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The present study is aimed at examining the problem framed by the team of
authors in the past research papers (2018, 2020, 2021) and assessing the
level of the general learning actions of analysis, planning and reflection as the
main components of theoretical thinking in students in the individual and collab-
orative (paired with a partner) problem solving conditions by the ‘PL-modified’
computer game system. General intelligence was separately evaluated and
controlled. 138 students of the Faculty of Psychology of Education of MSUPE
participated in this study. The results show that: 1) the main indicators of game
performance were higher in collaborative problem solving, however, 2) depend
on the intellectual capabilities of two players in a pair. The data obtained are
analyzed in accordance with the effects revealed in past studies and discussed
in terms of the further prospects for using the ‘PL-modified’ computer system as
an additional tool for the assessment of the general learning actions of students
of different ages and cognitive potential.
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MpepcTaBneHbl pedynbTaTbl UCCNEQOBAHUS, CBA3AHHOIO C PELLEHVEM LKA
3apa4, cchopMMpPOBaHHbIX KOMNEKTVBOM aBTOPOB B MPOLUMbIX MCCrnenoBa-
TenbCckmx pabortax (2018, 2020, 2021), KoTOopble HanpaBfeHbl Ha OLEHKY
cTeneHn chOpMUPOBAHHOCTUN YHMBEPCASbHbIX YHEOHbIX AEACTBUIN aHannsa,
NnaHMpoBaHna 1 pednekcnn Kak OCHOBHbIX KOMMOHEHTOB TEOPeTUHECKO-
ro MbILUSIEHUS Y y4alLMXCs B YCMNOBUAX UHAMBUAYANIbHOrO U COBMECTHOIO
(B Nnape c NnapTHeEpPOM) peLleHVsa UrPOoBbIX 3aay C MOMOLLbIO pa3paboTaHHON
KOMMbIOTEPHOW UIPpoBON cuctemsl «PL-modified». OThenbHO oLeHnBanmch n
KOHTPONMPOBaNuUCh o6LLME NHTENNEKTyanbHble CNoco6HOCTU. B nccneposa-
HUM NMPUHUMAnN y4actne CTyAeHTbl hakynbTeTa ncmxonorum o6pasoBaHns
MIMNY (138 venosek). MonyyeHHble AaHHbIe NOKa3bIBatoT, 4TO: 1) Nokasa-
Tenu UrpoBON pe3ynbTaTUBHOCTM OKa3anuch Bbille B YCTOBUAX COBMECTHO-
ro pelleHusi 3agjay, 2) TEM He MeHee, OHU 3aBUCAT OT UHTENNEKTyasnbHbIX
BO3MOXHOCTEN [iBYX UIPOKOB B Nape. [Nony4eHHble AaHHbIe aHanuanpyTcs
B COOTBETCTBUM C d3hPeKTamm, Nony4eHHbIMIU B NPOLLMbIX UCCNEfOBaHUSX,
N 06CYX[AlTCs C TOYKMU 3peHns AanbHEenLWnMX NepcnekT1B NCnonb3oBaHns
KOMMbIOTEPHON cucTembl «PL-modified» B ka4ecTBe MHCTpyMeHTa AuarHo-
CTMKM YHMBEpPCasnbHbIX Y4e6HbIX AENCTBUI yYalLMxcs pa3Horo so3pacta u
KOFHWTMBHOMO NoTeHumana.

KnroyeBble cnoBa: komnbloTepHasa urpoeas cuctema «PL-modified», yHu-
BepcanbHble y4ebHble OeCTBNSA, COBMECTHOE peLLeHne 3afad, o6Lumi 1 co-
LmasbHbIN MHTENNEKT, CTYAEHTb MiafLmX KypCoB.

