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AB STRACT
Purpose: Human hands, thanks to their fine movements, are efficient tools to work, play, and
do daily life activities, especially in students with specific requirements such as the ones with
hearing impairment.
Methods: Thirty-two students (14 males and 18 females) with hearing impairment with the mean
age of 8.43 years participated in the current research. The present descriptive-analytical study
was conducted in a cross-sectional format using convenience sampling method. The research
tools included demographic questionnaire, the Conners scale, and Purdue pegboard test. The data
were analyzed by SPSS 23, and the results were evaluated based on mean value comparison tests
for 2 groups (2 independent samples T-Test), and also more than 2 groups (ANOVA).
Results: Average (SD) scores of different parameters were obtained as follows: speed of dominant
hand, 6.67(1.20); speed of non-dominant hand, 4.81(1.42); coordination of hands, 1.34(2.96);
hand skill, 14.48(3.64), and assembly, 8.26(5.31). Gender, handedness, and cause of hearing
impairment did not play a significant role in the acquired scores of the hand skills (P>005).
Average scores of both hands’ skill was significantly different between the rural and urban groups
(P=0.013), and the average score acquired for hand skill in the rural group was higher than that
of the urban group. Also, concerning the relationship between the parents’ education and hand
skill, a significant relationship was observed between the mothers’ education and the students’
hand skills (P=0.006).
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Conclusion: The effects of mothers’ education and living place on fine motor movement were
more significant than the other causes such as hearing impairment, handedness, and gender.
Therefore, the necessity of rehabilitation and instructional interventions of fine (delicate) hand
movements is emphasized for hand performance improvement in daily life activities, education,
as well as ambient and recreational experiences.
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1. Introduction

earing impairment is a common sensory
problem in human societies and nearly
360 million people are affected worldwide.
Prevalence of mild to severe congenital
hearing impairment is estimated as 2 to 4
babies per 1000 births in most developed countries [1]. In
Iran, the prevalence of severe to deep hearing impairment
is estimated as 1 to 3 babies per 1000 births [2, 3]. Hearing disorders lead to other disorders, but the relationship
between physical disorders and hearing impairments is
confirmed [4-7]. Perhaps one of the major reasons for the
importance of motor skills is its crucial role in performing different aspects of daily life activities [8]. With their
complicated structure, human hands are efficient organs
and a significant tool to interact with the environment and
serve as means of doing work, playing, and performing
daily life activities by their delicate and fine movements
[8]. Fine motor skills are the integral part of motor skills
[9] and their impairment might cause fundamental problems, which worsen as the people grow up and more get
involve in the community. This impairment simply keeps
people away from what they deserve [10].

Besides depending on the impairment degree, the person will lose the chance of acquiring sensory information and effective experiences from the environment [8,
11, 12]. This important fact causes problems, particularly
for activities [13] related to school, such as writing [14],
reading skills, cognitive functions [15], and educational
achievement [16, 17]. Scientific evidence indicates that
children with hearing disorder hesitate in nonverbal aspects, including motor evolution [7]. The motor evolution
is necessary to comprehend and interact with external
world, including educational skills and school [11]. The
importance of hand movements in students with hearing impairment can be also viewed from another point of
view such as computer application in education system.
Multimedia technology is a modern and diverse method to transfer concepts and information within various
frameworks [images, different voices, animations, and
videos), which guarantees diversity and continuity of
learning along with deploying different senses of learners, and this is especially significant in students with
hearing impairment, because it mainly makes the visual
perception involved and does not remarkably require the
auditory power; of course the prerequisite is that the students should have the ability to use the computer mouse
and keyboard, which need fine hand movements [18].
However, some studies, including Dummer reported the
impairment of hand movement [19], and Petruse report-
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ed the impaired dexterity [20] in the group of children
with hearing disorders compared to the normal group.
Nevertheless, research on delicate movements of students with hearing impairment is rare. The current study
aimed to analyze the relationship between fine skills and
demographic indexes (gender, handedness, hearing impairment causes, parents’ education, and living place) in
students with hearing impairment.

