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Abstract

Context and relevance. Digital gaming environments are widely used for
diagnostics and development of students and their specific abilities, for
example, S. Papert's approach of teaching programming. The important
feature of game environments is the students’ autonomy in setting learning
tasks. Therefore, games have great potential for the development of gen-
eralized ways of actions while solving practical problems. Objective. This
study, based on the approach of V.V. Davydov, L.V. Bercfai, V.V. Rubtsov,
A.M. Medvedev and Y.V. Gromyko, is dedicated to the diagnostics of learning
activity of middle school students when working in digital game environment
created for learning programming. Hypothesis. The work forms a hypoth-
esis about the possible levels of learning activity in the digital game environ-
ment, which allows combining direct operations on objects represented in the
game with the program control of these objects with the help of the special
visual language. Methods and materials. The diagnostics was based on
the educational game «Apiary Defence», developed in the framework of the
National Cyberphysical Platform «Berloga». The study involved 189 students
(163 males, 26 females) in grades 4-7, mean age 12,2 (SD = 1,04). Re-
sults. The diagnostic results showed that independent individual progress
of students in a digital game environment does not allow them to reach high
levels of learning activity, including overcoming the sign naturalization of the
visual tools of the game. This result is not related to the students’ class.
Conclusions. The further study of the psychological mechanisms underlying
the transition from the mastering of individual operations to the formation of
generalized ways of problem solving is related with the conduct of a forming
experiment, which can be based on joint collective activity of students.

Keywords: digital game environments, learning activity, modeling, notional
machine, programming, sign naturalization
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Pestome

KoHTekcT u aKkTyanbHOCTb. B HacTosLLee Bpems LUMPOKOe pacnpocTpaHe-
HWe nonyymMnn undpoBble MrpoBble cpepbl, Npogomkatome noen C. Man-
nepTa u HanpasneHHbIE Ha Pa3BUTUE yHaALLMXCA 1 hOpMUPOBAHUWE Y HUX CMO-
COBHOCTEWN, CBAA3aHHbIX C MporpaMmMupoBaHnem. Takue cpefbl NpoBOLMPYIOT
camoCToATeNbHblE AENCTBUA y4aLLMXCa B NOCTAHOBKE VMU y4ebHbIX 3aaady,
TEM caMbIM MMEIT noTeHuMan OpMMPOBaHUSA yHalLMMUCA OBO0O6LLEHHbIX
CrocoboB OEeNCTBUS MpU peLleHun npakTuyeckux 3apad. Lenb. [daHHoe
vccnepoBaHue, passuBatowlee noaxon B.B. OaebigoBa, J1.B. Bepudhan,
B.B. Py6uoBa, A.M. MeggeneBa 1 t0.B. MpombIKO, HanpaBneHo Ha BbisiBre-
HMEe NCUXONOrMYECKNX YCIOBUIA 1 MEXaHN3MOB OCBOEHWSA YHEOHOW AesaTerb-
HOCTM y4alLUMMUKCA CpedHew LLKOSbI Npy paboTe B LMhpoBOMA MrPoBOW cpefe,
COo3[aHHoM AN n3yyeHns nporpammuposanus. Fmnoresa. B pa6ote hopmy-
NVpYeTCA rmnoTesa O HanMMYMM HECKONbKUX YPOBHEN OCBOEHUS yYeOHON ae-
ATENIbHOCTN — OT OCBOEHUSA OTAENbHbIX onepauui Hag obbekTamu o dop-
MMpPOBaHUA 0606LLIEHHBIX CMOCO60B AENCTBUA B LIMGIPOBON UIPOBOW cpefe,
KOTOpas MO3BONAET co4eTaTb onepauuy Hag NpeacTaBeHHbIMNU B Urpe obb-
eKTamy C MporpaMMHbIM yrpasneHnemM AaHHbIMU 0ObeKTaMM C MOMOLLIbIO
BM3yanbHoro s3bika. MeTtoabl 1 maTtepuanbl. B gnarHocTvke ncnonb3osa-
NNCb pe3ynbTaTbl NPOXOXAEHNA 06pa3oBaTeslbHOM Urpbl «3aLumTa nacekm»,
paspaboTaHHOM B pamMkax HaumoHanbHoW Knb6eptunanyeckon nnatgopMbl
«Bepnora». B uccnegosanum npuHanu yqactme 189 yyawmxcsa (163 manbym-
Ka, 26 OeBo4ek) 4—7 Knaccos, cpedHuin Bo3pacT — 12,2 net (ctaHgapTHoe
OTKNoHeHne — 1,04). PesynbTaTtbl. Pe3ynsraTbl AMarHOCTUKW Nokasanu, 4To
VHAMBUAYaAbHBIA OMbIT y4aLMXCa B UrPOBOW LMPPOBON cpepe He Mo3Bo-
NAET BbINTU Ha BbICOKME YPOBHW OCBOEHMUS y4eOHOW OEATENbHOCTM, B T.4.
NpeofoneTb 3HAKOBYIO HaTypanu3aumio BU3yanbHbIX UMHCTPYMEHTOB Wrpbl.
HocTuraembli y4alLMmncsi YpoBeHb He CBA3aH C KnaccoM 06y4varoLLerocs.
BbiBopbl. [Insi nocnepytollero M3y4eHusi Ncuxonormyeckmx MexaHu3MoB,
nexaLymx B OCHOBaHUM nepexofa OT OCBOEHWSA OTAESbHbIX onepauui K dop-
MUPOBaHUIO 0606LLEHHBIX CMOCOB0B peLLeHns 3aad, He06X0[NMO NPOBECTH
HOPMUPYIOLLIMIA SKCEPUMEHT, B OCHOBE KOTOPOro MOXET fiexaTb COBMeCT-
Has KONeKTVBHO-pacnpefeneHHasn AeATenbHOCTb YHaLLMXCS.

