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Introduction 

 

The first cochlear implant in the Republic of Croatia (RH) was installed in 1996, and 

approximately 500 implants have been installed up to date. According to some surveys, 

approximately 16 children annually require a cochlear implant [10]. Therefore, it can be 

concluded that there are currently about 350 children witch CI, or 12.5 classes with 28 

students, in Croatian schools. 

The study of motor development in children and pupils with hearing impairment is important 

for several reasons. Parizkova (1996) claims that motor development has a crucial role in the 

development of intellectual abilities during the first two years of life, whereas motorically 

more capable children more easily acquire information from the environment that surrounds 

them. Furthermore, Bushnell and Boudreau (1993) point out that some motor skills may 

necessitate the development or improvement of other skills, such as perceptual or cognitive at 

early stages of development. However, an important requirement for quality motor 

development, in regard to the development of motor abilities and skills, is postural control and 

balance, which serve as fundamental conditions for successful performance of other everyday 

motor movements [13]. It is certain that well-developed hearing and vestibular apparatus in 

particular, are necessary for the stability of body and control of gravitational forces in motion. 

Some studies have indicated that hearing loss can have an impact on the development of 

balance and other motor abilities [5,7], and this is particularly noticeable in children and 

adolescents who, in addition to hearing impairment, have some form of damage to the 

vestibular apparatus [2, 20]. Through application of various instruments (M-BAC, BOT2, 

TGMD, Eurofit), researchers have detected differences mostly in balance [4,6], repetitive 

strength and flexibility [21], but also in fine and gross motor skills [17]. Children with hearing 

impairments frequently achieve below-average results from reference standards in test 

batteries [8, 19, 23].  

However, few researchers have explored the differences in the development of motoric skills 

and abilities in children with hearing impairment with and without a cochlear implant. 

Generally, studies indicate that children with early cochlear implantation have an improved 

level of motor skills development [14, 16, 22].  

In PE classes students with CI participate in regular educational program with some specific 

methodological adjustments. It has not been established whether there are any specifics in this 

population in work programming regarding the level of development of kinanthropologic 
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features. The aim of this study is to determine the level of motoric abilities of children with 

cochlear implantation as compared to the reference values of Bruininks-Oseretsky Test of 

Motor Proficiency 

 

Methodology 

 

Sample: 

The study was conducted on a sample of 15 subjects (5 males and 10 females) aged 6-19 

years, with hearing disability and a cochlear implant. All participants attend the regular 

educational program in educational institutions in Croatia. The parents of each subject gave 

written consent for research which was approved by all of the relevant institutions in the 

Republic of Croatia. 

 

Sample of variables: 

The assessment of motoric abilities and skills was carried out by using second edition of 

Bruininks-Oseretsky Test of Motor Proficiency, which consists of eight subtests for the 

assessment of fine and gross motor skills.  

The data was collected during 2014, with help of two experienced teachers of PE, who carried 

out tests with each subject individually.  

 

Methods of data processing:  

Raw results were obtained for each subject using statistical software BOT-2 ASSIST version 

1.0. The results were transformed into point scores on the basis of which the respondents were 

ranked into five descriptive categories (well below average, below average, average, above 

average, well above average). The percentages of respondents in individual descriptive 

categories for each subset of the measuring instrument were calculated based on the obtained 

results. 

 

Results 

 

The results (Figure 1-9) indicate that subjects with hearing impairment and with an integrated 

CI unit mostly achieve average scores in all subtests as well as in the total score, but do not 

achieve well above average scores in any subtests, whereas a very small number of subjects 

achieve above average results. It can also be observed that a very high percentage of subjects 

achieve below average results in all subtests, and well below average results appear mainly in 

the subtests for the assessment of gross motor abilities. The most prominent is how a high 

percentage of subjects with CI achieve below average and well below average results in upper 

limb coordination, bilateral coordination and balance subtests. The results show that 40% of 

subjects score below average and well below average results in upper limb coordination tests 

and bilateral coordination tests, and 53% of the subjects achieve below average and well 

below average results in balance tests, which is the only subtest where the number of below 

average results is larger than the number of average and above average results combined.  

