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The present study is focused on testing the computer game system ‘PL-modified’ as a diagnostic tool 
for measurement of higher-order cognitive skills by middle-school students in individual and collaborative 
game. The ‘PL-modified’ is a computer system designed as a game which implies a set of concrete param-
eters specially elaborated for assessment of the cognitive actions of analysis, planning, and reflection — the 
basic higher-order cognitive functions which determine high achievements in school education according 
to the Russian theory of developmental education. 189 middle-school students at the age of 11—12 years 
participated in this study. Two research questions were asked: 1) whether the cognitive actions of analysis, 
planning, and reflection measured by special markers of the computer game system performance are cor-
related with each other as a valid indicator for the new constructed diagnostic instrument; 2) which type 
of the game — individual or collaborative — provides better conditions for manifestation of the above men-
tioned higher mental actions. Abstract intelligence as an additional anticipated factor for high game per-
formance was also assessed and controlled. It was revealed that participants exhibit the higher level of the 
cognitive actions of analysis and planning in collaborative game. At the same time the patterns of the inter-
actions between the researched variables as well as distinct parameters of game performance are determined 
by the concrete level of intelligence which rather varies in different pairs of collaborators. We discuss our 
results from the position of the further prospects for the application of the ‘Pl-modified’ computer system as 
a potential instrument of measurement and development of higher-order thinking actions. In terms of the 
modern educational programs teachers need simple diagnostic tools for measurement of school-children’s 
thinking development. Traditional ‘pen-and-paper’ techniques become quickly outdated as much as they 
may not be sufficiently motivationally attractive for children and focus only on the result of the thinking 
process. In this regard, such diagnostic instrument formed in the format of a computer game and centered 
on the whole gaming process allows fixing children’s actions and provides important information on the 
dynamic characteristics of their mental process.
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1. Introduction

The present study aims at testing the higher-order 
cognitive skills level measured by the ‘PL-modified’ 
computer game system in individual and collaborative 
game. The relevance of the present research task is de-
termined by the practical requirements formed for the 
diagnostics nowadays. The growing usage of computer 
technologies, various devices and the Internet in differ-
ent social domains also outline high challenges for the 
diagnostics criteria in education. Therefore, in its turn, 
the elaboration and the usage of a valid and accurate di-
agnostic tool to measure cognitive skills more precisely 
is getting a big importance.

On one hand, diagnosticians possess many of stan-
dardized psychometric tests whilst conducting stud-
ies. On the other, numerous ‘pen-and-paper’ tests are 
rather outdated so far they do not always correspond 
to the overriding provisions of the diagnostic condi-
tions. This is more alarming for school-children who 
are often less motivated while being tested and feel 
worry for the whole diagnostic situation which can 
lead to incorrect data. Moreover, the social situation 
of growing up of kids today triggers the problem of 
the ecological validity of the present psychometric 
tests which also do not simply reflect real activities 
of the new generation of schoolchildren. Taken the 
above mentioned into account, the modern tendency 
to explore potential of diagnostic techniques by us-
ing various games or game components so far children 
are rather fascinated with computer games nowadays 
(Voiskunsky & Bogacheva, 2017) is getting to be 
more pronounced.

Gamification effect research has already affected a 
variety of different domains over the last decade (Fo-
roughi et al., 2016; Gallagher & Grimm, 2018; Margo-
lis et al., 2018, 2020; Quiroga et al., 2015, 2016). Many 
researchers stick here to the ‘Digital Game-based Sci-
ence Assessment’ approach by incorporating the game 
context itself into the educational process that brings 
numbers of advantages from the diagnostic point of view 
(Chu & Chiang, 2018; Godwin et al., 2015; McClarty et 
al., 2012). First, a game situation increases attractive-
ness to schoolchildren and has general positive motiva-
tional effect (Lumsden et al., 2016a). Another apparent 
benefit from gamification implies to bring specific vari-
ous characteristics of computer games such as competi-
tiveness, player communication skills, and active use 
of visualization techniques into appropriate diagnostic 
tool. It means that these cognitive techniques structured 
in a game format capture children’s mental activity in 
its dynamic that corresponds to real life situations. The 

present points draw in general rather realistic possibili-
ties in application of computer games as an up-and-com-
ing psychometric instrument in diagnostic process since 
such ‘gamification’ tools allow covering not an isolated 
action or a concrete trait, but rather complexes of vari-
ous interrelated psychological qualities including social 
skills and meta-cognitive knowledge that are definitely 
required to be successful in learning process and then in 
modern world.

To sum up, the research question about the pos-
sibility to use a controlled computer game for the as-
sessment of certain mental skills is considered as being 
reasonable and worth of further examining. Based on 
the popularity of some modern computer games and 
classification of game types (achievement/challenge-, 
immersion-, and social-based games by Hamari & Tuu-
nanen, 2014; Koivisto & Hamari, 2019), we elaborated 
the special computer-like game system entitled ‘PL-
modified’ to analyze the higher-order cognitive actions’ 
level by middle-school students. The system rests on 
the principles of popular game ‘Lines’ where randomly 
appearing balls are needed to be somehow organized 
on a game field. So the present game is quite easy to 
be learned and brings a touch of entertaining. At the 
same time a number of distinct differences were set up 
for each game step. Thus, the whole game challenges 
participants to use their mental skills for getting more 
points. Another one challenge brings a collaborative 
game when children are divided in pairs and stimu-
lated to collaborate and communicate with each other 
to be advancing playing the game. Such circumstanc-
es should aim to consider which research possibilities 
trigger the realization of concrete cognitive actions 
in this game format when two partners are needed to 
constantly collaborate to be successful. In this case the 
main effects on game performance compared in two 
types of the game will be significantly under the spot-
light of this study.

