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Introduction: Monitoring the learning process usually involves an analysis of the higher mental functions of the student:
imagination, memory, thinking, attention, etc. Currently, there are wide opportunities for objective monitoring and evaluation of
these characteristics based on the achievements of modern neuroscience. Analysis of the personal characteristics of the student
allows to perform personalization of educational process. In this context, the approaches based on the electroencephalography
analysis are particularly promising. Currently, one of the main barriers to the widespread introduction of EEG based systems in the
school educational process is the lack of ready-made solutions to such systems for use in the learning process of schoolchildren,
as well as scenarios for their application. Purpose: Development and initial testing of the system for monitoring and adjusting the
learning process, as well as strategies for its use for primary school students. Methods: EEG analysis, wavelet analysis of recorded
multichannel EEG data, analysis of changes in the energies of the main rhythms of the neural activity of the brain, the feedback
provided by the system. Results: The concept and diagram of the developed system for monitoring and adjusting the learning
process and the strategy for its use for elementary school students are described in detail. An increase in the efficiency of learning
process with developed system was demonstrated as a consequence of feedback based on the assessment of changes in the
energies of the characteristic rhythms of the student’s brain activity. Practical relevance: The use of EEG systems for an objective
analysis of the personal characteristics of students and the personalization of the learning process through the implementation
of feedback based on the data obtained will increase the quality of the educational process and the efficiency of learning new
material.
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Introduction

The control of the learning process on the all lev-
els of education has always been an demanded top-
ic. The control has been considered in the context
of the evaluation the learning process efficiency by
teacher as well as by the students. The pedagogical
control implies correction of the learning process
based on the analysis of the data obtained by the
teacher. The procedure of adjustment itself can be
carried out at each step of the learning process, but
it has the most important value at the completion
of the learning new material. Thus, the pedagogical
control is a certain way to assess information about
the quality of the learning process and the readi-
ness of the student.

Traditionally, the Russian and foreign pedago-
gy of XX century was focused on the quality of the
learning, skills and attitudes. Various forms and
methods of control were able to not only to verify

learning, skills and attitudes, but also change the
system of teaching in the process of learning, which
allows to individualize and differentialize it [1-5].

Introduction of competency approach in the
school education highlighted certain dissatisfac-
tion with the traditional methods of learning pro-
cess control. The search for the new methods and
techniques was initiated for verifying not only tra-
ditional learning, skills and attitudes, but also per-
sonal and mental features of the student.

Since the works of L. S. Vygotskiy, the educa-
tional psychology implied the analysis of the de-
velopment of the higher mental functions, such as
imagination, memory, thinking, attention, etc. [2,
6] Russian and foreign teachers and psychologists
tried to consider corresponding neuropsychological
knowledge in the process of the learning and con-
trol [5, 7]. Recently, the great opportunities for ob-
jective control and evaluation of such features were
discovered based on the achievements of modern
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neuroscience. In [8, 9] the relationships between
academic progress, cognitive abilities and features
were studied. The modern techniques of neuroim-
aging (EEG, MEG, fNIRS, fMRI) have broad po-
tential to consider the development of memory and
attention of preschoolers [10], as well as to visual-
ize the cognitive processes while solving the spa-
tial reasoning mathematical tasks [11], arithmetic
tasks [12], or the tasks that require auditory pro-
cessing during reading and spelling [13].
Introduction of the digital learning devices and
remote educational technologies, as well as tran-
sition of the learning in the digital environment,
highlighted the issue of relevance of the learning
process quality control. On the one hand, the an-
alytics of a large amount of data obtained in the
process of mass training and, on its basis, the per-
sonalization of the learning process has become in
demand [14]. On the other hand, personalization
became possible based on the analysis of the cogni-
tive characteristics of the students [15]. EEG based
research on the analysis of brain activity seems to
be especially promising. First of all, this is due to
the fact that EEG, being a relatively inexpensive,
affordable, easy-to-use and safe technology, allows
obtaining objective information about the brain’s
work with good time resolution [16]. Moreover, when
using EEG, preliminary analysis and optimization
usually allows to significantly reduce the number
of electrodes, as well as the duration of recordings
of EEG signals when solving a specific problem [17].
For example, in [18], it was shown that the state of
the subject upon perception of an ambiguous visual
stimulus can be identified with high accuracy using
signals recorded with only two EEG channels.
Electroencephalogram studies have shown [19]
that children with lower math skills need more
careful monitoring and processing of resources. In
[20], it was revealed how the type and complexity of
the task affect the information processing mecha-
nism and how the approaches to solving linguistic
and visual-spatial tasks differ in individuals of dif-
ferent intelligence levels. However, such works are
rather in the nature of scientific research and are
not intended for the direct introduction of EEG in-
to the learning process. The 2018 survey mentions
only 22 examples of publications on this topic [16].
At the same time, it became clear that the use
of EEG for an objective analysis of the cognitive
characteristics of students and personalization of
the learning process through the implementation of
feedback based on the data obtained will significant-
ly improve the quality of the educational process
and the efficiency of learning new material [16]. It
is expected that the proposed approach will give the
best results when used on primary schoolchildren.
This is due to the higher lability of children and the
presence of simpler scenarios for using such a sys-

