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ABSTRACT

Background: Dyslexia is a key learning disorder associated with reading difficulties in children. The purpose
of this study was to determine the effectiveness of simple visual devices in improving the reading performance
of children with dyslexia.

Methods: A case—control study was conducted by selecting 80 school children with dyslexia, aged 8—11
years, from the Special Dyslexic School Program of the Ministry of Education (MOE) Malaysia. Subjects
were randomly assigned to four groups: the typoscope, magnifier, visual tracking magnifier (VIM), and
control groups. Reading performance was measured based on reading speed and reading error rate. The time
taken to complete reading of text was measured, and reading errors were recorded. The reading performance
of each group was assessed at baseline, week 2, week 6, and week 12.

Results: Reading performance was significantly different (P < 0.0S) for both Level 1 and Level 2, before
and after intervention only in children with dyslexia using magnifiers and VTM. Reading performance for
children with dyslexia using a magnifier or a VIM increased significantly (P < 0.05) from baseline to week 2,
week 6, and week 12. The improvement in reading speed was 2.5 times faster for children in the VIM group
than in the other groups.

Conclusions: Simple visual aids, such as a VTM and magnifying glass, improved reading performance
in children with dyslexia. The VTM intervention yielded the greatest improvement after 12 weeks of
intervention. Hence, it is suggested that a VTM be used as part of a rehabilitation program for all children with
dyslexia in Malaysia, particularly those in dyslexia programs in schools under the MOE Malaysia. However,
future studies with longer follow-up periods are needed to confirm the sustainability of this improved reading
performance after discontinuation of the intervention.
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dyslexia, children, visual tracking magnifier, typoscope, simple magnifier, reading performance, reading
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Dyslexia is a major learning disorder associated with reading difficulties among children. Worldwide prevalence
estimates for dyslexia range from 4 to 10% [1-6]. In Malaysia, almost 7% of third-grade students and nearly 4%

Correspondence: Rokiah Omar, Professor, Optometry and Vision Science Program, Centre for community health studies (ReaCH), Faculty of Health Sciences,

Universiti Kebangsaan Malaysia. Jalan Raja Muda Abdul Aziz, 50300 Kuala Lumpur, Malaysia. Email: r_omar@ukm.edu.my. ORCID iD: https://orcid.
org/0000-0001-9485-1620

How to cite this article: Omar R, Buari NH, Majumder C, Knight VF . Comparison of visual aids for improving reading performance in children with dyslexia.

Med Hypothesis Discov Innov Optom. 2021 Summer; 2(2): 85-93. https://doi.org/10.51329/mehdioptometry130

Received: 23 July 2021; Accepted: 10 November 2021

Copyright © Author(s). This is an open-access article distributed under the terms of the Creative Commons

which permits copy and redistribute the material just in noncommercial usages, provided the original work is

N@ARC”'( Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/)
o

properly cited. !

Med Hypothesis Discov Innov Optom. 2021; 2(2)

85


mailto:r_omar%40ukm.edu.my?subject=
https://orcid.org/0000-0001-9485-1620
https://orcid.org/0000-0001-9485-1620
https://doi.org/10.51329/mehdioptometry130
http://www.ivorc.com
https://mehdijournal.com/index.php/mehdioptometry

86

Visual aids in children with dyslexia

of university graduates in Malaysia are at risk of developing dyslexia [7]. Without good reading capabilities,
comprehension may be affected; hence, children with dyslexia will have a disadvantage when compared to their
school peers. Consequently, improving reading performance among children with dyslexia is crucial to ensure
that they can participate equally in learning opportunities.

Various interventions have been introduced to help children with dyslexia. Among them are the use of tinted
lenses or colored overlays to address reading difficulties and symptoms of asthenopia, to improve reading
performance [8, 9]. Sharanjeet et al. have shown that the use of print on blue paper can increase the reading
speed of children with dyslexia as compared to print on white paper [10]. Exercise therapy, such as monocular
occlusion using glasses with yellow lenses, and short-term occlusion of the left eye can also overcome the
problem of binocular instability, so that children with dyslexia achieve binocular fixation permanently and have
significantly improved reading performance [11].

