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Abstract
A comparison reading performance was done between 53 schoolchildren who are using print to read and 54 schoolchildren who are using Braille. Reading performance was determined using reading rate (words per minute, wpm) and comprehension test scores. Reading rate results showed significant difference (p=0.001) between those using print (53.21±34.83 wpm) and Braille (33.27±19.83 wpm). However, no significant difference was found for comprehension test scores. Mean test scores were 77.54±18.18 for print and 73.33±22.99 for Braille readers. We further analyzed the results of print readers by dividing them into two groups based on their reading speed. Group A was those who could read at a normal reading rate while Group B was those who read at slower reading rate. The normal reading rate was determined from 150 age-matched students from a mainstream school. Comprehension test results showed higher mean scores for Group A (83.75±11.47) compared to Group B (74.86±19.94) (p=0.047). No significant difference was found when the visual status (distance and near visual acuity) of the two groups were compared. This suggests that those who read at normal reading rate have better comprehension ability and slower reading rate may reduce the ability but it is not necessarily due to visual status.

INTRODUCTION

Students who are visually impaired may be using either enlarged print or standard print (at decreased viewing distance or by using magnifiers) or Braille to read. In Braille, raised dots representing letters are used and the students moved their fingers from left to right to read. Past studies have shown that visually impaired students read at lower reading rate compared to normally sighted students (Gompel et al. 2004).

Reading involved the ability to gather visual information from the pages as well as the ability to understand what have been read (Rayner and Pollatsek, 1989). Hence, reading is a complex task involving both visual and non-visual factors such as motor coordination, motivation and cognitive ability. Wetzel and Knowlton (2000) found that reading task is the primary determinant of reading strategy and ultimately reading rate. For example, whilst scanning reader will be looking for specific information and thus reading rate can be very fast. On the other hand, when studying the reader need to retain and recall facts and reading rate can slow down. However, it has been suggested that if visually impaired students need more time and effort for word recognition, they have less processing capacity and ultimately comprehension will be affected. 

The first aim of this study is to compare reading performance of visually impaired students who are using either Braille or print to read in a Special Education School (Blind) in Kuala Lumpur. The second objective is to compare reading performance of print readers who read at normal with those who read at slow rate.

METHODS

One hundred and seven visually impaired students from Special Education School (Blind) in Kuala Lumpur participated in the study. Their age range from 13 to 20 years old (Form 1 to 5). Out of the 107 students, 53 students used print (of which 11 used standard prints with magnifiers and 42 used enlarged print) and 54 students used Braille to read. Prior to reading performance test, distance visual acuity was measured using the Bailey-Lovie LogMAR chart. Near visual acuity was measured using a Malay word reading chart and the results were recorded using the N-point system. 

Reading performance was determined using reading speed and comprehension test. Reading speed of print readers was measured using charts consisting of Malay unrelated words to avoid contextual clues. Each chart consists of 50 words and the words selection was based on their reading level. The print size of the charts used varies depending on the students near acuity. The print size chosen for each student was one size bigger than the near acuity. This is to make sure that vision is not a factor that causes slower reading speed. The same charts that have been converted to Braille format were used for the Braille reader. The students were asked to read aloud and reading time as well as number of errors was recorded. Words that were missed or read incorrectly were counted as error. From these data, reading speed was computed in words per minute (wpm). 

Comprehension test was done by asking the students to read silently a selected Malay language article. The articles were selected by the Malay language teachers and level of difficulty varies depending on the student’s reading level. The students were then asked to answer 10 objectives questions without referring back to the article and no time restriction was imposed on them. The number of correct answers was reported in percentage.

Normal reading was determined from 150 age-matched normally-sighted students at one of the mainstream school in Kuala Lumpur. The normally-sighted students were randomly selected and inclusion criteria are habitual distance visual acuity of at least 6/7.5, near acuity of at least N10 with good binocular vision and no history of ocular diseases. The same reading speed and comprehension test charts were used with the normally-sighted students. Similarly, the print size used for both tests was one size bigger than the near visual acuity.

RESULTS

Comparison between Print and Braille readers.

The reading rate of the students who are using print and Braille to read is shown in Figure 1.0. It can be seen that most of the Braille readers have lower reading rate compared to the print readers. The range of reading rate for print readers is from 4 to 140 wpm with mean of 53.21±34.83 wpm whilst the range for Braille readers is from 5 to 87 wpm with mean of 33.27±19.83 wpm. T-test shows that the difference in mean reading rate between print and Braille readers is significant (p<0.001). 

