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As the latest research shows, psychomotor development and motor learning of deaf children is garnering
a great deal of attention from scientists. Effectively correcting the psychomotor development of hearing-
impaired kids requires a deep understanding of the disorders, structures, depth, and the children’s
potential motor learning capabilities. We believe this understanding can be reached with the Bernstein
approach. However, we were able to find only a handful of studies on psychomotor development of
hearing-impaired children from the point of view of the theory of how motor skills are formed. Based on
this theory, the purpose of this study was to create a diagnostic program that can evaluate and analyze
psychomotor disorders and uncover their mechanism in hearing impaired kids compared to their peers
with normal hearing.

The study included 54 children from primary schools in Lviv with normal hearing and 94 primary school
children with hearing loss from the Lviv Specialized Boarding School named after Maria Pokrova N2101
and the Zhovkiv Training and Rehabilitation Center “Zlagoda” (51 children with hearing loss and 43 deaf
children). The research sample we chose was random and the children ranged in age from 7-8 years
old. To study a single motor skill based on the involvement of multiple levels of central nervous system
control, the jump model was chosen. The study consisted of 10 tests, each of which was rated on a 5point
scale. Gathered and analysed data were used for the quantitative method.

It was established that children with hearing loss had psychomotor retardation on all motor skill levels
compared to their peers with normal hearing. Hearing impaired children had a low level of static and
dynamic coordination, speed of movement, and motor memory. The lowest level of development was
purposeful movement.

We identified specific psychomotor disorders in primary school children with hearing loss compared to
their peers with normal hearing on all levels of motor skill formation, and found correlations between
the overall assessment of hearing impaired children and the studied components by level of movement
construction: for any motor activity, there is a primary level, which forms the foundation of the movement
and all other levels that are activated when performing the movement. The aspects of sensory-motor
functions in primary school children with hearing loss depend on the level of hearing loss and consist of

an absence of coordination on multiple levels of movement construction.
children, hearing loss, psychomotor, Level-Based Approach, psychomotor deficits.

Introduction

According to the World Health Organization, over 5
% of the world’s population, or 466 million people, has
hearing loss (432 million adults and 34 million children).
It is estimated that by 2050, over 900 million people, or
1 in 10 people, will have hearing loss [1]. These figures
show that the number of children born with hearing loss is
steadily increasing. The problems associated with hearing
loss should be addressed early in child development,
especially in the early years of life and school years to
ensure the child develops properly.

Currently, the process of integrating children with
hearing loss is improving due to early diagnostics [2,
3], cochlear implants [4, 5], as well as early corrective
[6, 7], and compensatory work [8]. Comprehensive and
complete development for hearing impaired children is
impossible without physical education, which not only
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provides the required level of physical development [9,
10], but also corrects deviations in children with auditory
deprivation [11, 12].

Studies by a number of authors show that children
with hearing loss differ in the following aspects of
psychomotor development:

- low level of motor skills [13];

- difficulties maintaining static
equilibrium [14, 15];

- relatively low level of spatial orientation development
[16];

- slow speed of performance of particular phases and

tempos of movements [17];

- deviations in motor skills, which as a whole,

characterize a low level of coordinative abilities [18];
- relatively low level of figurative thinking development

due to a lack of internal speech and verbal support

[19,20].
Effectively correcting the psychomotor development

and dynamic
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of young, school-age children with hearing loss requires
a deep understanding of the nature of the disorders,
their structure, depth, and potential motor development.
Such an understanding can only be achieved by studying
psychomotor development in the process of applying
adequate research techniques.

