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ABSTRACT

The integration of various senses with each other in the form of perceptual-motor activi-
¢ ties can lead to the promotion of different aspects of physical, perceptual, cognitive, and psycho-
Received: 04 Jul 2019 social development. Decreased visual acuity in children with visual impairment makes it difficult to
Accepted: 26 Aug 2019 i develop motor skills, including gross motor skills. A few studies have used perceptual-motor inter-
¢ ventions in these children with no specific framework. The purpose of this study is to evaluate the
effect of a perceptual-motor intervention based on Johnstone and Ramon’s method on the gross
motor skills of children with visual impairment.
In this randomized controlled trial, the study population consisted of chil-
dren aged 7-10 years with visual impairment (blind or with low vision) studying in three schools
of Narjes (Girls’ school), Shaid Mohebbi, and Shahid Khazaeli (Boys’ schools) in Tehran City, Iran in
2018 (n=140). Of these children, 24 who had met inclusion criteria were selected and randomly as-
signed into two intervention (n=12) and control (n=12) groups. The perceptual-motor program was
designed based on Johnstone and Ramon’s method and validated by a panel of experts that includ-
ed four members of the Department of Occupational Therapy, the University of Social Welfare and
Rehabilitation Sciences, and one optometrist from the Bagiyatallah University of Medical Sciences.
The intervention group received the perceptual-motor program for two months, three 45-min ses-
sions per week (24 sessions in total). The gross motor skills of both groups were measured by the
second edition of Movement Assessment Battery for Children (MABC-2) test (aiming/catching and
balance subscales) and the second edition of Test of Gross Motor Development (TGMD-2) (locomo-
tor and object control subscales) in three stages: Pre-test, post-test, and 1-month follow-up. Data
analysis was performed using the Shapiro-Wilk test, Mann-Whitney U test, Friedman test, Bonfer-
roni test, and generalized estimating equation in SPSS V. 22. The significance level was set at 0.05.
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increased from 6.25+2.42 in the Pre-test to 10+2.13 in the post-test and 9.92+2.19 in the follow-up
phase. In the control group, the scores were 3.50%3.09) in the Pre-test, 3.8313.46) in the post-test,
and 4+3.36) in the follow-up phase. The MeanSD score of the locomotor skill was 40.92+9.34 in
the Pre-test, 47.58+1.17 in the post-test, and 47.42+1.08 in the follow-up phase. In the control
group, these scores increased from 35.83+12.92 in the Pre-test to 36.83+13.17 and 37.67+13.24
in the post-test and follow-up phases, respectively. The MeanSD scores of object control skill
increased from 32.50+14.74 in the Pre-test to 47.5011.24 in the post-test and 47.66+1.15 in the
follow-up, while in the control group, the scores were 29.25+12.93 in the Pre-test, and 30.17+12.89
and 30.08%13.34 in the post-test and follow-up phases. The aiming/catching, balance, and object
control skills of children were significantly improved after the intervention (P<0.05), and continued
after one month. In contrast, the locomotor skill was not improved after the intervention (P>0.05).
[FNEIELT The perceptual-motor interventional program can be useful in promoting the gross mo-
tor skills of children with visual impairment. It is suggested that this program be used in other stud-
ies on visually-impaired children.

Extended Abstract

Introduction

ision, as a gateway for information to

enter the brain, plays the most important

role in facilitating motor control in the

surrounding environment. 70 % of sen-

sory receptors are associated with vision
and, in the form of a dynamic system, play an impor-
tant role in integrating information, shaping concepts,
planning, environmental adaptation, and cognition [I,
2]. According to the International Classification of Dis-
eases (ICD), Visual function is divided into four cat-
egories: normal vision, moderate visual impairment,
severe visual impairment, and blindness. People with
moderate to severe visual impairment have low vision
(acuity less than 6.18 and up to 3.60), and anyone with
a visual acuity of less than 6.18 after treatment has vi-
sion impairment [3]. According to the World Health
Organization in 2017, there are 253 million visually-
impaired people in the world [3].