Comprehension scores for both print and Braille readers are shown in Figure 2.0. The scores were divided into three category, low scores (between 0 to 30%), moderate scores (between 40 to 70%) and high scores (between 80 to 100%). From the graph, it can be seen that both groups (print and Braille readers) are very similar in their performance with least number of students having low scores and most students with high scores. The range of comprehension scores is from 30 to 100% with mean scores of 77.55±18.18 % for print readers, whilst the range for Braille readers is from 10 to 100% with mean of 73.33±22.99 percent. T-test shows that the difference in mean comprehension scores between the print and Braille readers is not significant (p=0.296).
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FIGURE 1: Reading rate of print (n=53) and Braille (n=54) readers.
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FIGURE 2: Comprehension scores of print (n=53) and Braille readers.

Comparison of reading performance between fast and slow print readers

In the second part of the analysis, the print readers were divided into two groups based on their reading speed. Group A was those who could read at a normal mean reading rate ± 1 S.D, whilst Group B was those who read at slower reading rate, below 1 S.D. of normal rate. Normal reading rate was obtained from 150 age-matched normally sighted students. The mean reading rate for these students was 102.83±32.72 wpm, ranging from 70.11 to 135.55 wpm. This value is slightly lower than expected because reading rate was measured using chart with unrelated words. 

For the print readers (visually impaired students), it was found that 16 students fall into Group A and 37 students into Group B. The mean reading rate for Group A was 97.69±22.47 wpm while the mean reading rate for Group B was 33.97±16.79 wpm. The mean comprehension score for Group A was 83.75±11.47% whilst the score for Group B was 74.86±19.95%. T-test showed that the difference in comprehension scores between Group A and B is significant (p<0.05). 

The mean distance and near acuity for Group A was 1.13±0.31 logMAR and N10.25±7.62 respectively. The mean distance and near acuity for Group B was 1.14±0.46 logMAR and N10.92±4.84 respectively. T-test showed that there were no significant differences in the mean distance (p=0.90) and near visual acuity (p=0.78) for both groups. Summary of reading rate, comprehension scores, distance and near visual acuity for both groups are shown in Table 1. 

	Parameters
	Group A (n=16)
	Group B (n=37)

	Reading speed (wpm)
	97.69(22.47
	33.97(16.79

	Comprehension (%)
	83.75(11.47
	74.86(19.94

	Distance VA (log)
	1.13(0.31
	1.14(0.46

	Near VA (N-point)
	10.25(7.62
	10.92(4.84


DISCUSSIONS

It was found that there are almost equal number of students in the Special Education School (Blind) in Kuala Lumpur who are using either print or Braille to read at the time of this study. However most of the students who are using Braille, read at a much lower speed compared to those who are using print. This finding differs from previous study by Legge et al. (2000) who showed that the Braille and print readers have comparable reading rate.

It has been suggested that Braille reading is slower compared to print reading because only about one character is recognized at a time (Foulke, 1991). In other words, Braille reading is limited by the number of characters (or dots) that can be processed per unit time. The lower reading rate among the visually impaired students who are using Braille however did not affect their comprehension as no significant difference was found compared to print readers. This suggests that although reading slowed down, the ability to integrate information that was gathered whilst reading is not affected. It is possible that the IQ levels of both groups are similar, but this could not be confirmed since it was not measured. 

The mean reading rate of Braille and print readers found in this study is much lower than those reported in the past. For example Foulke (1991) found that the mean Braille reading rate for adults is about 100 wpm. In another study Legge et al. (2000) found that the median reading rate for Braille and print readers is 124 wpm and 111 wpm respectively. It is possible that higher reading rates were reported in the past because their study used related sentences to measure reading speed, whilst unrelated words were used in this study. Legge et al. (2000) found that context can increased the reading rate up to 40%.

In the second part of the analysis, we divided the print readers into two groups, those who read at normal reading rate (Group A) and below 1 S.D of normal rate (Group B). The results showed that when reading slowed down below the normal reading rate, comprehension is affected. This suggests that when much attention has to be given for word recognition (probably due to poor vision), less attention can be allocated to processing of the information. Hence, comprehension is affected. However, no significant differences were found for distance and near visual acuity for both groups. Thus, reduced comprehension ability for group B could not be attributed to reduced vision.  

CONCLUSIONS

This study found that visually impaired students, who are using Braille, read at a significantly lower rate compared to those who are using print. However the comprehension ability of the students is very similar. This study also found that visually impaired print readers who have normal reading speed have better comprehension ability compared to those with lower reading speed. However, reduced comprehension ability is not necessarily due to visual status.
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