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Background: There is limited data in the literature concerning the visual status and skills in
children with learning disabilities, particularly within the Asian population. This study is aimed
to determine visual acuity and visual skills in children with learning disabilities in primary
schools within the suburban Kota Bharu district in Malaysia.

Methods: We examined 1010 children with learning disabilities aged between 8—12 years from
40 primary schools in the Kota Bharu district, Malaysia from January 2009 to March 2010. These
children were identified based on their performance in a screening test known as the Early Inter-
vention Class for Reading and Writing Screening Test conducted by the Ministry of Education,
Malaysia. Complete ocular examinations and visual skills assessment included near point of con-
vergence, amplitude of accommodation, accommodative facility, convergence break and recovery,
divergence break and recovery, and developmental eye movement tests for all subjects.
Results: A total of 4.8% of students had visual acuity worse than 6/12 (20/40), 14.0% had
convergence insufficiency, 28.3% displayed poor accommodative amplitude, and 26.0% showed
signs of accommodative infacility. A total of 12.1% of the students had poor convergence break,
45.7% displayed poor convergence recovery, 37.4% showed poor divergence break, and 66.3%
were noted to have poor divergence recovery. The mean horizontal developmental eye move-
ment was significantly prolonged.

Conclusion: Although their visual acuity was satisfactory, nearly 30% of the children displayed
accommodation problems including convergence insufficiency, poor accommodation, and
accommodative infacility. Convergence and divergence recovery are the most affected visual
skills in children with learning disabilities in Malaysia.
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Introduction
It has been estimated that 80% of children with specific learning difficulties have
a poor ability to read."* These children should be assessed by the ophthalmologist
because some of these children may have treatable visual problems that accompany
or contribute to their primary reading or learning disabilities.>®

Children with specific learning disabilities experience more difficulty in reading
when they are also suffering from visual skills problems.”® Numerous published
reports have described visual skills in children with learning disabilities. However,
these studies are mainly confined to those living in Europe®'* and the USA.?*?? Data
from Asian countries are extremely limited.?*?* We aim to determine the visual acuity
and visual skills in Malaysian children with learning disabilities attending primary
schools in suburban Kota Bharu, district of Kelantan, Malaysia.
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Methods

We conducted a cross-sectional study to examine students
with learning disabilities, aged between 8—12 years old, from
40 primary schools in the suburban Kota Bharu District of
Malaysia commencing January 2009 until March 2010.
The study protocol was approved by the Research and
Ethical Committee, School of Medical Sciences, Universiti
Sains Malaysia. The study complied with the Declaration
of Helsinki. Written approvals were obtained from the
Department of State Education, Kelantan and Ministry of
Education, Malaysia. Informed consent was also obtained
from parents or guardians of each student.

Kelantan is one of the 13 states located in Malaysia,
with a land area of approximately 149,222 sq km. Kota
Bharu is the state capital of Kelantan and is located 500 km
from the main city known as Kuala Lumpur. There are a
total of 96 registered primary schools in the Kota Bharu
District, with 51,930 students from standard 2—6, aged
from 8—12 years.

Sample size was calculated using power and sample size
software calculation based on 17.0% prevalence of poor
readers who had poor visual acuity, with a 95% confidence
interval.! A minimum of 1000 primary school children with
learning disabilities was required for this study. Multistage
cluster sampling was performed, and all 96 registered primary
schools were numbered. A total of 40 schools were randomly
selected using a quantum of numbered cards. The schools
were selected if the numbers appearing on the card matched
with the numbering of the schools.

The second selection involved selection of students with
learning disabilities from 40 selected primary schools. Lists
of these students from each selected school were obtained
2 weeks prior to the examination day. A random selection
was performed to select 25 students with learning disabilities
from each school.

Early Intervention Class for Reading and Writing (known
as Kelas Intervensi Awal Membaca dan Mengira (KIA2M)
in Malay language) has been implemented since 2000 into
the education system in Malaysia to identify children aged 7
years old who have difficulty in reading and writing.> Those
who fail the test (obtained less than 50% marks) are allocated
to special rehabilitation classes, while those who pass are
placed in the standard classrooms at the age 812 years.

The informed consents were distributed to the parents
by the schoolteachers. A period of 1 week was allocated for
parents to clarify any issues. The telephone number of the
primary investigator was provided in the informed consent.

The informed consent forms were returned to the school-
teachers 1 week before the actual examination day.

We randomly recruited 25 children with learning dis-
abilities aged 8—12 years in each selected primary school.
The exclusion criteria were students who refused eye exami-
nation, unable to perform proper examination after three
attempts, absent during the examination day, and refused
consent from the parents or guardian.