2. Theoretical background: higher mental 
actions and the theory of developmental 

education

The methodological basis of the present study 
grounds on the cultural-historical activity theory 
(Vygotsky, 1935; Leontyev, 1959) and the theory 
of developing education (Elkonin, 1966; Davydov, 
1996) postulating that human’s mental development 
is determined by the attribution of generalized modes 
of actions in communication. Therefore, collaborative 
activity realized through communication promotes an 
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active position of collaborators themselves and trig-
gers development of their mental actions being at 
the core of theoretical thinking which is considered 
to make essential impact in educational process from 
the very beginning. Davydov (1996) allocated three 
key components of theoretical thinking process high-
lighting the mental functions of the higher order (or 
the higher mental actions) such as analysis, planning, 
and reflection. Formal theoretical level of analysis (in 
contrast to empirical) is aimed at highlighting the in-
ternal, essential features in the studied phenomenon 
which allows attributing an object to a specific class. 
The cognitive action of planning as a part of the more 
general ability to act ‘in mind’ is interpreted as the 
ability to predict what will happen to an object if cer-
tain transformations are made (Brown & Bransford, 
1982). Reflection as the ability to see the origins of 
one’s own way of action represents the skill to distin-
guish a universal relation in a studied object.

Taken together, these three so called learning actions 
considerably contribute to the high attainments in edu-
cation by setting up the ground to understand main con-
cepts of school disciplines and to widely hone reasoning 
skills. Moreover, collaboration and any other forms of 
children’s cooperative activity seem to play a pivotal role 
in the mental actions’ development. The advancement 
of those preschool- and school-students who are skilled 
well enough to interact in small groups and cooperative 
games in their conceptual thinking and better learning 
performance were shown in number of contemporary 
studies (Guruzhapov, 2000; Gordeeva, 2019; Davydov, 
1996; Roubtsov, 1996; Polivanova, Rivina, Ulanovska-
ya, 2013; Tsukerman, 2016, 2020). All of them stress that 
namely collaborative activity allowing children to men-
tally hold equal points of views together paves the way 
of how the conceptual thinking will be finally formed. 
Collaborative problem solving is also assessed by PISA 
(2017) as the key abilities to communicate, manage a 
conflict, and organize a team to be successful in many 
social domains.

Taking these empirical studies into account we pre-
sume that introduction of a computer game into chil-
dren’s collaborative work brings an important input 
in the understanding of psychological aspects their in-
teraction and — above all — the manifestation of their 
cognitive actions. In Russian psychology there are a lot 
of studies focused on different points of collaborative 
activities using a computer (Kritsky, 1989; Kuravsky, 
Baranov, 2005). For example, Kritsky and Shcherbinin 
(2007) organized of computer-mediated communica-
tions in educational activities and demonstrated how 
much the division of individual operations within a 
necessity to perform a certain action with the object of 
study together can promote collaboration and commu-
nication between students by fostering their ability to 
act jointly in a way which is corresponding to the prin-
ciple of the studied object. Specifically, control over the 
communication process (in particular, the consequent 
narrowing the channel and modes of communication 
in messages) can contribute to change of the nature of 
communication and discover a sign-symbolic (math-

ematical) form of representation of the studied object. 
The analysis of partner message texts provides valuable 
information about the level of interaction and the target 
orientation of the subjects’ communication.

Which conditions are required to organize collabor-
ative learning process promoting to acquire the general-
ized mode of actions? A division of individual operations 
under conditions of necessity to perform jointly seems 
to be a right decision for that because it suspends the 
whole activity by stimulating to understand additional 
characteristics of the activity itself and to coordinate 
own actions within joint context and express arguments 
in a favor of one’s own action and a partner’s action as 
well. In this study the ‘Pl-modified’ computer system 
creates such type of the game collaborative problem-
solving when partners cannot further play unless they 
are working on each step together and discussing every 
move they take. So, the communication process delivers 
here not conditions, but first of all means of collabora-
tive actions. Participants encountered with the necessi-
ty to analyze and reflect their and joint moves to create 
general mode of actions.

Considering the previews facts we formulated the 
main hypothesis of the study stating that participants 
will exhibit the higher level of the cognitive actions of 
analysis, planning, and reflection in collaborative game 
in contrast to individual game. These differences will 
be specified in the faster dynamic of getting the game 
points, the higher total game points, the better compre-
hension of the game rules, and its changes in different 
cycles.

3. Material and methods

1. Participants
189 middle-school Russian speaking students (46% 

of girls and 54% of boys, age range: 11—12 years) par-
ticipated in our study. The whole sample included par-
ticipants from 5th and 6th classes of two traditional city 
schools.

