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Abstract. The article deals with the pathology of the development of

interhemispheric interaction in children with autism spectrum disorders
(ASD). Based on the research results of Russian and foreign authors on the
morphological differences in the corpus callosum in people with ASD, in
which a specific neural marker was identified, a new directional vector for
corrective work was established. Since the corpus callosum is the main
commissure of the brain and is responsible for interhemispheric interaction,
the authors suggested that its development in children with ASD in
corrective work would reduce such manifestations as uncoordinated
handwork, difficulty in the spatial organization of movements and actions
and simplification of the program in dynamic practice, as well as improve
concentration and increase stress resistance. Therefore, Neuro-gymnastics
was chosen as a means of developing interhemispheric interaction. In order
to prove the effectiveness of the use of neuro-gymnastics, an experiment
was conducted using fragments of the neuropsychological diagnostics of
preschool children according to Zh.M. Glozman, in particular, a set of
adapted samples, the quantitative assessment of which is compared with the
predetermined values. The results of all phases of the study are described.
Additional methods served as an experimental factor, in particular neuro-
gymnastics, which was included in the lessons with the children of the
experimental group, first as a substitute for the traditional warm-up and then
in the structure of the lessons themselves. An analysis of the results
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obtained at the beginning and the end of the experiment suggests that short
daily neuro-gymnastics sessions can accelerate the development of
interhemispheric interaction in children with ASD and bring it to the level
of normally developed children.
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In recent years, the prevalence of autism spectrum disorders (ASD) has
increased significantly — from five cases in the early 2000s to more than 50 cases
per 10,000 children currently [1, p. four]. According to the Centers for
Disease Control and Prevention, one in 54 children is autistic [2]. Boys are
four times more likely to be diagnosed with this condition [3]. Most of these
children require systematic corrective help and suffer from various mental
disorders. The variability of the expression of the disease significantly
complicates the diagnosis, treatment, and correction. Therefore, it is important
to study the existing practical experience and develop new methods of
corrective work with children with ASD [4].

Numerous medical studies have not yet revealed a unified concept of the
causes of ASD in children. However, it is known that genetic and biological
factors that cause abnormalities in a child’s development at an early stage play
an important role. Children with ASD have been shown to have impaired
brain function. American scientists have successfully identified a neural
marker for ASD specific to infancy before the major behavioral symptoms of
the disorder appear [S5]. Differences in the size of the corpus callosum of
normally developed infants and those later diagnosed with ASD were found to
be most pronounced at six months of age. This is of particular significance
and suggests that excessive growth of the corpus callosum may be one of the
earliest neural signs of autism [5].

It is noteworthy that the results obtained by other scientists contradict the
results of the above study. In a medical study by C.M. Freitag, the sample of
subjects was composed of elderly people. It was found that the corpus
callosum is disproportionately smaller in people with ASD compared to
healthy people [6]. Italian researchers Alessia Giuliano, Paolo Brambilla, and
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Filippo Muratori showed that the smaller size of the corpus callosum was also
observed in older preschool children [7]. Consequently, the change in the size
of the corpus callosum in ASD suggests the interplay of neurodynamic
developmental processes characteristic only of infancy. In the first year of life,
the rapid growth of the corpus callosum and cerebral cortex occurs, and after
2-3 years of age, development gradually weakens, and by 6-7 years of age,
the corpus callosum in children with ASD is smaller than in healthy peers [5].

According to the theory of L.S. Vygotsky and A.R. Luria about the systemic
dynamic localization of higher mental functions, the interhemispheric interaction
is a special mechanism that connects the left and right hemispheres of the brain
into a single holistically functioning system [8]. Abnormalities in
interhemispheric interaction in ASD are due to weak neural connections between
distant parts of the brain and structural disturbances in the corpus callosum [9].
Since the corpus callosum is the main brain connection through which the
hemispheres perform joint activities and exchange information via specialized
pathways that have an integrating function and transmit inhibitory and excitatory
currents between the hemispheres, it is the corpus callosum that provides
interhemispheric interaction [10].

