vasily Davydova. A school (class, group) that sees
itself as a place for the transfer of knowledge, skills and abilities, rather than as a potential col-
lective subject that seeks, tries, and transforms, full of initiative from children and adults. Such
a school cannot become a child-adult community. This is a conclusion from the works of Dr.
Rubtsov in continuation of Vasily Davydov's ideas. How to create a developing learning com-
munity of children and adults as individuals within schools — it's the main problem that solves
Rubtsov and his followers.
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Starting in the late 1980s, Vitaly Rubtsov initiated and developed many educational proj-
ects, from the informatization of education to the creation of educational standards for teacher
training.

For the first time, a wide range of psychologists who had previously been assigned to
"service" functions (diagnosis, counseling, etc.) were recruited for this work. These were the
psychologists from the Psychological Institute of the Russian Academy of Education, which
Rubtsov headed for more than 20 years, and the MSUPE "on the shoulders of the scientific
schools of the Institute" (Rubtsov's expression). The dispute about which approach is better —
the activity or non-activity approach — was resolved in the practical sphere, where Rubtsov's
team designed educational programs. Rubtsov developed educational practices in learning,
games, and other types of activities. In order to transform social practices, it is necessary to
develop these practices as a transforming activity. It is pointless to "transform" anything from
the outside. If we wish to achieve the developmental effects of education, then the models
of education themselves should be constructed as "development of activity" (V.V. Davydov).
Following this logic, Dr. Rubtsov conceived and created our university, MSUPE, and continues
to work on it. MSUPE is a peculiar world of activities. Students get introduced to it from the
very beginning, and the more they learn, the more they understand how activities are orga-
nized. According to the idea of Dr. Rubtsov, there should be no borders between fundamental
knowledge (theoretical thinking), "application of knowledge" (theoretical thinking in order to
obtain new knowledge), designing (the project is a theoretical way of transforming reality), and
organization of activity (it is a cooperation of the actions of participants; "understanding of the
essence of the matter" is a component of theoretical design). As far as we know, such a model
of university education has no analogues. A few years ago, Vitaly Rubtsov gave an interview
for the MSUPE video project "Psychologist-and-Me: Living Stories". When he was asked, what
his dream was, he answered: “l dream of building a school. | dream about it, because | know
how to do it. | know how to teach children to learn. That's what schools are for”. There was the
wisdom of a scientist who, having created a scientific school and the university, came to the
most difficult task: to be a school teacher.

He, in the words of Martin Heidegger, "must have the capacity to be more teachable than
the students. The teacher is much less certain of his rationale than those who learn. If the rela-
tions between the teacher and his subject are healthy, then there is no room for the authority
of omniscience or a personal authoritarian position. In such a case, becoming a teacher is a
sublime vocation, which is in some ways quite different from becoming a famous professor. But
this can be deeply understood only by the "famous professor," i.e., the scholar. As he realizes
himself to be a teacher he, at the same time, is able to assume the changing position of the stu-
dent in teaching. It is difficult to answer the question of who has it harder. We can only give an
example of the "coincidence of positions" of scientist, teacher and student, as Vitaly Rubtsov
does, following the ideas of his teacher Vasily Davydov. He could work in there positions cheer-
fully, energetically, and youthfully; it's a gift and a condition for new accomplishments. A gift is
always a burden, which you can't share with others, although, in the end, this gift is meant for
them. And it is a lucky vocation.

We congratulate Vitaly Rubtsov on his anniversary and wish him many years, good health,
strength, and the mood to follow his vocation.

A.A. Margolis, V.T. Kudryavtsev, A.A. Shvedovskaya
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