tem on the relatively simple and easily systematized
educational material of primary school.

Currently, there are two main barriers that pre-
vent the widespread introduction of EEG systems
into the school educational process. Firstly, the
technical difficulties of using EEG, which include
the relatively long process of mounting electrodes
on the head and the need to use special gel and
paste. Secondly, the lack of ready-made solutions
for systems based on EEG to use in the learning
process of schoolchildren, as well as scenarios for
their use. However, the development of compact and
relatively inexpensive electroencephalographs and
“dry” electrodes already makes it possible to over-
come the first barrier [16].

In present paper, we took a step towards over-
coming the second barrier by describing the con-
cept and scheme of the developed system for mon-
itoring and adjusting the learning process and the
strategy of its use for primary schoolchildren. The
results of the first tests of the implemented system
are also given.

General description of the system for
monitoring and adjusting the learning
process

Functional diagram and main blocks

A diagram of the proposed prototype (briefly —
a learning control system, LCS) is shown in Fig. 1.
It includes three main blocks.

1. Electroencephalograph for recording the elec-
trical activity of the student’s brain in the process
of solving cognitive tasks.

2. A tablet with a developed electronic educa-
tional environment (EEE). EEE provides an inter-
face for the student to interact with the L.CS using
a tablet, solving the proposed tasks, studying the
proposed educational material, or perceiving other
accompanying information.

3. Control computer (personal computer or lap-
top) with a software module for reading and prima-
ry processing of data coming from the electroen-
cephalograph and a software module of the control
system that processes all incoming information,
controls the effectiveness of the learning process
and develops a strategy for its correction.

There are three main streams of information or-
ganized in LCS.

1. The EEG data are transmitted to the control
computer (to the software module for reading EEG
data and then to the software module of the control
system) via wireless communication channel (for
example, Bluetooth).

2. The results of the students’ testing are trans-
mitted from the tablet with EEE to the control com-
puter (to the software module of the control sys-
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B Fig. 1. Functional diagram of the proposed system
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B Fig. 2. Qualitative illustration of the developed learning control system

tem). The results can be both the correctness and
speed of the solution, as well as the reaction time,
the number of errors and any other behavioral spec-
ifications; a wireless communication channel is
used for data transmission.

3. Feedback in the form of control commands
transmitted via wireless channel from the soft-
ware module of the control system to the tablet with
EEE. Feedback is necessary to adjust the tasks and
educational material (their level of difficulty, type,
rest time and other parameters) offered to the stu-
dent through the EEE. The control system deter-
mines the direction of changing the task param-
eters based on the analysis of incoming informa-
tion (see items 1 and 2) using original algorithms.
Moreover, control or adjustment can be carried out
by an operator (teacher, psychologist) in manual

mode based on information displayed in real time
on the monitor of the control computer.