Perceptual-motor activities through sensory integration
processes improve motor and learning skills and allow a
person to process sensory information with greater cog-
nition [4]. Perceptual-motor skills play an important role
in perceiving, interpreting, and responding to sensory
stimuli, and allow for progress in each of the percep-
tual and motor components. The integration of different
senses with each other in the form of perceptual-motor
activities can provide the necessary motivation and
ability to improve gross motor skills. Since passing the
sensory-motor and perceptual stage is necessary to enter
the cognitive and learning stage, if a child has appro-
priate perceptual-motor skills, the correct body image is
formed in him/her and success in performing activities
create confidence and improve cognitive activities [5].

In children with visual impairment, reduced vision
stimulation limits the acquisition of motor experiences,
including gross motor skills, which affects their percep-
tual-motor skills [6]. Numerous studies have examined
the developmental delays of gross, fine, and perceptual-
motor skills of children with visual impairment [7-10].
However, few studies have been conducted in the field
of perceptual-motor intervention of these children and
no specific framework for training has been provided
[11, 13]. Since motor problems are very important in
various aspects of development, disability is more pro-
nounced in these aspects [5, 6, 12]. Studies have shown
the effectiveness of Johnstone and Ramon Perceptual-
Motor program on improving motor skills and the read-
ing ability of elementary school children [14]. This study
aimed to examine the effect of this program approved by
a panel of experts, on improving the gross motor skills
of children aged 7-10 years with visual impairment.

Materials and Methods

In this randomized controlled clinical trial, study pop-
ulation consisted of all children aged 7-10 years with
visual impairment studying in three schools of Narjes
(Girls’ school), Shaid Mohebbi and Shahid Khazaeli
(Boys’ schools) in Tehran, Iran in 2018 (n=140). Of
these, 24 were met the inclusion criteria which were:
Diagnosis of vision impairment by a doctor or optom-
etrist according to the children’s medical records (no
absolute blindness or only light perception), parents’
consent, lack of physical, sensory, cognitive or motor
impairment, and no participation in other clinical in-
terventions at the same time. Due to the lack of such
interventions in these children, we first examined the
treatment protocol according a panel of experts [13] in-
cluded four faculty members of the Department of Oc-
cupational Therapy, University of Social Welfare and
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Table 1. Perceptual-motor intervention program based on Johnstone & Ramon’s method

Week Objectives
1 Improving bilateral activities by locomotion, aiming/catching the object, and controlling the object
2 Improving bilateral activities by balancing, locomotion, controlling the object, and aiming/catching the object
3 Improving bilateral and unilateral activities by aiming/catching the object, controlling the object, locomotion, balancing
4 Improving unilateral activities by balancing, locomotion, controlling the object, and aiming/catching the object
5 Improving unilateral and cross-lateral activities by balancing, locomotion, aiming/catching the object, controlling the object
6 Improving cross-lateral activities by locomotion, balancing, and controlling the object
7 Improving cross-lateral activities by locomotion, balancing, controlling the object, and aiming/catching the object
8 Improving combined activities by controlling the object, locomotion, balancing, and aiming/catching the object

Rehabilitation Sciences (expert in perceptual-motor
issues), and one optometrist (a low vision specialist).

Due to the lack of time, the program was provided to
the panel for 2 months, three 45-minute sessions per
week (24 sessions, in total) based on the perceptual-
motor model and the Johnstone & Ramon protocol
[14]. The trainings were prepared for the intervention
phase by applying the opinion of experts (attention to
the exact number of repetitions in each set, contrast,
size of the objects and their sound) and reaching an
agreement above 75% [15] (Table 1).

The examiner, who was unaware of the study groups,
after receiving instructions by the researcher on how to
perform the tests, measured motor skills of children us-
ing Test of Gross Motor Development-2 (TGMD-2) and
Movement Assessment Battery for Children-2 (MABC-
2). Then, they were divided into two groups of interven-
tion (n=12) and control (n=12) who were matched for
gender [16], age, visual acuity, and motor skills scores
[7]. After 8 weeks of consecutive interventions and data
collection, the second assessment phase was performed
for both groups. One month after the end of the inter-
vention, a follow-up was conducted (Figure 1).