®duHaHcupoBaHue. ViccnegoBaHve BbINOMHEHO Npy (OMHAHCOBOW nopaepXxke MuHmuctepcTea npo-
cBeLeHna Poccuiickon ®epepaumnn, rocynapctaseHHoe 3agaHue Ne 073-00110-22-06.
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Introduction

The pace of digitalization in education
is steadily increasing nowadays. In addi-
tion to new curricula, courses, subjects,
and methods that have been digitalized
in whole or in part, digital methods of as-
sessing knowledge and competencies are
widely distributed. Although the process
of digitalization is quite active in the field
of education itself, there are not so many
digital diagnostic tools in the psychology
of education. The existing methods can be
divided into two groups in terms of their di-
agnostic purposes and the content of the
stimuli. The first group includes standard
psychological tests and questionnaires
submitted in electronic form. They are no
different in content from their blank ver-
sions. At the same time, the digital format
gives them a number of advantages in the
form of low time and physical resources
associated with diagnostics and data pro-
cessing. Nevertheless, the electronic ver-
sion of recognized tests is usually aimed at
evaluating individual, specific, psychologi-
cal constructs, so each new psychological
characteristic requires a new measurement
tool, which, accordingly, increases the di-
agnostic procedure.

The second group of methods consists
of tests designed in the form of popular
computer games with specially developed
(more often non-verbal) material. These
are so-called gamified diagnostic tech-
niques. The question of the possibilities of
using computer games as diagnostic tools,
primarily cognitive abilities, has been dis-
cussed by researchers for quite a long time
and does not allow us to come to a single
solution at the moment. On the one hand,
a sufficient amount of data has been accu-
mulated confirming the high psychometric

properties of individual computer games,
which have proven themselves as an al-
ternative tool for intelligence and creativity
assessing. For example, some empirical
studies were conducted under the lead-
ership of Foruga [18], where a test of 15
puzzles of the popular video game Portal-2
was assessed. This test is evaluated to as-
sess fluid intelligence. The results demon-
strated high reliability rates with Advanced
Raven matrices. Later with the same game,
it was proved that video game experience
had a significant positive effect on the indi-
cators of psychometric creativity and spa-
tial abilities. These effects were especially
evident in those subjects who were actively
engaged in the study of natural sciences
[19]. On the other hand, the results of such
studies are hard to overestimate for several
reasons, such as the tendency to publish
studies with exclusively confirmed data
and often the lack of stable reproduction
of the effects obtained. In this regard, the
diagnostic capabilities of computer games
are inferior to many proven ability tests, in
particular, Standard Raven matrices, which
have sufficiently high indicators of valid-
ity and reliability. Therefore, the issue of
gamified techniques usage continues to be
a matter of dispute for many researchers
and at the same time is more relevant than
ever, given the increasingly active penetra-
tion of the digitalization process into psy-
chology and pedagogy and opens up new
research prospects.

Theoretical background
and purpose of the study

The study continues the research series
of gamification methods as tools for mea-
suring psychological constructs. An ex-
ample of such a tool is the computer game
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system ‘PL-modified’, aimed at assessing
the level of universal educational actions
(hereinafter UEA) of secondary school-age
students. The diagnostic capabilities of the
technique were studied in previous studies
of the authors’ team [7; 8; 9] and confirmed
its high validity indicators. The present
study is aimed at evaluating the effective-
ness of solving game problems by young
students — undergraduate and graduate
students of the MSUPE Faculty of Educa-
tion— under two game conditions: individu-
ally and paired with a partner.

The methodological background of the
research is represented by L.S. Vygotsky's
cultural-historical theory [1], A. Leontyev’s
theory of activity [5], and V.V. Davydov’s
theory of developmental learning [16; 4],
which postulate that the mental develop-
ment of a person is determined by the in-
teriorization of generalized ways of action
that occurs in the process of communica-
tion between a child and an adult.

Joint activity realized through communi-
cation contributes to the active position of
the subject and triggers the development of
his mental actions formed on the basis of
theoretical thinking. Davydov [4] identified
three key components of theoretical think-
ing, or higher mental actions, such as anal-
ysis, planning, and reflection. The formal-
theoretical level of analysis (as opposed to
the empirical one) is aimed at identifying
internal, essential features in the phenom-
enon under study, allowing the object to be
attributed to a certain class. The mental ac-
tion of planning as part of a more general
ability to act “in the mind” is interpreted as
the ability to predict what will happen to an
object if certain transformations are made
[17]. Reflection as the ability to see the ori-
gins of one’s own way of acting is the ability
to distinguish between universal relations
in the studied object.