KnroueBble crioBa: 3HakoBasi HaTypanv3auus, UrpoBble LMpoBLIE cpedbl,
npeanbHbll KOMMbIOTEP, MOAEIMPOBaHWe, NPorpaMmMMpoBaHue, yuyebHas ae-
ATENbHOCTb

BnaropapHocTu. ABTOp 6r1arogapyT nefaroroB KPY>KOB Mo NPOrpamMmmMpoBaHunio KM6epthranyeckmnx
cuctem B Pecny6nnke BalukoptoctaH (ApacnaHoes M.M., Batbipranud P.P., )Kagaesa A.H., Kupe-
eB V.M., ManbruHa H.A., Motanosa B.U., Cubaratosa C.P.) 3a noMoLLb B NPOBEAEHNM ANArHOCTUKM.

[Ansa untnposanus: Gepocees, A.N. (2026). AnarHoctnka y4e6HON AeaTeNbHOCTU B UrPOBOM Lmd-
poBoli cpepe. [Neuxonorndeckasi Hayka n obpasosarue, 31(2), 204-219. https://doi.org/10.17759/
pse.2026310213
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Introduction

Currently, digital environments are
widely used in teaching and diagnosing
the development of schoolchildren, includ-
ing specially designed forms of organizing
educational material in accordance with
educational goals. A special place among
such training and diagnostic environments
is occupied by digital games. At the same
time, a wide range of positions can be
found in domestic and foreign literature re-
garding the use of digital games in working
with preschoolers and primary and second-
ary school students (Rubtsov et al., 1987;
Rubtsov, 2024; Salomatova et al., 2024;
Fedoseev et al., 2025). When considering
digital gaming environments, the high de-
gree of independence of students’ learning
actions in the game is of particular interest,
which is reflected in the emergence of the-
ories that continue the ideas of J. Piaget,
such as the constructionism of S. Papert,
which formed the basis for teaching pro-
gramming to schoolchildren (LaPrade, Las-
siter, 2023).

Within the framework of the tradition
of cultural-historical psychology, a special
role is played by considering learning ac-
tivity aimed at identifying and mastering
generalized methods of action by students.
Within the framework of the concept of de-
velopmental teaching, V.V. Davydov distin-
guished the learning task, which, through
the implementation of learning actions,
restores the initial relation of the studied
system of concepts underlying the gener-
alized methods of action (Davydov, 1996).
Creating an environment for students to
independently set learning tasks and pro-
vide pedagogical support for the process of
mastering the activity content of education
is a key challenge in the context of digita-
lization of modern life and schools (Loksa
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et al.,, 2022; Gromyko, 2023). Therefore,
the issue of adequate use of digital gam-
ing environments for diagnosing the psy-
chological development of schoolchildren
becomes patrticularly relevant.