With unformed interhemispheric interaction, the following are observed:
uncoordinated work of the hands, simplification of the program in dynamic
praxis, low level of phonemic hearing (inaccurate perception of words and
sounds, misunderstanding of the meaning of speech), low-stress resistance
(anxiety, tearfulness, bad mood), difficulties in the spatial organization of
movements and actions ( spatial search, mirroring, spatial distortions, tension,
slowness in reciprocal coordination), as well as intellectual deficiency [11].

The same symptoms are observed in most cases of autism. This fact, as
well as the fact about the pathology of the corpus callosum in children with
ASD, gives us the right to suspect that a number of ASD symptoms are due to
a low developmental level of interhemispheric interaction. On this basis, we
hypothesize that the development of interhemispheric interaction in children
with ASD helps to reduce the number of manifestations and improve
concentration.

Exercises aimed at developing interhemispheric interaction are, in our
opinion, best started from the age of 3 years since, at this age, the development
of the corpus callosum is weaker in children with ASD. Therefore, start with the
simplest exercises and gradually increase the difficulty level.
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Of all the variety of methods for the development of interhemispheric
interaction, leading neuropsychologists Zh.M. Glozman and Yu.V. Mikaze
distinguish neuro-gymnastics [12]. This is due to the fact that neuro-
gymnastics exercises are primarily aimed specifically at the development of
the corpus callosum. In addition, neuro-gymnastics is more “flexible” and
may include exercises from other methods in accordance with the purpose of
our study. So, by including kinesiology exercises, logorhythmics,
graphomotor exercises, mirror drawing with both hands, and rhythmics in
neuro-gymnastics, we have adapted these techniques for children with ASD.

Modernity, versatility, and the ability to combine different methods
determine our choice of neuro-gymnastics to develop interhemispheric
interaction in children with ASD.

To prove the effectiveness of neuro-gymnastics as a means of developing
interhemispheric interaction in preschool children with ASD, we conducted a
six-month experiment in the city preschool institution “Kindergarten No. 105
of compensatory type” in the city of Magnitogorsk. The phases, schedule, and
content of the experimental work are presented in Table 1.

Table 1
Phases, schedule, and content of the experimental work
The phase Deadlines Content
of the experiment
Concluding September— Performance of a diagnostic study
November 2021 to determine the developmental stage

of interhemispheric interaction. Analysis
of data obtained at the beginning
of the experiment

Formative November—May | Selection of methods for the development
2021-2022 of interhemispheric interaction
in older preschool children with ASD.
Implementation of neuro-gymnastic
exercises with the children

Control Diagnostic May 2022 Conducting a diagnostic control
examination. Analysis of the results
obtained at the beginning
and at the end of the experiment.
Description of the results. Preparation of
guidelines for the implementation of neuro-
gymnastics with children with ASD
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In the following, we describe the diagnostic instruments, analyze the data
from the ascertaining and control experiment, and draw the appropriate
conclusions.

Twelve children aged 56 years with ASD participated in the experiment.
We divided them into the experimental group (E.G.) and the control group
(C.G.), each with six subjects.

The selection of an effective diagnostic technique is of particular
importance to assess the extent of interhemispheric interaction in children.
Considering that the brain is a paired organ but functions as a whole, methods
for assessing interhemispheric interaction belong to a special category because
they differ from methods for assessing interhemispheric asymmetry, which are
based on simultaneous (bilateral or dual) stimulation or response [13].

In performing a diagnostic examination, we considered the following
important principles:

1) the principle of scientificity — diagnostic work to determine the level of
development of interhemispheric interaction in older preschool children with
ASD should be based on scientific research that justifies the choice of studied
indicators, methods, timing, and organization of the examination;

2) the principle of ethics suggests that a diagnostic investigation should
be conducted in compliance with ethical norms and rules;

3) the principle of optimality — the necessary amount of diagnostic
information about the developmental status of interhemispheric interaction in
children with ASD should be obtained as much as possible with minimal effort;

4) the ontogenetic principle — involves the study of the level of
interhemispheric interaction in children with ASD taking into account the age
norm of development;

5) the principle of accessibility — involves the construction of tasks at the
level of the actual abilities of a child with ASD.

In order to assess the developmental status of interhemispheric interaction,
we used an extract from the neuropsychological diagnostics of preschool
children according to Zh.M. Glozman [14] and, in particular, adapted the
following tests for children with ASD:

— Reciprocal coordination test (from the age of four)

— Test of finger posture praxis

— Test of oral praxis (from the age of four)

— Tests of dynamic praxis
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— Test of conditioned choice responses (for children five years and older)

— Test of reproduction of rhythmic structures (for children 5 years and
older, involving reproduction of two or three palm strikes on the table).

