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ABSTRACT

Motor Competence (MC) is the ability to perform a wide range of motor activities, relying
on adequate levels of motor coordination and physical capacity to achieve.

The aim of this study was to assess the development of basic motor competence indicators
among students with hearing impairment aged 7 to 11 years.

The research was done among a total of 91 children aged 7 to 11 years, of whom 42 children
with hearing impairment (14 girls, 28 boys) and 49 — with non-impaired hearing (26 girls, 23
boys).

For the purpose of the study, the Kiphard and Schilling battery test — Kérperkoordinations
Test fiir Kinder (KTK, 1974) was used. It consists of 4 tests that were measured once. Based
on these, four motor quotients were formed, which in turn formed the so-called “Gross Motor
Quotient”. The results were processed statistically through variation and correlation analysis
with the SPSS program.

The results showed significantly lower development of motor competence among students
with hearing impairment. The standardized motor quotients of the 4 tests (for boys - all 4, for
girls - 3) and the total motor quotient were significantly lower than those of their hearing peers.
The lack of significant differences in the mean values of the MQ3 in girls can be explained by

the lower performance of the hearing girls compared to the KTK norms.

As a conclusion, the motor competence of children with hearing impairment, assessed by

both the overall motor quotient and the individual quotients obtained from the four tests is sig-

nificantly lower than that of children with non-impaired hearing in primary school age.

Key words: Motor Competence, Korperkoordinations Test fiir Kinder, Students with hearing

impairments, Primary school age

INTRODUCTION

Loss of hearing among children is the most
common sensory disorder (among 2.5% of all
newly born), often referred to as “silent epi-
demic” (Swanepoel, Storbeck, 2008; WHO,
2008). Less than 10% of newborns have ac-
cess to early intervention. Data show that more
than 90% of babies with hearing impairment
live in the developing world. (Friderichs, et
al., 2012; McCormick, 2004; Olusanya, et
al., 2008; Olusanya, et al., 2009; Swanepoel,
2008; Swanepoel, Storbeck, 2008)

In Bulgaria there are no statistics of the
hearing-impaired people, but it is estimated
that there are about 120 000 people out of a
population of 7 000 000 people. Approximate-
ly 8,000 are hearing impaired children, with
3,000 having severe and profound hearing loss.
(data from ,,Zaslushai se” foundation, 2017)

Hearing impairment among children is a
major public health problem associated with
long-term academic and communication-re-
lated difficulties (Davis, 1997, McCormick,
2004, Rajendran, Roy, 2011). Deafness and re-

Journal of Applied Sports Sciences
2019, Vol. 1, pp. 122 -130
ISSN 2534-9597 (Print), ISSN 2535-0145 (Online)

122

DOI: 10.37393/jass.2019.01.12



JOURNAL of Applied Sports Sciences 01/2019

lated peculiarities in behavioral responses and
social adaptation have a varying impact on the
physical ability of hearing impaired children.
There is a higher risk for balance and gross
motor skills deficits compared to children with
incontinent hearing.

Children with hearing impairment have the
same opportunities for cognitive, linguistic,
social and physical development as hearing
children. A prerequisite for their development
is that they live in a favorable environment and
are offered incentives that are affordable and
responsive to their reduced hearing. (Balkan-
ska, Trosheva-Asenova, 2014)

Motor Competence (MC) is the ability to
perform a wide range of motor activities, rely-
ing on adequate levels of motor coordination
and physical capacity. Therefore, in order for
children to confidently carry out a wide range
of motor activities in everyday life, they must
use adequate levels of motor coordination
and physical capacity (Magill and Anderson,
2007). An adequate level of motor competence
allows children to easily refine new move-
ments needed to participate in a daily physi-
cal activity (Henderson and Sugden, 1992).
It has been shown in various studies that the
motor competence is predisposed to changes
in age from 6 to 12 (Borms, 1986; Gallahue
and Donnely, 2007). Early identification of
children with moderate motor competence fa-
cilitates early rehabilitation in this particular
group by using specific programs (Haga, 2009,
Bardid, et al., 2013).