The TGMD-2 is a qualitative tool that measures gross
motor skills of children under two subscales of “loco-
motor” and “object control”, and is used for children
aged 3-11 years. The child performs each item twice
and its performance is scored by 0 or 1 (a total score of
24 for each skill). The time taken to complete the test
is 15-20 minutes [17]. Its psychometric characteristics
for children with visual impairment have already been
examined [18]. The MABC-2 is a quantities tool that
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measures motor proficiency of children under three
subscales of manual dexterity, balance, and aiming/
catching. It is used for children aged 3-16 years. Chil-
dren with a total score < 5 have severe motor problems
and a score of 5-15 indicates the at-risk children. The
estimated time for its completion is 20-30 minutes [19].
Its psychometric characteristics for children with low
vision have already been examined [20].

Results

According to the results of Shapiro-Wilk test, the
distribution of data was normal (P<0.05). Hence, we
used non-parametric tests including Friedman test,
Mann-Whitney U test, Bonftroni test, and Generalized
Estimating Equation (GEE). The significance level was
set at 0.05. The two groups of study were the same in
terms of gender, visual acuity and school (P>0.05). The
mean age of the children was 9.2+1.1 years in the inter-
vention group and 8.3+1.2 years in the control group.
Most of the participants in the intervention and control
groups were boys (66.7%) and girls (58.3%), respec-
tively. The visual acuity of the most of them (58.3%)
was moderate, and they were from Narjes elementary
school. The TGMD-2 and MABC-2 scores of partici-
pants at three phases of Pre-test, post-test, and follow-
up are presented in Table 2.

In terms of group, the mean of aiming/catching and
object control was significantly different between
groups at all measurement phases (P<0.05), where it
was higher in the intervention group. In terms of time,
there was no significant difference in aiming/catching
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Discussion

Active environments, practice, and learning oppor-
tunities are among the factors influencing motor de-
velopment, especially in childhood, when the nervous
system undergoes changes [21]. The aim of this study
was to evaluate the effectiveness of a perceptual-motor
therapy program on improving visually-impaired chil-
dren’s gross motor skills. Our study revealed that the
most of gross motor skills in children can be improved
under the influence of this perceptual-motor program.
Data analysis showed that the mean score of aiming/
catching in the two groups was significantly different
after the intervention and this score was significantly
higher in the intervention group.

This is consistent with the results of Aki et al. and
Yousefian et al. reported for the catching ball variable
[22, 23]. Ashrafy et al. reported improvement in fine
motor, ball skills (P=0.000), static and dynamic balance
which is in agreement with our study [24]. Aiming and
catching skill, which requires eye-hand coordination, is
greatly affected by vision, and repeating this skill while
adapting the equipment and conditions can lead to max-
imum use of existing vision and thus improve this skill.

Regarding the balance skill, our results can be in agree-
ment with the results of Aki et al. and Sajedi and Barati
in terms of balance maintenance and heel-to-toe walking
[22, 25], and Yousefian et al. in terms of balance main-
tenance [23]. Our results in this area are also consistent
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with the results of Ashrafy et al., and Mavrovouniotis
et al. [24, 26, 27]. According to Ayres [28], by training
and repeating the activities that stimulate the utricle and
saccule receptors of the ear, deep sensory receptors can
be stimulated, which in turn enhances the balance skills.

The mean score of locomotor skill in the two groups
did not differ significantly which is contrary to the find-
ings of Aki et al., Yousefian et al., and Houwen et al.
[22, 23, 29]. A possible reason for the discrepancy be-
tween our results and those of Yousefian et al. can be
the high initial scores of locomotor skill in the current
study and the consequent lack of significant change after
the intervention, the use of different training periods, the
difference in exercise type, age range and sample size.
Houwen et al. reported that children who participated
in sports programs apart from school programs earned
higher locomotor skill scores than children with visual
impairments who did not attend these programs.

