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Abstract
Background: The neuropsychological study of some features of interhemispheric relationships in the motorsphere
in children with various types of mental disorders is of undoubted interest. It can show a number of new aspects of
the problem of the formation of inter-hemispheric asymmetry and inter-hemispheric interaction in ontogenesis.
Methodology: Nowadays, two approaches are used in physiology to assess brain inter-hemispheric differences: the
method of determining the "handiness" by means of a survey (Edinburgh test) and the method of actively detecting
motor and sensory asymmetry by N.N. Bragina and T.A. Dobrokhotova methodology.
Results: The neuropsychological study of some features of interhemispheric relationships in the motor sphere in
children with various types of mental disorders is of undoubted interest. It can show a number of new aspects of the
problem of the formation of inter-hemispheric asymmetry and inter-hemispheric interaction in ontogenesis.
Both techniques are widely represented in modern scientific literature, but we have not found research that describes
the relationship between the results of testing assessment of functional brain asymmetry using the Edinburgh test
and tests for determining motor and sensory asymmetry.
Normally, the formation of brain inter-hemispheric asymmetry and inter-hemispheric interaction is, of course,
heterochronical in nature.
Conclusion: Therefore, the examined schoolchildren may encounter an almost fully formed primary level of inter-
hemispheric connections, while the second and third levels are still in their formation. At the same time, a
comparison between the results of healthy children of 8-11 years of age shows that the functional organization of
inter-hemispheric asymmetry and inter-hemispheric interaction in this age range is in a state of constant ongoing
development.
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Nowadays, two approaches are used in physiology
to assess brain interhemispheric differences: the
method of determining the "handiness" by means of a
survey (Edinburgh test)! and the method of actively
detecting motor and sensory asymmetry by N.N.
Bragina and T.A. Dobrokhotova methodology.? The
Edinburgh test is widely used in the world: it is used
in studying behavior and emotions.?* Trials to
determine the leading limbs and the leading eye are
recommended to use when assessing the impact of
brain lateralization on intelligence and mathematical
abilities,® when studying the adaptive capabilities and
physical development of young people, as well as the
formation of the body's stress resistance.” Both
techniques are widely represented in modern scientific
literature, but we have not found research that
describes the relationship between the results of
testing assessment of functional brain asymmetry
using the Edinburgh test and tests for determining
motor and sensory asymmetry.

Functional testing should be carried out in the first
half of the day, in conditions that meet the hygienic

requirements for educational institutions.® Comply
with the ethical requirements prescribed by the
Helsinki Declaration.

At the first stage of the research, schoolchildren
answer the questions of the Edinburgh test.® In this
case, their parents can answer for children aged 8-9
years. Since the purpose of the study is to perform a
comparative analysis of functional motor asymmetry
of normally developing schoolchildren and children of
the same age with varying degrees of mental
retardation, we have developed our original test
questionnaire, adapted from well-known tests — the
Edinburgh and Bragina and Dobrokhotova method.?
In our test questionnaire, we retained the first 10
questions of the Edinburgh test, which supplemented
with 4 questions that, in our opinion, will help to form
a clearer impression about the preference for using the
right or left hand when performing certain actions,
such as writing, painting, sewing, combing hair,
brushing teeth, using a spoon or fork, etc. (Table 1).

Table 1. Student Application Form

Action performed

Left hand | Right hand

Which hand do you write with?

Which hand do you draw with?

Which hand do you throw the ball with?

Which hand do you catch the ball with?

Which hand do you hold scissors with?

Which hand do you hold a toothbrush with?

Which hand do you hold a dinner spoon with?

Which hand do you hold the comb with?

W PN g &~ w b

Which hand do you open the lid of the box (candy box) with?

-
o

Which hand do you hold the hammer with when you hammer a nail?

-
=

The finger of the leading hand rests on top when crossing (lock) fingers
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12.

