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Abstract:
The most important methodological approach in the adaptive physical education of schoolchildren is to take into
account the individual characteristics of their motor skills development. The purpose of the research is to
develop the technology of computer monitoring of the motor skills of junior schoolchildren with hearing
impairment and to justify experimentally its use in the programming of physical education. Methods: The data
generalization of scientific and methodological literature and practice experience, biomechanical video-computer
analysis, pedagogical testing & experiment, mathematical statistics. Participants: 59 students aged 7-10 years
with hearing deprivation and 111 students with normal hearing. Results: A biomechanical analysis of the
coordination abilities of junior schoolchildren with hearing deprivation revealed disorders of the rhythm and
spatial orientation sense (p <0.05). The error in reproducing the tempo-rhythm structure of the individual phases
of the equally rhythmic exercise in the frontal plane by schoolchildren of 7–10 years old with hearing
deprivation reaches 67, 60, 56, and 48% respectively. It was found that in junior schoolchildren with hearing
deprivation, the most typical disorders in reproducing the spatial characteristics of movement are observed in the
angle between the vertical and the “shoulder” bio-link and the angle between the shoulder and the forearm. As a
criterion, the performance of the same exercise by schoolchildren with normal hearing was selected As a result
of the cluster analysis; the subjects were divided into 2 groups of schoolchildren with different reproduction of
the tempo-rhythmic structure: "low level of tempo-rhythmic feeling" and "middle level of tempo-rhythmic
feeling". Conclusions: As a result of the pedagogical experiment, the effectiveness of computer monitoring of
the motor skills of junior schoolchildren with hearing deprivation based on differentiated and individual
approaches was confirmed. The introduction of the corrective program for junior schoolchildren with hearing
deprivation improved statistically significant (p<0.05) parameters of their motor actions.
Key Words: adaptive physical education, child’s coordination, hearing deprivation, biomechanical
analysis.
Introduction
To date, school physical education programs for children with hearing deprivation, are essentially a
“simplified version” of general education programs, while the problem of physical development under
conditions of hearing impairment is the multitude of possible motor disorders caused by primary and secondary
hearing impairment factors (Baykina, 2003; Savlyuk & Khmelnytska, 2017; Boretska, 2019). The most
important methodological approach in the adaptive physical education (APE) of schoolchildren is to take into
account the individual characteristics of their motor skills development (Auxter, Pyfer, Heuttig, 1993; Fallen &
Umansky, 1998; Kashuba et al., 2020). To solve this problem it is necessary to choose firstly the methods and
tools that allow diagnosing the features and degree of movement disorders (Krutsevych et al., 2019;Trachuk et
al., 2019). However, effective diagnostic computer technologies for organizing the adaptive physical education
(APE) process with hearing impaired children are currently insufficient (Kurková, 2015; Kashuba & Savliuk,
2017). This fact served as the basis for the search for new tools for measuring and evaluating the characteristics
of motor skills of students with hearing deprivation.
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of junior schoolchildren with hearing impairment and to justify experimentally its use in the programming of
physical education.
Material & methods
Participants: The research involved 59 students aged 7-10 year of special secondary boarding school
No. 9 in Kyiv for children with hearing loss. For a comparative analysis of the motor skills of children with
hearing deprivation with healthy peers, a study was conducted of 111 students with normal hearing in secondary
school No. 229 in Kyiv. All parents of every child gave written permission to participate in this research
according to the recommendations of the Ethics Committee, in accordance with the ethical standards of the
Helsinki Declaration.
Procedure/Measure: For the pedagogical experiment, 20 students of 9-years-old with hearing
