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Charakterystyka lateralizacji u dzieci w wieku 5-7 lat

Characteristics of lateralization in children aged 5-7 years

5-7 )L ENRMEEH

Sylwia Potepa'(A-B.DE) Aleksandra Czaplinska?(®.C), Alicja Salwach3(¢.P), Lawia Szkoda'(.D),
Andrzej Szopa'(EF), Matlgorzata Domagalska-Szopa?2(EF)
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Streszczenie

Lateralizacja nazywana rowniez ,asymetrig funkcjonalng” jest nieodzowna czescig prawidtowego rozwoju psychofizycznego
kazdego cztowieka, ktéra zalezy od wyspecjalizowania p6tkul mézgowych. Lateralizacja charakteryzuje sie wieksza
sprawnoscia jednej strony ciata od drugiej oraz réznicami w rejestracji bodzcéw zmystowych przez mézg. Lateralizacja jest
istotnym czynnikiem, ktéry rozwija sie wraz ze sposobem w jaki nasze ciato orientuje sie w przestrzeni, wykonuje zadania
motoryczne, pomaga w ksztattowaniu somatognozji oraz ostatecznego ksztattu ciata.

Celem niniejszej pracy byto ustalenie oraz obserwacja ksztattowania sie przebiegu lateralizacji u dzieci w wieku przedszkolnym
i wczesnoszkolnym.

Materiat i metody. Grupe badang stanowito 110 dzieci w tym 55 dziewczynek i 55 chtopcéw w wieku 5-7 lat ze szkot
podstawowych oraz przedszkoli z wojewddztwa $lgskiego. Podczas badania zostaty przeprowadzone préby diagnostyczne tzw.
obserwacje swobodnego wyboru oka, ucha, konczyny gérnej oraz dolne;j.

Wyniki. Wykazano, ze wraz z wiekiem wzrasta liczba dzieci o ustalonym profilu dominacji. U 35% dzieci zaobserwowano
zaburzenia w postaci lateralizacji skrzyzowanej, najczesciej ten model wystepowat w grupie dzieci 5-letnich.

Whioski. Z otrzymanych danych wynika, iz dzieci w wieku 5-7 lat nie majg ukonczonego procesu lateralizacji.

Stowa kluczowe:
lateralizacja, asymetria funkcjonalna, dominacja stronna

Abstract

Autism spectrum disorder (ASD) represents an extensive class of symptoms manifested as deficiencies in such fields as
communication, social development and stereotypical behavioural patterns. Autism symptoms appear in social interactions
issues, mood disorders, somatosensory disorders, concentration problems. The conversion disorders are frequently diagnosed
in autistic children. Maintaining the standing balance is an immensely important skill in the child’s development, which
consists in controlling the centre of gravity over the support plane. Appropriate balance is necessary for successful
performance of numerous daily actions. Retarded development of balance impedes the future motor development and affects
the opportunity of the children’s involvement in interactions with peers.

The purpose of this paper was an impartial evaluation of balance skills in children with autism spectrum disorder.

Material and methods. 30 children 5-7 year-old with ASD, including 22 boys and 8 girls. Methods: The Scoring Form for
Fullerton Advanced Balance (FAB) Scale test was used for evaluation of the balance.

Results. The lowest results were obtained in the tandem walk and stand on one leg test. The test results varied in specific age
groups, however, the differences were not significant. Substantial differences were displayed in tandem gait test for specific age
groups.

Conclusions. In children with ASD disorders in balance skills occur.

Key words:
lateralization, functional asymmetry, side dominance
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Introduction

The term of lateralization is derived from the latin language
(lateralis = side), it is also called bias or asymmetry of the ri-
ght and left side of our body. It is characteristed by higher le-
vel of motor efficiency of one side of the body in comparison
to the other and differences in perception of sensory stimuli by
the brain [1]. Body laterality is a form of asymmetry. That me-
ans a pernament or temporary disturbance of the state of equ-
ilibrium or compatibility between different parts of the body.
The asymmetry can be divided into: structural/morfological
asymmetry (concerns organs, mass of left and right side of the
body, lengths and circumferences of limbs, position of even
parts of the body); functional asymmetry (concerns perception,
speech, smotions, prefered side of the body); dynamic asym-
metry (quantitative differences e.g. inmuscle strength, ranges
of movement, distance of throw); sensory asymmetry (size and
differences in sense organs sensitivity); mental asymmetry
(uneven location of mental processes organization centres in
both hemispheres of the brain) [2].