Motor disorders and pathologies in children have
been identified using methods described by Ozeretsky
[21], modified by researchers such as: Gollnitz [22]
in Germany, Lincoln and Henderson [23] in the USA,
and others. Ozeretsky’s method is a set of motor skill
tests used to study individual components of motion:
static coordination, dynamic coordination, speed of
movement, rhythm, voluntary muscle movement
causing simultaneous involuntary muscle contractions
(synkinesis), and simultaneous movements and their
forces. It should be noted that there is no generally
accepted methodology for studying psychomotor
learning. However, in the specialized literature, there
are numerous tests with various levels of complexity
for studying motor skills in normal-hearing and
disabled children: strength, speed, endurance, agility,
and flexibility. For children with hearing loss, various
holistic techniques and individual quantitative tests are
used [24]. However, the quantitative assessment of motor
test results does not reveal all the aspects of the motor
capabilities of the deaf. A visual description cannot serve
as a qualitative analysis, because it does not answer the
question: why are children with hearing loss, for example,
not able to jump as far as normal-hearing children? Could
it be due to muscle weakness in the legs, a low level of
neuromuscular coordination, poor motivation, willpower,
or other reasons? Using Ozeretsky’s method, Weizman
[25] noted that some children perform tests intended to
evaluate motor skills in older children but fail to perform
tests intended for younger children. In other cases, even
though subjects were able to perform more complex
movements (for example, bouncing a ball on the floor),
they had trouble performing what would be considered
simple actions, such as throwing a ball forward from their
chest.

It is impossible to explain these facts without using
Bernstein’s Level-Based Approach [26], which can
identify the level of the disorder, retardation, and nervous
system pathologies, to analyze motor actions and how
motor skills tests are structured. All of this prompted us
to investigate the motor skills in kids with hearing loss
in the context of the level-based theory of movement
construction. Based on this theory, this paper attempts to
analyze the psychomotor disorders of hearing impaired
children and reveal their mechanism — everything from
simple movements and actions to complex, deliberate
motor skills, to find out the level of motor learning
compared to normal-hearing children.

Material and Methods

Subjects:

The study included normal-hearing children from
primary schools in Lviv (54 subjects) and 94 children with
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hearing impairments - from Lviv Specialized Boarding
School named after Maria Pokrova Nel01 and Zhovkiv
Educational and Rehabilitation Center “Zlagoda” (51
subjects with hearing loss and 43 deaf subjects). The
research sample we chose was random and the children
ranged in ages from 7-8 years old.

Procedure:

The psychological-pedagogical approach to studying
psychomotor skills of young, school-age -children
with hearing impairment includes the use of basic and
supplementary methods for a more comprehensive
assessment of the development of motor functions.
Namely, 1. observational methods: observation of
posture, gait, coordination, and facial expressions; 2.
studying medical history: with emphasis on the aspects
of psychomotor development of children with hearing
loss; 3. the metric approach: taking into account
Bernstein’s theory of movement construction for studying
psychomotor development, a method of examining
children with hearing loss was developed, consisting of
10 tests. Each test was evaluated using a 5-point scale; 4.
methods of mathematical statistics.

For an in-depth study of one motor skill, which is
constructed on different levels of central nervous system
activity, a jump model was used.

Static motor coordination test:

1. Standing on tiptoes with eyes open and closed
before vestibular loading (spinning in place) and after
vestibular loading.

The test reveals the predominant activity of the lower
level of movement construction (Level 4). Stepping out of
place or losing balance is considered a mistake.

Dynamic motor coordination tests:

2. Jump in place, back and forth, right and left, on both
feet, and on one foot (test for accuracy and simultaneity of
movements and absence of synkinesia).

3. Jump 180 ° with hands on waist.

4. Jump and clapping three times in front of the chest
while in mid-air.

Tests 2-4 reveal the predominant involvement in the
motor skill of the synergy level B and the lower sublevel of
the C1 spatial field. They ensure the internal coordination
of complex components of one large movement and its
correlation with spatial environment.

Tests 2 and 4 are considered incomplete if the subject
cannot simultaneously jump with both feet, lands on
heels instead of tiptoes, jumps less than 7-8 times within
5 seconds or if the subject makes unnecessary and
uncoordinated movements.

Speed of performance tests

5. Jump 180° while catching a ball upon landing.

6. Jump in an outlined circle. Any deviations from the
circle are recorded.

Tests 5-6 reveal the involvement of the upper sublevel
of the C2 spatial field, which determines the maximum
accuracy in the final stage of movement. Test 5 is
considered incomplete if the subject catches the ball less
than three time out of five attempts.

Motor memory and coordination of movement tests:
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7. Jump with various elements of hand coordination
(arms up, legs apart and vice versa). Accuracy is recorded.

