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This paper presents the results of a system analysis of the information-measuring system
(IMS) for correction of the working memory parameters of subjects during the learning process,
in which the neuroplasticity of the brain is triggered by stimulating the nerve formations of
the neck of a spatially distributed field of voltage impulses, the target of stimulation is the cervical
ganglia of the sympathetic nervous system, control of functional changes in the body is carried out
according to changes in the parameters of the blood supply system, and psychometric tests are
used to assess working memory parameters. Aim. Development of IMS, using neuroelectro-
stimulation of peripheral nerve formations of the neck for correction of working memory parame-
ters in the learning process. Materials and methods. The study involved 65 subjects, divided by
randomization into experimental, control and placebo groups. Working memory parameters were
assessed using the dual 2-back test, and the functional state was assessed using heart rate variabi-
lity (HRV) analysis. Results. The results of the study showed that the proposed structure of
the IMS and the method of correction working memory allow to improve the working memory pa-
rameters and normalize state of the autonomic nervous system after three correction procedures.
The obtained test results practically do not change and are saved after 2 months. Conclusion. IMS,
which provides multichannel neuroelectrostimulation of peripheral nerve formations in the neck,
is effective for correction of cognitive skills, which is important for solving problems in the field
of education.

Keywords: information measuring system, neuroelectrostimulation, system analysis, infor-
mation, methods and algorithms, cognitive characteristics, working memory.

Introduction

At the present stage of science and technology progress, in the context of the integration of the la-
test technologies, a person must have the ability to materialize his capabilities for active participation in
social life. In this process, a special role is assigned to the development of learning technology, and
the assessment of individual human learning abilities. In connection with the rapid development of
the technical component of complex systems against the background of a decrease in the general educa-
tional level of training, ensuring effective training of specialists in complex technical systems is currently
becoming an urgent task [1].

Learning disabilities can lead to poor performance in the child (student), which is unexpected when
considering their potential, intelligence quotient (IQ), quality of the learning process, intact sensory sys-
tem, adequate motivation, and appropriate learning conditions.

It is worth noting that learning disabilities are specific in the sense that they affect certain areas of
information processing (for example, reading, writing and math), in contrast to the global difficulties
seen in children with intellectual disabilities. Although they have medium to high IQ, people with disa-
bilities do not learn as quickly as others. This indicates that their problem cannot be simply explained by
an impaired intellectual development, the reasons may be more complex phenomena that should be paid
attention to [2].

People with learning disabilities may have deficits in one or more cognitive processes [3], including
phonological processing, long-term information retrieval, attention, short-term memory, and working
memory. Among several cognitive processes, working memory was found to be closely related to aca-
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demic skills. Numerous studies have shown a strong relationship between working memory perfor-
mance, reading skills and performance in mathematics [4].

Some researchers [5] suggest that working memory is even more important for learning than IQ, as
it is the best indicator of learning. It has been shown that IQ is a measure of what a person has already
learned, while working memory measures learning ability (actual learning potential).

As an empirical characteristic of a person's ability to learn, learnability includes many indicators
and parameters of a person's identity. These include, first of all, human cognitive capabilities (features
of sensory and perceptual processes, memory, attention, thinking and speech), personality traits — mo-
tivation, character, emotional manifestations [6]. Various parts of the brain are involved in these pro-
cesses, as well as various regulatory systems of the human body, of which the autonomic nervous sys-
tem (ANS) is the most significant. To quickly understand and evaluate information at performing
complex actions, the brain integrates complex and varied input signals from several sensory systems
at the same time. The interconnection of these systems is carried out through the work of neural net-
works [7].

According to one of the key principles of the neuroscience, our brains are plastic and constantly
change as a result of learning. In the process of learning, a person's cognitive reserve and adaptive re-
sponses to stress, traumatic events and diseases are formed. Thus, learning problems reflect the inef-
ficient use of the resources that the brain possesses [8]. The idea of activating these resources in order to
increase the speed and efficiency of training arises.

There are prerequisites that the combination of neurostimulation of the peripheral nervous system
with traditional learning methods will allow the use of an endogenous neural circuit to improve the qua-
lity of learning by accelerating the tuning of neural networks responsible for cognitive functions [7].
Therefore, it is of interest to explore the possibilities of such an approach to improve the quality of
learning.

This work presents the results of the IMS system analysis for correction of working memory para-
meters during the learning process, in which the neuroplasticity of the brain is triggered by stimulating
the neural formations of the neck with a spatially distributed field of voltage impulses, and the target of
stimulation is the cervical ganglia of the sympathetic nervous system [ 9], the control of human func-
tional changes is carried out according to heart rate variability (HRV) changes, and dual 2-back test are
used to assess the working memory parameters.