"Napoleon's Pose" (the leading is considered to be the hand which is
directed first to the forearm of the other hand and is placed on top of it)

13.

Applause test (the leading hand is more active and mobile, makes shock
movements on the palm of the non-leading hand)

14. | Which hand do you pick up the object from the floor with?

According to the results of the test questionnaire,
the coefficient of functional asymmetry (CFA), the
coefficient of manual (motor) asymmetry (CMA) and
the coefficient of general asymmetry (CGA) are
calculated using the following formulas:

CFA = (N (right) - N (left)) / Nm

Where CFA is the coefficient of functional
asymmetry, N (right) and N (left) the number of “+”
signs in the columns “Right hand” and “Left hand”,
respectively, Nm is the number of proposed tests.

CMA = (N (right)) / Nm

Where CMA is the coefficient of manual
asymmetry, N (right) is the number of actions
performed by the right hand, Nm is the number of
proposed tests.

CGA = (CFA + CMA) /2

Where CGA is the coefficient of total (General)
asymmetry, the arithmetic average of the coefficients
of CFA and CMA.

To study brain interhemispheric interaction in the
field of voluntary movements, it is recommended to
use experimental methods developed by A.R. Luria
[8]. The complex of trials includes the study of
kinesthetic praxis (mono-manual reproduction of hand
position using visual and Kkinesthetic patterns,
transferring poses from one hand to another without
visual control), kinetic (dynamic) praxis (performing
reciprocal coordination), test “fist-edge-palm” etc.,
spatial praxis, as well as writing and drawing. These
tests allow more precisely to assess the inter-
hemispheric interaction in the motor area (this applies

particularly to bimanual testes), understand the
formation of inter-hemispheric connections and their
influence on the successful performance of spatial
motor tasks, and also to make a conclusion about the
degree of maturity and flexibility of inter-hemispheric
relationships in the motor sphere.

When interpreting the results of the study, the
percentage of children who successfully completed
the proposed tests is calculated, the qualitative
features of the errors made are analyzed. The features
of interhemispheric relations in normal and with
varying degrees of mental retardation, and age
differences are evaluated.

To determine the lateralization of the hearing-
speech functions, the dichotic listening method with
the definition of the “right ear coefficient” (CPA) is
used. Dichotic stimulation can be performed through
headphones in both ears at the same time. For separate
channels are presented two sets of verbal stimuli
(words). This technique requires special equipment,
while one of our tasks is to propose the use of
available methods that we could recommend to school
psychologists for diagnostic purposes.

To study the asymmetry of hearing, you can use
simple, available techniques and techniques that do
not require use of special tools. So, we selected the
following methods: test "Whisper",? test "Ticking of
watch™.1% In this case, if the test reveals the dominance
of the right ear, then put (+1) score, if the dominance
of the left ear (-1) score. Zero score is assigned with
no identified dominance of the right or left ear.

Test ""whisper'. The experimenter says something
in a whisper. In case of equal hearing acuity in both
ears, the subject puts his leading ear to the speaker,
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what is means that this ear is heard more easily and
quickly realized.

Test "ticking hours™. The subject is asked to
evaluate the volume of the ticking of the clock or the
sound of the stopwatch with one and the other ear. It
is noted at the same time, to which ear he puts the
clock for the first time and whether the different ears
evaluate the volume of the tick to be the same. It
should be noted, what ear the subject pushes forward
to listening something.*®

Test ""tuning fork™. The time of perception of the
sound of the tuning fork, which is brought alternately
to the right and left ear, is determined.

The following tests are used to determine the
leading eye:

Test ""blink with one eye."" The subject is asked to
blink with one eye. Usually not leading eye closes.

Rosenbach’s test. The subject holds a pencil
vertically in an outstretched hand and fixes it with a
gaze at a certain point (preferably with respect to any
vertical line), 3-4 m apart, with both eyes open. Then
the subject alternately closes one and the other eye.
The eye is considered to be the leading, when closed,
the pencil shifts in its direction.'t1?