deprivation were divided into control (10 children) and experimental (10 children) groups. The method of
physical education in the control group was built traditionally, in the experimental group – according to our
individual programs of correction of motor abilities, taking into account the biomechanical characteristics of the
motor skills of the hearing impaired schoolchildren. The duration of the experiment was 9 months.
A test exercise with an equally rhythmic structure in the frontal plane performed by 59 children with hearing
impairment and 111 healthy children was recorded using a standard (PAL / SECAM) digital camcorder at 25
frames per second. This shooting speed is quite sufficient to detect those features of hearing impaired child’s
motor skills that can be used to build physical education programs.
In the research, we used an automated processing system based on the video-computer complex –
personal computer (PC) with the "BioVideo" software developed by Irene Khmelnitska in order to perform the
biomechanical analysis on the basis of registration (video recording) of child’s motion action by a digital camera
(Khmelnitska, 2003). The use of this measurement system has made it possible to investigate the motor function
of hearing impaired children at a whole new level. As a model of the child’s musculoskeletal system, a 14segment branched bio-kinematic chain was used. The coordinates of its links, by geometrical characteristics,
correspond to the coordinates of the position in the space of the human body’s bio-links, and the reference points
– to the coordinates of the centers of the major joints (by Bernstein, 1991). The obtained qualitative and
quantitative information about the motor function of hearing impaired children was the basis for the development
of physical education programs for coordination abilities correction of children in primary school age with
hearing impairments.
Data collection and analysis: We used the data generalization of scientific and methodological
literature and practice experience, biomechanical video-computer analysis, pedagogical testing, pedagogical
experiment, methods of mathematical statistics. The following methods of mathematical statistics were used:
descriptive and non-parametric statistics, and the cluster analysis. The following parameters were determined:
arithmetic mean – x , standard deviation – SD, variance – D, range –R (the difference between maximum and
minimum sample variant). As the size of schoolchildren samples was small – from n=10 to n=20 –
nonparametric statistics was used. The estimation of the statistical probability of the difference between the
independent samples in the pedagogical experiment was determined using the Mann-Whitney U test, Wilcoxon
test was used for the dependent samples. Non-parametric Kruskal-Wallis ANOVA was used to compare several
groups of indicators of hearing impaired children to normal-hearing children. The method of k-means clustering
was used to form exactly 2 clusters of schoolchildren with different reproduction of the tempo-rhythmic
structure. The calculations were performed using the Statistica 10.0 (StatSoft, Inc).
Results
Biomechanical phase analysis of kinematic characteristics of schoolchild’s motor actions in test
exercise with an equally rhythmic structure allowed to measure quantitatively such independent relatively types
of coordination abilities, as a sense of rhythm.
The duration of each phase was measured; the ability to estimate spatial-time motion parameters – the
velocities of separate phase movements of the wrist’s center, the hand’s end, the centers of mass (CM) of the
shoulder, forearm and hand were measured, as well as the angular characteristics – the amplitude of the shoulder
and elbow joints. It should be noted that, none of the 59 students of 7–10 years with hearing deprivation
performed the test exercise without a single error.
The results of the biomechanical phase analysis of the time characteristics of test motor performance by
schoolchildren of 7-10 years with hearing deprivation and their healthy peers are presented in Table 1.
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Time characteristics and coordination of movements of schoolchildren with hearing deprivation (n = 59) and
healthy schoolchildren (n = 111) of 7-10 years old
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1
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1
1
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1
0
0
1
0
0
0
1