It is not only the matter of upper and lower limb domination or
sensory preference of ear, eye. It is also an important factor
which developes along with orientation of the body in space,
executes motor tasks, helps to shape somatognozy and the
final body shape. This is an important feature of our bodily
experience and it depends on hereditary, socio-cultural and
functional factors on different stages of each persons
development. Asymmetry causes visible disproportions in the
body structure: some brain structures occur only in one side of
the skull; the dominant side of the body has usually greater
mass than non-dominant side; the dominant upper limb is
approximately 1 cm longer than non-dominant limb and has
greater mass; the dominant lower limb is approximately 1.0-
1.3 cm longer

Morfological and functional asymmetry is visible within
preschool and early school children. However at this age the
asymmetry in the body structure is physiological [3]. The level
of motor activities lateralization among children can be
determined by means on an interview, observation and
specially selected diagnostic tests. The diagnostic process
makes it possible to identify group of children in need of
special support and to assess the child’s level of motor
development.

If it is possible to clearly establish the domination of the organ
or the sense we call it a correct lateralization — determined
lateralization. Heterogenous lateralization occures when there
is no domination of motor and sensory organs or when
preference of motor and sensory organs appears on opposite
sides of the body. Lateralization can be divided into:

« Homogeneous lateralization: right-side lateralization — the
dominance of the right upper limb, eye, ear, lower limb
indicates the dominance of the lefit cerebral hemisphere; left-
side lateralization — the dominance of the left upper limb, eye,
ear, lower limb indicates the dominance of the right cerebral
hemisphere.

e Heterogenous lateralization: crossed lateralization -
functional superiority of the locomotor system and sense of
both sides of the body; undetermined lateralization — no side
dominance, no functional superiority of one of the cerebral

www.fizjoterapiapolska.pl 61
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hemisphere. In case of undetermined lateralization we can talk
about two-handedness, two-eyedness, two-footedness [4].

In the society the right-handedness is prevailing. In the past,
left-handed people were classified in the lower social category
and left-handedness was treated as disability or a handicap
[5]. Nowadays left-handedness is competly accepted. If the
child performs the vast majority of the activities with the left
hand, it should not be included to be right-handed. Such
behaviour will not change their brain preferences.

It should be noted that lateralization does not only concern
limbs or sensor organs but also includes the cerebral hemisphe-
res — called brain lateralization. If one of the hemispheres is
more capable of registering and processing stimuli in a particu-
lar way, it is associated with its dominance in a given activity
[6]. 1t is believed that lateralization of the brain is justified by
the evolution. Having one hemisphere that takes control of the
processes reduces the chace of both hemispheres competing for
control over response. It also allows a simultaneous operation
of various phenomena such as language or attention [7].

The aim of study

The objective of this study was to recognize the course and
distribution of lateralization in preschool and early school
aged children from selected kindergartens and schools.

Material and methods

The study group consisted of 110 children including 55 girls
(50%) ald 55 boys (50%) aged 5-7 years, i.e. children who
will become 5 years old but under 8, during a year when the
study was performed. The mean age of the studied group was
5.9 years + 9 months and the mediane 6 years. Girls were
aged 6 years + 9 months and boys were aged 5.8 years + 1
year. There was no statistically significant dependence (x?)
between sex and age in the study group (p = 0.53958).
Diagnostic tests were used to evaluate the lateralization of the
body i.e. observation of the free choice of eye, ear, upper
limb, lower limb during motor activity. The children were
examined individually and each tasks was precided by
a verbal instruction. The entire examination took place in
classrooms designated by the head of the institution. During
all the studies the same set of items was used to assess the
direction of lateralization. This set included: a telescope,
a ball, a phone, a watch with hands, a large shell, a wooden
bechive and bees. Each meeting with a child was conducted in
a playfull form so that the child did not know that he/she is
being judged.

All objects were placed on table in the middle line of the
child’s body. In order to eliminate an error during examination
of ear preferences the child did not receive any object in his
hand so that it did not intiutively reach with the dominant
hand and place to the ear on the same side of the body. During
the examination the following tasks were carried out
concerning the side preference during the directed activity:
insertion of objects into a small hole; greeting the teddy bear;
reaching for a telescope; looking into a cup and examining the
bottom; looking through a key hole; looking through
telescope; kicking the ball; climbing a step; standing on the

www.fizjoterapiapolska.pl
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leg; checking the music on the phone; checking the watch
noises; checking the noise of the sea in the shell.