The children participated in a sports program 60-180
minutes a week in school. As a result, they received
more exercises than the children in our study, which
may be a reason for the difference in the results. The
reason for the difference between the results of Aki et
al. and this study can be the greater number of partici-
pants or its longer intervention period. It is important to
note that locomotor activities requires less visual acu-
ity than other gross skills and is less affected in chil-
dren with visual impairment [29], so performing this

Study population
N=140

Sampling
N=24

Matching and dividing samples
into two groups

Control group (n=12)
Motor skill assessment
Re-evaluation in the 2nd and 3rd months

Intervention group (n=12)
Motor skill assessment
Intervention for 2 months
Re-evaluation in the 2nd and 3rd months

Statistical analysis of collected data and pre-
senting results
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Table 2. Comparing the TGMD-2 and MABC-2 scores of participants in three phases of Pre-test, post-test, and follow-up

MeanSD
Variables Group Sig.
Pre-test Post-test Follow-up
. X?=21.51*
+ + +
Intervention 4.16+2.82 11.16%1.95 10.91£1.62 P<0.001
aiming.catching
Control 3.834+2.79 4.25%3.08 4.66+2.93 X=10.57*
U U T P=0.005
P z=-0.213** 2=-3.80.3 ** z=-3.77
P=0.843 P<0.001 P<0.001
. X?=19.95*
+ + +
Intervention 6.25+2.42 10.00+2.13 9.9142.19 P<0.001
Balance
Control 3.5043.09 3.834+3.46 4.00+3.36 Xi=2.94*
D T T P=0.229
P 7=-2.81*%* 7=-3.72** 7=88.50**
P=0.033 P<0.001 P<0.001
2 *
Intervention 40.9249.34 47.58+1.17 47.42%1.08 X*=10.57
P<0.001
locomotor
Control 35.83+12.92 36.83+13.17 37.67+13.24 Xe=6.05*
- - - P=0.048
P z=-1.02** z=-3.02** z=-1.79**
P=0.319 P<0.05 P=0.128
2 *
Intervention 32.50+14.74 47.50+1.24 66.47+15.1 X=17.42
P<0.001
object control
Control 29.25+12.93 3.17412.89 30.08+13.34 Xi=2.18*
- - - P=0.336
P z=-70.66** z=-3.85** z=-3.95**
P=0.514 P<0.001 P<0.001
¥ 1 Archives of
Friedman test Rehabilitation
** Man-Whitney U test

before intervention (P>0.05), but it was significant at
the post-test and follow-up phases (P<0.05).

Regarding the balance and object control skill, there
was a significant difference only in the intervention
group at all measurement phases (P<0.05). In terms
of time, there was no significant difference between
groups before intervention (P>0.05), but it was sig-
nificant at the post-test and follow-up phases (P<0.05).
Regarding the locomotor skills, there was also a sig-
nificant difference in the two groups at all measure-
ment phases (P<0.05). In terms of time, there was no
significant difference between groups at Pre-test and
follow-up phases (P>0.05). Only at post-test phase a
significant difference was observed.

Due to the abnormality of the changes, the GEE
model was used to investigate the response changes.
As presented in Table 3, Bonftroni test results showed
that the mean of aiming/catching skill was significantly
different between Pre-test and post-test and between
Pre-test and follow-up phases in the intervention group

(P<0.05), but not between post-test and follow-up phas-
es (P>0.05). In the control group, its mean score was
significantly different between Pre-test and post-test
and between post-test and follow-up phases (P>0.05),
but not between Pre-test and follow-up phases (P>0.05).

The means of balance and object control skills were also
significantly different between Pre-test and post-test and
between Pre-test and follow-up phases in the intervention
group (P<0.05), but not between post-test and follow-up
phases (P>0.05). In the control group, no significant differ-
ence was found between measurement phases (P>0.05).
The mean of locomotor skill was not significantly differ-
ent between any measurement phases in the intervention
group (P>0.05). In the control group, it was significantly
different only between Pre-test and follow-up phases
(P<0.05). The reason for this discrepancy may be due to
the high distribution of the locomotor variable in the con-
trol group and not due to the difference in mean values.