Schoolchildren with
normal hearing
Phase duration, s

x

SD

R

0.82
0.58
1.18
1.14
0.66
1.39
1.16
0.8
0.62
0.8
0.74
0.88
1.08
0.74
0.72
0.68

0.29
0.24
0.38
0.31
0.14
0.12
0.37
0.26
0.26
0.13
0.27
0.12
0.16
0.15
0.19
0.20

0.28
0.26
0.52
0.60
0.32
0.58
0.24
0.36
0.18
0.34
0.12
0.36
0.56
0.26
0.24
0.20

For the purpose of visualization of the rhythm feeling in schoolboys of 7-10 year old with hearing
deprivation, the chronograms of time indicators are presented in Fig. 1. Those data are based on the ratio of the
duration of each of the 4 phases, which is expressed as a percentage of the total duration of the whole exercise
(the ratio of the duration of each of the 4 phases should be 25% in ideal). The dynamics of time indicators of
schoolboys with hearing deprivation of 7-10 year showed that the ability to reproduce the tempo-rhythmic
structure of movements developed with age: if in 7-year-old boys the range R in phase duration was 14%, then in
8-year-old boys this indicator was almost the same – 15 %, in 9-year-old boys – 11%, and in 10-year-old boys
the range decreased to 7%.

Fig. 1. Chronograms of a test exercise with equally rhythmic performance by schoolboys of 7–10 years old with
hearing deprivation
The chronograms of a test exercise with equally rhythmic performance by schoolgirls of 7–10 years old
with hearing deprivation are showed in Fig. 2. The dynamics of their time indicators determined that 7-, 8-, and
10-years-old girls had the worse ability to reproduce the tempo-rhythmic structure of movements than boys1808 ---------------------------------------------------------------------------------------------------------------------------JPES ®
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higher – 21%, in 9-years-old girls one is the same as in 10-years-old boys – 7%.

Fig. 2. Chronograms of a test exercise with equally rhythmic performance by schoolgirls of 7–10 years old with
hearing deprivation
The data in table 1 show that the duration of phases 1–4 is heterogeneous, since the variation of the R
values (the range that was defined as the difference between the maximum and minimum values) in some cases
reached 50% or more of the arithmetic mean x (Fig. 3).

Fig. 3. Histograms of the duration of phases 1-4 in a test exercise with equally rhythm performance in the
frontal plane by schoolchildren 7-10 years old with hearing deprivation
± SD;
Min-Max
Designation: • arithmetic mean x ;
Thus, in order to develop differentiated programs for physical education of junior schoolchildren with
hearing impairment, we need to eliminate the heterogeneity of the data obtained. It is necessary to identify the
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into two or more homogeneous parts, each of which corresponds to a separate cluster. There are indeed groups in
the duration values of phases 1-4, which confirms the presence of clustering (division into groups). The
expediency of cluster analysis in terms of correction of child’s coordination abilities consists in possibility of
more effective differentiated approach to programming of physical training of children with hearing impairments
in junior school age.
As a result of the cluster analysis, the subjects were divided into 2 groups of schoolchildren with different
reproduction of the tempo-rhythmic structure when performing separate movements (phases 3 and 4). We have
called conventionally these 2 different reproductions of the tempo-rhythmic structure of movements as follows:
"low level of tempo-rhythmic feeling" (duration of the 3rd and 4th phases is greater than arithmetic mean x ) and
"middle level of tempo-rhythmic feeling" (duration of 3rd and 4th phases is smaller than arithmetic mean x ). 27
subjects got in the 1st cluster "low level of tempo-rhythmic feeling" and 32 – in the 2nd cluster accordingly (Fig.
4).

Fig. 4. Clustering of subjects with different reproduction of tempo-rhythmic structure at performance of separate
movements in phases of test exercise
Table 2 summarizes the results of clustering of time characteristics of the test exercise for junior schoolchildren
with hearing impairments.
Table 2
Results of time characteristics clustering of test exercise performance by children of junior school
age with hearing impairment, n = 59
Phase
number