In his methodology, Zh.M. Glozman uses a penalty point system for each
sample. We adapted this system to the aims of the study and compared the
quantitative scores with the developmental stages of interhemispheric
interaction (Table 2).

Thus, in Table 2, we see that depending on the number of points obtained
for all methods in total, it is possible to determine the level of development of
interhemispheric interaction and present it as low, moderately low, normative,
and high.

It should be noted that all children showed perseveration of movements,
simplification of the program in dynamic praxis, and difficulties in the spatial
organization of movements and actions during the diagnostic examination. In
addition to motor problems, there was a low concentration of attention on one
thing, frequent distractibility by strange objects, tantrums, and inadequate
reactions to what was happening. This is typical of children with ASD, and
we considered this characteristic.

Table 2
Quantification in points of developmental stages of interhemispheric
interaction
Development level
Test Low Moderate-Low| Normative | High
Reciprocal coordination test 3 1.5-2 0.5-1 0
Test of finger posture praxis 3 1.5-2 1 0-0.5
Test of oral praxis 3 1.5-2 0.5-1 0
Tests of dynamic praxis 3 1.5-2 1 0-0.5
Test of conditioned choice
responses 3 2 1 0
Test of reproduction of
rhythmic structures 3 2 1 0
Total: 20-22 points| 19-9.5 points | 93 points |2—0 points

In the ascertaining phase of the experiment, we obtained the results,
which are given in percentages in Table 3.
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Table 3
Results of the ascertaining experiment
Devel Level Groups
t -
cvelopiient Leve Control Group Experimental Group
Low level of development
of interhemispheric connections 17% 33%
Moderately low level of development
of interhemispheric connections 83% 66%
Normative level of development
of interhemispheric connections 0% 0%
High level of development
of interhemispheric connections 0% 0%

From Table 3, we see that all children have problems with the
development of interhemispheric interaction. Thus, we ensured that
interhemispheric interaction is low or moderately low in children with ASD.
This allowed us to assume that it was necessary to introduce additional
methods in the children’s classes in the experiment’s formative stage. Namely,
neuro-gymnastics was included in the teaching program for the children of
EG, while CG continued their education according to the traditional program.

A traditional training program is a training program that includes a
certain structure of teaching that is valid for an extended period of time. It
includes the following structure of teaching: warm-up, repetition of the
material covered, the study of the material covered, dynamic break, and
consolidation of the material. For the children of EG we have changed the
lesson’s structure: We replaced the warm-up with kinesiology exercises and
combined the dynamic break with graphomotor exercises.

In the first month of the experiment, the children mastered the
exercises “ring,” then “bunny ring,” and at the end of the month, “bunny ring
chain.” The difficulty was the persistence of the movements, the distraction of
attention, and the difficulty in the spatial organization of the movements.
Therefore, we also incorporated graphomotor exercises into the structure of
the lessons.

In the second month, the exercises “goat,” “fingers say hello,” and
“lezginka” were added to the list of kinesiological exercises performed with
the children. These exercises are slightly more difficult and require more
focused attention than the exercises added in the first month, but as practice
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showed, the children were already able to master them. During this phase,
improvements were noted in the concentration of attention and spatial
organization of movements. However, the movements’ perseveration
continued, making the assimilation of the Lezginka exercise more challenging.
The graphomotor exercises continued to be performed with the children.

In the third month, the list of kinesiology exercises remained the same,
but some exercises were slightly changed: Spoken instructions were added to
change the order of movements. For example, in the Fingers say hello
exercise, the teacher dictates which finger should say hello to which finger. Or
Lezginka with alternating straightening of certain fingers. In addition to
graphomotor exercises, exercises with neuro-rehabilitation games were also
included in the structure of the lessons.

At 4-5 months, the children continued the kinesiological exercises, to
which the ear-nose exercise was added. At this point, the children could
control their (initially frantic) movements and focus on the learning material.
A brief perseveration of movements and errors occurred only in new tasks and
at the end of the session, when fatigue was observed, control decreased. After
a few repetitions, the perseveration disappeared. The lessons additionally
included mirror drawing.