Several tools have been suggested for children with dyslexia, including typoscopes, Dex frames, and the
COIL visual tracking magnifier (VTM) [12]. However, the use of the Dex frames tool showed no significant
improvement in reading performance, in terms of speed or reading accuracy, in a previous study [13]. More
recent studies have shown that children with dyslexia demonstrated improvement in reading performance when
the crowding effect was reduced or letter spacing was improved [ 14, 15]. Moreover, a study by Bucci et al. showed
that computer-based oculomotor training improved reading proficiency by reducing the time of reading and
fixation duration in children with dyslexia [16]. Similarly, another study showed that rhythmic reading training
improved reading speed and accuracy, as compared to Bakker’s visual hemisphere-specific stimulation and action
video game training, methods that had already been validated [17].

However, all of the above interventions are quite complicated and require children to be present at a clinic.
Hence, it is important to determine if any other simple tools can benefit children with dyslexia to improve
their reading performance without requiring their presence at a clinic. Therefore, this study aimed to examine
the effectiveness of using several simple vision aids, such as a typoscope, magnifying glasses, and a VTM, on
improving reading performance among children with dyslexia. If these methods prove effective, it would provide
a new intervention protocol for children with dyslexia that can be conducted during school to address their
reading difficulties. This would allow children with dyslexia to focus on learning, without the barrier of a reading
disability. In addition, without reading difficulties, children with dyslexia are likely to be more interested in
engaging in reading activities.

This was a case—control study involving children with dyslexia. This study followed the Helsinki Declaration for
Human Subjects and was approved by the Universiti Kebangsaan Malaysia (UKM) Research and Medical Ethics
Research Committee. This study was also approved by the Ministry of Education (MOE), and informed consent
was obtained from the participants’ parents.

Children with dyslexia were randomly selected from 11 schools in Selangor, Wilayah Persekutuan, Negeri
Sembilan, Melaka, and Perak, from the Special Dyslexic School Program of the MOE Malaysia. The sample
size (n) required for this study was calculated based on Seki et al.: n = (Z*0/A) ?, where Z is 1.96 for the 95%
confidence interval, and o is the standard deviation of reading speed (6.728 s) found by Seki et al. for children
with dyslexia [18], and A is the mean difference in reading speed between children with and without dyslexia
(2.88 5) . Therefore, the minimum sample size required was computed as 20 children with dyslexia in each group.
Participants were randomly assigned to four groups: a) typoscope group, b) simple magnifier group, c) VTM
group, and d) control group. The control group participants followed the standard dyslexic intervention program
provided by the MOE Malaysia in their respective schools and were not provided with any reading aids in this
study [19, 20].

A typoscope (COIL, Desa Pandan, KL, Malaysia) (Figure 1A) is a rectangular, non-optical vision aid with a
size of 9 x 12.5 cm and a 1.3-cm aperture at the top that provides good contrast and improves reading focus, as
shown in Figure 1A. The second visual aid was a simple magnifier (COIL, Desa Pandan, KL, Malaysia) with a
magnification of 1.7 x, 18.9 diopters (D), and 143 x 104 mm field-of-view that can be placed above the reading
text, as shown in Figure 1B. Lastly, the VTM, a magnifying lens of 1.7 x magnification and a 7-mm reading
aperture at the center of the lens, is shown in Figure 1C. The VTM used in this study has a gray filter at the top
and bottom of a semi-circular reading opening to reduce distortion and glare while also improving the reading
text contrast. There is also a dark line that allows the user to maintain a readable line of text. The lens is 18.9 D
with a 143 x 104-mm-wide viewing area and has a soft rubber grip around the lens.

The MOE Malaysia defines Level 1 as primary school children aged 7-9 years, and Level 2 as primary school
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children aged 10-12 years [21, 22]. The children were divided into Level 1 and Level 2 based on the level word
difficulties that they could comprehend. Each group consisted of children aged between 8 and 11 years, from
Year 2 to Year S. Year 1 and Year 6 children with dyslexia were excluded from this study due to restrictions by the
MOE, as Year 6 would be attending an important examination, while Year 1 children would still be adapting to a
new learning environment in school. All participants underwent the same examination and evaluation protocol.
The inclusion criteria were students diagnosed with dyslexia, aged between 8 and 11 years, with a normal level
of intelligence (IQ) determined by the Raven Colored Progressive Matrices Test, no health problems that
could interfere with the ability to read or to hold test instruments, no convergence difficulties, and binocular
vision level with correction of 6/9 or better. Those who fulfilled the inclusion criteria for vision examination
underwent evaluation of best-corrected distance and near visual acuity (BCDVA and BCNVA, respectively),
accommodation and convergence tests, and subjective refraction. Those who required spectacles were provided
these, and they were only enrolled in the study after a 1-month adaptation using the new prescription spectacles.