2. Materials
3.2.1 The ‘PL-modified’ computer game system
as a diagnostic instrument
The whole computer system represents the game field 

with the design of 9 x 9 cells where the balls of different 
colors appeared. Three balls were displayed at each game 
turn. Participants had to move one ball by one mouse-
click in a free space of the field in a way to build a verti-
cal, horizontal or diagonal line of five or more balls with 
the same color. After such line of colored balls has been 
built, it completely disappeared and participant earned 
his points. More points were given for the longer lines 
consisting of six and more balls.

One important remark is here worth of notion. Unlike 
the standard version of this game elaborated by Gamos 
Company where the balls are displayed randomly, the 
present research version implies certain sequences due to 
a principle which might be changed in different cycles of 
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the game in a hidden way by stimulating students’ rea-
soning about the possible regularity of how the balls are 
appearing each time. We assume that these sequences 
or so-called ‘rules’ of the balls’ (and students’ attempt 
to discover and use it while planning their moves) will 
booster the whole game process by raising the chances of 
students to earn more points. Thus, three rules for each 
game set were elaborated. For example, for the first game 
set the following algorithm was prepared: 1) Each row of 
the game field implies one distinct color of the balls which 
is repeated at regular intervals of two succeeding lines (the 
sequence of red — blue — green lines of balls every time); 
2) each next ball of a distinct color succeeds in the next 
through one vertical cell (it means that if the first red ball 
appeared in the ‘a1’ cell then the next red one will be dis-
played in the ‘a3’ cell meanwhile the third one will be at 
the ‘a5’ cell position); 3) the whole game field is divided 
into two sections implying the ‘sequent balls’ section and 
the ‘random balls’ section. In the ‘sequent’ section balls 
were displayed in accordance with the above mentioned 
rules whereas there was no special logic for the balls’ pre-
sentation in the ‘random’ section — that is how this sec-
tion served as kind of a ‘storage’ for the balls of different 
colors which could be used for the lines construction. To 
sum up, there were three balls appeared in a different way 
every time. The first one was of a distinct color and was 
displayed at the special cell position in conformity with 

the first two rules in the ‘sequent’ section. Another two 
balls appeared in the ‘random’ section, in so doing, always 
to be of different colors.

The described principles of the balls’ presentation 
were carefully created for each game set by taking the 
age of participants into account. So, they involve certain 
flexibility whilst keeping on changes for a special need 
to make them more or less complicated. The examples of 
both game field and balls construction are displayed in 
Figures 1 & 2.

Transformation of original computer game in re-
search environment was carried out using the following 
programs: HTML, JavaScript, jQuery library, Ajax tech-
nology and MySQL DBMS.

3.2.2 Research procedure
Participants played two games set in two different 

conditions: first individually and then together with 
a partner. Before the main procedure started partici-
pants were exposed to two minutes short test version 
to make their first acquaintance with the game process. 
The whole procedure was going online by clicking at a 
special link. Each of the two games consisted of three 
sets. Thus, participants were dealing with three differ-
ent algorithms playing each game. Every algorithm was 
lasting for 10 minutes. And each game was lasting for 
40 minutes (one lesson), respectively.

Fig. 2. Examples of basic principles of the balls’ sequences for one distinct game set
                                 

 

Sequent balls 
section 

Random balls 
section 

Fig. 1. Examples of two versions of computer game systems elaborated by Gamos Complany (left) 
and that one created for the current study (right)
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First individual game started when every student was 
working separately by sitting in front of a personal comput-
er. At the second lesson online collaborative game started. 
Participants were randomly divided in pairs in advance. In 
these game conditions students have also build up the lines 
of the balls, but they must have to coordinate their indi-
vidual actions at each joint game step. It means that every 
time when one partner makes a move, it is popping up on 
the game field of the second partner who is able to ‘approve’ 
or ‘stop’ this move. In case of the ‘stop’ option the first 
partner had to change his decision by making another one 
move whereas in case of the ‘submit’ option it is the second 
partner’s turn to play. The example of such game field of 
collaborative game problem solving is displayed in Figure 3.

Participants were given an instruction whereby they 
were informed about the new game and intentionally paid 
intention to collaborative type of the task. Therefore, they 
have to interact with each other discussing their possible 
and actual game actions. All dialogues were recorded by 
google_meet online system and voice-recorder program.

Three variables represented three cognitive actions 
were assessed: 1) the analysis defined as the ability to dis-
cover the rule which determine sequences of the balls ap-
pearance; 2) the planning defined as the ability to use the 
very knowledge about the rules and to use it whilst play-
ing the game by predicting appearance of a certain ball in 
a certain place; 3) the reflection defined as the ability to 
understand change of the previous rule in a new one in 
each succeeding game set and to restructure own actions in 
accordance with new rules. We used the following scoring 
strategies to measure these cognitive skills by certain meth-
ods. So far that the cognitive action of ‘analysis’ in its clear-
est meaning implies the ability to discover and understand 
the rule the following scoring strategy was introduced. 
A special list with descriptions of several rules after each 

game set was created. Some of such descriptions correctly 
characterized the very principles that were just put into 
the concrete game set. Each list included nine descriptions 
with three correct and six wrong rules. Participants were 
asked to pick amid all descriptions those which in their 
eyes precisely match the sequences that they faced during a 
game set with. The number of the descriptions picked cor-
rectly after each game set and that in total were scored and 
used as an ‘analysis’ variable — in this case understood as 
awareness of the rule. In the collaborative game the number 
of picked descriptions was scored for each partner separate-
ly As for the cognitive action of ‘planning’ the number of 
play points for an each game set and in total was calculated. 
In the collaborative game mode the total number of points 
was scored as an overall contribution to the game perfor-
mance, and was attributed to each participant of a pair.