This article discusses approaches to the
diagnosis of learning activity based on spe-
cially organized digital environments within
the tradition of V.V. Davydov, V.V. Rubtsov
and Y.V. Gromyko. The proposed diag-
nostics of educational activities in a digital
gaming environment continues the work of
L.V. Bertsfai and A.M. Medvedev on the
study of the processes of mastering gener-
alized methods of action by schoolchildren.

Research of learning activity
in gaming and digital environments

Diagnostics of learning activity in the
context of solving learning problems in-
volves the use of a genetic modeling
method aimed at studying mental functions
in the course of their formation, in specially
organized experimental conditions (Medve-
dev, 2010). This method allows us to study
the development of children in unity with
the processes of their education and devel-
opment (Gromyko, Davydov, 1994). Within
the framework of a formative experiment
implemented in this way, the elements of
pedagogical influence are introduced into
the very structure of the experiment, so that
the researcher actively intervenes in the
processes under study. “Its implementation
involves designing and modeling the con-
tent of new psychical functions, the means
and ways of their formation, it allows us to
study the conditions and patterns of their
origin” (Gromyko, Davydov, 1994, p. 32).
Similar work was done by V.V. Davydov
when forming the concept of a number in
younger schoolchildren, and for secondary
school students this method was applied
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by A.A. Ustilovskaya to form the concept
of a geometric object (Ustilovskaya, 2008).
This method is also associated with the
study of the mechanisms of sign natural-
ization in solving educational and practical
problems (Ustilovskaya, 2008; Medvedev,
2010), that is, operating signs without re-
storing their original content.

When implementing the genetic mod-
eling method, electronic and digital media
were repeatedly used to diagnose new psy-
chical functions in the educational activities
of primary and secondary school students
(Medvedev, 2010). In this regard, we can
single out the experiment of L.V. Bertsfai,
aimed at diagnosing the acceptance of a
learning task by younger schoolchildren in
the framework of solving a practical prob-
lem (Bertsfai, 1981). For diagnostics, a
special electronic device was designed in
which students had to move a figurine us-
ing several control buttons (see Fig. 1-a). If
the subject had difficulties, the experiment-
er put him in a situation of self-learning the
control logic in a given system to under-
stand how the buttons and the movement
of the figurine on a “clean” platform relate.
After that, the task became more compli-
cated, and the functionality of the buttons
changed imperceptibly for the subject. The
authors were able to demonstrate that stu-

oIl
| —
i
f v
1Y
.....
- - <
®: @1 N;--_—_)’
®: @2
[ ]
(2K ]

(@)

dents of the experimental class, when con-
fronted with a modified problem, solved it in
a theoretical way due to the fact that during
the execution of mental research work, they
identified the general principle of communi-
cation between the movement of the figu-
rine and the buttons on the remote control.
Actually, the participants reconstructed the
connection laid down in the system by the
organizers (Davydov, 1996, pp. 189—191).

A subsequent review of the Bertsfai
experiment raised the question of what
was the genetically initial attitude of the
organization of this movement system that
the subjects identified and mastered (Med-
vedev, 2010). If the original relation is a
subject of modeling, then in what abstrac-
tion (concept, model) was it recorded by
them? Isn’t this experiment just a detection
of the construction process of an indicative
basis for practical action without identifying
the most genetically original relationship
in the sign-symbolic plan? Developing the
line given by L.V. Bertsfai, A. M. Medve-
dev proposed an experiment based on the
computer technique “Square” (see Fig. 1-b).
The subjects were given the practical task
of converting a square from its initial state
to its final state taking into account the po-
sitions of the elements of the square, while
performing consecutive “shift” actions. As in

(b)

Fig. 1. The diagnostics of learning tasks set by schoolchildren
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the experiment of L.V. Bertsfai, participants
had to distract themselves from a particular
practical problem and go out to find a gen-
eral way — to transform the original square
into any other, for which it was no longer
enough to perform elementary operations
and keystrokes, it was necessary to enter
their own sign mediation (model). In the
course of working with the test students of
the 5th grade, A.M. Medvedev managed to
identify separate phases of the formation
of a generalized method: natural operation
(describing what is happening in the lan-
guage of “clicks”), direct transformations
(establishing the boundaries of possible and
expedient transformations) and sign media-
tion (constructing a solution in sign-symbolic
means, for example, “a circle movement”).