The reading performance test was performed as follows: Reading performance was measured based on reading
speed and reading rate. Reading speed is the time taken to read a text, and the unit is words per minute (wpm)
[23]. The reading rate is obtained by dividing the number of words correctly read by the duration of the reading
time, and the unit is also wpm. The UKM Malay Language-Related Word Reading Text Test consists of 10
different paragraphs with 50 words for Level 1 and Level 2.

All participants underwent a reading performance test, i.e. reading speed test, using a randomly chosen text,
at every review visit. This was done to ensure that the participants did not memorize the reading text test. The
time required to complete reading each paragraph was recorded and analyzed. For each level, the reading speed
was categorized into three categories: normal, slow, and very slow. If a child read within -2 standard deviations
(SDs) of the normal reading range, it was categorized as a slow reading speed. Very slow reading performance was
defined as when reading speed was -3 SD from the normal reading speed range. The range of reading performance
for children without dyslexia at Levels 1 and 2, was adopted from the results of our previous study on reading
performance among primary school children without dyslexia using the Malay Language Related Reading Text
Test [23]. Each participant was supplied with either a typoscope, simple magnifier, or VITM, according to their
group assignment, to be used as reading aids during school sessions only, except for the control group, which
used only the standard MOE dyslexia intervention. This design was to ensure that each participant had an equal
duration of exposure to the visual aids provided. The time taken to complete reading of each text was measured,
and any errors were recorded. Subsequently, reading performance tests, i.e. reading speed, was performed at
week 0 (baseline), week 2, week 6, and week 12. Results were recorded and analyzed. A flow chart of the study
is shown in Figure 2.

The data were analyzed using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA).
The normality of the data distribution was investigated using the Shapiro—Wilk test. Based on these test results,
comparison of reading speed between pre-and post-intervention for control, typoscope, simple magnifier, and
VTM for Levels 1 and 2 were performed using the Wilcoxon rank test. Statistical significance was set at P < 0.0S.

Eighty children with dyslexia participated, and the mean descriptive data for vison tests conducted prior to
the intervention assessment are tabulated in Table 1. The children with dyslexia reading performance, based
on reading speed of the related text, at baseline, weeks 2, 6, and 12 for Levels 1 and 2 are illustrated in Figure 3

Pakelk Abu adala
menjadi contoh
ditanamnya ama
matang untuk di

membell. Namun
Ebchaglunnya dijug

(A) Typoscope (B) Simple Magnifier (C) Visual Tracking Magnifier (VTM)

Figure 1. Types of visual aids used for dyslexia intervention in the different study groups.
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Figure 2. Flow chart for inclusion of children with dyslexia, based on reading performance assessment, according to the type of

reading aid supplied in the study. Abbreviation: VTM, visual tracking magnifier.

Table 1. Mean descriptive baseline data for vision tests of 80 children with dyslexia

Variable

Best-corrected distance VA OD (logMAR)
Best-corrected distance VA OS (logMAR)
Best-corrected distance VA OU (logMAR)
Best-corrected near VA OD (logMAR)
Best-corrected near VA OS (logMAR)
Best-corrected near VA OU (logMAR)
Amplitude of accommodation OD (D)
Amplitude of accommodation OS (D)
Amplitude of accommodation OU (D)
Convergence (cm)

Spherical equivalent OD (D)

Spherical equivalent OS (D)

1Q test (score)

Mean + SD (Range)

0.01 £ 0.02 (0.00 to 0.05)
0.01 £0.01 (0.00 to 0.04)
0.00 £ 0.00 (0.00 to 0.03)
0.00 +0.01 (0.00 to 0.03)
0.00 +0.02 (0.00 to 0.04)
0.00 +0.01 (0.00 to 0.03)
14.81 £ 1.88 (10 to 21.0)
14.60 £ 1.89 (10 to 21.5)
14.74 £ 1.79 (10 to 21.0)
4.52+0.94 (4 to 10)