Hearing loss relates to the overall function
of the central nervous system and the semi-
circular canals. The effect of the hearing state
on the central nervous system in many cases
refers to motor skills such as equilibrium, lo-
comotion, and speed of movement. Myklebust
states that the results of the deaf during testing
of sitting and walking activities do not differ
from those with normal hearing capacity. Deaf

people, however, operate at a significantly
lower level with simultaneous movements,
static and dynamic balance and speed. (Mykle-
bust, 1965)

Hearing impairment slows down some re-
flex movements and organization of coordina-
tion at a higher level due to the lack of sounds
and other signals from the environment that
may be the cause of the slow development of
various motor skills. A number of authors re-
port that hearing disturbances cause inability
to properly perform the movements. Hearing-
impaired people tend to be too loud and too
noisy (throwing or striking objects) (Zwier-
zchowska, et al., 2008).

HYPOTHESIS

It is clear from the literature review that
there are differences in some morpho-func-
tional characteristics among children with im-
paired hearing.

We assume that there are differences in
the MC between the hearing- and hearing-im-
paired students. The disclosure of the Motor
Competency Indicators of hearing-impaired
children will allow for targeted activities and
improve their opportunities.

In Bulgaria there are no data available for
motor competence studies of both groups —
hearing- and hearing-impaired children aged
7 to 11 years. We assume that there are also
differences in term of gender and age in this
primary school years.

Theresults we receive will benefit anumber
of specialists working in the field of education
and public health in order to create specialized
programs for better adaptation of children with
hearing impairment.

METODOLOGY

The study was conducted in two schools
on the territory of the city of Sofia — secondary
school for children with hearing impairment
“Prof. Decho Denev” and secondary school
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Ne51 “Elisaveta Bagryana”, for the period
from March to May 2017.

Participants
The study was conducted among 91 pupils
of both genders, aged 7 to 11 years, of whom
42 hearing impaired children (14 girls, 28
boys), without cochlear implants, and 49 chil-
dren with intact hearing (26 girls, 23 boys). For
the purpose of the study, the hearing-impaired
children and those with inconvenient hearing
were selected along 3 criteria:
- Students fest fiir Kinder: KTKrom the first to
the fifth grade of primary school
- Healthy, non-deficit (except auditory)
- Not previously tested with KTK (Koérperkoor-
dinationst, 1974, 2007)

Methods

A total of 5 motor competence indicators
were measured. For this purpose, four tests
were applied to the test battery KTK: “Bal-
ance backwards walking on beams” (MQ1);
“Hopping on one leg over an obstacle” (MQ2);
“Jumping laterally” (MQ3); “Shifting plat-
forms” (MQ4).

Each of the four efficiency indicators was
then formulated against the specific gender and
age reference values on which the KTK battery
is established. The sum of the standardized re-
sults of the four tests formed a Gross Motor
Quotient (GMQ), averaging 100 (SD = 15).

The authors reported a “test-retest” corre-
lation coefficient between 0.80 and 0.96 for the
raw scores of the four tests and 0.90 for the total
number of MQ points. Therefore, KTK is con-
sidered a reliable measurement tool. The gross
motor coefficient is considered to be a global
indicator of motor competence, on the basis
of which children are divided into different
categories: Impossible (MQ <56); Disturbed
(MQ 56-70); Weak (MQ 71-85); Normal (MQ
86-115); Good (MQ 116-130); Very good (MQ
131-145). (Kiphard & Schilling, 2007)

Statistical Analysis

The results of the study were subjected to
mathematical and statistical processing with
the SPSS program: variance analysis and com-
parative analysis with Student’s t-criterion at a
level of significance a=0.05

RESULTS AND ANALYSIS

The subject of our analysis is the motor
coefficients of the four tested performance
indicators, not the obtained test points. They
are based on the specific reference values for
the sex and age of the population on the basis
of which the KTK was created. The sum of
the standardized results of the four test items
formed the so-called Gross motor quotient
(GMQ) with an average of 100. The coeffi-
cients thus obtained allow comparisons to be
made between both sexes as well as between
the different age groups of students with im-
paired (IH) and non-impaired hearing (NIH).

Analysis of Motor Competency Indicators
among hearing (H) and hearing impaired
(HI) girls.

The results of the conducted study on mo-
tor competence indicators of girls with impaired
and intact hearing are presented in table 1 and 2.