A team consisting of a consultant ophthalmologist, trainee
ophthalmologists, and optometrists were involved in examin-
ing children’s eyes. The clinical examination was performed
in an identified room in all selected schools.

All students with learning disabilities were tested for their
distance and near visual acuity, and visual skills parameters
that included near points of convergence, accommodative
amplitude, accommodative facility, convergence and diver-
gence break and recovery at near, and saccadic tracking
skills. Stereoacuity test, cover test, intraocular pressure mea-
surement, and anterior and posterior segment examinations,
including cyclorefraction, were performed in all subjects to
rule out other apparent ocular abnormalities.

Distance visual acuity was assessed for each eye sepa-
rately using the Snellen chart at 6 m. The students were
asked if they were wearing glasses or had glasses with them.
Near visual acuity testing using the Malay language was
performed at a distance of 33 ¢cm and was recorded using
the N-points system.

Assessment of near point of convergence, accommoda-
tive amplitude, accommodative facility, convergence and
divergence break, and recovery were performed as described
by Grisham et al.*! The visual skills assessments were per-
formed with best-corrected visual acuity in all students.

Assessment of near point of convergence was started by
asking the student if the identified target was seen as single
when the examiner held it approximately 20 cm in front of
the student’s eyes. The examiner moved the target slowly
(at about 1 to 2 cm per second) towards the student’s face
and the student was instructed to inform the examiner when
the target appeared double. The test was performed on the
student’s midline, as he/she tracked the target with his/her
eyes. The endpoint was measured and recorded when the
student reported seeing two targets (preferable response),
or when the examiner saw one eye deviate from the target.
It was repeated 3 times, and an average measurement was
recorded. Near point of convergence at 8 cm and closer
was considered ‘good’, while 9 cm or more was classified
as ‘poor’.
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Accommodative amplitude was assessed using an
accommodative ruler (Occlud-A-Measure; Bernell,
Mishawaka, IN) with a 6-point target at the larger end of the
tool held approximately 20 cm from the student’s face. The
student was asked if the target was in focus or blurry. Once
the target was in focus, the target was moved approximately
2 cm per second towards the student’s face until the target
appeared double. This measurement was taken 3 times and
recorded on the data collection sheet. Amplitude of accom-
modation at 11 D and closer was considered ‘good’, while
12 D or more was grouped as ‘poor’.

Accommodative facility was measured using +2.00 D
flipper lenses with a target (6-point word) held at 40 cm. The
test was done monocularly and the fellow eye was occluded.
The lens was flipped each time the student informed the
examiner that the target was seen clearly. This step was
repeated for 30 s in each eye. The number of cycles com-
pleted in one minute (cpm) for each eye was recorded. The
procedure was repeated on the fellow eye. A value of 10 cpm
and more was classified as ‘good’, while 9 cpm or less was
considered ‘poor’.

Convergence and divergence break and recovery at a
near distance were measured with a horizontal prism bar
with prism diopter (PD) values of 1, 2, 4, 6, 8, 10, 12, 14,
16, 18, 20, 25, 30, 35, 40, and 45 diopters (D) with the tar-
get (Occlud-A-Measure; Bernell) held at a 40 cm distance.
The student was asked if the target could be detected. Next,
the student was asked whether the target appeared single or
double. Once the single target appeared visible, the prism
bar was moved in relation to the student’s eye until double
images were observed. This point was considered ‘break’.
Subsequently, the motion of the prism bar was reversed
until the student reported a single image. This point was
considered ‘recovery’. This procedure was first performed
for the base in position over the left eye, and then repeated
base out over the right eye.

Convergence break at 19 PD or more and convergence
recovery at 8 PD or greater were considered ‘good’.
Convergence break at 18 PD or less, and convergence
recovery at 7 PD or less were classified as ‘poor’. Divergence
break from 10 to 20 PD and divergence recovery from 7 to
13 PD were considered good.

A developmental eye movement (DEM) test was used to
evaluate saccadic tracking skills. The DEM test consists of
three subtests, which include a pretest, vertical subtest, and
horizontal test. The vertical subtest depends on the individual’s
visual verbal automatic calling skills. The horizontal subtest

consists of numbers in a nonsymmetric horizontal array. The
DEM test was conducted according to the standard protocols
from the examiner’s test instructions.?