-0.03+0.89 (+0.25 to - 0.25)

-0.03 +0.98 (0.00 to 0.25)

29.5+23.3 (34.0 to 22.0)

Abbreviations: SD, standard deviation; VA, visual acuity; OD, right eye; OS, left eye; OU, both eyes; logMAR, logarithm of the
minimum angle of resolution; D, diopter; cm, centimeter; IQ, intelligence quotient.
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Figure 3. Reading performance of Level 1 children with dyslexia, assessed by reading speed (word per minute [wpm]) using the
UKM Malay Language-Related Word Reading Text Test, with different types of visual aids.

and Figure 4 for Level 1 and Level 2, respectively. As Figure 3 shows, Level 1 children with dyslexia who used a
VTM showed the best improvement in reading speed, followed by those in the simple magnifier, typoscope, and
control groups. A similar trend of improvement was observed for reading performance using the related text for
Level 2, as shown in Figure 4. The reading performance, that is, reading speed, of the children with dyslexia in the
VTM group at baseline was 35.88 wpm. This started to improve at week 2, with a reading speed of 57.04 wpm,
representing an improvement from slow reading speed to normal reading performance at Level 2 (Figure 4).
The reading speed further improved to 69.62 wpm at week 6 and reached 96.21 wpm at week 12. For the simple
magnifier group, the reading performance only reached the normal range at week 6, with a speed of 55.86 wpm,
and a speed of 66.42 wpm at week 12. On the other hand, the typoscope and control groups did not show any
significant improvement in reading performance throughout the 12-week intervention (Figure 4).

The mean reading speed before the intervention for all four groups is shown in Table 2. These findings indicate
that the children with dyslexia who participated in this study had similar reading performance for both Levels 1 and
2. Reading performance of children with dyslexia at both Level 1 and 2 showed a significant improvement from
before to after intervention when simple magnifiers and VTMs were used as reading aids, as shown in Table 2 (all
P < 0.05). The reading performance of children with dyslexia (Level 1 and Level 2) using a typoscope remained
in the slow category, even after 12 weeks of intervention. However, children in the simple magnifier group, at both
Levels 1 and 2, showed significant differences (P < 0.05) in reading speed after the 12-week intervention. In general,
their reading speed showed a 2-fold increase at both Levels 1 and 2. Moreover, the VTM group showed a 2.5 times
faster reading speed post-intervention as compared to pre-intervention, and the reading performance changed from
the slow category to the normal reading category. However, for the control group, reading speed did not show any
significant improvement (P > 0.05) for either level, and remained in a slow category.
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Figure 4. Reading performance of Level 2 children with dyslexia, assessed by reading speed (word per minute [wpm]) using the
UKM Malay Language-Related Word Reading Text Test, with different types of visual aids.

Table 2. Comparison of mean reading performances pre- and post-intervention for 80 children with dyslexia using a typoscope,
simple magnifier, visual tracking magnifier, and the control intervention

Children with dyslexia Types of intervention Pre, Mean + SD* Post, Mean + SD* P-value
Level 1, 7- to 9-year-olds Control, (n=7) 33.06 £ 1.49 32.70 £2.07 0.23
(n=33) Typoscope, (n=9) 33.57 £2.50 3429+1.43 0.06
Simple Magnifier, (n = 9) 31.73+2.56 69.43 +5.28 <0.001
VTM, (n =8) 37.824£3.20 94.99 + 1321 0.01
Level 2, 10- to 12-year-olds Control, (n=13) 32.29 £4.05 33.96 £ 1.64 0.06
(n=47) Typoscope, (n=11) 32.39+.83 32.88+1.97 0.09
Simple Magnifier, (n=11) 3433 £1.94 66.42 £3.85 <0.001
VIM, (n=12) 35.88+3.12 9621+11.1 <0.001

Abbreviations: SD, standard deviation; n, number; VTM, visual tracking magnification; wpm, words per minute. P-values < 0.0S,
are shown in bold. Note:“Mean = SD of reading performance (reading speed [wpm]); pre, pre-intervention at baseline; post, post-
intervention at week 12.