Test ""card with a hole™. A 1x1 cm hole is cut out
in a sheet of thick paper. Holding this card at a short
distance from the eyes, the subject examines objects.
Viewing is usually carried out by the leading eye.?*®

Self-esteem of the subject. The answer to the
question of which eye he aims with.

Thus, methods aimed at analyzing motor and
sensory preferences when performing certain
behavioral acts, which allow us to determine not only
the degree of interhemispheric asymmetry, but with
their help it becomes possible to evaluate the degree
of interhemispheric interaction.

All possible types of profile of the lateral

organization were divided into 5 main groups.
=  Group 1: the test group with a full right-sided
domination of the arm, ear and eye is included in

the “pure right-handers” group.
= Group 2: All subjects with dominance of the right
hand, but with different combinations of
asymmetries of hearing and vision, belong to the
“right-handed” group.
=  Group 3: the left-right equality (ambidextrous)
group is characterized by equality in manual
lateralization and a different combination of
asymmetries in the hearing and visual functions.
= Group 4: the group of "left-handed" includes
subjects with a predominance of the left hand with
various combinations of asymmetries of hearing
and vision.
= Group 5: the group with complete left-sided
dominance of the arm, ear, and eye define a group
of “clean left-handers."

Normally, the formation of brain inter-
hemispheric asymmetry and inter-hemispheric
interaction is, of course, heterochrony in nature.
Therefore, the examined schoolchildren may
encounter an almost fully formed primary level of
interhemispheric connections, while the second and
third levels are still in their formation. This leads to
the fact that healthy children of 8 years are not yet
fully successful in complex bimanual movements,
automated execution of motor programs, the
implementation of spatially organized motor acts,
based on the "body pattern” and the speech level of
representation of spatial relationships. Some of them,
various motor, and sensory asymmetries, have not yet
fully stabilized. At the same time, a comparison
between the results of healthy children of 8-11 years
of age show that the functional organization of inter-
hemispheric asymmetry and inter-hemispheric
interaction in this age range is in a state of constant
ongoing development.
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Another aspect of the test results, which is
important not to be ignored, concerns the peculiarities
of the development of interhemispheric asymmetry
and interhemispheric interaction in children with left-
handedness. It is well known that the presence of the
left-handedness factor in most cases suggests an
atypical, from the point of view of brain organization,
the flow of mental ontogenesis.'* Usually, left-handers
have distortions, peculiar delays, and disproportions
in the formation of various mental functions: speech
(oral and written), reading, counting, constructive
processes, spatial representations, emotional sphere,
etc. They are a “risk group” in terms of the occurrence
of logoneuroses (stuttering) and the
pathocharacteristic features of the personality.#16

According to the results of several studies within
the ambidextral group, children with balanced right-
left laterality in brain processes appeared. In our
opinion, the term “ambicerebrality" is more
appropriate for this phenomenon. The following
working  formulation  should be  adopted:
ambicerebrality is the ability of the right and left
human brain alternately, or in parallel, and at the same
time to process information. We express the opinion
that this is a more accurate fixation of a new trend that
differs from “two-handedness” — ambidexterity.!

Therefore, the examined schoolchildren may
encounter an almost fully formed primary level of
inter-hemispheric connections, while the second and

third levels are still in their formation. At the same
time, a comparison between the results of healthy
children of 8-11 years of age shows that the functional
organization of inter-hemispheric asymmetry and
inter-hemispheric interaction in this age range is in a
state of constant ongoing development.
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COBPEMEHHBIE METO/IbI OIEHKHA MOTOPHOI1 1 CEHCOPHOI MEJKITOJIYILIAPHOM
ACHUMMETPHAU MO3T'A ¥V JETEI MJUIAJIIETO ¥ CPEJHETO IIKOJIBHOT'O BO3PACTA
(8-11 JIET)