These three universal educational ac-
tions make a significant contribution to high
achievements in education and create the
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basis for a deep understanding of the main
school disciplines, the ability to success-
fully solve educational tasks, and realize
the effectiveness of their own educational
actions. Moreover, cooperation and any
other form of children's joint activity plays
a key role in the development of mental
actions. In a number of modern studies, it
has been shown that those preschoolers
and schoolchildren who have fairly good
skills of interaction in small groups and joint
games develop conceptual thinking and
improve academic performance [3; 2; 4;
11; 9; 13; 14]. Despite the fact that univer-
sal educational actions are studied mainly
by students at the stage of graduation from
primary school, properly formed UEA are
invariant for the entire educational process,
which continues, including at the stage of
higher education. Thus, the Federal State
Educational Standard of Secondary Gen-
eral Education sets requirements for the
development of personal, regulatory, com-
municative, and cognitive universal educa-
tional actions by students. Nevertheless,
according to some researchers, individual
UEA can also be formed in the first years
of higher education [15]. Universal learn-
ing activities contribute to the multi-level
of knowledge, skills, and competencies in
certain areas of knowledge that underlie
professional activity. Thus, the study of
UEA not only among schoolchildren but
also students is an urgent task of modern
psychological science.

The presented study solves several
problems. First, it is aimed at assessing the
level of students’ mental actions through
the indicators of the game performance in
two conditions of solving problems — indi-
vidually and paired with a partner, which
will allow to share the contribution of spe-
cific mental actions and individual charac-
teristics to the effectiveness of the studied
activity. Secondly, taking into account the
previous empirical facts, the new data will
provide additional information about the
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psychometric properties of the computer
system itself (in particular, its reliability),
which will increase its diagnostic potential
in the future.

Method

Research methods

The ‘PL-modified’ computer game

system, calculating methods of game
indicators and the design of the study

The study used a modified version of
the ‘PL-modified’ computer game system.
The overall structure repeated the design
of the previous two versions of the game,
developed for research in 2018—2021.
The “working” screen of the game sys-
tem is shown in Figure 1 and is a field of
9x9 cells. Colored balls appear on this field
according to certain rules (“patterns”). The
player's goal is to build lines of balls of the
same color, gaining points. Understand-
ing the rules of the appearance of balls
should contribute to a more effective game,
manifested, in particular, in more points.
The specific parameters of the game —
the rules understanding and using in the
game — are diagnostic indicators of spe-
cific mental actions — analysis, planning,
and reflection. Thus, the mental action
(hereinafter referred to as the MA) of the
analysis was calculated by the number of
correctly identified patterns (in each game
set and throughout the game), the planning
MA was estimated as the total number of
game points, the reflection MA was esti-
mated by the number of balls on the playing
field at the last turn of the game'. In addi-
tion, regard to the planning markers it is im-
portant to note that the statistical analysis
did not use the “raw” points that the play-

ers received at the end of each game set
and the entire game. A certain coefficient
was calculated, which was determined as
follows: X0 = X1/X2, where X0 is the total
coefficient of the game (= planning time),
X1 is the total number of points scored dur-
ing the game, X2 is the number of moves
made during the game. The calculation
was made taking into account the logic
that one player in any case will make more
moves per game than two players. At the
same time, the quality of the moves may
differ, so the selected coefficient maximally
equalizes the gaming capabilities of the
two-game conditions, despite the technical
differences.

The design of the study also included
two stages. The first stage — “individual” —
is aimed at assessing the mental actions of
students through the effectiveness of game
actions in the process of individual work in
the system (Figure 2). The second stage
involved the work of students in pairs when
each game move is made in turn by each
participant of the game. In this case, any
move is confirmed or rejected by the part-
ner in the game (Figure 2). It is assumed
that the proposed format of the game in the
form of a dialogue initiates the mental activ-
ity of students, activating the use of mental
actions for the successful completion of the
task. This version of the system included
three games with prepared rules for the ap-
pearance of balls for each game stage.

The study objectives were to: 1) com-
pare the main indicators of game perfor-
mance in two game conditions: an individu-
al format and the form of an active dialogue
between the participants; 2) analyze the
main indicators of the game at each stage;
3) analyze the main indicators of game
performance and the patterns of relations

" The variable “reflection” was calculated in this way only for individual game conditions. The same variable in the col-
laborative game conditions will be assessed as the number of expressions of a certain category in the process of com-
munication between players, which will be discussed later in the article.