Figure 2 shows an illustration of the developed
system for monitoring and adjusting the learning
process of primary schoolchildren based on the
analysis of EEG data, which schematically demon-
strates the variant of its use.

The principle of functioning of the developed
system

Let’s consider the principle of operation of the
proposed LCS system on a simple example of its use
during one student control session. In this case, the
student is invited to pass a set (battery) of tests in
the EEE on a tablet, consisting of mandatory and
variable parts. The obligatory part includes tests
for assessing the student’s cognitive resource, in
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particular, Schulte tables, memory test, proofread-
ing test, etc. These tests allow assessing the stu-
dent’s current cognitive resource, as well as his psy-
cho-emotional and psychophysiological state and
the level of cognitive fatigue. The variable part of
the tests includes subject-oriented test assignments
in the frames of the taught discipline. Tests can be
both input and intermediate, or final verification
tests for the chosen topic.

A fundamental feature of the developed system
is the feedback (see Figs. 1 and 2), based on contin-
uous monitoring and analysis of the student’s brain
activity and adjusting the complexity of test tasks
based on the aggregate information about the cor-
rectness of tasks and the characteristics of brain
activity. The latter allows to objectively and con-
tinuously assess such components of the cognitive
resource as the level of attention, cognitive fatigue,
and working memory. Thus, the following main sce-
narios of feedback have been implemented:

— The student successfully copes with the cur-
rent test task (the success criterion is set by the
teacher) — the feedback commands EEE to increase
the complexity of the task. For example, the student
copes well with the implementation of the Schulte
table consisting of 25 digits, then the feedback will
lead a Schulte table of 36 digits, on the next step of
testing.

— The student does not cope with the current
test task, the analysis of EEG data shows a high
level of cognitive fatigue — the student is given the
rest necessary to reduce cognitive fatigue, for ex-
ample, an educational game or cartoon is offered.
The test then continues.

— The student does not cope with the current
test task, the analysis of EEG data shows a low level
of attention, while cognitive fatigue is at a normal
level — the student is given comments that moti-
vate him to perform the test more attentively.

— The student does not cope with the current
test task, while the analysis of the EEG data shows
that cognitive fatigue and the degree of attention
are at normal levels. This means that the student is
trying to solve the task proposed to him, effective-
ly using his cognitive resource. However, the com-
plexity of the task is too high for him. As a result,
the feedback gives the EEE command to reduce the
level of task complexity.

The described adaptive adjustment of the com-
plexity of the test tasks based on the analysis of the
student’s EEG data, allows to determine the max-
imum task complexity for each student, which is
determined by his cognitive resource and abilities.
This adjustment is carried out both for mandatory
and optional tests. In the first case, feedback al-
lows to assess the most correct and objective state
of the cognitive resource of the student, as well as
his psychoemotional and psychophysiological state.

In the second case, it is possible to determine the
current level of the student on the topics covered by
the tests.

Relationships between EEG and cognitive
resources

As mentioned in the previous subsection, the
feedback in LCS based on a continuous assessment
of the components of a student’s cognitive resource,
which are attention level, cognitive fatigue, work-
ing memory load, using recorded EEG in the pro-
cess of passing test tasks. It is well known that
M/EEG signals reflect the activity of the brain
in different frequency ranges [17, 21, 22], mainly
d-rhythm (1-4 Hz), 6-rhythm (4-8 Hz), a-rhythm
(8-12 Hz), B-rhythm (18-30 Hz) and y-rhythm
(> 30 Hz). The ratio of given frequency ranges re-
flects various cognitive processes in the human
brain [23—26]. To assess the cognitive resource (in
particular, indicators of attention and cognitive fa-
tigue), the most important is the ratio of the ener-
gies of the o- and B-rhythms [27-32]. For example,
an increase in the level of attention and concentra-
tion on solving a problem in most cases is accompa-
nied by a significant decrease in the energy of the
o-rhythm with a simultaneous increase in activity
in the B-range [29, 31, 33]. Note that it is not the
absolute values of the energies of different rhythms
that matter, but how they change relatively to a cer-
tain basic level (for example, the corresponding en-
ergies at rest), or their dynamics in the process of
solving problems. Thus, when using EEG signals to
assess the cognitive characteristics of a student, a
necessary step is to calibrate the system for a par-
ticular student, which is carried out during resting
state [34]. Further, the system monitors changes in
various rhythms of brain activity in the process of
performing test tasks by students, as well as dur-
ing rest between tasks. To assess the energies of
various rhythms in EEG signals, wavelet analysis
is used [35].