1. The structure of the information measurement system

To organize information measurement system (IMS), we will use the theory and technology of
biotechnical systems, which are a set of biological and technical elements interconnected in a single
control loop [10]. To the same extent, biotechnical systems include both systems in which a person
plays the role of a control link and technical systems that control the human body to solve specific
problems.

IMS for the correction of working memory parameters in the learning process belongs to the second
type of systems. Usually a person in this position is defined as a human operator, and the effectiveness
of such systems depends on how ready he is to perceive the external world and make the right deci-
sions [11]. When solving these problems, not only technical means are used, but also psychometric
techniques, as well as methods of functional studies of the human condition. An indispensable condition
for the optimal functioning of biotechnical systems are the principles of the adequacy of the coordina-
tion of the “management” characteristics of the technical and biological elements of the system and
the principle of identifying the information environment, which requires optimization of the intensity of
flows and the form of presentation of information, which are exchanged during the operation of tech-
nical and biological elements of the system [12].

Accordingly, the IMS block diagram for correction of working memory parameters can be presen-
ted as in Fig. 1.

The features of the organization and the tasks performed by units included in the IMS are consi-
dered below.
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Fig. 1. Block diagram of the information measuring system structure

1.1. Neuroelectrostimulation unit

Depending on the tasks of the study, the neuroelectrostimulation unit can have two realizations
of the structure of voltage pulse sequences that provide electrical stimulation of the nerve formations of
the neck: a multi-channel spatially distributed field of impulses, the target of which is the cervical gan-
glia of the sympathetic nervous system; a sequence of impulses between two electrodes — in this case,
the target of stimulation is one of the areas of the neck
in which the presence of fibers of the sympathetic
nervous system is minimal.

For the formation of different structures of impulse
sequences in the IMS, a neuroelectrostimulator device
“SYMPATHOCOR-01" was used [13]. General view
of the “SYMPATHOCOR-01" device is shown in Fig. 2.

The formation of a spatially distributed field of
voltage pulses occurs between 13 electrodes of one of
the multi-element electrodes (cathodes) and one or
more electrodes of the other (anodes). During one
switching cycle of the cathodes, a “burst” of such pul-
ses is formed, with a current flowing under each ca-

Fig. 2 The general view thode during one partial pulse, and in the region under

of the “SYMPATHOCOR-01” device the anode during the entire “pack” of pulses. Thus,

a spatially concentrated current structure is formed in

the neck tissues under the anode for one period of formation of a “pack™ of pulses, the duration of which

depends on the sum of the durations of 13 partial voltage pulses. And in the cathode zone there is a spa-

tially distributed current structure of 13 areas, each of which corresponds to the location of the partial
cathode, and the duration of the partial current pulse depends on the duration of the partial pulse.

The device can form partial current pulses with an amplitude of up to 15 mA, a duration of 15 to 60 us
and a “pack” of pulses with a frequency of 5 to 150 Hz.

The structure of impulse sequences, neuroelectrostimulation parameters and the treatment process
are controlled through the neuroelectrostimulation control unit via the BlueTooth channel formed by
the transmitting and receiving elements located in the “SYMPATHOCOR-01” device and a personal
computer.
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1.2. Measuring unit of functional parameters

Measuring unit of functional parameters provides registration of biomedical signals that reflect
the physical manifestations of the physiological processes of a living organism and can be measured and
presented in a convenient form for processing using electronic means.

The learning process requires from the body not only high resistance to extreme influences, but also
good plasticity, i.e. the ability to adapt (adapt) to new conditions of existence. In the course of such
adaptation, a new functional system is formed, which requires a certain tension of regulatory systems,
additional energy costs. This process also requires constant expenditure of functional reserves. Thus,
the normal level of functioning of the main systems of the body can be maintained only if there is no
overstrain of regulatory mechanisms and the functional reserve is not depleted.

It is known that the human nervous system is subdivided into central and peripheral [14]. The cen-
tral one includes the brain and spinal cord, the peripheral one includes the spinal and cranial nerves.
Separately, the ANS is also distinguished, which ensures the continuous functioning of autonomic pro-
cesses in the body (digestion, heartbeat, respiration, urination, etc.). The ANS is represented by its own
nerve plexuses and fibers near the organs. The higher control centers of this system are located in
the spinal cord and brain.