The acquired data were analyzed using the Statistical
Package for Social Sciences for Windows version 18 software
(SPSS, Inc, IBM, Armonk, NY, USA). The demographic
characteristics were analyzed using descriptive statistics and
reported as mean, standard deviation, and percentages. All the
data were entered twice to avoid mistakes before analysis. The
Pearson chi-square was used to determine significant differ-
ences in the distribution of visual skills with age and sex. A P
value of <0.05 was considered statistically significant.

Results

We recruited 1010 primary school students with learning
disabilities in the suburban Kota Bharu District, Malaysia.
The details of age and sex are summarized in Figure 1.
95.2% (961 students) had visual acuity 6/12 (20/40) or
better. This included 64.2% male and 30.9% female students.
96.4% (974 students) aged 8—12 years had near acuity N6
or better, while 3.6% (36 students) had near acuity N10 or
worse. There was 64.5% male and 31.9% females diagnosed
with near acuity N6 or better. These results are shown in
Table 1.

We noted that 86.0% (869 students) had good near point
of convergence, while 14.0% (141 students) had convergence
insufficiency. Convergence insufficiency was observed in
9.0% of males and 5.0% of female students. There were
no statistically significant differences between near point
of convergence and different age groups (P = 0.229) or sex
(P =0.646) (Table 2).

We observed that 28.3% (286 students) had poor ampli-
tude of accommodation, which consisted of 19.1% male
and 9.2% female students. There was statistically signifi-
cant difference between amplitude of accommodation and
different age groups (P = 0.038). However, there was no
statistically significant difference between amplitude of
accommodation and sex (P = 0.599) (Table 2).

We found that 26.0% (263 students) were diagnosed with
accommodative infacility. This was observed in 16.1% of
males and 9.9% of female students. There was a statistically
significant difference between accommodative facility and
different age groups (P < 0.0001), while no statistically
significant difference was observed between accommodative
facility and sex (P = 0.089) (Table 2).

Table 3 describes distributions of convergence break
and recovery according to age and sex. A total of 12.1%
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Figure | Distribution of poor readers according to age and sex.

(122 students) had poor convergence break and 45.7%
(461 students) had poor convergence recovery. Additionally,
7.7% of male and 4.4% of female students were noted to
have poor convergence break. Poor convergence recovery
was shown by 30.3% of male and 15.8% of female students
(15.7%). A statistically significant difference was observed
between convergence break and different age groups
(P =0.024). However, there was no statistically significant
difference between convergence recovery and different age

Table I Distribution of distance and near visual acuity

Distance visual acuity Near visual acuity

VA 6/6-6/12 VA 6/18 = 6/60 N5-N6 N10-N20
n=961 (%) n=49 (%) n=974 (%) n=236 (%)
Age (years)
8 296 (29.3) 4(0.3) 295 (29.2) 5(0.5)
9 277 (27.4) 12 (1.2) 277 (27.4) 12 (1.2)
10 147 (14.6) 6 (0.6) 149 (14.8) 4(0.4)
I 149 (14.8) 14 (1.4) 156 (15.4) 7(0.7)
12 92 (9.1) 13 (1.3) 97 (9.6) 8 (0.8)
Sex
Male 649 (64.2) 20 (2.0) 652 (64.5) 17 (1.7)
Female 312 (30.9) 29 (2.9) 322 (31.9) 19 (1.9)

Abbreviation: VA, visual acuity.

Sex
W Male
E Female

groups (P =0.024). No statistically significant difference was
noted between convergence break or recovery and different
age groups (P =0.817; P = 0.948, respectively).

There were 37.4% (376 students) with poor divergence
break and 66.3% (670 students) with poor divergence
recovery. 24.5% of male and 12.7% of female students had
poor divergence break. Poor divergence recovery was shown
by 44.6% of male and 21.7% of female students. A statisti-
cally significant difference was observed between divergence
break and divergence recovery with different age groups
(P =0.016; P = 0.02). However, there was no statistically
significant difference between divergence break, recovery,
and sex (P =0.736; P=0.323) (Table 3).

The mean horizontal time and mean DEM ratio were
noted as longer compared to normal DEM. There were sta-
tistically significant differences between mean vertical and
horizontal times between different age groups. The P value
was <0.001 for both parameters (Table 4).