By month 6, the children had mastered the “goat,” “fingers say hello,”

29 ¢C

“lezginka,” “ear-nose,” and “fist-palm-rib” exercise complexes. The last exercise
in the “fist-palm-rib” sequence remained difficult for them. However, the
children successfully completed the simple mirror drawing tasks at this phase.

The control experiment was conducted in April 2021. For this, we also
used an excerpt from Zh.M. Glozman’s neuropsychological diagnosis for
preschool children and our adjusted quantification. The results of the control
experiment are given in Table 4 in percentages.

From Table 4, it can be seen that at the control phase, the level of
development of interhemispheric connections in children of both the control
and experimental groups increased. In contrast, a low level was not noted in
anyone, and in the experimental group there, a high level of development of
interhemispheric connections was seen.

Table 5 presents a comparative analysis at the beginning and end of the
experiment to evaluate the dynamics of the evolution of the interhemispheric
interaction at CG and EG.
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Table 4
Results of the control phase experiment
Groups
Development Level -
Control Group Experimental Group
Low level of development of
interhemispheric connections 0% 0%
Moderately low level of
development of interhemispheric
connections 66% 17%
Normative level of development of
interhemispheric connections 33% 66%
High level of development of
interhemispheric connections 0% 17%
Table 5

Comparative analysis of the dynamics of the development of interhemispheric
interaction at the beginning and at the end of the experiment

Results of the ascertaining | Results of the control
experiment experiment
CG EG CG EG

Low level of development of
interhemispheric connections 17% 33% 0% 0%
Moderately low level of

development of interhemispheric

connections 83% 66% 66% 17%
Normative level of development
of interhemispheric connections 0% 0% 33% 66%

High level of development of

interhemispheric connections 0% 0% 0% 17%

To illustrate the dynamics of the development of interhemispheric
interaction in both groups, we present the results in the form of a diagram in
Figure 1

We see changes in both groups by analyzing the data presented above
(Table 5 and Fig. 1). Almost all children of EG moved toward the normative
level of development of interhemispheric interaction. Out of 100%, only 17%
remained at a moderately low level. Here we can see that 17% of the children
showed high dynamics and moved to a high level. In addition, the children of
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EG became calmer, the concentration of attention improved, distractibility
and inappropriate reactions to unexpected situations practically disappeared.

The children of CG remained predominantly at a moderately low level of
interhemispheric interaction development. Only 33% of the children moved at
the normative level. The changes in the children of CG can be explained by
the fact that at the age of seven, the hippocampal commissure responsible for
polysensory intermodal integration and memory matures. In addition, the
interhippocampal structures play the role of initiator and stabilizer of the
relationships between the right and left hemispheres. Therefore, there is a
positive trend even without specific exercises [15].

100 4
M Low level ™ Normative level
0 g%
M Moderately low level W High level
80
70 66% 66%. 66%
60 - ;
50 ‘
- 33 33% N
3 0 1 1 | i
20 - 17% 17% ! 17%
10 1
00 00 0 0 0
0 " - T - "
CG EG CG EG
Ascertaining experiment Control experiment

Fig. 1. Comparative analysis of the dynamics of the development of interhemispheric
interaction between CG and EG

In conclusion, interhemispheric interaction in children with ASD is at a
low or moderately low developmental level without specific additional
courses and exercises. The experiment has shown that some symptoms of
ASD are associated with low developmental levels of interhemispheric
interaction. Therefore, in this category of children, it is necessary to work on
their development. Short daily neuro-gymnastics over a longer period of time
compensates for such manifestations of ASD as uncoordinated hand
movements, difficulties in the spatial organization of movements and actions,
program simplification in dynamic praxis, and improved concentration and
increased resistance to stress.
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HEMPOrMMHACTUKA KAK CNIOCOB PA3BUTUA
MEXMOJYLUAPHOIO B3AUMOJEWCTBUA Y QETEN
AOLLKOJIbHOIO BO3PACTA