25




Mapronuc A.A., FaBpunosa E.B., LLlenenesa E.A., BovitoB B.K. YcnelHOCTb COBMECTHOIO peLleHns 3agay
CTyAeHTamun MnagLMxX KypcoB By3a B UTPOBON KOMMbOTEpPHOM cucteme «PL-modified»
Mcmxonornyeckasn Hayka n obpasosaHue. 2022. T. 27. Ne 6

e €& & 0 ¢

e 6 66 0¢
® 6 6 6¢

< e e e

e 6¢

cee

e

® ®

Fig. 1. The playing field of the ‘PL-modified” system for individual game

@ Piiline
<«

x 4+

C @ Notsecure | it-spanmgppuu/tplines/p3 php

[2user|[104 | go || nom |score0 ballsp

=L approve

- 8 x

* A =@ :

stop | [messege] t: 2min 40 sec

T know the rule | b1659) > b2E=8)2

O

o]

Fig. 2. An example of the game version when interacting with a partner with examples of the presentation
of balls of permission / prohibition of the step

between them in the conditions of the game
paired with a partner, taking into account
the individual psychological characteristics
of the two players in a couple.

Spearman’s rank correlation coefficient,
Wilcoxon’s t-criterion, Mann-Whitney U-cri-
terion, and descriptive statistics were used
for statistical data analysis. The SPSS Sta-
tistics program (version 23) was used.

Sample, research structure,

and other psychological points

The study involved junior students of
the Faculty of Educational Psychology of
MSUPE (N = 138; 85% women).
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Working with a computer game sys-
tem included 2 academic hours. First, an
individual stage was held. Each participant
worked while sitting at their own computer/
laptop. The game consisted of 3 game sets
of 8 minutes each. After each game set, the
subjects were presented with a list of rules
with a description of correct and deliber-
ately false rules. The task was to choose
the rules that are observed when present-
ing balls in a particular game set.

In the next lesson, the stage of playing
in a pair with a partner began. The students
were divided into pairs in advance accord-
ing to the alphabetical principle. The condi-
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tions of the new game were explained to
the students: first, one participant makes a
step, which is simultaneously displayed on
two computers — the one who made the
step and his partner. The task of the sec-
ond participant is to evaluate this step from
the point of view of its expediency for the
main task — to build a line of balls and get
points. Therefore, the second participant
can either approve this step or prohibit it.
After the approval of the desired step, the
initiative passes to the second player.

The following two classes were used
to diagnose other individual psychological
characteristics of students: general and so-
cial intelligence, as well as motivation?. To
assess intellectual abilities, the psychologi-
cal test “Standard Progressive Matrices” by
J. Raven was used [10; 12], which includes
12 abstract matrices. In the case of a sam-
ple of students, before testing, a special
lesson was held on the structure of cogni-
tive abilities and modern methods of their
diagnosis, for some students, diagnostics
took place in a blank format, and for some
online using an electronic resource https://
www.psytoolkit.org [20; 21].

Results

The results are divided into three groups
of data. There are: 1) the main data of the
game performance in two different re-

search conditions; 2) the data of the game
performance at every stage of the game;
3) the main data about the patterns of the
interactions between the researched vari-
ables depending on the individual (intellec-
tual differences). We used ranking scales
and nonparametric criteria for the analysis
because of the abnormal distribution of
some data.

The main indicators of game efficiency
in various game conditions: general data
and game stages. The mean data as the
indicators of analysis, planning, and reflec-
tion are presented in Table 1.

All means were counted and compared
for all variables in two game conditions. A
Wilcoxon Test was made on the compari-
son of the means®. The data showed the
advantages in means of planning between
two games in favor of collaborative condi-
tions. For more precise analysis the means
at every game stage were compared. The
results are displayed in Figure 3.

