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1 Introduction

It is almost impossible for the dyslexic and the newly blind, who have difficulties with reading
in braille or print, to take the National Center Test for University Admissions. The National
Center Test is the joint achievement test for admissions into all national and local public uni-
versities as well as many private universities in Japan. Every year, about 550,000 students take
the National Center Test. As for test-takers with disabilities, special arrangements regarding
testing media such as large-print-format test and braille-format test have been administered
[2]. However, auditory testing media have not been available yet. Moreover, it is considered to
be difficult to take the National Center Test with ordinary types of auditory testing media be-
cause the documents are very long and the document structure very complicated. This study
introduces a new testing method for the dyslexic and the newly blind with a new auditory
testing medium.

In most advanced countries, auditory testing media such as human readers, audio cassettes
[3, 4] or computers with a screen reader are available for test-takers with disabilities. The
simplest method is to recruit readers and have them read out a test booklet to a test-taker di-
rectly, but it is not easy to find enough well-trained readers for each test-taker. And for fairness
and security reason, it might be necessary to supervise such readers by another person. Audio
cassettes make it easy for test-takers to listen to the test sequentially, but it is inconvenient to
go directly to a particular section of the test unless rewinding and fast-forwarding can be done
easily. Computers are also inappropriate for tests written in Japanese even with an advanced
screen reader because of the ambiguity of reading Kanji in Japanese sentences. A screen reader
often fails to convert Japanese sentences into correct Japanese speech.

For auditory testing media for the National Center Test, the utilization of DAISY (Digital
Audio Accessible Information System) and Tablet PC has been studied [1]. DAISY is a world
standard audio system for people with visual disabilities, taking the place of audio cassettes.
DAISY offers speech sound in CD quality, and test-takers can listen to the document from any
point, such as from an underlined or blank part, without delay. They can also use the talk-
speed-control function, by which the speech sound can be adjusted from 1/2 to 3 times normal
speed. However, DAISY is not convenient enough for tests which have complicated document
structure. Tablet PC has been identified as appropriate testing media [1]. However, there are
difficulties in administration because prevention of machine trouble cannot be ensured.

A new testing method with a digital audio player and document structure diagrams is
developed. In Fig. 1, an image of administration of the new testing method is shown. Tests can
be administrated only with a digital audio player with 2-dimensional code reader and sheets
of paper on which document structure diagrams and corresponding invisible 2-dimensional
code have been printed. For the dyslexic, the document structure diagrams are printed with
ordinary characters, while, for the newly blind, they are printed with braille characters.

1



Figure 1: An image of administration of the
new testing method.

Figure 2: An example of the document struc-
ture diagram printed on a paper.

2 New Testing Method

A new testing method that can be administrated only with a digital audio player and sheets of
document structure diagrams is developed. The introduction of invisible 2-dimensional codes
and a digital audio player with 2-dimensional code reader enable us to develop the method.

2.1 Document Structure Diagrams

Document structure diagrams are sheets of paper on which the document structure of each
problem is illustrated. The document structure and corresponding invisible 2-dimensional
codes are printed on white paper by an LED printer (OKI Data Corporation). For the
newly blind, the braille document structure is also embossed overlappingly by a braille printer
(ESA721; JTR Corporation). Fig. 2 is an example of a document structure diagram. Each
document structure diagram of a problem can be arranged within a sheet of paper.

On the same paper of a document structure diagram, invisible 2-dimensional codes can
be printed overlappingly. For an evaluation experiment, we employ ‘GridOnput’, an invisible
2-dimensional code system developed by Gridmark Solutions Co.,Ltd.

2.2 Digital Audio Player with 2-Dimensional Code Reader

As a reading device for the new testing method, we employ ‘Speaking Pen’ developed by
Gridmark Solutions Co.,Ltd. Speaking Pen has a 2-dimensional code reader at its top. When
a 2-dimensional code is scanned with Speaking Pen, the corresponding digital sound will be
reproduced. We can listen to the sound through a headphone or built-in speaker. The sound
volume can be adjusted with its buttons mounted at the front side. The sound data is stored
in a SD memory card. 1G byte is enough to store all sound data of 1-year amount of the
National Center Test.

2



Table 1: Image of the experimental design for the Graeco-
Latin square method.