Quantity (N) and percent (%) have been used for the
presentation of data in qualitative and ordinal variables. The
analysis of the research material was carried out in accordance
to the applicable rules for the selection of statistical tests acc.
to Stanisz [8]. The y? Test was used to assess the relations
between the tested variables. The critical level of significance
was assumed to be p < 0.05. For the purpose of this article, the
statistical package STATISTICA 12,5 was used.

Tests results

The results of the analysis were presented in table 1 which
contains the frequency of upper limb, lower limb, eye and ear
dominance. It takes into account the split into groups by the
age and sex of the examined children.

Table 1. Frequency of occurrence (N) of side domination in particular age subgroups depending on sex

AGE  RUIN=88) LUIN=14 UDUIN=8) RLIN=88) LLIN=72) UDLIN=15 RE(N=76) LE(N=28) UDE(N=6) REa(N=76) LEa(N=26) UDEa(N=8)

4N=10) 10 0 0 4 4 2 5 4 1 8 1 1
2 SN=13) 11 1 1 10 0 3 7 6 0 8 5 0
° 6(N=23) 22 0 1 14 3 6 16 5 2 17 6 0

TN=9) 8 1 0 7 2 0 8 1 0 8 1 0

4N=14) 11 1 2 10 0 4 10 2 2 10 3 1
o SN=14) 11 1 2 11 1 2 10 4 0 10 4 0
2 6N=16 12 2 2 13 0 3 14 1 1 7 4 5

IN=1) 3 8 0 4 4 3 6 5 0 8 2 1

RUI: right upper limb; LUI: left upper limb; UDUI: undetermined upper limb; RLI: right lower limb; LLL: left lower limb;
UDLI: undetermined lower limb; RE: right eye; LE: left eye; UDE: undetermined eye; REa: right ear; LEa: left ear; BDU:
undetermined ear

Subsequently, changes in the profile of lateralization in the upper limb-
eye-lower limb-ear system which arose as a consequence of the develop-
ment of asymmetry of particular motor and sensory organs. After a tho-
rough analysis of all the data and a juxtaposition of the development of
laterality, appropriate models of body lateralization were assigned to the
children. In 39 (35%) of examined children was observed a crossed late-
ralization, in 36 (33%) undetermined lateralization. Right-sided laterali-
zation occurred in 32 (29)% of children, and left-sided in 3 (3%).

A statistically significant relations (y?) between age and determina-
tion of domination profile (p = 0.02969) was demonstrated. Table 2
presents above data in individual groups depending on sex. In the
group of 4-year-old girls in undetermined profile dominated for 4
of them (40%). For 5 the crossed model of lateralization was obse-
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rved (50%) and for 1 homogeneous right-side model. In the same age
group of boys the undetermined profile was detected for 7 of them
(50%). Followed by a crossed model for 4 (28%) and a homogeneous
right-side profile for 3 (22%). There was no left-side lateralization
model in any of these groups.

Table 2. Distribution of side dominance among examined girls and boys

RD (N = 32) LICEE)) UD (N = 36) CD (N =39)
Girls N (%) 18 (33) 0 (0) 15 (27) 22 (40)
Boys N (%) 14 (26) 3(5) 21 (38) 17 (31)

Among 5-year-old girls the most common was right-side late-
ralization (5 girls = 38%). Followby a crossed model of latera-
lization (4 girls = 31%) and an undetermined model. In the
case of examined boys the crossed model dominated for 7
(50%). Followed by right-side homogeneous model (5 boys =
36%) and an undetermined model (2 boys = 14%). Left-side
model of lateralization was not found in any of these groups.
In the group of 6-year-old girls the crossed lateralization model
(39%) prevails over the homogeneous right-side model detected
for 7 children (30%) and undetermined also for 7 (30%). For 8
boys lateralization model was mostly non-determined, than for
4 it was right-side (25%) and heterogencous (25%). Left-side
lateralization model was not found for any child within groups.
In the oldest group of females undetermined lateralization was not obse-
rved. For 5 of them right-side model was observed (56%) and for 4
a crossed model (44%). In the male group there were 4 boys with unde-
termined lateralization (37%), 3 with crossed lateralization (27%) and 1
with right-side lateralization (9%). Additionaly for 3 boys a model of ho-
mogeneous left-side lateralization was observed (27%) which so far has
not been observed in any of the previous group. The frequency of occu-
rance the lateralization profiles in particular age groups divided by sex is
presented in figure 1. There was no statistically significant relations
between sex (%) and determination of domination profile (p = 0.16176).