The cognitive action of ‘reflection’ was the most dif-
ficult variable for our measuring process. In general, 
this cognitive action involves a deep thinking process 
of understanding that something goes wrong as a start-
ing point, the ability to recognize the beginning of his/
her way of action, to redefine his own actions and to set 
them in a new direction. In terms of the play process the 
ability of a child to be reflective implies his comprehen-
sion that the way of action which was effective in respect 
to the rule in the preceding game set does not work in 
the new one, and he needs to find out this rule and con-
struct a new strategy again considering ongoing balls 
sequences. Thus, it seems to be obvious that more ‘re-
flective’ gamers will not chaotically move the balls, but 
will structure lines of the balls of the same colors on one 
side of the field and wait for an every further move to 
see which new balls will arrive. In other words, they will 
interrupt in a way their own play trying to collect more 
data for construction of a new strategy by moving from 

Fig. 3. Example of game field in collaborative game problem solving conditions
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play to search and explore exploration. Previously made 
pilot studies let us be sure that such gamers will have the 
very structured game field at the end of the game. So, 
finally we used total amount of free cells on the last game 
step as the most precise variable for the variable ‘reflec-
tion’ in the further statistical analysis.

The whole game process and the main researched 
variables are displayed in Figure 4.

At the third lesson abstract intelligence was measured 
by the Raven’s Advanced Progressive Matrices by J. Ra-
ven (2002). The test consists of twelve tasks with increas-
ing difficulty. Each task is presented in black ink on a 
white background and represents sequences of abstract 
figures in horizontal and vertical lines in 9 × 9 design. The 
last ninth figure is absent. Participants have to complete 
the line by finding this ninth figure in accordance with 
the logic of presented lines of figures. The whole testing 
procedure was lasting for fifteen minutes. Students earned 
one point for each correct task. Therefore the total test 
productivity implied the number of correct answers.

4. Results

4.1 The whole sample: main effects
Mean scores were calculated for the three variables 

representing intelligence, and two cognitive actions of 
‘analysis’ and ‘reflection’, respectively. As for the cog-
nitive action ‘planning’ special calculations were addi-
tionally done. It is clear that participants are in unequal 
conditions playing individually or with a partner, having 
more time to coordinate their moves together, and get-
ting less point from the beginning. Thus, the qualitative 
game performance parameter was calculated in that way:

X-parameter = X1/X2,

where X is the game performance (or ‘planning’) it-
self, X1 is the total points in each game set, and X2 is the 
number of the moves in each game set.

 All means were counted and compared for all vari-
ables in two game conditions. A Wilcoxon Test was 
made on the comparison of the means. Results are pre-
sented in Table 1.

The data included in Table 1 show advantages in 
means by two of three variables in collaborative game. 
These are the cognitive actions ‘planning’ and ‘reflec-
tion’. Additionally we analyzed means of the X-pa-
rameter for each game set. These results are depicted 
in Figure 5 and demonstrate different patterns of game 
performance from the first up to the last game set by de-
creasing in individual game and increasing in collabora-
tive conditions. Thus, participants exhibit better game 
performance playing in collaboration.

At the next step the correlation analysis between all 
researched variables was done. The coefficients matrix is 
presented in Table 2.

The results presented in the Table let us see two key ef-
fects. First, the ‘analysis’ parameters significantly correlate 
with each other in two types of the game. And second, there 
are essential interactions between researched variables in 
each game. In individual game variable ‘planning’ correlate 
with both variables ‘analysis’ and ‘reflection’ whereas in 
collaborative game there is only one interaction between 
‘analysis’ and ‘planning’. As for the variable ‘reflection’ it 
doesn’t show any correlations with ‘analysis’ in any type 
of the game. Such effect seems to be interpreted taking the 
game type into account. In case of collaborative game par-
ticipants have free cells in the end anyway so far they spend 
much more time to make each move. Thus, in such condi-
tions their game field is more ‘clear’. But this fact can be 
caused by the game quality or low motivation when they 

Fig. 4. The structure of the whole computer game process

T a b l e  1
The main differences in means by comparison of two game conditions (SD are displayed in parentheses)

Measure Individual game Collaborative game
‘Analysis’ (No. of correct rules) 3,33 (2) 2,56 (1,61)*
‘Planning’ (X-parameter of game performance) 4,1 (1,22) 6,44 (3,38)*
 ‘Reflection’ (free cells on the last game  step) 72,24 (39,38) 121,57 (28,24)*

* differences are significant at the P-0.000 level.
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waste a time instead to work meaningfully. Therefore, in 
collaborative game cognitive action ‘reflection’ shifts from 
individual’s thinking process and goes up to the level of 
discussion and communication. We took another scoring 
procedure for ‘reflection’ in further data analysis.