This paper continues the logic of sub-
jects’ orientation to mastering the gen-
eralized method set in the experiments
of L.V. Bertsfai and A.M. Medvedev. We
suggest a step towards constructing an
experimental scheme based on controlling
the virtual digital environment both by direct
operations on objects and by programming
using a special sign system. If, summarizing
the results of the considered experiments,
we imagine a virtual digital environment as
a combination of two sign environments: a)
objects that are controlled by the subject; b)
actions and operations that are available to
him and are represented in different signs —
one can select a relationship or model that
connects these environments. Otherwise, if
one does not restore the presence of both
sign environments and the relationships
between them, the user of the digital envi-
ronment finds himself in a situation of sign
naturalization, when operations do not re-
store the original relationships.

In accordance with this theoretical ap-
proach, the subject while solving a practi-
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cal problem should first be put in the situ-
ation of trying to act using the proposed
operations of the game environment. This
step is accompanied by a sign naturaliza-
tion of his work in the system. On the sec-
ond step the subject should overcome the
sign naturalization by restoring the original
relationship from the game environment
system according to ideal computer (no-
tional machine) of the system (Grover,
Pea, 2013; Munasinghe, 2023; Tenen-
berg, 2024), which defines all possible
variants of the game dynamics.

This type of models probably is the most
fundamental and important for secondary
school students, since it allows them to
answer the question of the value of using
computer-based systems as a kind of sign-
dynamic model for organizing and regulat-
ing the processes of the physical world. By
mastering the relationship between a dy-
namic process within a digital environment
and the computational model embedded
in its device, a computer-based computing
system as a model can become a method
of organizing student activities. To do this,
the student must learn to identify the rela-
tionship between the dynamic process of
the digital environment and the computa-
tional model, describe it in signs that do not
coincide with the signs of the digital envi-
ronment itself. Such an action will mean
overcoming the sign naturalization of the
programming environment, reaching the
relation of the dynamic process of the sys-
tem and the computational model, its initial
abstraction or the “germ cell”.

The diagnostic environment based on
the educational video game “Berloga: Api-
ary Defence” was used to diagnose the
development of learning activities as the
first stage in the design of this formative
experiment.
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Digital game environment
“Berloga: Apiary Defence”

New opportunities for diagnosing the
development of students’ learning activities
are offered by the digital game environ-
ment — the video game “Berloga: Apiary
Defence, created within the framework of
the National Cyber-physical Platform “Ber-
loga”. The video game was aimed at intro-
ducing students in grades 5-7 to the basics
of programming. “Berloga: Apiary Defence”
is not just an educational simulator with
gamification elements, but a full-fledged
strategy video game, which at the same
time has a built-in programming capability.
A player must protect an apiary from the
invasion of hostile drones controlled by ar-

& YpoBeHb 3
Nf, BonHa 15/15 N..
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tificial intelligence, using protective drones,
performing simple operations: placing them
for the upcoming battle and directly giving
them commands (see Fig. 2). In fact, the
game is a virtual control environment, and
the described part of the game forms a plan
for operational management of objects-
drones in the game.

The game contains two co-organized
plans — the gameplay of a strategic game
and the programming actions to change
the automatically performed functions the
drones. The second plan is an activity up-
on the activity of a strategic video game,
which determines the processes of setting
a learning task and finding a common way
to solve it (Konokotin, 2021).

