Influence of Base Material on Transparent-Resinous-Ultraviolet-Curing-Type Braille Reading
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Introduction

Transparent-resinous-ultraviolet-curing-type (TRUCT) Braille signs are rapidly gaining popularity in Japan, especially when they are printed together with visual characters. These signs are produced by screen printing and are made using a resinous ink that is cured with ultraviolet radiation (Figure 1). Figure 1 shows method of screen printing. The screen printing technique can be applied to various base materials such as paper, metal and plastic, on which the Braille dots are printed, and TRUCT Braille signs have begun to be used in public facilities, such as on tactile guide maps, ticket vending machines and handrails (Figure 2). Naturally, it is expected that Braille beginners will utilize these signs. The Japan Braille Library has already adopted TRUCT Braille in texts for Braille beginners with acquired visual impairment 1).　 However, it is pointed out that Braille readers find it not easy to read TRUCT Braille which is printed on base material on which their forefingers can not slide easily. The purpose of this study is to examine the influence of base material on the TRUCT Braille reading.　In this study, we conducted an experiment to compare the readability of TRUCT Braille printed on base materials that have different coefficient of kinetic friction.

1)
TRUCT ink is put in unfilled areas of the mesh on the screen by sliding squeegee

2)
TRUCT ink is forced down through the unfilled areas of the mesh

3)
TRUCT ink is transferred to base material such as paper

4)
TRUCT ink is cured by ultraviolet rays

[image: image1.png]1 UVink /7=<—slide
) screen’  \ squeegee

printed tablé base material

) —>slide
press
#— —

3) slide — =

£

!transfered UV ink

4) rays
TRNEEN

\UV cured ink





Figure 1 　Method of screen printing
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Figure 2   TRUCT Braille printed on booklet-type tactile guide map

Materials and Methods

In this study, we conducted an experiment to compare the readability of TRUCT Braille printed on two base materials that have different coefficient of kinetic friction. The characters were printed on a laminate film and a fine paper. The laminate film is generally used as base material, because it protects the surface of the visual characters. It is known that laminate film is base material on which the forefinger cannot slide easily. The fine paper is used as most common base material.

We also compared coefficient of kinetic friction between two base materials and forefinger. We developed friction tester for measuring coefficient of kinetic friction (Figure 3), base material was automatically slidden by stepping motor. We used laminate film as base material. Sliding speed was as same as Braille reading speed. Participants were two sighted persons. The coefficient of kinetic friction of fine paper was about one-fourth that of laminate film (Figure 4). 
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Figure 3   Friction tester for measuring coefficient of kinetic friction

[image: image4.png]coefficient of

kinetic friction u

B
o

W
o

N
o

RN
o

o

2.62

-0.77

laminate film fine paper

base materials




Figure 4   Result of experiment to measure the coefficient of kinetic friction between forefinger and base material, using laminate film and fine paper as the base materials.
In this study, we compared the readability of TRUCT Braille which was printed on a laminate film and a fine paper. Participants were twelve Braille learners with acquired visual impairment. Their average age was 53.5 years. They were asked to read randomly arranged Japanese TRUCT Braille characters. The characters were printed on laminate film and fine paper. The Braille used in this study consisted of two different dot heights: 0.15 and 0.40 mm, with a Japanese standard dot distance of 2.3 mm2). The subjects were asked to read the characters verbally for one minute, both on laminate film and on fine paper, twelve times. We recorded the reading speed and error rate, and the reading speed was determined as the number of characters read per minute. The error rate was displayed as the percentage of reading mistakes. In each case, the results were analyzed statistically using two factors (finger cover and dot-height) between the groups employing the analysis of the variance (ANOVA) technique with Bonferroni multiple comparison test corrections.

Results

The average reading speed and error rate were measured, and the results are shown in figure 5 and figure 6. 

1) Reading speed (characters /min)

Figure 5 shows result of reading speed. From figure 5, in the case of the 0.15 mm dot height characters, the reading speed of laminate film was 26.8 characters per minute, and that of fine paper also was 47.1 characters per minutes. In case of the 0.4 mm dot height characters, the reading speed of laminate film was 39.6 characters per minute, and that of fine paper also was 48.8 characters per minutes.
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Figure 5 Reading speed (characters/min).

In the case of the 0.15 mm dot height characters, the reading speed of fine paper was about twice that of laminate film. In the case of the 0.4 mm dot height characters, the reading speed was about 1.2 times faster when the base material was fine paper than that was laminate film. Regarding laminate film, the 0.4 mm dot height character reading speed was about 1.5 times faster than the 0.15 mm dot height character reading speed. In contrast, no significant difference in reading speed between the two dot height characters was observed when the base material was fine paper. These results show that most subjects could read TRUCT Braille significantly faster when the base material was fine paper than that was laminate film.

2) Error rate (%)

Figure 6 shows result of error rate. From figure 6, in the case of the 0.15 mm dot height characters, the error rate of laminate film was 11.8 %, and that of fine paper also was 3.1 %. In case of the 0.4 mm dot height characters, the error rate of laminate film was 5.4 %, and that of fine paper also was 2.6 %.
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Figure 6. Error rate (%).

The error rate of fine paper for the 0.15 mm dot height characters was about one-fourth that of laminate film for them. The error rate of fine paper for the 0.4 mm dot height characters was about half that of laminate film for them. Regarding laminate film, the error rate of reading 0.4 mm dot height characters was about half that for reading 0.15 mm dot height characters. Regarding fine paper, no significant difference in error rate of reading between 0.4mm dot height characters and 0.15mm dot height characters. These results show that most subjects could read TRUCT Braille significantly more correctly when the base material was fine paper than that was laminate film.

Discussion

The results of this experiment show that most subjects could read TRUCT Braille significantly more correctly and faster than when the base material was fine paper than that was laminate film. Especially, in the case of the 0.15 mm dot height characters, the reading speed of fine paper was about twice that of laminate film, and the error rate of fine paper was about one-fourth that of laminate film. And also, the coefficient of kinetic friction of fine paper was about one-fourth that of laminate film. An interpretation of our results could be that the signal for identifying each dot is not easy to be transmitted in case of base material with high coefficient of kinetic friction, because the noise due to the friction between the base material and the forefinger’s skin is larger than signal for identifying each dot. In practice, most subjects claimed that it was difficult to read TRUCT Braille printed on laminate film because their forefingers could not slide easily due to the friction. 

Regarding the difference of readability of between 0.15mm dot height characters and 0.4mm dot height characters, in case of laminate film, the 0.4 mm dot height character reading speed was about 1.5 times faster than the 0.15 mm dot height character reading speed. And also, the error rate of reading 0.4 mm dot height characters was about half that of reading 0.15 mm dot height characters. We found that dot height may influence on the readability of TRUCT Braille printed on laminate film. In case of fine paper, no significant differences in both reading speed and error rate between the two dot height characters were observed. It was found that dot height may not influence on the readability of TRUCT Braille printed on fine paper.

From these results, we found that base material influences on TRUCT Braille reading. And also, a lot of friction may obstruct the movement of the forefinger, and so the forefinger may fail to receive sufficient stimuli from the dots to be able to read them. This knowledge will be very helpful data when printing makers choice base material.

Conclusions

In this study, we conducted an experiment to compare the readability of TRUCT Braille printed on base materials that have different coefficient of kinetic friction. Twelve persons with acquired visual impairment who were learning to read Braille participated in our experiment. The results of this experiment show that most subjects could read TRUCT Braille significantly more correctly and faster than when the base material was fine paper than that was laminate film. We found that base material influences on TRUCT Braille reading. This knowledge will be very helpful data when printing makers choice the base material.
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