The methodological basis of the algorithms that
establish the relationship between the levels of the
main components of the student’s cognitive re-
source and changes in rhythm energies in EEG sig-
nals is described in more detail in [31, 36, 37] and
presented in registered computer programs [38,
39].

The strategy of using the developed system
to control and adjust the learning process

The developed system in the educational process
monitors and adjusts the learning process at cer-
tain points in time.

Suppose that some educational course consists
of N topics (Fig. 3), and the level of complexity of
the taught material within each of the topics may
vary. For simplicity, let’s assume that there are only
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B Fig. 3. A qualitative illustration of the principle of application of the developed system for monitoring and adjusting
the learning process: T; symbols and circles indicate reference points in time at which testing is performed using the
learning control system, while white circles correspond to entrance tests, and gray circles correspond to intermediate
ones; a thick line with arrows shows the “educational path” in terms of changes in the complexity of the taught material
over time, while the arrows indicate the direction of the change in complexity at reference points in time

three difficulty levels (the dashed horizontal line in
Fig. 3 corresponds to the average level), and each
topic is two weeks long. Then, a possible effective
scenario for using LCS would be testing each stu-
dent using this system twice during one topic: con-
ducting an entrance test before the beginning of a
new topic (white circles in Fig. 3) and an intermedi-
ate test in the middle (in this case, a week after the
start topics; gray circles in Fig. 3).

As mentioned, entrance testing with the help of
LCS allows to objectively determine the current lev-
el of a student according to the topics covered by the
tests, which makes it possible to choose the most
suitable level of complexity of the material planned
for teaching. During intermediate testing (in this
case, after a week), the difficulty level is adjusted
based on the test results. Thus, an “educational
trajectory” personalized for a particular student
is built in the chosen discipline (see the thick line
with arrows in Fig. 3). The described adaptive ad-
justment of the complexity of the material taught
to the student in accordance with its current level is
aimed at increasing the efficiency of the education-
al process and the success of mastering the neces-
sary material.

Let’s take a closer look at the structure of EEE
tests. The variable part of the tests should consist
of several blocks (usually from three to five), which
allows to change the difficulty level from block to
block in accordance with the feedback commands
and, thus, to implement adaptive adjustment. A set
of related tasks can act as a block. Also, the block
structure turns out to be convenient for the man-
datory part of the test. In this case, for example,
one Schulte table or a proof test can act as a block.
Moreover, the cognitive characteristics of the stu-
dent, as well as the success of his solution of tasks,
is assessed throughout the block, and not when solv-
ing individual tasks. Such averaged characteristics

are more objective and less susceptible to random
fluctuations.

Note that when completing tasks from the first
block of the variable part, the difficulty level is se-
lected based on the assessment of the components of
the cognitive resource based on the test results for
the mandatory part and the difficulty level deter-
mined in the previous testing session, if the current
test is intermediate. The result of testing for the
variable part is an assessment of the level of com-
plexity of the material that will be most appropriate
for a given student at a given period of time, taking
into account his current training and abilities. Thus,
the level of complexity of the taught material is set in
accordance with the test results in the period from
the next lesson to the next reevaluation, adjusting
the level of complexity using the LCS.

For the system to work successfully, it is neces-
sary to foresee in advance the possibility of chang-
ing the level of complexity of the taught material
for different students, for example, by combining
students into different subgroups according to the
level of difficulty. Also, blocks of tasks of various
difficulty levels must be included in the base of LCS
tests.