Discussion
Although visual problems are not the cause of learning
disabilities, they have been known to interfere with the
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Table 2 Distribution of near point of convergence, amplitude of accommodation and accommodative facility

Near point of convergence

Amplitude of accommodation Accommodative facility

Good Poor Mean Good Poor Good Poor
n =869 (%) n =141 (%) (SD) n =724 (%) n =286 (%) n =747 (%) n =263 (%)
Age
8 years old 257 (25.4) 43 (4.3) 3.95 (2.06) 208 (20.6) 92 (9.1) 241 (23.9) 59 (5.8)
9 years old 255 (25.2) 34 (34) 4.04 (1.92) 195 (19.3) 94 (9.3) 213 (21.1) 76 (7.5)
10 years old 128 (12.7) 25 (2.5) 4.24 (2.23) 123 (12.2) 30 (3.0) 119 (11.8) 34 (3.4)
I'l years old 134 (13.3) 29 (2.8) 4.53 (2.75) 118 (11.7) 45 (4.5) 112 (11.1) 51 (5.0)
12 years old 95 (9.4) 10 (1.0) 4.24 (3.33) 80 (7.9) 25 (2.4) 62 (6.1) 43 (4.3)
P value 0.229* 0.944%* 0.038* <0.0001%*
Sex
Male 578 (57.2) 91 (9.0) 4.15 (2.22) 476 (47.1) 193 (19.1) 506 (50.1) 163 (16.1)
Female 291 (28.8) 50 (5.0) 4.13 (2.56) 248 (24.6) 93 (9.2) 241 (23.9) 100 (9.9)
P value 0.646* 0.646%+* 0.599* 0.089*

Notes: *Chi-square test (P < 0.05, considered significant); **one-way analysis of variance; ***independent t-test.

Abbreviation: SD, standard deviation.

process of learning.?”-?® Visual skills include near point of
convergence, accommodative amplitude, accommodative
infacility, eye movement, control of binocular vergence eye
movement, and convergent/divergent fusional reserve, which
are essential in learning activities such as reading efficiency,
reading comprehension, and copying from the board.

More than 90% of subjects with learning disabilities had
good distance (6/12 or 20/40 and better) and near visual
acuity (N6 and better). Our findings support existing data.?!-*
Grisham et al reported that 82.9% of poor readers in four
California high schools had better than 20/40 visual acuity
in each eye.”! Chen et al observed that 88% of children with
low academic achievement in Kuala Lumpur, Malaysia had
better than 6/12 (20/40) visual acuity.** In contrast, other
researchers reported poorer visual acuity in children with
learning disabilities compared to normal children in studies
conducted in Austria and Sweden.'>!7

We observed that approximately one-third of our subjects
demonstrated near vision-related problems. Poor convergence
was observed in 14.0% of our subjects. Our finding was in
agreement with that of Latvala et al.” They reported that 25%
of Finnish dyslexic children had convergence insufficiency.

We found no significant difference between near point
of convergence and age or sex. However, we did not com-
pare convergence skills in our subjects to normal children
as was done in other studies.*'** Dusek et al and Latvala
et al reported that children with reading difficulties had poor
convergence compared to normal children in their studied
population.'>* In contrast, Palomo-Alvarez et al noted that
the near point of convergence was comparable in poor readers
and normal children in Spain.'*

Poor accommodative amplitude was observed in 28.3%
of our subjects. Subjects aged 89 years old showed poorer
amplitude of accommodation compared to older children. We

Table 3 Distribution of convergence and divergence break and recovery

Convergence break

Convergence recovery

Divergence break Divergence recovery

Good Poor Good Poor Good Poor Good Poor
n = 888 (%) n =122 (%) n =549 (%) n=461(%) n =634 (%) n =376 (%) n =340 (%) n =670 (%)
Age (years)
8 269 (26.6) 31 3.1) 166 (16.4) 134 (13.3) 181 (17.9) 119 (11.8) 94 (9.3) 206 (20.5)
9 254 (25.1) 35 (3.5) 151 (15.0) 138 (13.7) 182 (18.0) 107 (10.6) 88 (8.7) 201 (20.0)
10 130 (12.9) 23 (2.3) 83 (8.2) 70 (6.9) 101 (10.0) 52 (5.1) 69 (6.8) 84 (8.3)
Il 137 (13.6) 26 (2.6) 89 (8.8) 74 (7.3) 98 (9.7) 65 (6.5) 55(54) 108 (10.7)
12 98 (9.7) 7 (0.6) 60 (5.9) 45 (4.5) 72 (7.1) 33 (3.3) 34 (3.3) 71 (7.0)
P value 0.024 0.736 0.016 0.002
Sex
Male 591 (58.5) 78 (7.7) 366 (36.2) 303 (30.0) 421 (41.7) 248 (24.5) 218 (21.6) 451 (44.6)
Female 297 (29.4) 44 (44) 183 (18.1) 158 (15.7) 213 (21.1) 128 (12.7) 122 (12.1) 219 (21.7)
P value 0817 0.948 0.736 0.323
Note: *Chi-square test (P < 0.05, considered significant).
Clinical Ophthalmology 2012:6 submit your manuscript 1531
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Table 4 Distribution of vertical and horizontal time, and mean
developmental eye movement