Girls reported values of motor quotients
with significant differences in favor of hear-
ing students. Significant differences were ob-
served in 3 of the 4 indicators for motor com-
petence surveyed — MQ1 “Balance backwards
walking on beams” (Pt = 97%), MQ2 “Hop-
ping on one leg over an obstacle” (Pt =99.9%)
and MQ4 “Shifting Platforms”(Pt = 98.3%),
as well as the gross motor quotient (GMQ Pt
=99.6%). For the above-mentioned indicators
with a guarantee probability exceeding the
critical 95%, we can assume with confidence
the rejection of the Zero hypothesis and the
acceptance of the alternative one, verifying
the existence of significant differences for the
studied statistical samples.
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Table 1. Biostatistical data on motor competence coefficients among hearing impaired (HI)

girls

Indicators for HI girls MQ1 MQ2 MQ3 MQ4 GMQ
X 94,6 86,6 79,9 92,1 85,6

S 17,4 18,6 18,3 18,1 19,5

A% 18% 21% 23% 20% 23%

Ex 1,8 0,6 -0,3 3,4 1,0

As -0,6 -0,5 -0,3 -1,6 -0,7
Max 123,0 117,0 109,0 115,0 114,0

Min 53,0 45,0 43,0 43,0 40,0

T 2,26 3,77 1,12 2,65 3,04

Pt [%] 97,0 99,9 73,1 98,3 99,6

Table 2. Biostatistical data on motor competence coefficients among hearing (H) girls

Indicators for H girls MQ1 MQ2 MQ3 MQ4 GMQ
X 105,3 109,0 85,7 105,8 101,7

S 12,3 17,5 13,7 12,1 13,9

A\ 12% 16% 16% 11% 14%

Ex 1,2 0,5 -0,3 0,8 0,1

As -0,1 -0,7 -0,5 0,6 -0,7

Max 133,0 137,0 106,0 134,0 122,0

Min 74,0 65,0 54,0 84,0 69,0

T 2,26 3,77 1,12 2,65 3,04

Pt [%] 97,0 99,9 73,1 98.3 99,6

The mean values of hearing (H) and hear-
ing impaired (HI) girls were in the “Normal”
category (MQ between 86 and 115) for mo-
tor competence in 3 of the 4 motor quo-
tients tested: “Balance backwards walking
on beams” — HI (MQ1 = 94.6); H (MQ1 =
105.3); “Hopping on one leg over an obsta-
cle” — HI (MQ2 = 86.6); H (MQ2 = 109.0);
“Shifting Platforms” — HI (MQ4 = 92.1); H
(MQ4 =105.8). The mean values for the two
groups of girls obtained in the test “Jump-
ing laterally” (HI (MQ3 = 79.9), H (MQ3 =
85.7)) were in the “Weak” category (MQ be-
tween 71 and 85) for motor competence.

The Gross motor quotient is considered
to be a global indicator of motor competence.
The results obtained among girls showed sig-
nificantly lower performance of those with
hearing impairment compared to their hearing
peers. Mean values for the gross motor quo-
tient (GMQ = 85.6) for hearing impaired girls
were in the “Weak” category for motor compe-
tence, while values for hearing students were

in the “Normal” category (GMQ = 101.7).

Analysis of Motor Competency Indicators
among hearing (H) and hearing impaired
(HI) boys.

The results of the conducted study of mo-
tor competence indicators among boys with
impaired and intact hearing are presented in
table 3 and 4.

The values obtained of the motor quo-
tients in the hearing- and hearing-impaired
boys were predominantly in favor of the hear-
ing students. Significant differences were ob-
served in all of the 4 tested indicators: MQ1
(Pt = 99.9%); MQ2 (Pt = 100%); MQ3 (Pt
= 100%); MQ4 (Pt = 99.6%), as well as the
gross motor quotient (GMQ Pt = 100%). For
the above-mentioned indicators with a guar-
antee probability exceeding the critical 95%,
we can assume with confidence the rejection
of the Zero hypothesis and the acceptance of
the alternative one, verifying the existence of
significant differences for the studied statisti-
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cal samples.