Note that the number of difficulty levels can be
more than three. Also, instead of difficulty, anoth-
er scale can act, for example, the type of material
taught, the strategy of material presentation, etc.
Moreover, the scale can consist of several parame-
ters, i. e. be multidimensional.

Algorithm of functioning of the developed
system for monitoring and adjusting
the learning process

Let us consider in more detail the algorithm un-
derlying the functioning of the developed system
for monitoring and adjusting the learning process
of a primary school student. Algorithm consists of
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B Fig.4. The algorithm for the functioning of the learning control system: a — the preparatory part related to the cali-
bration of the system and passing the required tests; b — the main part associated with the passage of tasks from the

variable tests

two main parts, preparatory and main, shown in
Fig. 4, a and b, respectively. The first step is to cal-
ibrate the system, which consists in assessing the
base levels of the basic rhythms of neural activity
using EEG data under rest condition. This cali-
bration must be done for every new user; then the
calibration information is saved in users’ profile.
To improve the accuracy of the system, it is neces-
sary to periodically recalibrate it (for example, once
in a month) for already registered users. Based on
the calibration information, the parameters of the
time-frequency analysis of EEG signals are also ad-
justed.

The next step starts the obligatory part of
the test, which is implemented using feedback
based on the analysis of changes in the energies
of the rhythms of neural activity according to
the recorded EEG data. As a result of the test,

the levels of the components of the student’s cog-
nitive resource are determined, and on the basis
of these data, the initial level of difficulty and
other settings of the tasks of the variable part of
the test. Then control is transferred to the block
with the variable part of the test (see Fig. 4, b).
Here, the student is asked to solve a number of
test tasks, grouped into separate blocks, while
the complexity of the tasks varies from block to
block in accordance with the principle of feedback
implementation (for more details, see subsection
“The principle of functioning of the developed
system”). As a result, the system generates a
summary of the test results, the level of the com-
ponents of the student’s cognitive resource and
recommendations on the optimal parameters (for
example, the level of difficulty) of the material
planned for teaching on the test topic.
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Description and testing of the implemented
system to control and adjust
the learning process

System was implemented with electroencephalo-
graph “ActiCHamp” (Brain Products, Germany), a
tablet with a stylus and a laptop as a control com-
puter. EEG signals were recorded from 31 channels
using active electrodes “ActiCap” (Brain Products)
based on high-quality Ag/AgCl-sensors, while the
electrodes were placed using a special cap in accord-
ance with the “10-10” scheme with a ground elec-
trode on the position “Fpz” and one reference elec-
trode in the area of the right mastoid. An abrasive
“NuPrep” gel was used to increase the conductivity
of the scalp, and the “SuperVisc” conductive gel was
applied to the EEG electrodes.

Electroencephalogram recordings were sampled
at 250 Hz and filtered with a bandpass filter from
0.016 to 70 Hz and a notch filter at 50 Hz. An illus-
tration of the learning process using developed LCS
is shown on Fig. 5.

To interact with the student in the process of
passing the tests, an EEE was developed in an in-
teractive form familiar to the child, in which a spe-
cial fictional character conducts communication
with the child (Fig. 6). The type and character of
this character were developed in cooperation with
psychologists in terms of the best communication
with a primary school child.

Working process with EEE consists of three
stages:

1) the procedure for calibrating and configuring
the system (Fig. 6, a);

2) the obligatory part of the test (in Fig. 6, b
and ¢, the task with the Schulte table is shown as an
example);

3) the variable part of the test. In the developed
EEE it consists of logic tasks (an example is shown
in Fig. 6, d).