2. Materials and Methods
In the preliminary analysis, the study was conducted
on 45 students with hearing impairment, aged 7 to 11
years, and studying in the schools of Hamadan City, Iran
in the academic year 2015-2016. Four cases were excluded from the study due to gaining scores above 34 in
the Conners test, 6 due to lack of parents’ collaboration,
3 because of mental retardation, and 1 for having diplegic cerebral palsy. Finally, 32 students with hearing impairment (14 males and 18 females) with the mean age
of 8.43 years, ranged from 91 to 137 months, were enrolled in the study. The mean (SD) time of using hearing
aid was 0.09±1.32 years, varied from 4 to 10 years; 56%
of the participants were monolingual and 44% bilingual.
The current descriptive-analytical study was conducted
in a cross-sectional design. The samples were taken from
students with hearing impairment by means of convenience sampling method. Upon approval of the Ethics
Committee of Hamadan University of Medical Sciences
and Exceptional Students Education Office, and completion of informed consent forms by the students’ parents,
preliminary analysis was done using demographic questionnaire (age, gender, year of entry to the school, educational level, living place, parents’ educational level,
dominant hand, causes of hearing impairment, disease
history, and hearing aid usage) and attention-deficit hyperactivity disorder on localized version of the Conners
scale. In the last stage, fine motor skill was evaluated by
Purdue pegboard test as a reliable test to analyze motor
skills of hands [21, 22], and test reliability was approved
with an average to high rating [23].
Inclusion criteria of the study comprised: 1) Completion of consent forms by the students’ parents; 2) Absence of neurological diseases and hand orthopedics; 3)
Absence of stress and anxiety; 4) Lack of distraction; 5)
Age 7 to 11 years, based on the birth certificate; 6) Hearing testing evaluation in the previous year; 7) Audiometry result of over 70 dB HL (severe to profound hearing
impairment). Exclusion criteria of the study were as follows: 1) failure in collaboration during the study, and 2)
inability to perform each of the test stages.
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Purdue Pegboard Test
It is a test to evaluate fine motor skill of both hands
[24, 25]. The test repeatability is reported 0.6 to 0.76 for
one trial and 0.91 for an average of 3 trials [26, 27]. It
consists of the following subtests:
Movement speed of dominant hand: It is scored based
on the number of pegs taken by the dominant hand from
the vessel on the side of the same hand. The examinee
starts with the upper hole and puts each peg inside a row
on the side of the dominant hand within 30 seconds.
Movement speed of non-dominant hand: It is scored based
on the number of pegs taken by the non-dominant hand
from the vessel on the side of the same hand. The examinee
starts with the upper hole and puts each peg inside a row on
the side of the non-dominant hand within 30 seconds.
Both hands (bimanual coordination): To evaluate bimanual coordination, the examinee takes pegs from
vessels in the right and left sides and starts the test. The
examinee has 30 seconds to put the pegs in 2 rows of
pegboard holes. Each peg pair placed inside the holes is
counted as a score.
Hand skill: It means the sum of the movement speed
scores of the dominant plus non-dominant hand plus
both hands.
Assembly: Number of pegs, collars, and washers put
inside the holes within 60 seconds is regarded as the criterion [28].
The Conners Scale
The current study employed the customized Conners
questionnaire (26 questions for parents). The respective
questionnaire is a convenient screening tool to seek for
probably ill children (higher score of the Conners scale
means higher likelihood of attention-deficit hyperactivity disorder) [29], and also to measure the intensity of
attention-deficit hyperactivity disorder symptoms. Conners et al. reported reliability of the respective scale as
0.9. Validity of this questionnaire was reported 0.85 by
the Institute of Cognitive Sciences. Average score of 1.5
or above suggest the presence of attention-deficit hyperactivity disorder. In other words, the respective scale has
26 questions, and thus, the total score ranges from 26 to
104. A child’s score exceeding 34 represents attentiondeficit disorder. Higher scores signify greater level of
disorder and vice versa. The Conners scale is scored using a 4-option Likert-type scale [30].
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The data acquired from the questionnaire were transferred into SPSS version 23 for analysis. Statistical indexes (mean value, standard deviation, etc.) were employed to describe the research sample characteristics.
With regard to statistical analysis, comparison of mean
values test (2 independent samples T-Test) was employed
to compare the 2 mean values of the 2 independent
groups of observations; for example males and females,
and analysis of variance (ANOVA) was used to compare
the mean values of more than 2 groups, for instance with
regard to different levels of father’s education.