BUL .1 MEC o
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Fig. 2. The main screen of the video-game “Apiary Defence” which allows to perform operations on objects

" The educational video game “Berloga: Apiary Defence” — https://platform.kruzhok.org/apiary
2 The National Cyber-physical Platform “Berloga” — https://platform.kruzhok.org/mission
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At any given time, a player can “look
under the hood” of their drones and see
what algorithm determines their opera-
tion, as well as modify or construct the
logic of the drone’s actions from scratch.
The game uses the visual programming
language of extended hierarchical state
machines, which is unusual for a mod-
ern schoolchild, and is the de facto in-
dustry standard for programming auton-
omous systems (Voevodin et al., 2024;
The Preliminary National Standard...,
2024). It is specially adapted for begin-
ners®. Drone programs are edited in a
separate window, forming an alternative
action plan for a player — a sign substi-
tution of the object control actions us-
ing the programming language. A player

gets the opportunity to operate with
signs that turn out to be “collapsed” par-
ticular actions of the drone in the game
(Fig. 3). This aspect of the game will be
discussed in more detail in the next sec-
tion of this article.

This digital gaming environment has
a great potential for conducting psycho-
logical and pedagogical research due to
its popularity and the ability to analyze
data on player actions. So, by the begin-
ning of 2025, the game was downloaded
and installed 25 thousand times, and the
results of more than 8,5 thousand play-
ers became available for analysis. Game
statistics are collected anonymously,
but players are given the opportunity to
connect the game to the digital platform

ctenner?

Bxoa
Moaynseuxenus. Asuratecaklenn

ATaka /

Fig. 3. The program editing screen with a hierarchical extended state machine of a drone from the game

s Programming in Berloga: the learning materials — https://platform.kruzhok.org/programming
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“Talent™ of the NTI Kruzhok Movement,
thereby linking game achievements to
personal data of the student (age, grade,
etc.) The game is included in the imple-
mentation of extended education pro-
grams based on organizations in the Re-
public of Bashkortostan (more than 100
organizations), the Novosibirsk region,
St. Petersburg and other regions.

The game allows researchers to con-
duct comprehensive research, including
long-term studies on mastering program-
ming and related abilities, such as model-
ing, construction, etc. Statistics of game
sessions allow one to get a general idea
of the nature of the game and the result-
ing gaming experience. Thus, when con-
sidering the typical scenario of a novice

5000

4000

3000

2000

1000

player (game time no more than 3 days,
etc.) for the years 2022-2024, we can se-
lect a subset of 5,5 thousand players. For
such players, the following fact is typical:
only a quarter of them have ever turned
to programming in the game. The graph
shows the distribution of such players by
the number of their own programs created
for drones (Fig. 4).

Analysis of game statistics, as well as
comparison of quantitative measurements
with the results of qualitative research, in-
cluding observations of game sessions and
discussion with subjects of the experience
gained in the game, allows us to take the
first step towards exploring the psychologi-
cal mechanisms of setting students’ learn-
ing tasks and overcoming their sign natu-

0 o
0 1

2 3 456 7 8 9101 1213 14 1516 17 18 19 20 21 22 24 27 28

Fig. 4. The distribution of novice players of the video-game “Apiary Defence”
by the scope of programming in the game (the number of created programs)

4 The digital portfolio platform “Talent” of the NTI Kruzhok Movement — https://talent.kruzhok.org
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ralization when working in digital gaming
environments. In the previous section, the
principal theoretical grounds for conducting
such a diagnosis were presented. Consid-
er in more detail the proposed hypothesis
about the levels of learning activity that can
be detected in the framework of diagnos-
tics based on individual experience of play-
ing “Berloga: Apiary Defence”.

Hypothesis about the levels of
development of educational activities
in the game “Berloga: Apiary
Defence”

As part of the educational game “Ber-
loga: Apiary Defence”, a player needs to
consistently solve a number of practical
tasks for managing a group of drones in an
increasingly complex virtual environment
(more opponents, more complex and dan-
gerous behavior). Solving such a practical
problem is impossible without mastering
the operational level of the drone control
action and is difficult to implement without
using a special programming language that
includes control commands.

Level 1: mastering individual operations
on objects. A player independently learned
how to select controlled objects (drones)
and operate them, directly issuing com-
mands that complement their basic logic.
A player did not learn how to use program-
ming effectively, and did not use sign rep-
resentations from programs in speech.

Level 1: mastering individual operations
on objects. A player independently learned
how to select controlled objects (drones)
and operate them, directly issuing com-
mands that complement the drones’ basic
logic. A player did not learn how to use pro-
gramming effectively and did not use sign
representations from programs in their own
speech.