8. Jump to the rhythm of a light signal. The number of
deviations from the rhythm is recorded.

Tests 7-8 reveal the involvement of level D in the
hierarchy of movement construction.

Purposefulness of movement tests:

9. The subject must learn to jump half the maximum
height they’re capable of jumping. After each of the 10
attempts they’re given, they are informed of the actual
jump height. The test is considered complete if the subject
becomes accustomed to jumping half of their maximum
height through muscular conditioning.

10. Think of an animal and imitate its movements.

Tests 9-10reflectahigh level of movement construction
(level E), which is associated with memorizing the task
and conscious self-regulation and improvisation of
movements.

If unsuccessful or incomplete, all of the tests can be
repeated but no more than three times.

These tests were used to assess the components and
levels movement construction for hearing-impaired
children. The research methods revealed qualitative
disorders of psychomotor skills of children with hearing
loss. These tests were not used to identify motor skill
development based on the age of the subjects.

Statistical Analyses.

The collected data were analyzed through arithmetic
mean, standard deviation, Analysis of Variance (ANOVA),
and the measured statistical significance was 0.01-0.05.

Results

As a result of this psychological-pedagogical study,
it was established that compared to their normal-hearing
peers, the psychomotor skills of deaf and hard of hearing
children are characterized by a lack of development in all
of the associated components (Table 1).

Experimentally, it was determined that children with
hearing impairment had a lack of static coordination
development compared to normal-hearing children (the
average score for normal-hearing children was — 4.0;
hearing-impaired children —3.0; deaf children — 2.2).

Normal-hearing children had average coordinative
motor skills (average score —3.9), while hard of hearing
and deaf children had a low level of dynamic coordinative
motor skills (hard of hearing — 3.2; deaf — 3.0). Compared
to their normal-hearing peers, children with hearing
impairment had a low level of speed of performance in
motor skills (average score for normal hearing — 3.8; hard
of hearing — 2.6; deaf — 2.2). Motor memory was also
found to be on a lower level of development for hearing-
impaired and deaf children compared to children with
normal hearing (average score for normal hearing — 3.6;
hard of hearing — 2.4; deaf — 2.0).

The lowest indicators in the study were found to
be associated with purposefulness of moment and its
meaning on the highest level of movement construction,
level E, which manifests as memorizing the task at hand,
conscious self-regulation, and improvised movements
(average score for kids without hearing loss — 3.4; hard
of hearing — 2.2; deaf — 1.6). The difference in overall
scores for subjects with hearing impairment and deafness
compared to peers was 1.3 and 1.9, respectively.

The results of the study were subjected to mathematical
analysis for multiple correlations, which revealed a
relationship between the overall assessment of motor
development of children with hearing impairment and the
studied components by levels of movement construction,
characterizing static and dynamic coordination, speed
of performance, motor memory and coordination of
movement, purposefulness of the movement and its
meaning (r = 0.9593).

Table 1. Results of the study on psychomotor development in primary school children with deafness, hard of hearing,
and normal hearing (in score, mean, standard deviation, and statistical significance)

Parameters for assessment and levels of movement

construction Normal hearing Hard of hearing Deaf
Static coordination (Level A) 4.0 3.0% 2.2%*
Accuracy and simultaneity of movements (Level B) 3.7 2.9%* 1.8**
Dynamic coordination (Level C1) 3.9 3.2%* 3.0%*
Speed of performance (Level C2) 3.8 2.6%* 2.2%*
z\ilg\ler[r)r;emory and coordination of movements 36 5 gk 50 **
Purposefulness of movement (Level E) 3.4 2.2%* 1.6%*
Average score for all levels 3.7£0.6 2.7+0.3 2.1+0.2

NOTE: Statistical significance: * — p < 0.05; ** — p < 0.01.
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Discussion

Static ataxia observed in children with auditory
deprivation is characterized by the difficulty of
maintaining balance and the appearance of tremors in the
extremities while maintaining a static pose, especially
with eyes closed. Deaf children had more difficulty with
static coordination than hard of hearing children, who
have better vestibular control. According to the data
by Melo [15] qualitative characteristics of erect body
positioning among deaf children are directly dependent
on preservation of vestibular apparatus. Problems with
static poses can be explained by a lack of development
in regulating movement on /evel A, which provides
subconscious, involuntary muscular regulation and
arbitrary motor skills, connected with taking a pose and
retaining it. Hartman and Vitkovic in their researches
[6, 14] have identified that deaf children, students
of preliminary schools, have difficulties with spatial
awareness.