3. Results
The Kolmogorov–Smirnov test was applied to measure
normality of data distribution, and normality assumption
holds for all research variables in the students with hearing impairment. Based on the evaluation made by Purdue
pegboard test, the following average (SD) values were
obtained: dominant hand, 6.67(1.20); non-dominant hand,
4.81(1.42); both hands, 2.96(1.34); hand skill,14.48(3.64);
and assembly, 8.26(5.31). Comparative results of the
acquired scores from fine hand movement skill in righthanded and left-handed students did not suggest any significant difference (P>0.05). The results also showed no
significant difference between the research variables in the
2 groups of males and females (P=0.42) (Table 1).
The cause of hearing impairment was congenital in 31
(96.9%) cases and acquired in 1 case due to high bilirubin.
Among the congenital causes of hearing impairment, 21
cases had the history of hearing impairment in the close
relatives, 5 cases were idiopathic, and 5 persons reported
marriage with close relatives without the history of family
hearing impairment. ANOVA results of comparing speeds
of dominant and non-dominant hands, both hands, and
hand skill, and assembly in students based on the cause
of hearing impairment in the society suggest the fact
that scores of dominant and non-dominant hand speeds,
bimanual coordination, hand skill and assembly were
not significantly different based on the cause of hearing
impairment (P=0.30) (Table 2). The results also demonstrated that the mean value of hand skill had significant
difference between 2 groups of rural and urban examinees
(P<0.05), and the mean value obtained for the rural group
was greater than that of the urban one (Table 1).
Results of ANOVA test to compare the movement
speed of dominant and non-dominant hands, both hands,
and assembly in students based on the fathers’ educational level in the group of students with hearing impairment
indicated that the average score of the tests acquired by
the students whose fathers had different levels of educa-
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tion (1. uneducated; only with reading and writing ability, 2. high school diploma, and 3. Academic education)
were not significantly different (hearing impaired group:
P=0.21) (Table 2).

MENTS

tempted to exclude noticeable cognitive disorder out of
the sample population. Accordingly, 3 mentally retarded
students were excluded from the study based on the
health certificate and school entry evaluation test. Additionally, previous studies such as Pastor et al. reported
that emotional and behavioral disorders are widely prevalent among children and often leave negative consequences on the educational performance, social relationships, and their growth [31]. Children and adolescents
with hearing impairments are more likely to develop
behavioral problems [32]. A significant relationship was
found between attention-deficit disorder and disorder in
fine movements [33, 34]. Therefore, the students with
noticeable cognitive disorder, including attention and
concentration deficit (4 cases) were also excluded from
the study based on the Conners rating scale.

However, the result was significantly different regarding mothers’ educational levels. The results revealed a
significant difference between hand skill of the students
and mothers’ low level of education compared to the
group with the education level of high-school diploma
and higher (P<0.05) (Table 1). Among the 32 cases under study, the mean hearing losses of right and left ears
were 85-90 dB HL and 90-95 dB HL, respectively. In
one of the cases, hearing impairment was fluctuating
and moderate and severe hearing losses were recorded
in audiometric tests. Most of the respective children had
incomprehensible speech. Communication method was
reported as body language in 50% of examinees and
general communication for the other 50%.

In the present research, mean value of hand skill subtests improved with increasing age in alignment with
the research conducted by Mirzakhani et al., which emphasized that hand skill would improve with increasing
age [35]. Comparative results of the current research
demonstrated that gender did not play an effective role
in the acquired score of fine skill. According to the results of Jafari et al., no study showed static and dynamic
equilibrium in hearing impairment between males and
females. Other studies such as the ones by Lindsey and
O’Neal, Effgen [36] and Mirzakhani et al. [35] also indicated the same findings. Nonetheless, Nazi et al. stated
a significant difference between mean scores of eye and
hand coordination in 2 groups of normal males and females of the first year of elementary school, in which the

The examinees received 2.5 years of preschool rehabilitation (speech and language therapy: 34.4%, auditory
education: 25%, simultaneous speech therapy, auditory
education: 31.3%, and simultaneous speech therapy, auditory education, and occupational therapy: 9.4%).