212

Level 2: mastering the system of op-
erations on objects and programming ele-
ments within the control system. A player
experimented with control techniques that
involved tactical planning on the field. A
player identified the limitations and capabil-
ities of drones, as well as tactical schemes.
The use of programming was not system-
atic, and progress in the game was not
related to programming. A player’s speech
reflects the context of control activity (tac-
tics, control heuristics).

Level 3: mastering programming as a
generalized sign representation of individ-
ual control operations. A player achieved
success in solving a practical problem, in-
cluding through the use of programming ca-
pabilities in terms of modifying the available
default drone programs — he/she carried
out software control over the operations of
drones at the level of individual automated
actions and their combinations. While
working with the programming interface, a
player discovered a link between individual
control operations and their sign represen-
tations in the programming language. This
allows a player to create simple programs
through trial and error aimed at overcoming
the identified limitations of manual control
of drones. A player did not offer programs
based on the underlying models of the con-
trolled system, using signs without identi-
fying the original relationships and models
that formed the basis of the system.

Level 4: Overcoming the sign natural-
ization that occurs when programming in
the game by highlighting the limitations of
the managed system model that are em-
bedded in the default programs. This level
implies that a player overcame the percep-
tion of program elements as iconic signs
without restoring their content and the link
with the programmed system. A player
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was able to identify the proposed model
and discover its limitations. At this level, a
player experimented with the link between
the program and the objects controlled by
it in the game, and used special tools to re-
store this link (for example, using the drone
LED indicator to highlight the current state
of the program). A player created original
programs. In a player's speech, one can
find generalized descriptions of the man-
agement process, in an attempt to offer
their own sign-symbolic tools, which are
not enough in the default programs — a
step towards overcoming sign naturaliza-
tion and identifying the limitations of the
management model used.

Level 5: identifying the genesis of the
program as a model of the relationship be-
tween the management activity (the sign
environment of actions on objects) and
the activity of a controlled drone system
(the sign environment of control objects). A
player is ready to draw (schematize) how
the computer system works — a model of
an ideal computer (notional machine) built
into the game as a special operator for
changing the actions of drones. A player
can determine the purpose of the comput-
ing system itself and the conditions for its
reconfiguration. In fact, a player has recon-
structed the original relation laid down in
the game by the developers and can offer
their own modification of the game.

Testing this hypothesis allows us to take
the first step in organizing the formative ex-
periment, namely, to determine the starting
level of mastering the subjects’ educational
activities as a type of educational tasks that
they independently formulate when they
encounter difficulties in solving a practical
problem. The following sections present
the methodology and results of diagnostics
aimed at testing this hypothesis.

Research methodology

The stages of this study were: 1) con-
ducting an introductory study of the work
of schoolchildren in the game “Berloga:
Apiary Defence”; 2) identifying two groups
of subjects different in the context of using
the game — specially trained and indepen-
dently acting in the game; 3) conducting a
comparative analysis of the nature of their
playing; 4) highlighting the presence of lev-
els of development of educational activities
among players in both groups.

In this study, the individual experience
of a player was considered to determine
the level of development of learning ac-
tivity. Diagnostics of the player’s learning
activity was carried out by analyzing game
behavior (stored in the digital artifacts). Fol-
lowing the results of the practical part of the
diagnosis, the subject was asked questions
aimed at reflecting on the method of solv-
ing a practical problem and the proposed
solutions during the game, the difficulties
that the subject encountered.

The diagnosis was aimed at students
in grades 4—7. This range of students was
chosen due to the special interest in the
situation of transition from primary educa-
tion to general education, which was al-
ready mentioned in the previous sections,
as well as the lack of knowledge about
programming among students of this pe-
riod formed within the framework of the
“Informatics” lessons.

The first group of subjects (Group A)
was composed of students who had experi-
ence interacting with the game on a school
computer as part of extracurricular activi-
ties and extended programming education.
Participants of Group A took specially or-
ganized individual tests: they completed
the same task (pass level 1 of the game)
without the help of a teacher, without us-
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ing hints or previously created programs.
Subjects were allowed to start the test from
the beginning, without limiting the number
of attempts. One hour of working time was
allocated for diagnostics.