The revealed data show opposite pat-
terns in the case of analysis and planning
for different game conditions. The indica-
tors of analysis quantitatively grow at each
new game stage under individual game
conditions. It means that participants un-
derstand more rules by playing further. But
these advantages don’t have an impact on
the total game score. These data — in the

Table 1

The main differences in means by comparison of two game conditions
(SD are displayed in parentheses)

Measure Game conditions
Individual game (N=137) | Collaborative game (N=138)
‘Analysis’ (No. of correct rules) 5.13 (2) 4.64 (2.11)
‘Planning’ (X-parameter of game performance) 5.85 (1.90) 7.60 (3.85)*

‘Reflection’ (free cells on the last game step)

137.51 (31.46)

78.23 (21.42)

*Note: differences are significant at the p = 0.05 level

2 The measurements for motivation and social intelligence were aimed for the other purposes and are not presented in

this study.

8 Only two variables — analysis and planning — were compared for Table 1.
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case of planning — grow only under collab-
orative game conditions. We presume that
such empirical facts can be explained in
terms of technical calculations of the vari-
able of analysis. Participants had to choose
the rules on their own no matter in which
conditions they were playing (even collab-
orative). We will definitely try to modify and
equalize the calculations for each experi-
mental condition further. Anyway, the pres-
ent data underline the main empirical fact
showing the advantages of game efficiency
in total scores and means at every game
stage in collaborative game conditions.
The correlation analysis with the usage
of Spearman criterion was additionally ap-
plied to measure the interactions between
the variables of analysis and planning. For
each game condition the coefficient was
0.2 with its significance at p = 0.05 level. It
is worth of notion that such effects repeat
those revealed on the sample of middle-
school students in the last study*. Thus the
main patterns of the relations between the
game parameters representing the mental
actions of theoretical thinking are replicated.

3.5

The main effects and patterns of the
interactions between game indicators: the
impact of the individual differences. At the
next step the interactions between three
researched variables — analysis, planning,
and reflection — were analyzed. As was no-
ticed before, the variable reflection is not to
be calculated as a number of free cells on
the last game step for collaborative condi-
tions. Thus, this variable was assessed by
analyzing participants' dialogues in a collab-
orative game. All of them were transformed
into written texts after being listened. The
text was prepared for every student and for
each game set. All expressions were written
without being skipped for a detailed analy-
sis. After that, the phrases were divided into
six categories by the criterion of the partici-
pant’s attitude to the game and to his / her
partner. In the end, each phrase was award-
ed one point for a concrete category. The
categories and expressions examples are
presented in Table 2.

Every category reflects the attitude
(or its absence) of participants to the cur-
rent game situation. The previous results

3
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analysis

m individual game

u collaborative game

planning

Fig. 3. Means of game performance at every game stage.
Along the abscissa is No. of the game, along the axis are means of game performance

4 Correlation coefficients between the variables of analysis and planning were r = 0,22 (p = 0.01) for individual game and
r =0.17 (p = 0.08) for collaborative game. These results are described in the “Cultural-Historical Psychology” Journal.

V.17, Ne2, 2021.
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Table 2

The list of the categories with concrete phrases examples

Category

Expressions

1. Neutral (doesn’t change behavior of a participant)

“Shall we begin”,

“What’s that?”,

“l can’'t”,

“Have you moved in this way?”,
“Where are you moving!”

2. Neutral-motivational (it is not the participant's
behavior in general, but it brings emotional/motivational
investment in the dynamic of the game)

“Come on, move on!”,

“Please, approve”,

“Hurry up, we’re just running out of time”,
“Come on!”,

“Ah! All right!”,

“Yes, let’'s make it this way”

3. Individually intended (when the partner talks about
his actions or asks his partner to pay attention to his
actions)

“'m making vertical line”,
“'m making horizontal line”,
“'m making horizontal line”,
“Amid / cancel my move”.

4. Collaborative intended (when the participant talks
to his partner about his moves or their collaborative
actions and plans)

“Make it again”,

“Let’s build this line together”,

“Better to take this ball”,

“Take balls of the other color”

(“take balls from this angle... green...blue” etc.),
“We need to clear the field”,

“We need to try this”.

5. Agreeing (the participant agrees with his partner
and accepts his move or cancels his own move, but
understands the reason)

“Generally, yes, it is s0”,

“Yes, we take the green one”,

“l accept”,

“Yes, | agree, we move in this way”,
“Yes, all right”.