10 9

Girls Boys

~

-
5
A
4
3
3
2
i
[] U I []
4 5

4 5 6 7

m right-side lateralization = right-side lateralization
crossed lateralization + left-side lateralization
undetermined lateralization crossed lateralization

undetermined lateralization

Figure 1. Frequency of lateralization profiles in the groups of examined girls and boys
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Crossed lateralization occured for 39 children (35%). Figure
2. shows all combinations, which occured in this type of
asymmetry including both sexes, that were noticed to have
this very model. There was no statistically significant relations
between (2) sex and crossed model (p = 0.27477).

RRR - RE
RR-LLI,LE
RRR - LLI
LLL-RUI

RR - LE, LEa
RR - LU, LEa
LL-RE

RRR - LUl

RR - RUI, LE

Girls Boys

.N:22 N=17

Figure 2. Variants of crossed domination in the examined group of girls and boys.

RRR: denotes a domination of three parts of the body on the right side and only one element on the left side was crossed; RR or LL: on the
both sides of the body there was obserced the distribution of functional advantage of limbs or sensory organs. In accordance with the
previous acronims a third; LLL: was created for the functional advantage of the left side of the bodyover the right side. In this case only one
dominant limb is on the right side. On the horizontal axis the number of children with specific variant of crossed lateralization is marked.

The following table 3 shows the frequency of all combinations
of lateral crossed models that occured in the study. There was
also no statistically significant relation (32) between age and
lateral crossed model (p = 0.61193).

Table 3. Frequency of crossed lateralization in particular age groups:
4-year-old (N = 8), S5-year-old (N = 11), 6-year-old (N = 13), 7-year-old (N =7)

4-year-old 5-year-old 6-year-old 7-year-old
RRR - RE 3(12) 3(11) 2(5) 1(5) 9
RR - LLI, LE 1(4) 0 (0) 12) 0 (0) 2
RRR - LLI 2 (8) 1(4) 1(3) 2 (10) 6
LLL - RUI 0 (0) 1(4) 0 (0) 0 (0) 1
RR - LE, LEa 0 (0) 2(7) 1(3) 0 (0) 3
RR - LUL LEa 2(8) 2(7) 6 (15) 1(5) 1
LL-RE 0 (0) 1(4) 1(3) 0 (0) 2
RRR - LUI 0 (0) 0 (0) 0 (0) 1(5) 1
RR - RUL, LE 0 (0) 1(4) 1(3) 1(5) 3
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Discussion

The assessment of lateralization is often a subjective assessment of
the person performing the study. Some testing methods are mainly
based on observation of the child during directed activity. Among
them there are proposals by Cieszynska [9] and trials from the clini-
cal observation sheet of Przyrowski [10]. These tasks vary in terms
of the number of samples. Most of the tests available in scientific
publications and books have at least 3 tests per organ to avoid acci-
dental use of the limb or sensory organ by the child. Matej¢ek and
Zlab [11] proposed to estimate the right-handedness quotient (IPR).
Right-handedness quotient is related with using a formula prepared
by them (after all motor tasks have been performer by a child) in or-
der to express the number of right reactions as a percentage.

Wada Test is an invasive method to assess hemispherical domi-
nance. After injection of barbiturate to the cartoid arteries psy-
chological tests are carried out to assess the function of the
examined speech and memory centres. Due to invasiveness and
difficulty this method is rarely used for younger children [12].
The study presented in this article shows that boys more often
than girls have undetermined lateralization of the upper limb.
Girls are more likely to be a right-handed than boys while boys
are more likely to be left-handed. Singh, Manjary and Dellatolas
[13] made a research regarding handedness for Indian children. In
their studies they found that the distribution of upper limb prefe-
rences was similar for boys and girls. It is worth mentioning that
similar trends are presented in the both of these researches. The
analysis shows that children aged 4-6 years often have an unde-
termined upper limb lateralization. For children aged 7 years si-
milar phenomenon does not occur. In their research also for the
younger group of children of the same age there was more with
weak hand preference (18,2%) than in the older group aged 7-11
years (10,5%). This confirms the influence of age on the level of
preference and lateralization of upper limbs. In the presented
work the analysis of the direction of manual development showed
that both girls and boys are dominated by the right-sided direc-
tion within the upper limb. In addition, the group of boys were
more indeterminate handedness in comparison with the girls.
Conclusions on the development of body lateralization among
children are also presented in the research carried out by Sobera
regarding shaping and maintaining balance for children, taking
into account the lateral dominance of the lower limbs [14]. The
collected data showed that groups of 2-3 years old there were no
significant differences between the support functions of the lower
extermities. For children aged 4 years the lateralization process
was developing intensively. Functional dominance of the right lo-
wer limb over the left limb was observed in the group of 5-year-
olds. For 6-year-olds there was no clear domination of the one of
the lower limbs during the process od stabilization of the body.
According to own research children of different ages from 4 to 7
years show a similar lower limb lateralization.