4.2 The data analysis in groups divided 
by the intelligence criterion
Next step concerns the data analysis in groups. As we 

previously mentioned participants were divided in pairs 
by chance. It means that pairs (as well as two partners 
in one pair) could widely differ in their cognitive abili-
ties Based on this fact all couples were classified by the 
intelligence criterion. For this aim the result of APM-
test was marked as the ‘high level’ (above 66,7% of the 
whole sample), the ‘middle level’ (lies between 66,7% 
and 33,3%), and the ‘low level’ (less than 33,3%) for ev-
ery student. After that two main groups were revealed, 
namely: the group 1 with two partners (58 students in 

total) of the equal level of intelligence, and the group 2 
with two partners (70 students in total) of the different 
levels of intelligence. Some of the data (10% of the sam-
ple) were excluded from the current analysis because of 
their defect or very low intellectual performance.

At the first step the comparative analysis in mean values 
for all researched variables was accomplished. The results 
are displayed in Table 3. This Table doesn’t include means 
in reflection because it was previously clear that the scor-
ing procedure used for the data in individual game doesn’t 
match for the data in collaborative game. Therefore, such 
means seem to be impossible to compare, and we focus on 
‘analysis’ and ‘planning’ mental actions more precisely.

ANOVA analysis was used to compare all means. 
First, it was revealed that participants in the group 2 
outperform those from the group 1 in both ‘analysis’ 
and ‘planning’ in individual game (F = 13,18; р = 0.001; 
F = 2,79; р = 0.02). Second, individual game conditions 
provide better chances for ‘analysis’ in comparison to 

Fig. 5. Means of game performance for each game set

T a b l e  2
The correlation matrix of the interactions between researched variables in two types of the game

Variable 1. 2. 3. 4. 5. 6.
1. Analysis (individual)
2.Analysis (collaborative) 0,35**
3.Planning (individual) 0,22** 0,20*
4.Planning (collaborative) 0,2* 0,21* 0,17
5.Reflection (individual) -0,14 0,04 0,48** 0,06
6.Reflection (collaborative) -0,03 0,02 -0,03 -0,1 0,06

 *p = 0.05; **p = 0.01.

T a b l e  3
The main differences in means by comparison of two game conditions in two groups 

(SD are displayed in parentheses)

 Measure Group 1 Group 2
Game type Individual Collaborative Individual Collaborative

‘Analysis’ (No. of correct rules) 2,63
(1,96)

2,44
(1,56)

4,02**
(1,8)

2,75
(1,63)

‘Planning’ (X-parameter of game performance) 4,15
(0,99)

5,9
(3,51)

4,43
(1,24)

6,89*
(3,04)

**p = 0.02; **p = 0.001
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collaborative game. No matter which group is taken for 
consideration. But completely reversed effect is revealed 
for ‘planning’: in both groups participants are better 
in getting the points in collaborative game. Moreover, 
students in the group 2 demonstrate the higher level 
of means in ‘planning’ than students from the group 1. 
Significantly, correlations between intelligence and any 
means in game performance were not shown.

At the second step patterns of the interactions be-
tween researched variables were analyzed on each game 
set. The main effects are shown in Figures 6 &7, and 
demonstrate different effects on the correlations. In 
the group 1 the connections between two researched 
parameters of mental actions is rapidly growing from 
the first till the last game set. In the contrary, for the 
group 2 a small acceleration of the correlation coeffi-
cients is clearly seen only for individual game, but not 
collaborative.

To sum up, the present results lead to the following 
conclusions. Participants exhibit higher game perfor-
mance in collaborative game. Such effects are shown 

in total game points as well as on each game set. Fur-
thermore, different intellectual sources provide addi-
tional significant conditions. Students with an equal 
level of intelligence (the group 1) demonstrate better 
connection between two higher-order cognitive ac-
tions of analysis and planning through the whole game 
process.

4.3 Partners’ dialogues analysis as cognitive action 
reflection’ in collaborative game
All participants’ dialogues were transformed into the 

written texts after being listened auditory. The text was 
prepared for every student and for each game set. All ex-
pressions were written without being skipped for a de-
tailed analysis. After that the phrases were divided into six 
categories by the criterion of participant’s attitude to the 
game and to his / her partner. In the end each phrase was 
awarded by one point for a concrete category. The cat-
egories and expressions examples are presented in Table 4.

Not all categories are meaningful as the indicators of 
the ‘reflection’ variable. For example, the first and the 

Fig. 6. Correlations between ‘analysis’ and ‘planning’ on each game set in individual game

Fig. 7. Correlations between ‘analysis’ and ‘planning’ on each game set in collaborative game
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second don’t have a significant impact on the thinking 
unless they change game behavior trajectory. But such 
expressions provide emotional attitude and catalyze 
generally the game. The third and the fourth category 
are of a big interest because of their focus on the partici-
pant himself or his partner. In this case the fourth ‘col-
laborative’ intended category should be correlated with 
the ‘planning’ variable as a key parameter of game per-
formance. Finally, the fifth and the sixth categories play 
the pivotal role by having a substantive direction to the 
whole game situation. The phrases from these categories 
are signified as generalized markers of the ‘reflection’ in-
sofar as they concern to expressions about concrete rules 
and reflect arguments of how to act to be successful in 
the game.

Means for the whole sample and two groups are dis-
played in Table 5.