Subect Groups
Group 1 Group 2 Group 3 Group 4

Print/Braille Audio ×1.0 Audio ×1.5 Audio ×2.01st
Problem 1 Problem 3 Problem 4 Problem 2
Audio ×1.0 Print/Braille Audio ×2.0 Audio ×1.52nd
Problem 2 Problem 4 Problem 3 Problem 1
Audio ×1.5 Audio ×2.0 Print/Braille Audio ×1.03rd
Problem 3 Problem 1 Problem 2 Problem 4
Audio ×2.0 Audio ×1.5 Audio ×1.0 Print/Braille4th
Problem 4 Problem 2 Problem 1 Problem 3

Table 2: Allotment of num-
ber of characters and number
of braille cells.

Characters Braille
Problem 1 2,255 4,866
Problem 2 2,000 4,543
Problem 3 1,796 3,996
Problem 4 2,410 5,247
Total 8,461 26,190

3 Evaluation Experiment

In order to evaluate the new testing method, an experiment was conducted by comparing
new audio tests with three different speaking speeds and a normal-print-format or braille-
format test. For experimental subjects, non-disabled high-school students and blind high-
school students were recruited.

3.1 Method

The experimental design was a repeated 4x4 Graeco-Latin square method because we could
not use the same problem in different test media for the same person. The image of the
experimental design for the Graeco-Latin square method is shown on Table 1. The non-disabled
subjects are 20 students from ordinary high schools. The blind subjects are 16 students from a
high school for the blind (some are graduates of the same school), who are familiar with both
braille and audio learning materials. There were 4 subject groups, i.e., the subjects were evenly
divided into 4 subgroups. There were 4 testing media: normal-print-format or braille-format
test, audio test of normal (×1.0) speaking speed, audio test of ×1.5 speaking speed, and audio
test of ×2.0 speaking speed. Four problems were prepared from tests in ‘Contemporary Social
Studies’ previously used in the National Center Test. The allotment of number of characters
and number of braille cells are shown on Table 2.

The test procedure is administered without time limits. The behavior of blind subjects was
observed by test monitors, and the answer-process time of blind subjects was recorded by the
monitors using stop watches.

3.2 Result

The distributions of score of the four testing media were almost same for both non-disabled
subjects and blind subjects. For non-disabled subjects, there were no significant differences
among the four test media. For blind subjects, the score of audio test of ×1.5 speaking speed
was significantly lower than the other test media. However, the difference was only 2% in
median among them. There were no significant differences among the other test media.

The distributions of answering speed of the four testing media are shown as Box-and-
Whiskers plots in Fig. 3. The vertical lines in the middle of the box plots indicate the median.
The ‘+’ symbols in the boxes are the mean. For non-disabled subjects, the answering speed of
normal-print-format test is significantly faster than audio tests of normal and ×1.5 speaking
speed, and the answering speeds of audio tests of ×2.0 and ×1.5 speaking speed are significantly
faster than audio test of normal speaking speed. For blind subjects, the distributions of the
answering speed of the four test media were almost same. The answering speed of the audio

3
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Figure 3: Distributions of answering speed (characters/minuites).

tests of ×2.0 and ×1.5 speaking speed was a little faster than braille-format test but there
were no significant difference. There was a significant difference between the answering speed
of braille-format test and audio test of normal speaking speed.

We found that the answering speed becomes 29% faster for non-disabled subjects and 10%
faster for blind subjects if audio test of ×1.5 speaking speed is used comparing to normal
speaking speed. If audio test of ×2.0 speaking speed is used, the answering speed becomes
41% faster for non-disabled subjects and 13% faster for blind subjects

4 Conclusion

The new testing method enables the dyslexic and the newly blind to take the National Center
Test for University Admissions since the administration of the new testing method is easy, and
test-takers can handle problems with complicated document structure. We can administrate
tests only with a digital audio player with 2-dimensional code reader and sheets of paper on
which document structure diagrams and corresponding invisible 2-dimensional code have been
printed. The use of testing materials is considerably easy. After brief training, test-takers can
start reading problems and questions at any point of their preference. If we print 2-dimensional
codes on figures, we can set problems with figures.