In the course of performing tests on dynamic
coordination movements (absence of synkinesia), most
subjects with auditory deprivation (deaf children) had
uncoordinated movements of the hands and feet. The
180° jump proved to be the most difficult test for those
subjects. In physical education class, the same subjects
were observed to have uncoordinated movements
while walking and running. Movement features such as
shuffling gait, wide foot placement, lateral swing, forward
leaning, walking and running on heels and bent legs, and
non-linear movements were observed. Melo [27] found
the same pathological movement features in his study of
deaf children. Increased stiffness and a lack of consistency
in movements when performing tests studying the
dynamic construction of movement allows us to confirm
the presence of synkinesia in children with hearing
impairments, which points to a lack of development in
level B movement construction — autonomous motor
control. We also established a low level of development
in the spatial field of sublevel C1, which evaluates the
purposefulness of motion. Researches by Engel-Yeger,
[13] have shown that hearing and vestibular analyzers
dysfunctions are leading towards lowering the level of
spatial awareness. This manifests in walking, running,
orientation in the body scheme, exercises with objects.
This is why the test which required jumping and clapping
three times proved rather difficult for the subjects.
Fellinger [2] has determined that loss of hearing is also
accompanied by delay in motor development.

The majority of subjects showed unnecessary or,
conversely, lacked certain movement elements when
performing tests on level D of movement construction.
Successful completion of the tests were recorded in
isolated cases. Therefore, we can state that there is a lack
of development in hearing-impaired children on Jevel D
— coordinated movement. This is explained by impaired
auditory perception, which is caused by specific changes
in the decrease of motor memory. This feature was also
pointed at by Lévesque [2].

The biggest difference in the compared groups
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was in the purposefulness of movement (level E). The
explanation for this lies in the hearing-impaired children’s
comprehension of their own voice and other people’s
voices and their capacity for imaginative thinking. A
significant and qualitative difference in the actions of
these children is based on the fact that internal speech
and language are not activated in the process of solving
motor tasks and the ability to plan movements is absent.
Additionally, hearing is closely related to movement —
hearing loss, language development and motor skills are
fundamentally interdependent. The absence of internal
speech and verbal support causes a delay in motor
skill development, what is also shown in researches by
Pefienory [18].

The results reported in this study are in agreement
with what has been found in previous studies examining
psychomotor skills in the deaf [28, 29].

The analysis of the obtained results allows us to
assert that primary school children with hearing loss have
delayed development compared to their normal-hearing
peers on all levels of movement construction according
to Bernstein’s theory. This study shows that deafness
can lead to problems that may reflect in delayed motor
learning and development.

Conclusion

Bernstein’s theory made it possible to isolate the areas
of psychomotor impairment in primary school children
with auditory deprivation on all levels of movement
construction compared to their peers with normal hearing:

- In the hierarchy of the interaction of levels of the
central nervous system, which provide levels of movement
construction, the principle of dynamic subordination
applies. This means that the psychomotor development
of kids with hearing loss should be studied from a
comprehensive perspective on all levels of movement
construction.

- Correlations were established between the general
assessment of psychomotor development of primary
school children with hearing loss and the studied
components by the levels of movement construction,
which characterize static and dynamic coordination,
speed of performance, motor memory and coordination
of movements, and purposefulness of movement. The
obtained correlational ties indicate that there are several
levels involved in the construction of a particular motor
activity: a primary level, which forms the foundation
of the movement and all other levels that are activated
when performing the movement. The aspects of sensory-
motor functions in primary school children with hearing
loss depend on the level of hearing loss consist of an
absence of coordination on multiple levels of movement
construction.

- The analysis of the motor development disorders of
primary school children with auditory system pathologies
from the standpoint of the level-based theory of movement
construction provides an opportunity to study, understand,
and choose more appropriate methods of adapted physical
education to correct psychomotor retardation. This
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corrective work should be done on an individual basis,
taking into account the children’s level of psychomotor
impairment.
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