4. Discussion
The current study aimed at analyzing the relationship
of fine skill and gender, handedness, causes of hearing
impairment, parent’s education, and the living place of
students with hearing impairment. The current study at-

Table 1. Results of 2 independent samples T-Test comparing dominant and non-dominant hands speeds, both hands, and
hand skill, and assembly in the study cases based on gender, living place, and mother’s education.
Gender of the Students With Hearing
Impairment
Variables

Female=18

Male=14
P

Living Place of the Students With Hearing
Impairment

Mothers’ Educational Level of the Students
With Hearing Impairment

City=43

Elementary

Village=21

T

Mean±SD

P

T

Mean±SD

P

T

Mean±SD

Dominant
hand

6.62±
1.38

6.86±
0.95

0.55

0.59

8.02±
2.06

9.43±
2.18

0.015

2.510-

46.6±
17.1

83.7±
40.0

0.001

-4.826

Nondominant
hand

4.84±
1.50

4.86±
1.89

0.96

0.05

6.35±
2.33

7.86±
2.29

0.017

2.447-

57.4±
39.1

00.6±
89.0

0.024

-2.379

Both
hands

2.89±
1.45

3.21±
1.18

0.50

0.68

4.70±
2.53

6.09±
2.34 ±

0.038

2.124-

80.2±
26.1

10.4±
26.1

0.046

-2.080

Hand skill

14.00±
3.88

15.7±
3.33

0.42

0.82

18.88±
6.73

23.48±
6.69

0.013

2.518-

88.13±
60.3

00.17±
75.2

0.006

-2.95

Assembly

7.78±
5.64

9.07±
4.94

0.50

0.67

11.32±
6.47

15.48±
5.55

0.014

2.568-

15.7±
58.4

150.13±
46.5

0.057

-0.978

Hand skill is referred to dominant hand plus non-dominant hand plus both hands.
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Table 2. Results of ANOVA test for  زcomparing speeds of dominant and non-dominant hands, bimanual coordination, hand
skill, and assembly in the study cases based on the cause of hearing impairment and father’s education level in the research
population.
Fathers’ Educational Level in the Students With Hearing Impairment

Cause of Hearing Impairment in the Students
Variables

Dominant
hand

Non-dominant hand

Both hand

Cause of Hearing Impairment

Mean±SD

Std.
Error

Mean±SD

Std.
Error

Family history

6.57±1.24

0.27

Elementary
school

6.21±1.81

0.31

No family history

7.00±1.00

0.58

High school

7.14±1.16

0.31

Audiopathic
reasons

6.80±1.30

0.58

University
degrees

7.00±0.81

0.40

Family history

4.71±1.55

0.33

Elementary
school

4.35±1.27

0.34

No family history

5.00±1.41

0.63

High school

5.28±1.58

0.42

Audiopathic
reasons

5.00±1.00

0.44

University
degrees

5.00±0.81

0.40

Family history

2.85±1.42

0.31

Elementary
school

2.92±1.26

0.33

No family history

3.40±1.14

0.50

High school

3.42±1.39

0.37

Audiopathic
reasons

3.00±1.00

0.50

University
degrees

2.00±0.81

0.40

Elementary
school

13.64±3.65

0.97

Family history

14.09±3.93

F

0.27

0.12

0.33

P

0.76

0.88

0.71

0.85

High school
Hand skill

Assembly

1.24
No family history

15.8±3.49

1.5

Audiopathic
reasons

14.80±3.11

1.56

Family history

7.33±5.41

1.18

No family history

11.20±2.68

1.20

Audiopathic
reasons

7.60±4.39

0.43

1.96

15.50±3.93

P

2.43

0.10

1.59

0.221

1.98

0.15

1.62

0.21

1.05

0.30

0.65

F

University
degrees

13.75±1.70

0.85

Elementary
school

6.78±4.52

1.20

High school

10.21±5.93

1.58

University
degrees

6.78±4.52

1.20
PHYSICAL TREA

females exhibited a better performance [37]. Sheykh et
al. asserted in a research that execution time of hexagon
test for females was better than that of males in the comparative study of movement performance parameters of
female and male students aged 11 to 16 years, living in
the Southern Tehran [38].
Jafari et al. in a study using Edinburgh dexterity scale
tool reported the prevalence of left-handedness in normal students and the ones with deafness as 9.7% and
10%, respectively with no significant difference between
the groups (P=0.901, z=0.24). In both groups of normal