From the present Table we can derive significant dif-
ferences between two groups of participants almost in 
each category excluding the fifth. All means are more 
frequent in the group 1 and show that students with an 
equal level of intelligence tend to more often interact 
with each other using different expressions including as 
much neutral or emotional as meaningful.

At the next step the correlation analysis between the 
researched parameters — variables ‘analysis’, ‘planning’, 
and each category displays the variable ‘reflection’ — was 
accomplished. The main results are presented in Table 6.

The present correlations demonstrate general pat-
terns of the interactions no matter which sample is under 
the spotlight: the robust relation between the ‘planning’ 
parameters and means of the last three categories (i.e. 
‘collaborative intended’, ‘agreeing’, ‘changing’) is signifi-
cant for the whole sample and also for each group. Thus, 

T a b l e  4
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? », «I can’t», «Have you 
moved in this way?», «Where are you moving!»

2. Neutral-motivational
(it doesn’t participant’s behavior in general, but it brings emotional 
/ motivational investment in the dynamic of the game)

«Common, move on! », «Please, approve», «Hurry up, we’re 
just running out of time», «Common! », «Ah! All right! », 
«Yes, let’s make it in this way» 

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

«I’m making vertical line»,
«I’m making horizontal line»,
«I’m making horizontal line»,
«Amid / cancel my move». 

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

«Make it again»,
«Let 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
(participant agrees with his partner and accepts his move or can-
cels his own move, but understands the reason) 

«Generally, yes, it is so»,
«Yes, we take the green one»,
«I accept»,
«Yes, I agree, we move in this way»,
«Yes, all right».

6. Changing (objecting)
(an attempt to change partner’s behavior with concrete arguments 
or statement 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 manner»,
«It’s easier», «Three blue balls are arriving one after an-
other» etc. 

T a b l e  5
Means of all categories

Category Whole sample Group 1 Group 2
1. Neutral 3,61 4,63 2,86**
2. Neutral-motivational 16,20 21,1 12,58**
3. Individually intended 3,91 4,1 3,79*
4. Collaborative intended 13,44 15,00 12,28**
5. Agreeing 1,14 1,13 1,16
6. Changing (objecting) 1,72 2,19 1,37*

*p = 0.05; **p = 0.01.
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we can conclude the deep connection between such vari-
ables as ‘planning’ and ‘reflection’ which represent two 
key mental actions for successful problem solving.

Another significant interaction ties ‘planning’ param-
eter with the mean of the fourth, ‘collaborative intended’ 
category. This empirical fact let us discuss about the 
validity of participants’ dialogues as significant mark-
ers of their verbal reactions catalyzing the game process. 
The effect of the stronger correlation between ‘planning’ 
and means of the three last categories popping up in the 
group 1 is also important of additional notion. It points 
to better mental possibilities for successful game prob-
lem solving.

On the other hand, weaker correlations are obvious 
when it comes to the variable ‘analysis’: its connection 
to the categories whether negative or of low significance. 
The exception concerns again the group 1 where positive 
correlations are seen in case of the fifth category. Thus, 
this is the group 1 which can be an appropriate exam-
ple of the interactions between three researched higher 
mental actions of analysis, planning, and reflection.

5. General discussion

The present study was aimed at testing the com-
puter game system ‘PL-modified’ as a diagnostic tool 
for measurement of higher-order cognitive skills by 
middle-school students in individual and collaborative 
game. For this purpose two versions of the system were 
elaborated: the first one is for an individual game, and 
the second one was set for a collaborative game where 
participants had to work together — at the verbal and 
behavioral level by splitting individual game actions un-
der conditions of making a joint game decision (step) — 
to get more points. All parameters of game performance 
were compared then for the whole sample as well as in 
two groups divided by the intelligence level criterion.

The results let us derive the following key conclusions. 
First of all, the main parameters of game performance as-
sessed by the proportion of total game points to the num-
ber of game moves are higher in collaborative game. These 
effects are to be increasing at each game set by keeping 
positive game dynamic. Such results partially confirm the 
hypothesis that participants will exhibit the higher level 
of cognitive actions in collaborative game in contrast to 
individual game. These differences are specified in the 

faster dynamic of getting the game points, and the higher 
total game points. Thus, we can also deduce that this is the 
collaborative game which provides good conditions for 
participants learning to communicate and better under-
stand each other. Unlike the individual game where game 
performance decrease can be caused by faster fatigue and 
exhaustion of motivation to further play.

At the same time, the above mentioned effects are 
relevant for the cognitive action planning, but not for 
the analysis which parameters were higher in individual 
game. We assume that such results can be partially ex-
plained by the very way of how the variable was assessed. 
In all cases participants picked the rules individually, 
even in collaborative game. This measurement proce-
dure was initially introduced because of some technical 
reasons. We also aimed to separate the input of every kid 
in rules awareness and to stick to more valid conditions 
by making the data statistically comparable. Neverthe-
less, the correlation analysis revealed significant inter-
relations between the data of the ‘analysis’ variable in 
two types of the game that confirms the correctness of 
the used measure technique. Thus, we can conclude that 
participants simply see more rules in individual game.