It was shown in [15] that HRV analysis has the greatest diagnostic value in neuroelectrostimulation
of nerve formations in the neck. At the same time, a significant improvement in the functional connec-
tions of the medial prefrontal cortex with the rest of the brain was noted, which indicates an improve-
ment in the connectivity of the brain regions, especially due to the activation of the frontal cortex.
To implement the functions of the measuring unit of functional parameters in the IMS, a portable elec-
troencephalograph — analyzer “Encephalan-EEGR-19/26 is used, which allows registering an electro-
cardiogram (ECQG) signal and analyzing of HRV. The measuring unit of functional parameters and
the unit for registration and evaluating unit of functional parameters are connected and synchronized
with each other into a single wireless network using BlueTooth technology.

1.3. Psychometric Assessment Unit

The block of psychometric assessments is presented in the form of an N-back test for assessing
working memory. The N-back technique is a modern and highly effective way to train working memory
[16-18].

In the study, the difficulty level was dual 2-back: subject works with a sequence of visual and audi-
tory stimuli, presented one at each time interval. Subject must give an answer if the current stimulus co-
incides with the element presented 2 intervals ago.

According to the test results, total score was determined. The test is implemented as a Brain Work-
shop software application on a personal computer.

1.4. Control and data output system

The control and data output system is presented in the form of a per-
sonal computer with a set of software systems and includes 4 elements: Amplitude, mA
a neuroelectrostimulation control unit, a registration and evaluation unit e 2
of functional parameters, a control unit of psychometric assessment pa-
rameters, a data processing and output unit. The neuroelectrostimulation
parameters are controlled using a software application for a personal
computer.

An example of a graphical interface for setting parameters is shown
in Fig. 3. The application for the control panel allows in real time to
change the structure of the pulse sequence, the amplitude, duration of
partial current pulses, the frequency of formation of the “pack” of pulses,
to change the stimulation target, to change the direction of the field during
neuroelectrostimulation [13].

The control of the parameters of registration of functional parame-
ters is implemented using the software application of the “Encephalan- m
EEGR-19/26” complex, and the block of psychometric assessments is
implemented through the Brain Workshop software application. Fig. 3. Graphical interface

The data processing and output unit is presented in the form of soft-  for setting of neurostimulation
ware tools necessary for the analysis, processing and output of the ob- parameters
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tained data, implemented in the PYTHON programming language, and for statistical analysis,
the STATISTICA 12.0 software was used.

The obtained data is sent to the data storage unit.

1.5. Data storage unit

A data storage unit is a cloud storage of a database. The database allows: to save the data set neces-
sary for the IMS operation; displays them in an optimized way; provides fast search, reduces the time of
access to the necessary information.

In the developed database, information is placed in the form of tables (entities), which store unique
data sets of certain types. Instances of these entities act as rows of these tables, and their attributes act as
columns. The developed database includes a set of textual, numerical and visual data that allows you to
store general information about the research protocol, the name of the subject, the results of his testing,
data of functional parameters, as well as the results of statistical data processing.

The database is available to the investigator at any stage of the research.

2. Materials and methods

The research was carried out at the Ural Federal University named after the first President of Russia
B.N. Yeltsin.

The research involved 65 subjects aged 20 to 25 years, who gave informed consent to participate in
the research.

The research consisted of 2 parts:

I part: primary assessment of the basic values of the dual 2-back test and the formation of groups of
subjects to study the possibilities of correcting their working memory using IMS. Group formation was
carried out by randomizing study participants to include them in one of three groups: experimental, pla-
cebo and control. As a result, the experimental group included 33 subjects, the control group — 22, pla-
cebo — 10 (Table. 1).

II part: carrying out a correction technique using the developed IMS.

When correcting working memory for the subjects of the experimental group, neuroelectro-
stimulation was used with a spatially distributed field of voltage pulses (5 procedures for 5 days).

The placebo subjects were stimulated using a pulsed voltage sequence generated between one anode
and one cathode (5 treatments over 5 days).

For subjects of the control group, no stimulation was applied.

With the help of the measuring block of the IMS functional parameters, the ECG signal was recor-
ded for the purpose of further analysis of the HRV parameters.