B Fig.5. Thelearning process with the developed system

a)

MNow | will tune in on the activity
of YOUR brain. | need lo see, how your
brain beraves when youre resting or dong
ing I . Then | can

you and it will be mare fun for us
to play together. Please, try to help me!
ou need to do two simple tasks

i Now, | will show you tabels .
/ with numbers. Each tatle has numbers "y
fram 1 to 25 that are out of order.
Please, lock at the tasle, show and
say all numbers aloud in descending
order - from 2510 1
(25, 24, 23, 22, 21, 20.....1).
Try to do this fast and without errors!
And at the end we will ses
which of us is faster!

)

21 | 23 9 [ 22| 4

| 28| Nl S| B3 10 | 14

el [SAl7f | |k 18 | 2

d) Cheburashka went to school. The teacher put him at the second desk,
if you count from the front, and the fourth,
if you count from the back.
How many desks are therain a row?

S 6

B Fig. 6. Screenshots of the developed e-learning envi-
ronment: a — the stage of calibration and tuning of the
system; b and ¢ — an example task with a Schulte table
from the mandatory part of the test; d — an example of a
logical problem from the variable part of the test
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The system gives out test results, an assessment
of the cognitive resource and individual recommen-
dations for teaching material for the student who
passed the tests.

We now consider its functioning when a student
completes an assignment with a Schulte table, which
is a simplified version of the Zahlen—Verbindung-
Test [40]. The completion of this task allows to de-
termine the effectiveness of the student’s work and
his ability to work, as well as resistance to external
distractions. By default, the Schulte tableisa 5 x 5
matrix with randomly located numbers from 1 to 25.
However, its size can be increased or decreased
by the system as the student passes the test. By
default, the student should select numbers from
25 to 1 in the table in descending order by clicking
on them on the tablet. The system registers time in-
tervals At, between two consecutive clicks on adja-
cent numbers. For example, At, is the time interval
between the moment the task starts and the moment
you press the digit “25”, At, is between pressing the
non-digit “25” and “24”, etc.

The participants in the experiment were
10 schoolchildren aged 7 to 10 years (grades 1-3 of
the school). Each student completed N =5 Schulte ta-
bles, the execution of 1 table took from 50 to 90 s, we
denote the execution time as ¢, t,, ..., Afy. Between
the tables there was a short break of 10-20 s. As a
result, the following individual cognitive character-
istics of schoolchildren can be determined:

1. Efficiency of work, which is the arithmetic
mean of the execution times of all tables: W, = (¢; +
+ ty + .. + ty) / N. It characterizes consistency of
attention and productivity.

2. The indicator of working capacity, which is
the ratio of the time of execution of the first table
to the efficiency of work: Wi, =t, /Wp. W; < 1 indi-
cates good working capacity, otherwise, it indicates
that the student needs a longer preparation for the
main job.

3. Psychological stability (a person’s ability
to maintain work activity for a long time) PS =
=ty— 1/Wg. If PS <1, then this indicates good
psychological stability.

Let’s consider the main steps that the developed
LCS takes, and the results and conclusions obtained
in the process of executing the Schulte table. First,
the system analyzes the dependence of the time re-
quired for a student to search for each subsequent
number on its number: At, (m). An example of such
a dependence is shown in Fig. 7. Its analysis allows
to draw conclusions about the efficiency and speed
of execution of a given table.

Second, according to EEG data, the dependenc-
es of the energy values of a- and B-rhythms on the
number m, averaged over the corresponding in-
tervals Az, : Ea’ﬁ(m), are estimated for each of the
31 channels. Analysis of these dependencies allows

At,,, s

0 5 10 15 20 256 m

B Fig.7.Thetime At, required for the student to search
for each subsequent number on his number m

you to determine the level of concentration on solv-
ing the problem when choosing each of the num-
bers. Thus, an increase in the B-rhythm with a si-
multaneous decrease in the o-rhythm relative to the
activity of the brain in a calm state, recorded dur-
ing the calibration process, indicates an increase in
the level of attention and concentration on solving
the problem [41].