C PACCTPOMCTBAMU AYTUCTUYECKOIO CMEKTPA

1
Hpuna Anexcanopoena Kyswunosa
2
Hapvsa Anexceeena Hosoxncunosa”,
3
Baaoumup Anexcanoposuyu Yepnooposxkumn
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AHHoTanmsi. B cratee paccMOoTpeHa  MaTONOrHA — Pa3BUTHUS
MEXIOJYIIApHOTO  B3aUMOJCHCTBUS Yy JE€Tel ¢  paccTpoilcTBamMu
ayructryeckoro crektpa (PAC). Ha ocHOBe H3yYeHHBIX pE3yJIbTaTOB
HCCIICAOBAaHUHA DPOCCHHCKAX W 3apyOeXHBIX aBTOPOB OTHOCHUTEIHHO
MOPQONOTHYECKUX pa3Iuuuii Mo3oscroro Ttena y moped ¢ PAC, B
KOTOPBIX BBISBIICH CTICIIU(pIUECKIl HEHpOHHBIN Mapkep, ObUT oImpeesieH
HOBBIH BEKTOp HAlpaBJCHUS KOPPEKIMOHHOH padotbl. Ilockonbky
MO3OJIFICTOE TEJIO SIBIISIETCS TIIABHOW KOMHCCYpOHW TOJOBHOTO MO3ra M
OTBEYaeT 3a MEXIIOJNyIIapHOE B3aUMOJIEHCTBUE, aBTOPHI MPEIIIONI0XKUIH,
9yTto ero pasBurue y aereii ¢ PAC B mpomecce KOPpEKIIMOHHON paOOTHI
MO3BOJIUT CHU3MThH TaKUe MPOSBICHUS, KAK HECKOOPAWHUPOBaHHAs padoTta
PYK, TPYOHOCTH IPOCTPAHCTBCHHOW OpraHU3allMH BW)KCHUH W ICHCTBUIA,
YIpOLIeHHEe MPOTrpaMMbl B JUHAMUYECKOM IIpaKcHce, a TaKXKe YIydlIUTh
KOHIICHTPAIlMI0 BHUMAHMUSA, MOBBICHTH CTPECCOYCTOMUMBOCTH. B KauecTBe
crocoba pasBUTHA MEXIOTYIIAPHOTO B3aWMMOJCHCTBHs Oblla BhIOpaHa
HeliporumHacTuka. C 1enpio Toka3aTtenabcTBa () (HEeKTHBHOCTH IPUMEHEHUS
HEHPOTUMHACTUKU OBIT MPOBEICH IKCIEPHUMEHT, IZle IS OICHKH YPOBHS
Pa3BUTHS MEXKIIONYIIAPHOTO B3aUMOICHWCTBHUS HCIIONB30BaHBI ()PArMEHTHI
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HEHPONCUXONIOTNYEeCKON JUArHOCTUKU [eTe NOMIKOIBHOTO BO3pacTa IO
JK.M. I'mo3MaH, B 4aCTHOCTH PsJl aIalTHPOBAHHBIX MPOO, KOINISCTBECHHAS
OILIEHKa KOTOPBIX COINOCTaBJE€Ha C 0003HAYEHHBIMH YPOBHSAMH. OmHCaHBI
pE3yJIbTaThl BCEX ITAIlOB HUCCIIENOBaHUA. B kauecTBe HKCIEPUMEHTAILHOIO
(akTopa  BBICTYNAJNM  JONOJHUTENbHBIE METOAMKH, B  YacCTHOCTH
HEHPOrMMHACTHKA, BKIOYEHHAS! B 3aHATHA C AE€TbMU SKCIIEPUMEHTAIBHOMN
TpyNmel CHayaja Kak 3aMeHa TPAJAMLUOHHOW pa3MUHKH, a 3aTeM B
CTPYKTYpPY CaMHX 3aHATUNA. AHAJIN3 pe3ysbTaToOB, IOJYYEHHBIX HA HAYAJI0 U
KOHeIl SKCIIePUMEHTa, MO3BOJIIN 3aKIIOUUTh, UTO KOPOTKUE €KEAHEBHBIE
3aHATHS HEWPOTUMHACTUKOM MOTYT YCKOPUTh Pa3BUTHE MEKIIOJIYILIAPHOTO
B3aumoeiictBus y aereit ¢ PAC u npuOIn3uTh €ro K ypoBHIO HOPMaJIbHO
Pa3BHUBAIOIIMXCS ACTEH.
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