Mean vertical Mean horizontal Mean DEM
time (SD) time (SD) ratio (SD)
Age (years)
8 40.63 (13.43) 81.42 (38.40) 1.74 (0.33)
9 38.18 (11.63) 79.04 (35.33) 1.79 (0.29)
10 35.59 (10.18) 68.42 (24.12) 1.77 (0.28)
Il 36.08 (13.25) 71.53 (31.69) 1.77 (0.30)
12 34.11 (9.81) 63.20 (20.86) 1.73 (0.29)
P value* <0.0001 <0.0001 0318

Note: *One way ANOVA (P < 0.05, considered significant).
Abbreviations: DEM, developmental eye movement; SD, standard deviation.

postulated that difficulty in understanding the test instructions
in these children might have contributed to this observation.
More importantly, this may also suggest that children less
than 10 years old have lower amplitude of accommodation
than the expected level for their age. It is also an alarming
finding, as Sterner et al noted a similar observation in their
studied population aged 610 years old.*

Our finding is parallel with observations by Grisham et al
who reported that 24.7% of their subjects had poor amplitude
of accommodation.?! However, both our study and Grisham
et al examined children with learning difficulties only. We
noted that numerous studies showed agreement that children
with learning disabilities have significant poor accommoda-
tive amplitude than normal groups.!'>!5172

Monocular accommodative infacility was diagnosed
in 26% of subjects in our study. Subjects aged 9 or lower
showed a higher percentage of monocular accommodative
infacility compared with older subjects. We observed no
significant difference in accommodative facility and sex.
Our finding contradicted the observation by Chen et al, who
evaluated the accommodation system in Malay primary
school children in Malaysia.’! Chen et al reported no age
difference in accommodation facility. We postulated that
this difference was due to a larger sample size and usage
of £2.00D flipper lenses in our study. In contrast to our
study, Chen et al examined normal Malay children in Years
1 through 6 in selected primary schools in our country.

Grisham et al reported that 23.6% of children reading
poorly (average age, 15.4 years) had accommodative infacil-
ity, which was consistent with our finding.?! However, we did
not perform a parallel comparison to normal children.

Other authors reported that the mean measurement
of accommodative facility was significantly slower in
children with learning disabilities compared to normal
children.'*!> The mean facility values were reported to be
12.0 £3.28 cpm in Austrian children with reading difficulties

and 12.76 £ 1.93 c¢pm in the control group (P < 0.001)."
In addition, binocular accommodative facility values were
significantly lower in the Spanish children with reading
difficulties than in control children (4.9 cpm * 3.1 and
6.3 cpm*29; P <0.05).7

Our findings confirmed that the divergence skill was
the most affected in children with learning disabilities in
Malaysia. Poor convergence break was noted in 12.2% of our
subjects and 45.7% had poor convergence recovery, while
37.4% of students were diagnosed with poor divergence
break and 66.3% had poor divergence recovery.

Our findings support an earlier report by Grisham et al.?!
They observed that 38% of children with poor reading
skills had poor convergence break and 9.5% of students
had poor convergence recovery, while 82% of the students
had poor divergence break and 60% had poor divergence
recovery.

The mean horizontal DEM time was prolonged in our
subjects. The vertical time and DEM ratio was within the
normal limit as in the published norms. We observed sig-
nificant prolonged horizontal and vertical times in younger
age groups. A similar observation was also reported by
other published studies.'*> Our finding supports the existing
evidences that children with learning disabilities may have
poor saccadic tracking skills,!!16:2232.33

Our study is the first of its kind and was conducted in
native Malay speaking children on the eastern coast of Pen-
insular Malaysia. However, it would be more informative
if a control group was examined, and thus an appropriate
comparison could be performed.

In conclusion, our findings support the existing data on
visual skills in children with learning disabilities.® 24323
Although most of these children have good visual acuity for
distance and nearness, nearly 30% had near vision-related
issues, mainly poor convergence, accommodative infacility,
and had prolonged horizontal reading time.

This suggests that a more global and comprehensive
approach is warranted in the ophthalmic care of children
with learning disabilities, particularly in our home country.
Ophthalmologists and optometrists are expected to work
closely with educators to identify and treat these students
at an earlier stage.
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