As a result of evaluation experiment, the new audio tests are almost equivalent to normal-
print-format and braille-format tests in score.
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Abstract. Utilizing invisible 2-dimensional codes and digital audio
players with a 2-dimensional code scanner, we developed two types of
new auditory testing media. The result of experimental evaluation of
the new testing media shows that, in addition to existing special accom-
modations such as large-print-format test and braille-format test, the
introduction of the new auditory testing media enables all test-takers
with print disabilities, including the newly blind, the severely partially
sighted and the dyslexic, to take the National Center Test for University
Admissions.

1 Introduction

The National Center Test for University Admissions is the joint first stage
achievement test for admissions into all national and local public universities as
well as many private universities in Japan. Every year, about 550,000 students
take it. As for test-takers with disabilities, special accommodations regarding
testing media such as large-print-format test and braille-format test have been
administered [1]. However, auditory testing media have not been available yet.
In most advanced countries, auditory testing media such as human readers, au-
dio cassettes or computer screen readers are available for test-takers with print
disabilities [4, 5].

It is necessary to develop new auditory testing media for the National Center
Test. It is almost impossible to take the National Center Test with ordinary
types of auditory testing media because the documents are very long and the
document structure very complicated. Computer screen readers often misread
some combinations of Chinese characters in Japanese documents.

For auditory testing media for the National Center Test, the utilization of
DAISY (Digital Audio Accessible Information System) and Tablet PC has been



studied [2]. DAISY is a world standard audio system for people with visual dis-
abilities. Test-takers can listen to the document from any point, such as from an
underlined or blank part, without delay. They can also use the talk-speed-control
function. However, DAISY is not convenient enough for tests which have com-
plicated document structure. On the other hand, tablet PC has been identified
as appropriate testing media [2]. However, there are difficulties in administra-
tion because security of test administration and prevention of machine trouble
cannot be ensured.

Utilizing invisible 2-dimensional codes and digital audio players with a 2-
dimensional code scanner, we developed two types of new auditory testing media
for test-takers with print disabilities. In 2009, auditory tests of speech sounds
on document structure diagrams were developed [3], and, in 2010, multimodal
tests of speech sounds on ordinary texts were developed.

Experiments were conducted to evaluate the two types of new auditory test-
ing media. The result shows that, in addition to existing special accommodations
such as large-print-format test and braille-format test, the introduction of the
new testing media enables all test-takers with print disabilities, including the
newly blind, the severe partially sighted and the dyslexic, to take the National
Center Test for University Admissions.

2 Two Types of New Auditory Testing Media

Using the two types of new auditory testing media, tests can be administrated
only with digital audio players and paper booklets (Fig. 1). The introduction of
invisible 2-dimensional codes enable us to develop the new testing media.

We employ ‘GridOnput’, an invisible 2-dimensional code system developed
by Gridmark Solutions Co., Ltd (Fig. 2, left). Dots of GridOnput are arranged
at intervals of about 0.25 mm. The size of a code is about 2 mm square. Since
the intervals are large enough for the size of dots themselves, dots are almost
invisible. If we use invisible ink, which absorbs only infrared light, instead of
black ink, dots become totally invisible.

As a reading device for the new auditory testing media, we employ ‘Speaking
Pen’ developed by Gridmark Solutions Co., Ltd (Fig. 2, right). Speaking Pen has
a 2-dimensional code scanner at its top. When a 2-dimensional code is scanned
with Speaking Pen, the corresponding speech sound is reproduced. We can listen
to the sound through a headphone or built-in speaker. The sound volume and
speed can be adjusted with its buttons mounted at the front side. The sound
data is stored in an SD memory card. 1G byte is enough to store all sound data
of 1-year amount of the National Center Test.

2.1 Auditory Tests of Speech Sounds on Document Structure
Diagrams

For newly blind test-takers, partially sighted test-takers and dyslexic test-takers
who can read neither braille nor printed characters, auditory tests of speech
sounds on document structure diagrams were designed [3].