 

Discussion and conclusion 

 

Numerous studies that have dealt with motor skills of children with hearing impairment 

without a CI indicated that the children with impaired hearing show suboptimal levels of 

motor skills, especially in balance [4, 5, 8, 12, 15, 17, 19, 21, 23]. Studies on children with 

hearing impairment with a CI are somewhat rare, and the results obtained from these studies 

are quite contradictory and mainly relate to balance [3, 6, 18, 20]. Cushing et al. (2008) has 
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noted a difference in motor abilities depending whether CI was turned on or off, where 

children with their CI turned on achieved better results, whereas the rest of the researchers 

observed no differences in motor skills between children with or without CI [6, 18, 20]. 

Unambiguous results have been obtained only when comparing children with CI and children 

without hearing disability, where children with CI achieved significantly inferior results [3, 6, 

18, 20]. 

  

Balance disorders in people with hearing impairment and a CI were observed by several 

researchers and assert the findings of this study, namely, they confirm the high percentage of 

subjects with below average and well below average results as observed in this study. 

Gheysen, Loots & Van Waelvelde (2008), using Movement Assesment Battery for Children 

(M - ABC), One – Leg Standing Test and Korperkoordinationstest für Kinder (KTK - Test) 

on a sample of subjects aged 4-12 years has found out that the subjects with hearing 

impairment and a CI achieve significantly worse results than respondents without hearing 

disabilities in all dynamic and static balance tests. Similar results have been noted by Cushing 

et al. (2008) using BOT2 battery of tests, and Jernice, Nonis, and Yi (2011) and Suarez, 

Angela, Suarez, Rosales, Carrer & Alonso (2007) using a Force Plate platform. 

  

Furthermore, the studies of motor skills in children with hearing impairment and a CI have 

found that such children score significantly worse results than children with normal hearing in 

fine and gross motor skills tests. Shall (2010) and Gheysen, Loots & Van Waelvelde (2008), 

using a M-ABC battery of tests noted that subjects with CI are inclined to worse results in 

tests of manual dexterity and ball skills. A large percentage of respondents who scored below 

average and well below average results in the individual subtests suggests that the subjects 

with CI have less developed motor skills.  

 

The aim of this study was to determine the level of motor abilities and skills in children with 

cochlear implants who participate in regular educational system in the Republic of Croatia. 

The results indicate negative deviations in results for children with CI as compared to the 

reference values of Bruinkins-Oseretsky test in certain motor skills, especially balance and 

manual dexterity. Since hearing-impaired children with CI have the possibility of integration 

into regular education system, these deviations suggest that certain modifications in PE 

classes are necessary. The use of custom methods and adequate kinesiological operators is 

required in order to encourage the quality development of degraded motor skills in children 

with hearing impairment. 
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Graph 1. Percentage of subjects with CI  in 

descriptive categories BOT2 in Fine motor 

precision subtest 

  

 
Graph 2. Percentage of subjects with CI  in 

descriptive categories BOT2 in Fine motor 

integration subtest  

 

 

 

 
Graph 3. Percentage of subjects with CI  in 

descriptive categories BOT2 in Manual 

dexterity subtest  

 
Graph 4. Percentage of subjects with CI  in 

descriptive categories BOT2 in Upper limb 

coordination subtest  
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Graph 5. Percentage of subjects with CI  in 

descriptive categories BOT2 in Bilateral 

coordination subtest  

 
Graph 6. Percentage of subjects with CI  in 

descriptive categories BOT2 in Balance 

subtest  

 

 

 

 

 
Graph 7. Percentage of subjects with CI  in 

descriptive categories BOT2 in Running, 

speed and agility subtest 

 
Graph 8. Percentage of subjects with CI  in 

descriptive categories BOT2 in Strenght 

subtest  
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Graph 9. Percentage of subjects with CI 

in descriptive categories BOT2 in 

Total motor composite 
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