Mirzaie H, et al. The Effect of a Perceptual-Motor Program Based on Johnstone and Ramon. RJ. 2020; 21(1):88-105.
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Table 3. Piarwise comparison of the TGMD-2 and MABC-2 scores using Bonfironi test

Group Test Subscale Mean Difference Std. Error Sig.
aiming/catching -7.000 0.645 <0.001
Balance -3.750 0.783 <0.001
Pre-test/post-test
locomotor -6.67 2.433 0.092
object control -51.00 3.87 0.002
aiming/catching 750-6. 0.668 <0.001
Balance -3.667 0.811 <0.001
Intervention Pre-test/follow-up
locomotor -6.50 2.482 0.132
object control -51.17 3.94 0.002
aiming/catching 0.250 0.172 1.000
Balance 0.083 0.185 1.000
Post-test/ follow-up
locomotor 0.17 0.259 1.000
object control -0.17 0.160 1.000
aiming/catching -0.417 0.219 0.859
Balance -0.333 0.272 1.000
Pre-test/post-test
locomotor -1.00 0.500 0.683
object control -0.92 0.492 0.940
aiming/catching -0.833 0.231 0.005
Balance -0.500 0.300 1.000
Control Pre-test/follow-up
locomotor -1.83 0.610 0.040
object control -0.83 0.563 1.000
aiming/catching -0.417 0.185 0.362
Balance 0.167 0.107 1.000
Post-test/ follow-up
locomotor -0.83 0.469 1.000
object control 0.08 0.275 1.000
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intervention has not had a significant effect on improv-
ing this skill.

Another result of our study was that the mean score of
the object control skill was significantly different after
the intervention in the two groups, and this score was
significantly higher in the intervention group. This is
consistent with the findings of Aki et al. , Yousefian et
al., and Houwen et al. [22, 23, 29]. According to studies,
the development of fine and gross motor skills devel-
opment in children with visual impairment is delayed
due to limitations in receiving stimuli compared to
normal peers [8]. The provision of perceptual-motor
exercises leads to the growth and development of body
image, spatial awareness and coordination of organs.

As a result, the promotion of this skill leads to the im-
provement of motor quality. The integration of differ-
ent senses with each other in the form of perceptual-
motor activities can provide the necessary motivation
and ability to improve gross motor skills [30].

Conclusion

The perceptual-motor exercises for children with vi-
sual impairments can improve their gross motor skills
such as object control, aiming/catching, and balance.
Improving these skills can facilitate their community
participation and independence in daily activities, es-
pecially school activities that are essential at school
age. This study faced limitations and problems such
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as limited number of samples, limited treatment proto-
cols in the field of perceptual-motor for such children,
limited time in holding treatment sessions and limited
valid and reliable tools for these children. It is recom-
mended that other treatment programs be designed
and implemented to enhance the gross motor skills of
children with different levels of visual impairment and
age. Examining the psychometric properties of the in-
struments used for measuring these children in Iran is
another recommendation of the present study.
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7. Johnstone and Ramon perceptual motor protocol
8. Gross motor skills
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1. Navigation

2, Dynamic system

3. International Classification of Disease (ICD)
4. World Health Organization (WHO)

5. Perceptual-motor

6. Visual impairment
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18. Manual dexterity
19. Placing pegs

20. Threading lace

21. Drawing trail

22. Aiming and catching

23. Catching with two hands

24. Throwing beanbag on to mat

25. On-board balance

26. Hopping on mats

27. Minimal Detectable Chang (MDC)
28. Minimal Important Difference (MID)
29. ShaPiro-Wilk

30. Fridman

31. Mann Whitney

32. Bonferroni

33. Generalized Estimating Equation (GEE)
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14. Test Of Gross Motor Development-2 (TGMD-2)

15. Movement Assessment Battery For Children (MABC(2-
16. Repeated measure

17. Intraclass Correlation Coefficient (ICC)
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