The second group (Group B) included
students who were not in Group A but
played the game independently outside
of school or clubs, using personal mobile
phones and computers.

Based on the results of individual tests of
Group A participants, the gameplay data (Fe-
doseev, 2025) were analyzed to detect the at-
tributes given in the previous section (for lev-
el 1 — the absence of programmed drones,
the intermittent nature of game sessions; for
level 2 — the combination of drones of differ-
ent types, the use of their tactical capabilities,
etc.). These data were compared with the
analysis of students’ responses in their re-
flection with teachers. For the patrticipants of
Group B, an analysis of their gameplay was
conducted to identify the signs indicating the
levels of mastering learning activity.

Statistical methods were used to ana-
lyze the data obtained, including Pearson’s
chi-square test.

Results of diagnostics of students’
learning activity development

The first group of subjects (Group A)
was formed from 42 students of the Re-

public of Bashkortostan. The second group
(Group B) included 147 students from
26 regions of Russia. A total of 189 sub-
jects participated in the study, including
163 boys (86%) and 26 girls (14%). Sub-
jects are enrolled in grades 4-7, with an
average age of 12,2 years (standard devia-
tion — 1,04). Table 1 shows the detailed
composition of both groups of subjects.

The game statistics obtained in the
course of the study were published in
the RusPsyDATA database (Fedoseev,
2025). When determining the level of
learning activity, the analysis of statistical
data was compared with the answers of
the subjects to the questions of the diag-
nostician. Here are some examples of the
subjects’ characteristic quotes for each of
the levels.

At level 1 (mastering individual opera-
tions on objects), the subjects noted dif-
ficulties during gameplay without trying
to identify the system of actions and their
relationships with objects (“There are too
many units and enemies, | don’t have time
to follow them”, “I don’t understand how
to make the drone do what | want”), for-
mulated specific tasks and then added a
list of them. They did not generalize ideas
about how to solve a practical problem
(“This time my drone was killed, but last
time it survived”) and did not connect pro-

Table 1
Characteristics of the testing group A (N1 = 42) and B (N2 = 147)
Parameters Group A Group B
1. Number of students 147
2. Students* sex 40m./2 p. 123 m./24 o.

3. Students’ class

4 kn.—5,5kn. — 16,
6kn.—6,7kn.— 15

4 kn.—9,5kn. — 28,
6Kn.—34,7kn. —76

4. Students* origin

Pecny6nuka BawikopToctaH
(c. BonbLLEYCTbUKUHCKOE,
Nwwnmbaii, Ctepnutamak,
Tynmagsbl, . Ydpa)

26 pervoHoB Poccurickon ®epe-
pauwuu, B T.4. n3 Hosocnbumpckown
obnactu (46), Pecnybnuku bBalukop-
TocTaH (27), CaHkT-MNeTepbypra (18)
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gramming with control operations (“ did
not understand how to program; it is very
difficult”).

At level 2 (mastering the system of
operations within the control system), the
subjects noted difficulties associated with
the tactical features of friendly and enemy
drones (“Smoker hits his own, | didn’t un-
derstand how to avoid it’, “Bombardier
beetle destroys all my Staplers”) or with
coordinating the control of many objects (‘|
got tired of constantly clicking on ‘pause’
to turn on the special ability of all units in
turn”). The difficulties associated with pro-
gramming were not related to control (‘|
tried programming, but | didn’t understand
the arrows”, “| tried adding new states, but
nothing happened”).

At level 3 (mastering programming as
a generalized symbolic representation of
individual control operations), the subjects
operated with signs from a graphical pro-
gramming language without restoring the
distinction between actions in the con-
trolled system and their model represen-
tation in a program or an ideal computer
(“When | added Overdrive to the Attack,
it did not work every time”, “l taught the
drone to retreat from the enemy, but it did
so belatedly”).

At level 4 (overcoming sign naturaliza-
tion), it was possible to identify only three

subjects who were able to go beyond the
proposed default programs: they pro-
grammed original tactics, named states
in the program in accordance with their
logic of operation (“It was necessary to
program the drone so that it retreated at
low health. To do this, it was required not
to return to the Scan state to avoid search-
ing for a new enemy”, “My Autoborders
retreated to the base when they reached
half health and returned back after repair-
ing, but | was able to do this only when the
timer event condition was correct”).During
the diagnosis, no subjects who reached
level 5 were identified.