Fig. 1. Test Scene

�

Fig. 2. 2-Dimensional Code (left), and Speaking Pen (right)

Document structure diagrams represent the organization of test documents.
Fig. 3 (left) is an example of a document structure diagram in the Japanese lan-
guage. Each document structure diagram of a problem can be arranged within
a sheet of paper. The first line shows the subject name ‘Kokugo 1’ and the sec-
ond line the problem number ‘Dai 2 Mon’. The upper part shows the document
structure of the theme document of the problem. Each line ‘(1)’-‘(3)’ corresponds
to a paragraph in the theme document. The symbol ‘—’ represents a sentence
in a paragraph, and the symbols ‘a’-‘e’ represent underlined parts of the theme
document. The lower part shows the document structure of the questions of the
problem. Each line ‘Toi 1’-‘Toi 2’ corresponds to a question. The numbers ‘3’-‘4’
represent answer items, and the number symbols ‘1’-‘4’ represent multiple-choice
answers for an answer item.

Document structure diagrams and corresponding invisible 2-dimensional
codes are printed on white paper by an LED printer (OKI Data Corporation).
Braille characters and braille lines may also be embossed on the same paper over-



 

Fig. 3. Document Structure Diagram (left), and Ordinary Text with 2-Dimensinal
codes (right)

lappingly for newly blind test-takers. When any part of a document structure
diagram is touched by a digital audio player with a 2-dimensional code scanner,
the invisible code is scanned, and the corresponding speech sound is reproduced.

2.2 Multimodal Tests of Speech Sounds on Ordinary Texts

For dyslexic test-takers and partially sighted test-takers who can read some
printed characters, multimodal tests of speech sounds on ordinary texts were
designed.

In a test-booklet of multimodal tests of speech sounds on ordinary texts,
normal characters or large-print characters are printed overlappingly with cor-
responding invisible 2-dimensional codes. Fig. 3 (right) is an example of a page
of a test-booklet.

Similarly to the document structure diagrams, when any part of the texts is
touched by a digital audio player, the invisible code is scanned, and the corre-
sponding speech sound is reproduced. Paragraph numbers are prepared so that
test-takers can reproduce the speech sound of each paragraph.

3 Evaluation Experiment

3.1 Experimental Design for Partially Sighted Subjects and
Dyslexic Subjects

The experimental design is a repeated 3x3 Graeco-Latin square method.
The partially sighted subjects are 9 partially sighted high school students

including some fresh graduates. The median of their corrected visual acuity
is 0.08. They are divided into three subject groups. The dyslexic subjects are
9 dyslexic adults. Only one of them is a high school student because it was
difficult to find dyslexic high school students in Japan. They are also divided



into three subject groups. There are three testing media: large-print-format test,
auditory test of speech sounds on document structure diagrams, and multimodal
test of speech sounds on ordinary texts. The speech sounds are recorded as
natural voice. Problems are from three study subjects: Japanese, English, and
mathematics. The test procedure is administered without time limits.

3.2 Experimental Design for Braille User Subjects and Nondisabled
Subjects

The braille user subjects are 15 students from a high school for the blind. The
nondisabled subjects are 21 high school students. Both of them are divided into
three subject groups. There are three testing media: braille-format test, auditory
test of speech sounds on document structure diagram with recorded human
voice, and auditory test of speech sounds on document structure diagram with
computer-synthesized voice for the blind subjects. The nondisabled subjects take
ordinary text tests instead of braille-format tests. Problems are from the same
three study subjects: Japanese, English, and mathematics. The test procedure
is administered without time limits.

3.3 Results on Distributions of Score

In Fig. 4 (1), Fig. 4 (2), and Fig. 4 (3), the box-and-whiskers plots of distributions
of score of three testing media for each study subject are shown. The box-and-
whiskers plots are sorted by the median of score.

The vertical lines on the right-hand side of plots represent the results of
Scheffe’s method of pair wise multiple comparison. There is no significant differ-
ence among box plots tied by a line or significant difference between them not
tied by a line.

We can see similar tendencies of the testing media among the three study
subjects.

As a result of Scheffe’s method of pair wise multiple comparison, there are
no significant differences among the distributions of score concerning the testing
media for each subject group in each study subject except the distributions of
score for nondisabled in English.

As a result of Mann-Whitney’s test, we can see that learning achievement
levels are almost similar among the four subject groups for Japanese, English and
Mathematics because there are no significant difference among distribution of
score for braille-format test of the blind group, that for large-print-format test
of the partially sighted group, that for large-print-format test of the dyslexic
group, and that for ordinary format test of the nondisabled group.