MENTS

students and the ones with deafness, left-handedness
prevalence in males was more than females, but gender
and age did not have a significant relationship with handedness [39]. The current study confirmed the prevalence
of handedness in the groups.
As a minor objective of the research, analytical results
of comparison of fine motor skills in right-handed and
left-handed groups suggested no significant statistical
difference. To explain the reason, the brain evolution
should be considered, because a large region of human’s
brain cortex is allocated to control hand skill. However,
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in manual activities, 2 hands rarely have the same capability and right-handedness is dominant in most statistical populations [40]. Most subjects in the current study
were right-handed too, and considering the fact that most
of daily life activities are done with emphasis on one side
and the environment does not have any specific selection
toward left-handedness or right-handedness, it seems
that no difference should be observed regarding the fine
motor skill of individuals.
The results of the study also indicated that fine motor
skill was not significantly related to the cause of hearing
impairment in the students with such problem. Although
no study was carried out concerning fine motor skills,
the current study results were in agreement with those
of Butterfield study in a group with hearing impairment.
His studies on movement and balance skills in children
with hearing impairment aged 3 to 14 years indicated
that the cause of hearing impairment, degree of hearing impairment, and gender did not have any impact on
gross motor skills [41].
Another research hypothesis was lack of correlation
between fine motor skills and living place of the students. However, findings revealed a significant relationship between the hand skill and living place of the
students; the mean values obtained in the examinees indicated superior movement status of rural students that
can be attributed to the presence of open space for rural
students and existence of different restrictions in urban
life environment. The children in urban areas had fewer
opportunities for the diverse tests and experience of surrounding environment due to restriction in the surrounding space and inside the house, and even preoccupation
of their parents and their absence for long hours. On the
other hand, large number of children in these spaces such
as kindergartens and absence of suitable space for this
purpose lead to a specific decline in acquiring experience
and successful accomplishment of activities [42].
In this regard, Tsiotra et al. believed that sociocultural
conditions are effective in determining movement skill
level of children [43], and greater chance would be available for interactions between children in villages, thanks
to the cultural texture and economic and social similarities of individuals. Furthermore, results of the current
study match with those of Walhain et al. who confirmed
weakness of fine movements of 7-year-old urban children compared to the similar rural group through studying the motor activities, movement coordination, and the
activities associated with health in rural and urban children in Surinam [44].
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The current study also aimed at analyzing the relationship between parents’ educational level and hand skill
of the participants and the results suggested the fact that
hand skill was significantly related to mother’s educational level. The reason might be the close relationship
of mother and child, because mother is the main responsible person for the child care and has the maximum relationship all day long [45]. The environment is not a stagnant force to influence all individuals similarly. Based
on the theory of dynamic systems, mother’s educational
level is an ambient factor affecting socioeconomic and
cultural status, and the interaction among family members. It is commonly known that adjustment of the selected motor programs has a greater impact compared to
routine activities and its principle factors are the chance
of exercise, environment enrichment and stimulation,
ambient facilities and conditions, and the educational
quality [46] realized by the presence of a knowledgeable mother. Mandemakers et al. believed that the reason
for positive effect of mother’s education level was the
higher level of awareness and the possibility of creating
a safe environment and further welfare in this area [47].
Positive correlation of mother’s educational level and
progress [48], as well as the duration devoted to doing
activities have been confirmed in normal students [49].
Furthermore, a relationship was confirmed among mother’s educational level, reduction of behavioral problems,
and enhancement of social skills in children with specific
requirements [46]. Mirzakhani et al. did not observe a significant correlation between components of father’s education level and fine motor skills in a research work aimed
at instructing fine hand movements and its impact on the
progress of drawing skill of slow-learner group [35]. Rosblad and Gard conducted a study on comparing Swedish and American children and concluded that Swedish
children had a significant superiority over American ones
with regard to skills of playing the ball [50].
All the examinees in the present research had the same
nationality and ethnicity. It is preferable to assess the association of the individuals’ ethnicity (Fars, Turk, Kurd,
and Lor) with fine hand movements. However, it was not
possible to analyze the effect of ethnicity on fine motor
skills in the current study due to small number of accessible samples. Lack of access to more qualified subjects
for the study was one of the limitations of the present
study and the future researchers are recommended to include more samples in their studies.
Based on the study results, the impacts of environmental factors, including mother’s educational level and living place on fine hand movement skills of the students
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with hearing impairment are more significant than factors such as the cause of hearing impairment, handedness, and gender. Thus, we suggest that medical and
instructional interventions of students with hearing impairment be incorporated in rehabilitation programs of
the respective children to promote fine motor skills of
hand and improve hand performance and its fine movements in different scopes of routine life activities (education, playing, and leisure).
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