Table 3. Biostatistical data on motor competence coefficients among hearing impaired (HI)

boys
Indicators for HI boys MQ1 MQ2 MQ3 MQ4 GMQ
X 89,1 90,0 80,6 89,6 84,2
S 13,1 15,2 11,8 15,4 13,2
Vv 15% 17% 15% 17% 16%
Ex -1,0 0,2 -0,3 -1,4 -0,9
As 0,2 0,2 0,1 -0,1 -0,1
Max 112,0 120,0 107,0 113,0 106,0
Min 70,0 54,0 58,0 66,0 59,0
T 3,70 4,32 4,27 2,99 4,78
Pt [%] 99,9 100,0 100,0 99,6 100,0
Table 4. Biostatistical data on motor competence coefficients among hearing (H) boys
Indicators for H boys MQ1 MQ2 MQ3 MQ4 GMQ
X 101,7 107,2 94,4 103.,4 101,4
S 10,6 12,7 11,1 17,7 12,3
A 10% 12% 12% 17% 12%
Ex 1,3 0,0 0,5 22 0,2
As 0,3 -0,9 0,3 -0,7 -0,1
Max 119,0 122,0 118,0 137,0 122,0
Min 87,0 76,0 76,0 53,0 74,0
T 3,70 4,32 4,27 2,99 4,78
Pt [%] 99,9 100,0 100,0 99.6 100,0

The mean values of boys with impaired
hearing were in the “Normal” category (MQ
between 86 and 115) for motor competence
for 3 of the 4 motor quotients tested: “Balance
backwards walking on beams” (MQ1 = §9.1);
“Hopping on one leg over an obstacle” (MQ2
= 90.0); “Sifting Platforms” (MQ4 = 89.6).
While the mean values obtained from the test
“Jumping laterally” (MQ3 = 80.6) were in the
“Weak” category for motor competence.

Among hearing boys, the mean values of the
motor quotients of all 4 tests were in the ,,Nor-
mal” category for motor competence (MQI
=101.7; MQ2 = 107.2; MQ3 = 94.4; MQ4 =
103.4).

In terms of the Gross motor quotient, the
results obtained among the boys showed sig-
nificantly lower performance of those with
hearing impairment compared to their hear-
ing peers. The average values for boys with
impaired hearing (GMQ = 84.2) were in the
“Weak” category, while values for students

with intact hearing (GMQ = 101.4) were in
the ,,Normal” category for motor competence.

Summary of motor competence indicators
for hearing- and hearing-impaired students
in primary school.

The execution of the tests requires a com-
bination of different physical qualities such
as flexibility, explosive force of lower limbs,
equilibrium resistance, planning and coordina-
tion. We find significant differences between
children with hearing impairment and hearing
children in terms of the results of the motor
quotients.

The results of students with hearing im-
pairment of the 4 motor quotients (for boys —
all 4 for girls — 3) and the gross motor quotient
(GMQ) were significantly weaker than those
of their hearing peers.

The absence of significant differences in
girls from the test “Jumping laterally” MQ3
may be explained by the lower performance
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of some of the hearing girls compared to KTK
standards.

From the analysis of the obtained results
we also find a gradual decrease of the average
values of the motor competency quotients as
the age of the studied students of both sexes
grows. This affects considerably more nega-

tively on students with hearing impairment,
where the motor competence gradually goes
from normal to weak.

The classification of the values for the
Gross Motor Quotient (GMQ) for hearing (H)
and hearing impaired (HI) students in prima-
ry school age is presented in table 5.

Table 5. KTK standards for GMQ and distribution of the results obtained for hearing (H)

and hearing impaired (HI) students

o HI H

Values for GMQ %o Category N % N %

131 -145 2 Very Good - — - -
116 — 130 14 Good - - 7 14,3
86— 115 68 Normal 22 52,4 37 75,5

71 -85 14 Weak 13 30,9 4 8,2

56170 2 Disturbed 6 14,3 1 2

MQ <56 0 Impossible 1 2,4 - -

The results showed that good motor com-
petence was 14.3% of the hearing children,
which completely matches the expected nor-
mal percentage distribution on the KTK. None
of the children with hearing impairment falls
into this category despite the fact that 11.9%
of them are engaged in extra-sporting out-of-
school activities.

The main percentage of the children tested
showed normal motor competence levels (HI
(52.4%); H (75.5%)). We find that for HI this
result is relatively lower than the average (68%),
and for the H is relatively higher.

The percentage of children falling under the
“Weak Motor Competence” category is disturb-
ing. It includes a significantly higher percentage
of students with hearing impairment (30.9%)
than the average (14%). As for hearing children,
their percentage is relatively low (8.2%), which
is a good indicator.

With “Disturbed Motor Competence” are
14.3% of the surveyed hearing-impaired stu-
dents, which is seven times the norm (2%),
while the percentages of their hearing peers co-
incide with the average values.

Of the surveyed children with hearing im-
pairment, one child (2.4%) was rated as hav-

ing an “Impossible Motor Competence”, which
implies the existence of additional deficits for
which we were not aware of.