However, more objective assessments are giv-
en by the values of the energies of the correspond-
ing rhythms averaged over one table (in the general
case, one test block). Fig. 8 shows the values of the
efficiency of each of the five Schulte tables, which
is the inverse to the time spent on its execution
(eff, = 1/t,), and the corresponding ratios of the f-
and o-rhythm energies (E B/E ) in the temporal brain
area, averaged over period of execution of each of
the tables. The task consisted of five 5 x 5 Schulte
tables in total. Fig. 8, a corresponds to the typical
case when LCS is used in the process of completing a
task. One can see that for the second table, the effec-
tiveness of solving the assigned task decreases (solid
line). This is accompanied by a decrease in the - and
the a-rhythm energies ratio (dashed line), which in-
dicates a decrease in the level of attention and con-
centration. LCS reveals this feature and, in accord-
ance with the described above algorithm, gives the
student a feedback, motivating him to perform the
task more attentively. This leads to an increase in
the efficiency of the task, starting from the fourth
Schulte table. As a result, the efficiency of the last
table exceeds the efficiency of the first one.

On the contrary, Fig. 8, b corresponds to a sit-
uation when LCS is not used in the process of a
schoolchild’s fulfillment of an assignment. In this
case, starting from the fourth table, the efficiency
of task performance is significantly reduced, and
for the last table it becomes much lower than for the
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B Fig. 8. Efficiency of each of the five Schulte tables (solid line) and the corresponding values E;/E  in the temporal
region, averaged over the period of execution of each of the tables (dashed line): a — the characteristic case when the
student uses the learning control system; & — the case without the use of the learning control system (for another sub-

ject)

first one. This is due to a decrease in the level of at-
tention and concentration of the student on solving
the task (see the dependence EB/Ea in Fig. 8, b).

Comparing the Fig. 8, a and b, we demonstrate
that in case with Schulte tables the LCS increased
the efficiency and the stability of the results of the
student’s performance due to the presence of feed-
back.

Additionally, the analysis demonstrated that the
tendency towards a high B/a-rhythms ratio is most
pronounced in the occipital and temporal areas of
the brain. Excitation of high-frequency B-activity
and a decrease in the a-rhythm in the occipital re-
gion indicates an increased load on the visual cor-
tex, while a similar trend in the temporal cortex
indicates the activity of the brain associated with
learning and processing new information [42, 43].

In conclusion, note that in order to reliably con-
firm the effectiveness of the proposed system and
demonstrate the statistical significance of the dif-
ferences obtained, it is necessary to conduct its
versatile testing on a group of schoolchildren, in-
cluding various types of tasks and scenarios. The
results of such testing will be presented in our sub-
sequent works.

Conclusion

We described in detail the concept and scheme
of the developed system for monitoring and adjust-
ing the learning process, as well as the strategy its’
application for primary schoolchildren. The func-
tional diagram and the main blocks of the system,
the principle and algorithms of its functioning are
described. The relationship of the characteristics
of EEG signals with the components of the cogni-
tive resource and the implementation of this con-
cept in the LCS system are discussed. The strategy
of using the developed system for monitoring and