This study presents that majority of children already have a certa-
in eyedness. It also shows that examined children have similar
eye lateralization. Carried out tests concerned only the preferen-
ces on the eye for the near vision. In the future it will be worth of
considering whether there are corelations between dominant eye
to the near and distant vision and age and sex.

Much less common in literature and empirical research is the
reference to the development of auditory laterality. Very often
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the laterality of the sensory organ i.e. the ear is omited in scientific
researches. In acoustics and audiology the term ,,auditory laterali-
zation” refers to the location of a sound source in a specific situ-
ation [15]. This may be due to difficulties in testing this structure.
The most accurate will be the Listening Attention and the Auditory
Lateralization Test however well calibrated audiometer, the ability
to operate it and the environmental conditions (quiet room/audio-
metric cabine) are required. In standard testing with the use of ob-
jects as proposed by Cieszynska [9] and which was carried out in
this article, unfortunately there is a high risk of getting unreliable
result because of many variables that may interfere with the evalu-
ation proces. Any outside noise can affect the reliability of the test.
On the basis of the data in table 2 it can be seen that children from
the examined group show a similar ear lateralization — dominance
of right ear.

Kurowski presents entirely different results of ear lateralization
tests [6]. However in his research he assessed the side preference
for children with dysleksia. He showed that among this group
there are more children with crossed lateralization with left ear
dominance. Among of children with the same type of crossed la-
teralization right upper limb, right lower limb and right eye do-
minance, we can observe domination of the left ear. The same
pattern is presented by the most numerous group of children — 10
(26%) with undetermined crossed lateralization profile. It follows
that the right cerebral hemisphere is responsible for hearing pro-
ces. Under normal conditions these strategies should belong to
left hemisphere — requiring right ear lateralization in terms of au-
ditory control.

Wieczorek and Swieczek showed that in the examined group of 7-
year-old girls the undetermined profile of lateralization slightly do-
minated over the determined homogeneous one. In the group of 7-
year-old boys the undetermined profile of lateralization is domina-
ting [16]. Similar trends are noted in this research. It has been noted
that children aged 5 years have determined right-side dominance
profile among all examined groups. In a group of children aged 6
and 7 tears the determined right-side dominance profile is more
frequent than 4-year-olds.

There is no information regarding left-side lateralization model in
Wieczorek’s research. In the examined group children aged 7
years have a left-side dominance profile with a frequency of 15%.
Other children (aged 4-6 years) did not show this type of domi-
nance. It means that left-side lateralization is fixed later than ri-
ght-side. People aged 4 years have an undetermined dominance
profile more often than others. A surprising result was noted that
children aged 6 years, more often than aged 5 and 7 years showed
an undetermined dominance profile. This may be the result of the
fact that preschool children are introduced too quickly to the
school system. Thus, children aged 5 years have more often
a crossed dominance profile than other children. Other age gro-
ups present similar frequency of crossed lateralization model to
each other.

A 2010 study published in Pediatrics found that two-handed chil-
dren are more likely to show attention deficite hyperactivity disor-
der signs (ADHD) and language learning difficulties in comparison
with their left-handed and right-handed peers. Children with
heterogeneous domination were also more suspectible to more
severe forms of ADHD compared to right-handed children with
ADHD. The authors of the study also noted that children with
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heterogeneous domination are more likely to develop
a dyslexia [17]. In order to confirm the results obtained in this
study it would be necessary to create an interdisciplinary team
consisting of people with the necessary knowledge to evaluate
the cognitive processes of children and children’s behaviour.
All these studies and the discoveries can help teachers and
health professionals to better understand and identify the
problems of children who are particulary vulnerable to certain
disorders.

Child’s brain is not fully shaped yet which makes it more
plastic. During this period it is constantly developing. Thanks
to the new experiences it learns and takes shape. All the
actions taken at an early stage of child’s life bring much better
results than in later years.

Conclusions

Evaluation of the lateralization in preschool and early school age
is a very important aspect. It affects the further proper
development of each child in such early age. On the basis on the
presented results of the study in lateralization model for children
aged 5-7 years the following conclusions could be drawn:

1. There is a relationship between sex and handiness of the
examined children. Boys are more likely to be left-handed than
girls.

2. There is a corelation between age and determination of
dominance profile.

3. There was no relatioship between sex and crossed
lateralization. Girls and boys present similar models.
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