Table 1
Description of the study groups
Group Number of Subjects Impact
Experimental 33 Neuroelectrostimulation
Placebo 22 Placebo-stimulation
Control 10 No stimulation
The sequence diagram of the one day of the study is presented in Table. 2.
Table 2
Sequence diagram of the study
Stace Groups Time,
g Experimental | Placebo | Control min
1 Background 5
2 Neuroelectrostimulation + dual 2 back | Stimulation + dual 2 back | dual 2 back 5
3 Rest 5
4 Neuroelectrostimulation + dual 2 back | Stimulation + dual 2 back | dual 2 back 5
5 Aftereffect 5
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3. Research results

3.1. Dual 2-back test results

To assess changes in working memory parameters during the use of the developed IMS, an analysis
of variance was carried out for the dual 2-back test parameters. The results are shown in Fig. 4.
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Fig. 4. Total score

According to the primary assessment of the dual 2-back test parameters, the average indicator of
the total score in the three groups was (41 = 1.9)%.

After the first procedure, the greatest increase in the indicator of the total score in all three groups
is observed: the average indicator of the total score in the experimental group was (58.5 £ 1.9)%, in
the control group — (53.3 + 3, 1)%, in the placebo group — (52.7 + 2.1)%.

The greatest significant difference between the three groups is observed after the third procedure.
The average indicator of the total score in the experimental group after the third procedure was
(69.6 = 1.8)%, in the control group — (63 + 5.6)%, in the placebo group — (63 £+ 2.3)%

3.2. HRV data results

In the experimental and placebo groups, in order to assess functional changes during the implemen-
tation of the correction technique of neuroelectrostimulation, the HRV parameters were analyzed on
the fifth day of correction. In the course of data processing, the values of the Total Power (TP) of
the spectrum, High Frequency — HF, Low Frequency — LF, Very Low Frequency — VLF spectral
components, their normalized values HF,, = HF - 100/ (TP — VLF), LF,, = LF-100/(TP — VLF) and
VLF,, = VLF - 100/(TP — VLF), as well as the vegetative balance index LF/HF were obtained. Within
each group, the mean values of these parameters and the corresponding standard deviations were calcu-
lated. The results of analysis of variance of HRV data are presented in Figs. 5-7.

From the obtained data, it follows that in the experimental group during the 2 and 4 stages, which
corresponds to the simultaneous action of neurostimulation and the performance of the dual 2 back
test, there is a decrease in the LF,, component, an increase in the HF,, component and a decrease in
the LF/HF. The increase in HF,, is associated with a decrease in sympathoadrenal activity and more
pronounced vagal influences on the heart rate. A decrease in the LF/HF index indicates the normaliza-
tion of the vegetative balance.

In the placebo group, the opposite tendency is observed: during stages 2 and 4, an increase in
the LF,, component, a decrease in the HF,, component, and an increase in the LF/HF autonomic ba-
lance index are observed. An increase in the LF,, spectrum component predominantly characterizes
the state of strengthening of the sympathetic center of vascular tone regulation. An increase in
the LF/HF parameter indicates a vegetative disbalance. The placebo group is characterized by excessive
activation of the sympathetic-adrenal system and a decrease in the activity of parasympathetic regulation.
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3.3. Dual 2-back test results after 2 months

At re-evaluating the test parameters after 2 months in the experimental group, the obtained results
are preserved: after the fifth procedure, the values of the total score were (78.4 & 1.8)%, after 2 months —
(75.4 + 1.9)% (Fig. 8).
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Conclusion

The paper considers the possibilities of IMS for the correction of working memory parameters using
neuroelectrostimulation of the peripheral nerve formations of the neck.

Shown, that:

* the proposed structure of the IMS provides the principles of the adequacy of the coordination of
“management” characteristics and information flows of technical and biological elements of the IMS;

* application for stimulation of a spatially distributed field of voltage pulses formed in
the “SYMPATHOCOR-01" device provides correction of working memory parameters in subjects
whose total score of the dual 2-back test was below 47%;

* significant intergroup differences in the parameters of the dual 2-back test are observed on
the third day: the average indicator of the total score in the experimental group was (58.5 £ 1.9)%, in
the control group — (53.3 + 3.1)%, in the placebo group — (52.7 + 2.1)%;

« results of the dual 2-back test in the experimental group are saved at a temporary distance: the va-
lues of the total score after 2 months changed insignificantly — from (78.4 + 1.8)% to (75.4 + 1.9)%;

« it was found that with neuroelectrostimulation there is an increase in the activity of the parasympa-
thetic nervous system of the body and the normalization of the autonomic balance.