The distribution of subjects by levels
of learning activity development in accor-
dance with the proposed hypothesis is pre-
sented in Table 2.

We will test the statistical hypothesis
about the independence of the revealed
level of mastery of learning activities from
the subjects’ grade. Since the number of
subjects from the 4th grade and the number
of subjects who have reached the 4th level
are small, we exclude these values from
the sample under study. To test the hy-
pothesis, we will create contingency tables
for two groups of subjects: reduced group
B (N=136) and group C, which combines
students from both reduced groups A and
B (N=173). To evaluate the independence

Table 2
The distribution of students by the level of learning activity (N1 = 42, N2 = 147)
Parameters Group A Group B
Level 1 14 (33%) 91 (62%)
Level 2 12 (29%) 32 (22%)
Level 3 16 (38%) 21 (14%)
Level 4 3* (2%)
Level 5 0

Note.* — the subjects showed the evidence of going beyond sign naturalization when pro-

gramming in the game.
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of values, we use the Pearson chi-square
test. The results of calculating the statistical
criterion at the significance level p < 0,05
are presented in Table 3.

Since the values of the obtained sta-
tistics fall within the confidence interval at
the significance level p < 0,05, it can be
concluded that during the diagnosis it was
possible to find the independence of the
revealed level of mastering learning activity
from the grade of the subject.

Conclusions

Based on the results of the diagnostics
of learning activity in the game “Berloga:
Apiary Defence”, the following conclusions
can be drawn:

1. The proposed hypothesis about the
presence of levels of development of learn-
ing activity in the game is confirmed when
diagnosing students in grades 4—7.

2. In the independent individual game
mode, only three participants out of
189 subjects demonstrated high levels of
mastering learning activity related to gener-
alized methods of action and working with
models.

The identified levels of learning activity
do not depend on the grade of subjects.

Limitations. The limitations of this
study include the difference in the con-
text of groups of subjects A (organized
learning) and B (independent play). The
diagnostic format did not allow to take
into account the previous experience of

students, which makes it difficult to inter-
pret the results.

Discussion

The diagnostic results show that the
transition from the level of mastering indi-
vidual operations on objects in the game to
more complex levels of learning activity is
difficult within the framework of an individ-
ual game. These results can be explained
by the fact that the subjects do not have
support either in the game itself or in the
development environment specially orga-
nized by the teacher to reach generalized
modes of action, in particular, the subjects
do not have the means to overcome the
sign naturalization of the visual program-
ming language.

It remains unclear whether students
set a detailed learning task while playing
or continue spontaneous manipulative ac-
tions. The answer to the question of what
determines the transition to the formula-
tion of a learning task will require further
special research.

The independence of the level of devel-
opment of learning activity from the grade
of the subject may be due to the fact that
generalized methods of activity in the field
of programming, modeling and manage-
ment are not the subject of development
by students in the course of studying aca-
demic disciplines of a general education
school. For this purpose, as shown in the
works of V.V. Davydov, it is necessary to
design a new type of educational subjects,

Table 3
The criteria for testing a statistical hypothesis
The sample under study Chi-squared test The critical Vaé?:t:;;lm;:e chi-squared
Reduced group B 1,98 9,49
Reduced groups A & B 2,64 9,49
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which was later devoted to the fundamental
works of V.V. Rubtsov and Y.V. Gromyko
on the development of educational subjects
that form the basis of the meta-subject con-
tent of secondary schools.

The results obtained allow us to speak
about the limitations of digital game learn-
ing environments that claim to master theo-
retical content with independent actions of
students, including their independent set-
ting of learning tasks. At the same time, it
is of particular interest to identify the psy-
chological mechanisms of the transition
from mastering individual operations to
operating with signs without restoring their
internal theoretical content, and then to
identifying internal patterns and initial con-
tent — genetic relationships that make it
possible to reach generalized ways of solv-
ing problems through programming. There-
fore, the next step in the development of
the use of digital gaming environments for
diagnosing and ensuring the psychological
development of schoolchildren can be the
implementation of a formative experiment
aimed at overcoming the sign naturaliza-
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