In his study, Long (1932) did not find sig-
nificant differences between deaf and hearing
children (aged between 8 to 17 years) in biman-
ual coordination, eye-arm coordination, and re-
sponse time. But he reported significantly lower
results for the deaf when walking back on the
beam, which overlaps with our results.

The motor development of hearing-impaired
children from 4 to 12 years of age was also in-
vestigated by the Korperkoordinations Test fiir
Kinder (1974), the researchers at the University
of Gent (Belgium) reported significantly weaker
results in two of motor tests for deaf children.
Hearing children had a significantly better result
when walking back on the beams compared to
those with impaired hearing. Also, significantly
weaker was the indicator among the children
without cochlear apparatus in “Hopping on one
leg over an obstacle” test. In all other results,
children with normal hearing performed slightly
better than the deaf with and without cochlear
apparatus (Gheysen et al., 2007).

Brunt and Broadhead (1982) examined the
motor coordination of 154 deaf children (aged
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7-14) through the short form of BOT-2 (Bruin-
inks, 1978; Bruininks & Bruininks, 2005). The
results revealed disadvantages of hearing-im-
paired children in terms of balance, bilateral co-
ordination and reaction rate. Better values were
obtained only in visual motor control, which
may be due to the continuous use of hands for
communication.

Other researchers explored separate fun-
damental motor skills of children aged 3 to 14
through the SIGMA (Scale of Intra Gross Motor
Assessment, Loovis & Ersing, 1979) and report-
ed that a large proportion of children aged 7 and
8 years old had not yet reached motor maturity
and were lagging behind the hearing children
with regard to activities related to running, kick-
ing, gripping, throwing, skipping. (Butterfield,
1986; Butterfield, et al., 1992). Fundamental
motor skills and the ability to combine them are
required for developing good motor competence.

In a vast study of the reliability of various
postural stability tests, in addition to those of
posturography, De Kegel, et al. (2010) also ap-
plied 4 clinical balancing tests: standing on one
leg with open eyes; standing on one leg with
closed eyes; 2 of the 4 KTK Tests (walking
along the beams, hopping on one leg over an
obstacle). Clinical tests were those that showed
the highest reliability against other tests among
children with impaired and intact hearing. They
also reported a relatively lower performance of
hearing-impaired children than the hearing, sug-
gesting children with hearing impairment were
able to compensate.

The influence of different variables (local-
ization of the damage, level of hearing loss, de-
velopment of fundamental motor skills, balance)
on MC of hearing-impaired children can be con-
sidered as future research directions for better
understanding.

Different authors focus on the negative ef-
fect that low motor competence has on: physical
ability (Hands & Larkin, 2006; Stodden et al.,
2008); physical activity (Cairney et al., 2006;

Cairney et al., 2007; Okely et al., 2001); over-
weight (D’Hondt, et al., 2012) and psychologi-
cal concepts as self-esteem and motivation for
sports (Rose, et al., 1997; Vedul-Kjelsas, et al.,
2011). A Haga study (2009) establishes a posi-
tive link between motor competence and health-
related capacity (EDC) among 9-10-year-old
children.

There is a hypothesis that children with low
MC are not physically active enough, which in
turn may lead to reduced levels of physical abil-
ity compared to children with high motor com-
petence (Hands and Larkin, 2006; Haga, 2009;
Cairney, et al., 2011). Also, a combination of
low physical activity and motor competence
can contribute to early exhaustion (Okely, et
al., 2001; Hands & Larkin, 2006) and thus fur-
ther reduce the possibilities for developing mo-
tor skills during playground play, leisure time
sports, and more.

CONCLUSION

From the results obtained, we have reason
to conclude that hearing impairment and limited
intentional and unintentional motor activity have
a significant influence on the motor competency
of the students in primary school.

Significantly poor results for hearing im-
paired children with almost all motor ratios (ex-
cluding MQ3 in girls) indicate significant health
risks: direct (combining basic motor skills re-
lated to health-related capacity); indirect (in
time, would have an impact as part of the motor
capability).

Changed motor activity in primary school
age compared to previous years does not stimu-
late the development of motor competency of
children, and this has a significantly negative
impact on students with impaired hearing.

Our research shows that children in primary
school age need additional motor activity. It is
recommended for the good psycho-physical
development and health of the hearing students
and is obligatory for the hearing impaired.
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