On the other hand, the correlations between the 
variables of ‘analysis’ and ‘planning’ demonstrated more 
robust interactions in collaborative game — the fact 
that stresses deeper connections of two mental actions 
in collaboration. As for reflection then this variable was 
the most difficult to be scored because of qualitatively 
various game conditions. Thus, in case of collaborative 
game the micro-analysis of the dialogues was under-
taken and revealed significantly high correlations be-
tween parameters of ‘planning’ and ‘reflection’, and (in 
some cases) ‘reflection’ and ‘analysis’. In general, the 
interactions between three researched higher cognitive 
actions obviously manifest themselves in collaborative 
game. The present empirical facts statistically confirm 
that three researched variables are correctly represented 
and scored by the elaborated game procedure. Moreover, 
these main data confirm those revealed in the previews 
study (Margolis et al., 2020) about the relations of the 
mental actions of analysis, planning, and reflection. For 
its part these data concern to our first research question 
about the correlations of the cognitive actions as a valid 
indicator for the ‘PL-modified’ computer system and 
make to outline appropriate prospects for its usage as a 
potential diagnostic tool in education.

T a b l e  6
The correlation matrix of the interactions between researched variables in collaborative game

Whole sample Group 1 Group 2
Analysis Planning Analysis Planning Analysis Planning

1. Neutral -0,23* -0,37** -0,28 -0,51** -0,13 -0,22
2. Neutral-motivational -0,34* 0,11 -0,24 0,22 -0,32* 0,34*
3. Individually intended -0,13 0,44** -0,25 0,18 -0,1 0,61**
4. Collaborative intended -0,15 0,60** 0,1 0,80** -0,27 0,63**
5. Agreeing 0,02 0,51** 0,27* 0,82** -0,17 0,39*
6. Changing (objecting) -0,18 0,49** -0,1 0,72** -0,22 0,55**

*p = 0.05; **p = 0.01.



100

Another one important result highlights the impact of 
individual differences on the major effects. Both types of 
game performance seem to be determined by the level of 
the higher-order cognitive actions of analysis, planning, 
and reflection as well as the patterns of their interactions. 
However, manifestation of the above mentioned cognitive 
actions is additionally caused by the factor of different cog-
nitive abilities (for this game there is equal / unequal intel-
ligence) as well as main game results depend (qualitatively 
and quantitatively) on cognitive abilities of partners’ in-
teractions. The pairs with an equal intellectual level gener-
ally play more effectively. This impact is shown in positive 
dynamic of the interactions between game parameters and 
(in some cases) higher final game performance.

Such results coincide to a certain extent with those 
detected by Perret-Clermont(1991) who stated that 
cognitive development is determined by a special form 
of human’s interaction when a person deals with vari-
ous thoughts and meanings. A child stimulates his own 
development by coordinating his opinion with others, 
and summoning socio-cognitive conflict which in its 
turn leads to intelligence development. Taking this po-
sition into account we were not focusing on the intel-
lectual development precisely, but considered children 
cognitive sources with a big attention. And it turned out 
that namely this factor — of an equal intellectual level — 
played an important part in general effects.

Finally, the meaningful and thoughtful collaboration 
of partners provides better comprehension of the game 
rules, and as a result better game itself. This outcome 
is expressed in higher game points. Thus, the real intel-
lectual activity in collaborative work seems to be more 
difficult than the traditional scheme of a direct connec-
tion between an action and an output. And forms of the 
partnership create space of possibilities which encourage 
potential patterns of interactions under different psy-
chological factors.

To sum up, the present conclusions let consider the 
key collaborative game parameters as additional diagnos-
tic markers for the level of higher mental actions by mid-
dle-school students so far the effects were shown on the 
whole sample as well as in two divided groups. Meanwhile 
this is worth of notion that there are not direct and simple 
connections between assessed variables without consider-
ation of various internal and external factors. Collabora-
tive game doesn’t simultaneously lead to a better result, 
but does form many start-up chances for potentials ex-
pressed in concrete forms of mental actions.

For the computer game system itself the results let 
clearly characterize the potential advantages for its usage 
as a supplemental diagnostic tool since the system obtains 
psychological and technical possibilities including time 
limits, big motivational attractiveness, its speed, easiness 
and also accuracy whilst empirical data will be testing and 
processing. Furthermore, the system implies measure-
ment of multiple cognitive actions at one time period and 
in terms of one type of activity which involves not just 
simple gaming process, but also information analysis and 
thinking of a strategy before trying to solve a problem. 
In this context the present computer system can be also 
observed as a learning tool which is supposed to enhance 

players’ problem solving skills. Some positive steps were 
done by Adachi & Willoughby (2013) in this domain. 
They argued that exactly strategic video-games pro-
moted self-reported problem solving skills and indirectly 
predicted academic grades. We gather that the current 
findings let the present system to be incorporated into 
educational process in the future. The measurement of the 
whole process of the present problem solving while play-
ing a game let to analyze more comprehensive presenta-
tion of cognitive actions in their internal form (as mental 
actions). On the other hand, such representation appears 
also as a form of social interactions by creating not only a 
context of joint playing actions, but manifesting itself in 
external way by a dialogue with a partner of communica-
tion. In general, these modern game-like diagnostic tools 
allow studying more subtle psychological phenomena and 
overcoming traditional static measurements that capture 
only single elements of a researched object instead of con-
sidering their real interactions. Thus, the elaborated ‘PL-
modified’ computer game system seems to be more valid 
as a new potential instrument taking its closer correspon-
dence with the real thinking process during a concrete 
(here game) activity into account.