The obtained results of the study can be applied in the development of new programs and methods

of the educational process aimed at improving the quality of learning and the speed of mastering new
skills.
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WH®OPMALINOHHO-USMEPUTENIbHAA CUCTEMA
AnA KOPPEKUUU NAPAMETPOB PABOYEU NAMATHU
B NMPOLUECCE OBYYEHUA

A.A. lMempeHko, B.C. Ky6naHoe

Ypanbckut ¢pedepanbHbili yHUsepcumem umeHu nepgozo lNpesudeqHma Poccuu
b6.H. EnbyuHa, 2. EkamepuHbype, Poccusi

B Hacrosmeit padore nmpuBeieHb! pe3ysbTaThl CUCTEMHOTO aHANIN3a HHGOpManOHHO-U3MEpH-
tenpHOM cuctemsl (MUC) mns Koppekiuu mapamMeTpoB padodeil mamMsaTH J0OPOBOJIBIEB-HCIIBITYE-
MBIX B IIpoliecce oOyueHHs, B KOTOPOH 3amyCcK IpoIecca HEHPOIUITACTHYHOCTH TOJIOBHOTO MO3Ta
OCYILECTBIISICTCS C MOMOIIBIO CTUMYJISIIMKM HEPBHBIX 00Pa30BaHHM IIEW MPOCTPAHCTBEHHO pacIpe-
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JICIICHHBIM TIOJIEM HMITYyJIhCOB HANPSIKCHUS, MUIICHBIO CTUMYJISAIUH SBISIOTCS MICHHBIC TaHTIHA
CHUMITATUYECKO HEPBHOW CHCTEMBI, KOHTPOJIb (PYHKIIMOHAIFHBIX H3MCHEHUH B OpraHU3ME OCYIIe-
CTBJISICTCS IO JaHHBIM U3MCHCHUH MapaMeTPOB CHCTEMBI KPOBOCHAOXKEHUS, a U OLICHKH padoueit
MAMSATH HCTIONB3YIOTCS IcuxoMerprdeckue TecTol. Leas padorsl: pazpadorka MMC ¢ ucnonp3oBa-
HHEM HEUPOAIIEKTPOCTUMYIIAIINH Mepr(epHIeCKUX HEPBHBIX 00pa30BaHMUI IIeH I KOPPEKIUH T1a-
pameTpoB pabodell maMsATH B mpoliecce o0ydeHrs. MaTepuajbl H MeTOABL. B uccnenoBanuu mpu-
HSUTH ydacTue 65 noOpOBOJIBIIEB-UCTIBITYEMBIX, Pa3/IeICHHBIX C TIOMOIIBI0 PAaHAOMH3AIMY Ha IKCIIe-
PUMEHTaNBHYI0, KOHTPOJIBHYIO U Iutaredo rpynmnsl. OneHka mapaMeTpoB pabodeit maMaTH IpOBOIH-
Jach ¢ ucmosb3oBanueM tecta dual 2-back, a omenka QyHKIIMOHAILHOTO COCTOSHHS MPOBOAUIACH C
MIOMOIIBI0 aHanmn3a BapuadenbHOoCTH cepaednoro putMma (BCP). Pesyabtarbl. PesynsTaTsl nccie-
JIOBaHHUSA TOKAa3ajy, 4To IpemyoxkeHHas cTpykrypa MUC u meronuka KoppeKuuu paboder mamstu
MO3BOJIAIOT YJIYYIIATh TOKa3aTeNd pabodeil MaMsTH W HOPMAlU30BaTh COCTOSIHAE BETeTaTHBHOM
HEPBHOW CHUCTEMEI ITOCIIE TPEX MpOoIeayp KoppeKuuu. [lomrydeHHbIe pe3yabTaThl IO TECTY MpaKTHIe-
CKH HE U3MCHSIOTCS M COXPaHSIOTCS depe3 2 mecsana. 3akmodenune. M C, obecreunBaroniast MHO-
TOKaHAIBHYI0 HEHPOIICKTPOCTUMYJIIHIO Mepu()epHICCKIX HEPBHBIX 00pa30BaHUIl IICH, SBISCTCS
3¢ GEKTUBHON U1 KOPPEKINU KOTHUTHBHBIX HABBIKOB, UTO aKTYaJIbHO JJIS PEIICHUS 3a1a4 u3 che-
pBI 00pa3oBaHMUSL.

Kniouesvie cnosa: ungopmayuonno-uzmepumenvhas Cucmemd, HeuposLeKmpoCmuMyIayus,
cucmemHblll aHAIU3, UHGOpMayUs, Memoobl U AleoPUMMbl, KOZHUMUEHbIE XAPAKMePpUCMUKU, pabo-
uas namams.
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