6. Changing (objecting) (an attempt to change
partner's behavior with concrete arguments or
statements about the game rules)

“We can't build a line in this way”,

“This move is useful”,

“This move doesn’t bring anything”,

“This move will destroy a line”,

“Diagonals are coming this way”,

“We could get more points in such a manner”,

“It's easier”,

“Three blue balls are arriving one after another”, etc.

(2021) showed the importance of category
6 for the assessment of the reflection vari-
able. Thus, this parameter was mainly used
for further analysis. Since some classes
were held in an online format because of
coronavirus restrictions the next data with
dialogues were measured only by those
participants who could be present in per-
son (N = 100). Table 3 with means for each
category is presented below.

The presented results of the table show
the frequent use of expressions of the neu-

tral-motivational category, which is predict-
able. Such data are consistent both with
the results of the previous study and with
the emotional component of the category
itself. This type of line may not have much
of an effect on the flow of the game, but it
does set the overall pace and mood, which
also matters. On the other hand, the sixth
category is an important indicator, and is
on the second place of the frequently used
“reflective” expressions in the course of the
dialogue.
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Table 3
Means of all categories
Category M SD
1. Neutral 3.76 3.62
2. Neutral-motivational 12.58 6.74
3. Individually intended 3.33 3.42
4. Collaborative intended 6.68 5.35
5. Agreeing 2.1 1.08
6. Changing (objecting) 7.77 3.61

The correlation analysis, however, did
not allow us to find significant correlation
coefficients between the analysis/planning
indicators, on the one hand, and the aver-
age number of used expressions of each
category, on the other. In this regard, the
sample of subjects (those whose dialogues
were recorded and analyzed further) was
divided into two groups in accordance with
the intellectual differences of participants.
In past studies, it was important to for two
partners to work in a pair , taking into ac-
count their intellectual abilities — the same
or different. Therefore, this time two types
of groups were also identified.

Group 1 consisted of the players with
the same (near) level of intelligence, and
group 2 included the players with different
intellectual test performances’. Below is
Figure 4 which represents game perfor-
mance depending on the group. As one
can see, both the analysis and planning
indicators are higher in the second group of
players who demonstrate differences in the
intellectual level®.

At the next stage, a correlation analysis
was carried out between the indicators of
planning, analysis and all types of catego-
ries (in particular, category 6, reflection) in
each group. The data are shown in Table 4.

9

8

7

6

’ Hgroup 1
41 Hgroup 2
34

74

1

0 . .

analvsis

planning

Fig. 4. Means of game performance compared in two groups

5as before, the results of each subject were labeled as follows: higher than 66.7% of the sample (high level), in the range
from 33.3 to 66.7% of the sample (average level), or lower than 33.3% of the sample (low level).

6 The means of the analysis and planning variables were compared in both conditions using the Mann-Whitney U-test for
two independent samples and allowed us to establish significant differences (p = 0.05).
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Table 4

The patterns of the interactions between means of the expressions in each

category and indicators of analysis and planning

Group 1 (N=70) Group 2 (N=46)
Category ; : - -
Analysis Planning Analysis Planning

1. Neutral 0.24 -0.44 ** 0.01 0.68**
2. Neutral-motivational -0.16 0.48* 0.24 -0.49*
3. Individually intended -0.1 -0.42* 0.04 0.72**
4. Collaborative intended -0.03 0 0.2 0.1
5. Agreeing -0.3 -0.5* 0.76™* 0
6. Changing (objecting) 0.35* 0.12 0.58* 0.64*

*Note: significant at the p = 0.05 level; **significant at the p = 0.000 level.

The results mean that the more fre-
quent is the use of neutral-motivational
expressions in a group of pairs of players
with the same level of intellectual abilities,
the higher are their planning indicators,
while this relationship is inverse for pairs
with different levels of intelligence — the
more frequent are such expressions, the
lower are their planning indicators. The
number of expressions of the changing
type turned out to be significantly positive-
ly related to the indicators of analysis in
both groups of players and to the indicator
of planning in the group of players with dif-
ferent levels of intelligence. The number of
agreeing expressions is negatively related
to planning scores among players with
equal intellectual abilities and positively to
analysis scores in pairs with different lev-
els of intelligence.