5.1. Limitations of the study and its further prospects
While the main hypothesis of the study was con-

firmed, some limitations should be acknowledged. First, 
we studied and compared the effects on the sample which 
includes only two schools. The fact that school children 
from one school can have some cognitive edges and ad-
vantages in learning process must be taken into account. 
Although the intellectual impact was deliberately con-
trolled and wasn’t strongly revealed on the whole sample 
which means that such participants couldn’t have and 
use any intellectual benefits from game performance in 
advance. Secondly, the potential gender differences were 
not analyzed. Since female participants are generally 
more motivated by challenge games (McDaniel et al., 
2012), some gender effects should be taken in the focus 
of the future studies.

In general, the whole diagnostic potential of the com-
puter system must be anticipated with a sufficient cau-
tion since it is not fully studied. The following research 
prospects are worth of being outlined:

1. the researched sample must be extended by recruit-
ing students of different ages, academic performances 
and those who stick to diverse educational processes and 
learning methods. Such methods will allow expanding 
the psychological relevance of the results up to the gen-
eral sample of Russian school-children;

2. an increasing number of cognitive tested param-
eters makes the accurate and differential measure of stu-
dents’ cognitive potential more possible;

3. the flexible properties of the whole game system 
imply varied forms of the organization of the game pro-
cess in the future. As an example in certain circumstances 
the collaboration of participants whilst they are solving 
game tasks not exactly in pairs, but in small groups will 
allow to study their different individual traits including 
social intelligence, communicative abilities, and other 
social and cognitive patterns.
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6. Conclusions

The present study was aimed at testing the com-
puter game system ‘PL-modified’ as a special diagnos-
tic tool for the measurement of higher mental actions 
by middle-school students in individual and collabora-
tive game. We took the sample of children at the age of 
11—12 years to prove whether the higher mental ac-
tions of analysis, planning, and reflection measured by 
special markers of the elaborated computer game sys-
tem are correlated with each other as a valid indicators 
of a new appropriate diagnostic instrument. The factor 
of the game type — individual and collaborative — was 
also controlled to reveal better conditions for manifes-
tation of the higher mental actions level. Another inde-
pendent variable was abstract intelligence. The results 
showed that participants exhibit the higher level of the 
mental actions of analysis and planning in collaborative 
game. Moreover, the present game type provides the 
more robust interactions between the mental actions 
of analysis and planning, and planning and reflection. 
Furthermore, the strongest patterns of these correla-
tions between the researched variables were demon-
strated by those pairs of participants whose intelligence 
levels were rather equal. Thus, the main hypothesis was 

confirmed and let derive some important advantages by 
using the tested computer game system as a potential 
future diagnostic tool.
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Исследование направлено на разработку и тестирование компьютерной игровой системы ‘PL-
modified’ как инструмента диагностики универсальных учебных действий (далее УУД) у учащихся 
среднего школьного возраста в двух условиях проведения игры: индивидуально и в игре в паре 
с партнером. ‘PL-modified’ представляет собой компьютерную систему в формате игры с разра-
ботанными параметрами оценки мыслительных действий анализа, планирования и рефлексии — 
ключевых УУД, необходимых, согласно теории развивающего обучения, для успешного обуче-
ния. В исследовании принимали участие 189 учеников в возрастном диапазоне 11—12 лет. Были 
сформулированы два главных исследовательских вопроса: 1) существует ли взаимосвязь между 
измеренными показателями анализа, планирования и рефлексии как основной идентификатор 
валидности разработанной компьютерной системы; 2) какой тип игры — индивидуальный или в 
паре с партнером — представляет лучшие условия для проявления высоких показателей оцени-
ваемых УУД. Общий интеллект также оценивался и независимо контролировался. Результаты 
исследования показали более высокий уровень анализа и планирования в условиях игры в паре 
с партнером. Более того, паттерны взаимосвязей между оцениваемыми параметрами УУД, равно 
как и отдельные характеристики игровой результативности, зависят от уровня интеллекта, кото-
рый демонстрируют пары игроков (уравненные vs. не уравненные по уровню интеллекта). Пред-
ставленные эмпирические факты обсуждаются с точки зрения перспектив использования системы 
‘PL-modified’ в качестве потенциального инструмента диагностики и развития УУД. В рамках со-
временных образовательных программ учителя и психологи нуждаются в простых и относитель-
но легких диагностических методиках оценки умственных действий школьников. В то же время 
традиционные бумажные тесты не всегда способны мобильно реагировать на запросы диагности-
ческой ситуации, поскольку не учитывают мотивационную составляющую и концентрируются ис-
ключительно на конечном результате мышления. В связи с этим представленная компьютерная 
система, включающая игровой формат диагностики и фокусирующаяся на процессуальных харак-
теристиках оцениваемых когнитивных конструктов, имеет большие диагностические возможно-
сти, поскольку в перспективе может предоставить содержательную информацию о динамических 
аспектах мыслительного процесса.

Ключевые слова: компьютерная игровая система 'PL-modified', универсальные учебные дей-
ствия, индивидуальная игра, игра в паре с партнером, интеллект, принятие решения.
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