Phase duration, s
Cluster 1

x
1
2
3
4

0.86
1.40
1.21
0.88

S
0.10
0.22
0.12
0.12

Cluster 2
D
0.01
0.05
0.01
0.01

x
0.78
0.70
0.71
0.77

S
0.12
0.10
0.12
0.10

D
0.01
0.01
0.01
0.01

A biomechanical analysis of the coordination abilities of junior schoolchildren with hearing deprivation
revealed disorders of the rhythm and spatial orientation sense of the child’s body biolinks (p <0.05). Thus, the
error in reproducing the tempo-rhythm structure of the individual phases of the equally rhythmic exercise in the
frontal plane by schoolchildren of 7-10 years old with hearing deprivation reaches 67, 60, 56, 48%, respectively.
As a result of the experiment, it was found that in junior school children with hearing deprivation, the most
typical disorders in reproducing the spatial characteristics of movement are observed in the angle between the
vertical and the “shoulder” biolink, which is ( x ± SD) 20.4 ± 9.9 º in boys and 20.6 ± 7.9 º in girls; the angle
between the shoulder and the forearm (the value of which is regulated by the value of 180 º), which in boys is
167.8 ± 18.7 º and in girls – 165.0 ± 17.9 º.
The results of a biomechanical analysis of the motor characteristics of junior schoolchildren with
hearing deprivation indicate the individual differences in motor impairment, which indicate the need for a
differentiated and individual approach in organizing classes on APE. The effectiveness of corrective physical
education programs on the motor function of children with hearing impairment was determined by the results of
the current monitoring of their motor skills. Current control was carried out throughout the school year once
every 1.5-2 months. Assessment of changes in the biomechanical characteristics of child’s motorics served as the
basis for making corrections to the program of physical education. Stage control of child’s motorics was carried
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year.
In order to determine the effectiveness of the physical education program, including the technology of
computer monitoring of motor skills of children with hearing deprivation, a comparative pedagogical experiment
was conducted during 9 months.
In the formative experiment, schoolchildren in the experimental group improved statistically significantly
(p<0.05) their tempo-rhythmic sensation in the test exercise by an average of 27% and in the control group – of
12%, respectively. On average, the coordination indicators of the experimental group improved significantly
(p<0.05) by 31% and of the control group by 27%; space orientation indicators improved by 36.3% in the
experimental group and 8.5% in the control group.
Discussion
Our research has allowed confirming the data of authors: N.G. Baikina, B.V. Sermeev (1991); T.
Maszczak (1994); K. Kostov (2017) about fact that children with hearing deprivation have disorders of
individual character in the development of motor abilities. Scientific substantiation of differentiated APE
programs is possible only on the basis of quantitative indicators of child’s motor skills (Roztorhui, Perederiy,
Briskin et al., 2018; Tzanetakos, Papastergiou, Vernadakis et al., 2017). It is well known that the sensorimotor
system is one of the most important in forming of human motorics (Korobeynikov et al., 2020). The age 7–10
years is sensitive period for coordination abilities development (Benjumea et al., 2015).
The most complete quantitative description of a human motor function can be obtained on the basis of
accurate modern information technologies (Laputin & Khmelnitska, 1995; Kashuba & Khmelnitska, 2014).
Analysis of the literature on the APE organization of schoolchildren with hearing impairment showed that the
scientific and methodological support of the educational process is still insufficient (Thannhduser, 1997; Arndt,
Lieberman, Pucci, 2004; Swanwick, Marschark, 2010). Currently, the fundamentals, basic tasks and methods of
physical condition correction of schoolchildren with hearing deprivation by APE means are developed (Baykina,
2003; Evseev, 2016; Roztorhui, Perederiy, Briskin et al., 2018).
Biomechanical phase analysis of the biokinematic characteristics of rhythmic test exercise under using
the “BioVideo” automated system, allowed quantitative measurement of such relatively independent types of
coordination abilities, such as rhythm sensation and space orientation. As a cluster analysis of junior
schoolchildren with hearing impairment by time indicators of the ability to reproduce the tempo-rhythmic
structure of movements showed that pupils were divided into groups of "low level of tempo-rhythmic feeling"
(duration of phases 3 and 4 was longer than the arithmetic mean x ), and the groups of "middle level of temporhythmic feeling" (duration of phases 3 and 4 was less than the arithmetic mean x ), we have developed a
physical education program, which is differentiated according to the development level of motorics
characteristics, namely the ability to reproduce the tempo-rhythmic structure of movements and orientation in
space.
The introduction of the corrective program for junior schoolchildren with hearing deprivation improved
statistically significant (p<0.05) their motorics parameters (Lisenchuk et al., 2020). So, the error in reproducing
the tempo-rhythm structure of an equally rhythmic exercise in the frontal plane is on average 0.18 s in the
experimental group and 0.32 s in the control group. The goniometric indicators: the angle between the shoulder
and forearm improved (increased) by 62.1%; the angle between the vertical and the shoulder link improved
(decreased) by 10.5% (p <0.05); at the same time, in schoolchildren of the control group, similar angles
improved by 11.0 and 5.6%, respectively (p> 0.05).
Conclusions
1. A biomechanical analysis of the motorics of junior schoolchildren with hearing deprivation using the
“BioVideo” system revealed that the error in reproducing the tempo-rhythm structure of an equal rhythmic
exercise is from 8 to 67%. A significant range of fluctuations in biomechanical parameters indicates the need
for a differentiated approach to the programming of physical exercises for junior students with hearing
deprivation.
2. Experimental data indicate that the period that most requires correction and development of the coordination
abilities of junior schoolchildren with hearing deprivation by means of physical education is the age of 9
year, since significant changes in their motorics were observed at this age.
3. As a result of the pedagogical experiment, the effectiveness of computer monitoring of the motor skills of
junior schoolchildren with hearing deprivation using the “BioVideo” system in programming of corrective
physical exercises based on differentiated and individual approaches was confirmed.
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