3.4 Results on Distributions of Answering Speed

In Fig. 5 (1), Fig. 5 (2), and Fig. 5 (3), the box-and-whiskers plots of distributions
of answering speed of the testing media for each study subject and the results
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Fig. 4. (1) Distribution of Score of Japanese, (2) Distribution of Score of English, and
(3) Distribution of Score of Mathematics

of Scheffe’s method of pair wise multiple comparison are shown. The box-and-
whiskers plots are sorted by the median of answering speed.

As a result of Scheffe’s method of pair wise multiple comparison, the dis-
tributions of answering speed of auditory tests of speech sounds on document
structure diagram are significantly slower than that of the other testing media
for each study subjects.

As a result of Mann-Whitney’s test, distribution of answering speed of or-
dinary format test for the nondisabled group is significantly faster than that of
other test media for the print disabled groups in each study subjects.

3.5 Discussion

The result of experimental evaluation of the new testing media shows that, in
addition to existing special accommodations such as large-print-format test and
braille-format test, the introduction of the two types of new auditory testing



�

#"&�

������
� �������
� �	
���������
����
�����������������
� ������������	����� �
� ��������������
� �	
���������
����
������
�
� ������������	�����
� ��������������
� �	
���������
����
�	����������
� �	���������
� �	
���������
����

�� � � � � � +>!� � � � >!��
#
����
���@�������

#'&�

������
� �������
� �	
���������
����
�����������������
� ������������	����� �
� ��������������
� �	
���������
����
������
�
� ������������	�����
� ��������������
� �	
���������
����
�	����������
� �	���������
� �	
���������
����

�� � � � � � +>!� � � � >!��
#
����
���@�������

#+&�

������
� �������
� �	
���������
����
�����������������
� ������������	����� �
� ��������������
� �	
���������
����
������
�
� ������������	�����
� ��������������
� �	
���������
����
�	����������
� �	���������
� �	
���������
����

�� � � � � � +>!� � � � >!��
#
����
���@�������

Fig. 5. (1) Distribution of Answering Speed of Japanese, (2) Distribution of Answering
Speed of English, and (3) Distribution of Answering Speed of Mathematics

media enables all test-takers with print disabilities to take the National Center
Test for University Admissions. Test-takers with print disabilities can get the
same score as nondisabled test-takers for Japanese, English and Mathematics
if the learning achievement levels of them are the same. Answering speeds of
the nondisabled group are significantly faster. However, the disabled and the
nondisabled can take a test fairly if we put adequate time limit of a test for each
test-taker with print disabilities.

4 Conclusion

Utilizing invisible 2-dimensional codes and digital audio players with a 2-
dimensional code scanner, we developed two types of new auditory testing media:
auditory tests of speech sounds on document structure diagrams [3], and multi-
modal tests of speech sounds on ordinary texts.



The result of the experimental evaluation shows that, in addition to existing
special accommodations such as large-print-format test and braille-format test,
the introduction of the two new testing media enables almost all test-takers with
print disabilities to take the National Center Test for University Admissions.

When auditory tests of speech sounds on document structure diagrams be-
come practical, the newly blind and the severely partially sighted can take the
National Center Test. Test-takers do not have to be able to read braille to take
auditory tests of speech sounds on document structure diagrams because the
shape of the document structure diagrams helps enough to guide the positions
of 2-dimensional codes to scan. Actually, such newly blind students can take the
test in the experimental evaluation.

With multimodal tests of speech sounds on ordinary texts, the partially
sighted and the dyslexic can actively and efficiently read texts taking advan-
tage of the modality characteristics of speech sounds and ordinary texts.

In addition, the easiness of administration and security management of the
new testing media is noteworthy. Tests can be administrated only with a digi-
tal audio player with 2-dimensional code scanner and paper booklets on which
document structure diagrams or ordinary texts and corresponding invisible 2-
dimensional codes are printed. When machine trouble happens, tests can be
continued with a replacement of a digital audio player. Price of a digital audio
player is reasonable (about 30 euro).