adjusting the learning process in the educational
process is described. A description of a specific im-
plemented system along with an electronic educa-
tional environment is given. The results of the first
tests of the implemented system are presented when
schoolchildren perform a simple task consisting of
N Schulte tables. The results of comparing the ef-
fectiveness of solving the proposed tasks with and
without active LCS system demonstrated using a
specific example of the increase in the efficiency of
a schoolchild’s work when using LCS system. This
is a consequence of the influence of feedback and
personalization of the testing process, based on the
assessment of changes in the energies of the charac-
teristic rhythms of the student’s brain activity.
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Brenenue: KOHTPOJIb IIpoIiecca 00yUeHUA OOBITHO IIOAPAa3yMeBaeT aHAINS3 PA3BUTHUA BBICIINX ICUXUIECKUX (DYHKIIUH 00yUaIoIerocs:
BoOOpasKeHUsd, IaMATH, MBIIJIEHNS, BHUMAHUA U Ap. B HacTosAmee BpeMs OTKPHIBAIOTCA IINPOKKE BO3MOKHOCTH O6'HEKTUBHOTO KOH-
TPOJISA U OIEHKU JaHHBIX XapaKTePUCTUK Ojarogaps JOCTUIKEHUAM COBPEMEHHOU HelpoHayKu. IlepcoHaim3anus CTAHOBUTCS BO3MOYK-
HOI Ha OCHOBE aHAJIN3a JUYHOCTHBIX XapaKTEePUCTHK 00ydaeMbIX. OCOOEHHO IePCIeKTUBHBIMY IIPEJCTABIIAIOTCA IIOJXOABI C UCIIOIb30-
BaHUEM sJIeKTpodHnedanorpadpun. OFHUIM U3 TJIABHBIX 0aphepOB, IPEIATCTBYIOIIUX IMHPOKOMY BHeApeHUo dII-cucreM B IITKOILHBII
06pa3oBaTeNbHEIN IIPOIECC, ABJISETCA OTCYTCTBUE FOTOBBIX PEIIEHUN TAKUX CUCTEM AJIA IPUMEeHEHNUS B XO/e 00yUeHUs IIIKOJIbHUKOB, a
TaK’Ke CIleHapueB UX NpuiokeHud. Ileab: paspaboTKa U TeCTUPOBAHNE CUCTEMBI JJIA KOHTPOJIA U KOPPEKTHPOBKYU IIpoIlecca o6ydeHns,
a TaKiKe CTPATeTHU ee MCIIOJIb30BAHUA [JIA IIKOJIPHUKOB MJIAAININX KiaccoB. Meronpr: d9I-ananus, BefBIeT-aHAINS PETUCTPUPYEMBIX
MHOTOKaHaJAbHBIX I -TaHHBIX, aHAJIN3 U3MEHEHUI 9HEePTUil XapaKTepPHbIX PUTMOB HEHPOHHOI aKTHUBHOCTY I'OJIOBHOTO MO3ra, a TaKKe
peanmayeMasi CHCTEMOIl o6paTHAA CBA3h. Pe3yJbTaThl: eTaJbHO ONNCAHA KOHIIENINUA U cXeMa paspaboTaHHO! CHCTEMBI JJIs KOHTPOJIA
¥ KOPPEKTHPOBKU IIpoliecca o0yUeHUs, CTPATErNs ee HCIOJb30BaHUA A IIKOJILHUKOB MJIAIINX KJIaccoB. IIpofeMoHCTpUPOBAHO CY-
miecTBeHHOE MoBbIIIeHne 3PGEeKTUBHOCTA PAOOThHI MIKOJHHUKOB [IPYU IPUMEHEeHNU Pa3paboTaHHON CHUCTEMBbI, UTO SIBJIAETCS CJIELCTBUEM
BJINAHUA OOPATHOH CBASH M IIEPCOHAIN3AINY IIPOIlecca TECTUPOBAHUA U 00yUeHUA, 6a3UPYIOIINXCA Ha OlleHKe N3MeHeHU A S9HepIruil xa-
PaKTepPHBIX PUTMOB MOBTOBOI aKTWBHOCTH INKOJbHUKA. IIpakTHYeckass 3HAUMMOCTh: UcIoab3oBanue III-crucreM A/ 00BEKTUBHOTO
aHaIM3a JUIHOCTHBIX XapPaKTePUCTUK 00ydaeMbIX U IePCOHAIM3AIINY [IPoIecca O0yIeHUA IIyTeM peaansanui 00paTHOM CBA3K Ha OCHO-
BaHUM IOJIyUaeMbIX JaHHBIX CYIIECTBEHHO IOBBICUT B IIEPCIEKTHBE KAaUeCTBO 00Pa30BaTEJIHHOI0 Ipolecca u 3(pGHEeKTUBHOCTL YCBOCHUA
HOBOTO MaTepuaa.
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ca o0yueHHs, saeKTposHnedanorpadusa, ananus curaanos 931, MosroBas aKTUBHOCTS, HEHPOHHAA aKTUBHOCTb.
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