Tepesa Asarsin,* Crenan ['puropsin®

Kadenpa cneumanbHOW mEJarorikd ¥ ICUXOJOTUH, APMSHCKHHM TOCYIapCTBEHHBIN IEAaroru4ecKuii
yHUBepcutTeT nMeHu X. AOGoBsHa, EpeBaH, ApMeHHs

Kadenpoii noronmemun u peaOWIHTAIIMOHHOW Tepanuu, APMSHCKAH TOCYAapCTBEHHBIN Melaroru4ecKuil
yHuBepcuteT uM. X. AOoBsiH, EpeBan, ApMmeHus

Beenenne: Heiiporicuxonornyeckoe u3ydeHrne HEKOTOPBIX OCOOEHHOCTEH MEXKITONYIIapHBIX B3aUMOOTHOILICHUH B
JBUTATENBHON cepe y JeTeil ¢ pa3IMYHBIMU BHJIAMHU TICUXHYECKUX PACCTPOUCTB MPEACTABISET HECOMHEHHBIN
uHTepec. OHO MOXKET T0Ka3aTh PsJi HOBBIX acIEKTOB MPo0ieMbl (POPMUPOBAHUS MEXKITOIYIIIAPHON aCHMMETPUH U
MEXKITOJTYIIIAPHOTO B3aMMOJICHCTBUS B OHTOTEHE3E.

Mertononorusi: B Hacrosimee BpemMs B (YM3MOJIOTUN MCHOIB3YIOTCS JIBa TOAXO0JA IS OIEHKH MEXKITOTYIIaPHBIX
pa3IMUMii MO3ra: METOX OIPENeleHHs «PYKacTOCTH» IOCPEACTBOM orpoca (DIWHOYPrCKUH TECT) U METOX
AKTUBHOTO BBISIBJICHHS IBUTATEIBHOI 1 ceHCOpHOH acumMeTpun, Metoarnka H.H. Bparuna u T.A. JlobpoxoTtoBa.
PesyabTaThl: O0c METOAWKH IMMPOKO TMPEIACTABICHBI B COBPEMEHHOW HAYYHOW JUTEpaType, OJHAKO HaM HE
YIAJIOCh HAWTH WCCIICIOBAHUS, OINMCHIBAIONINE B3aWMMOCBS3h PE3YyIHTATOB TECTOBOW OIICHKH (PYHKITMOHAIHLHOM
ACUMMETPHUH MO3Ta C TMOMOIIbI0 DJUHOYPrCKOTO0 TeCTa W TECTOB Ha OINpeiesieHHe MOTOPHOW M CEHCOPHOMU
acuMMeTpun. B HopMe popMupoBaHUEe MEKITOIYIIAPHON aCHMMETPUH MO3Ta M MEKTIONYIIAPHOTO B3aUMOICHCTBUS
HOCHUT, KOHEUHO, TETEPOXPOHHBINA XapaKTep.
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3akaouenue: TakuMm 00pa3oM, y 0OCHEIYEMBIX IIKOJLHUKOB MOXKET HAONIONATHCS MPAKTUYECKH TOJTHOCTHIO
c(hopMHUPOBaHHBINM TIEPBUYHBIA YPOBEHb MEKIIONYIIAPHBIX CBS3CH, TOTIAa KaK BTOPOW M TPETUH YPOBHH EIIIe
HaxoJiaTcs B craguu (opMUpOBaHUS. B TO ke BpeMs cpaBHEHHE pE3YyJbTaTOB 3IOPOBBIX neTei 8—11 ner
MOKa3bIBaeT, 4YTO (PYHKIMOHANbHAS OpraHU3alMs MEXIONYIIAPHOH acHMMETPHH U MEXIOIYIIapHOTO
B3aMMOJICHCTBUS B TOM BO3PACTHOM JHMANa30HE HAXOJUTCS B COCTOSTHUM ITOCTOSHHOT'O HEMPEPHIBHOTO Pa3BUTHSL.
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