The results show several effects. First,
positive correlations between the main
game indicators and the expressions of
the sixth category are to be observed in
both groups. Thus, the connection be-
tween the three key mental actions mea-
sured by using a computer game system
is obvious. On the other hand, it is group
2 where the main significant and strong
effects are manifested, while the effects
in group 1 are either weakly expressed
or significantly negative. Such results
emphasize the importance of individual

differences between the subjects for the
game performance. In the case of school
students, there were pairs with the same
intellectual level that demonstrated higher
game performance. Then the reverse ef-
fect is observed in the case of students.
Pairs of players with different intellectual
abilities are more successful. This can be
seen both in the average game indicators
and in the correlation of these indicators
with different categories. Thus, the mea-
surement of the key mental actions needs
to take various factors both external (game
conditions) and internal (intellectual abili-
ties) into account.

Conclusion

The presented study was aimed at
assessing the level of mental actions of
analysis, planning, and reflection of junior
students in different conditions of game
problem solving. The PL-modified com-
puter game system was used as a diag-
nostic tool, which has already been used
by the authors to evaluate mental actions
in schoolchildren. The results of the study
allow to draw some significant conclusions.

First, the level of mental actions of
analysis, planning, and reflection of stu-
dents, as well as the patterns of relation-
ships between them are mediated by two
factors: the conditions of the game (indi-
vidually /in pairs) and cognitive resources
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(equal/unequal intellectual capabilities).
So, the indicators of the MA of analysis
are approximately equal in both games,
while the MA of planning is in the condi-
tions of playing in pairs. These results are
saved both for the overall game and for
each game set. The dynamics of the game
in pairs (the change from one game set
to another) also increases with respect to
the planning indicator. Thus, the playing
conditions in pairs contribute to a more
productive game.

At the same time, it is important to note
that the key indicators of the game —
quantitatively and qualitatively — depend
on the psychological conditions of the in-
teraction of partners in a pair. In general,
pairs made up of students with different
intellectual abilities play more effectively
compared to players with an equal level of
intelligence. This effect is expressed both
in higher average game indicators and in
significant positive patterns of interrela-
tions between the main indicators of the
studied mental operations — analysis,
planning, and reflection. It is important to
compare these data with the reverse ef-
fects obtained on a sample of secondary
school age students, when players with
equal intellectual indicators demonstrated
high game performance [6]. It is obvious
that such results are influenced by the
age of the subjects themselves. Younger
students (compared to students), appar-
ently, are more comfortable playing with
peers who are close in level. In addition, it
is worth taking into account that the main
level of secondary school age is commu-
nication [5; 16], when children unite in a
circle of interests and build contacts with
peers with similar internal attitudes. This
thesis is equally a characteristic of cog-
nitive abilities. Therefore, higher game
performance in pairs of players who are
equal in intelligence level corresponds to
the age-related features of development
described by Russian researchers.
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In relation to the student sample, a
slightly different picture is observed. It is
important to understand that even junior
students are already practically formed
personalities who use the learning process
for their further realization. Therefore, the
range of their interaction is wider, requiring
adaptation to completely different people
with different abilities, traits and attitudes.
This partly explains the different effects
of different groups of players working to-
gether. Of course, many other factors can
influence game performance, in particular,
related to social intelligence, motivational
components, and personality characteris-
tics. In any case, at this stage, it is impor-
tant to conclude that we should not expect
obviously simple links between the indica-
tors of game performance without taking
into account various external and internal
factors. A joint game a priori does not lead
to a qualitative result but forms many op-
portunities for the deployment of the poten-
tial of its players.

Secondly, the obtained correlation pat-
terns — first of all, with respect to the signif-
icant positive relationship between analysis
and planning — repeat the effects that were
identified in previous studies. The present-
ed effects are reproduced in both general
data and data of different subgroups. This
indicates the good psychometric properties
of the developed computer gaming system
‘PL-modified’. As already mentioned in
the introduction, the evaluation of a gami-
fied technique as a diagnostic tool always
poses great challenges to the specialist
related to the exact procedure for develop-
ing parameters for registering the studied
constructs and the process of diagnostics
itself. Therefore, the reproducible effects
emphasize the value of both the data itself
and the computer technique, which allows
to register various psychological constructs
in several conditions for solving problems
in the future, taking into account the age
differences of the subjects.
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