This study found that the reading performance of a group of primary school children with dyslexia, using a
VTM, increased 2.5 times as compared to the reading speed prior to the 12-week intervention, for both Level
1 and Level 2. This is because the VTM enlarged the size of the printed text by 1.7 times the original size. This
means that, for Level 1, the print size increased from font size 16 to size 27.2, and for Level 2, it increased to
size 23.8. This finding was supported by Martelli et al., who demonstrated an improvement in reading rate
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with the increase in letter size for each individual, up to a maximum (40 wpm in children with dyslexia versus
110 wpm in controls) [24]. It has been suggested that children with dyslexia also needed a larger print size
than normal to facilitate reading and letter recognition processes [25]. Moreover, a study by Spinelli et al.
suggested that children with dyslexia need a larger print size because of lateral crowding [26]. Thus, VTM
use improved letter recognition by children with dyslexia and reduced errors while reading. A previous study
also reported that an increase in character size, line contrast, and in visual span size changed the reading speed
in children with dyslexia [27], which supports our findings, where the reading performance of a group of
children with dyslexia using VTM and magnifying glass showed faster reading speed than did those who used
a typoscope or the control intervention. Furthermore, the results of Cheong et al’s study also supported this
study, in finding that subjects were more comfortable reading using a magnifying glass combined with a line
indicator [28].

We assessed reading performance in children with dyslexia at weeks 0, 2, 6, and 12. The VIM and simple
magnifier groups showed significant improvement in reading performance. The increased reading speed of Level
1 and 2 students with dyslexia was best demonstrated by the VTM group, followed by the simple magnifier,
typoscope, and finally the control group. A possible reason for reading better with a VITM is that it is not only
enlarged the text, but also had a window to help students with dyslexia trace the lines of text and help the
movement of the eyes while reading [29]. The VIM also has two semi-circular amplifiers that reduce the glare
effect, and increase the contrast and indicator space. All these factors help to improve reading performance in
children with dyslexia in reading speed or higher reading rate than simple magnifiers, typoscopes, or control
panels. Although this study showed a significant improvement in reading speed with a simple magnifier, a study
by Bowers et al. [30] contradicted the findings, where they found that the use of magnifying glasses caused
some problems in lens navigation while reading. They reported that, when reading using a magnifying glass, the
reading performance would be slowed because of the navigation factor of the magnifying glass [30]. The possible
difference in the outcome of both studies was due to the study participants. Our study involved children with
dyslexia, whereas Bowers et al. included visually impaired subjects [30].

This study recruited children with dyslexia and provided training to read with simple visual aids, namely,
Typoscope, magnifying glass, and VTM. The reading speed improved significantly after training with simple
visual aids. We included subjects with nearly similar reading performance and of all the visual aids, VTM was
the most promising device, followed by a simple magnifier. It is advisable to prescribe and train children with
dyslexia with proper visual aids to improve reading performance, as also reported by Cox et al., who showed
that training children using visual aids is effective at an age as early as 4.67 £ 0.6 years [31]. In addition,
recent studies also supported that visual attention training improved reading capabilities, and Trigram
visuo-perceptive training improved the reading rate in children with dyslexia [32, 33]. In future studies, it
will be necessary to consider variable baseline reading performance and the impact of training with visual
aids thereon. In addition, this study stopped the intervention at 12 weeks. The observation time should be
extended further to observe the sustainability of improved reading performance after discontinuation of the
intervention. Moreover, reading comprehension and eye movements during reading with visual aids need to
be considered in future studies.

Simple visual aids, i.e., a VTM and a simple magnifier, improved reading performance in children with dyslexia.
However, training with a typoscope did not significantly improve the reading speed. Because VTM intervention
improved reading speed to a normal value, we suggest that this should be used as part of rehabilitation or
intervention for all children with dyslexia, particularly those participating in dyslexia programs in schools.
However, future studies with longer follow-up periods are needed to confirm the sustainability of this improved
reading performance after discontinuation of the intervention.

Ethical approval: This study followed the Helsinki Declaration for Human Subjects and was approved by the
Universiti Kebangsaan Malaysia (UKM) Research and Medical Ethics Research Committee (UKM 1.5.3.5/244/
SPP2/FF1932007). This study was also approved by the Ministry of Education (MOE), and informed consent
was obtained from the participants’ parents.
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