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preferred by preschoolers and their executive functions. For a more detailed
study we created a classification of the games in question based on the con-
tent analysis of the participants’ interview, game mechanism, and the required
cognitive functions. 6 types of digital games were developed: quick reaction
games, logic games, educational games, strategic games, drawing games,
and simulators. The overall sample comprised 335 children (48,6% girls) aged
6—7 (M=74,6 months, SD=6,06 months). The study included assessment of
the executive functions and an interview about digital games. We used the
NEPSY-II subtests to measure the examinees’ executive functions level: visual
and verbal working memory, and inhibition. We also used “The Dimensional
Change Card Sort” to assess cognitive flexibility. Data analysis revealed that
quick reaction games were the most popular at this age. The next favourite
were logic games, strategic games, and simulators’. The study demonstrated
quick reaction game players’ visual working memory was better developed
than in the non-players. Logic game players processed information at a higher
speed than the non-players. Simulation game players obtained higher score in
cognitive inhibition, than the children who didn’t like this type of games.
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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.

38

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-

44

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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