As a future work, the authoring system of computer-synthesized speech voices
and test-booklet with invisible 2-dimensional codes should be developed. We
want to make the two types of new testing media practical within 3 years.
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60      dart 0 1 90 0 45 0.9 0 2 
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Abstract. We introduce a new universal design tactile graphics pro-
duction system: BPLOT2. With BPLOT2, blind persons and sighted
persons can share resources and cooperatively draw tactile graphics to
be utilized in braille textbooks and teaching materials. Present tactile
graphics design applications have only GUI (Graphical User Interface)
with the need for mouse operations and thus are not usable by blind
persons. Equally inconvenient, our self-supporting tactile graphics pro-
duction system for the blind, BPLOT, has only CUI (Character User
Interface), so BPLOT is not popular among the sighted. Therefore, we
implemented GUI on BPLOT and realized universal design on BPLOT2.

Key words: universal design, visually impaired, tactile graphics, GUI

1 Introduction

For a long time, it was believed to be impossible for blind persons to produce
tactile graphics by themselves. Now, it is possible with BPLOT [1]. BPLOT is
the first tactile graphics production system for the blind that enables the blind
to produce tactile graphics by themselves. BPLOT produces tactile graphics
from a source text file written in our newly designed plotter control language
for BPLOT. Because a source file for BPLOT is a text file, it is editable with
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any text editors by any person who has learned the plotter control language.
Therefore, BPLOT enables not only the sighted but also the blind to produce
tactile graphics by themselves.

The recent development of computer software is going in the direction of en-
riching GUI (Graphical User Interface). Undoubtedly, the development of GUI
has enhanced the usability and productivity of computer software for the sighted.
For example, a sighted person can draw a picture on a computer screen very eas-
ily with painting software such as Microsoft Paint. For the blind, on the other
hand, great efforts have been and are being devoted to improve the usability
and productivity of computer software. Nishi and Fukuda [2] introduced graphic
editor software for the blind utilizing a tactile pin display DotView (KGS Cor-
poration). Kopeček and Ošleǰsek [3] proposed a method of creating pictures for
the blind by dialogue. We are looking forward to the development of these ap-
proaches.

Tactile graphics design applications have been available, such as BES4 [4],
EDEL-plus [5] and Tiger Software Suite [6]. Like Microsoft Paint, these present
tactile graphics design applications have sophisticated GUI and enable the sighted
to produce tactile graphics easily. However, because of the necessity for mouse
operations, the blind cannot use these applications by themselves.

In this paper, we introduce a new universal design tactile graphics produc-
tion system, BPLOT2. With BPLOT2, blind persons and sighted persons can
share resources and cooperatively draw tactile graphics to be utilized in braille
textbooks and teaching materials. BPLOT has only CUI (Character User In-
terface) and cannot display the image of figures on the display. Moreover, users
have to learn the plotter control language, so BPLOT is not popular among
the sighted. We, therefore, developed BPLOT2 by adding GUI on BPLOT and
realized universal design on BPLOT2.

This paper is organized as follows: In Section 2, the outline of BPLOT2 is
explained; in Section 3, examples of figures produced with BPLOT2 are shown;
in Section 4, quality of productions is evaluated; and in Section 5, a conclusion
is drawn.

2 Outline of BPLOT2

2.1 The System

The system needs a braille printer and a PC which runs on Microsoft Windows
or DOS. The software for BPLOT2 was developed with Borland C++. In order
to obtain tactile graphics of high quality, we chose ESA721 (JTR Corporation)
as a recommended output device.

ESA721 is a braille plotter printer that can produce tactile graphics with very
high resolution: horizontally 73 dpi (dot/inch) and vertically 80 dpi. In compari-
son with ordinary braille printers (20dpi), the resolution of ESA721 is four times
more precise. The print head of ESA721 has eight print pins: six normal-sized
pins (1.4mm in diameter) and two additional pins (0.5mm and 1.8mm in diam-
eter). The six normal-sized pins are used to print braille characters. The two
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additional pins and the first pin of the six normal-sized ones are used to draw
dotted lines.

BPLOT2 has four different execution modes: drawing mode, interactive de-
sign mode, test mode and help mode.

2.2 The Plotter Control Language

In order to design tactile graphics by text editors, we developed a plotter control
language. The plotter control language is like a computer programming language
which consists of plotter control commands. In Section 3, we see examples of
figure-drawing programs written in the plotter control language.

The plotter control commands were mainly imported from ones formerly
used to control vector-graphics printing devices. Each command consists of a
command name and parameters. Basic figures such as a circle and a straight line
can be described by a single command.

One of the biggest characteristics of BPLOT2 is that we can magnify and
reduce the output tactile graphics with the same sense of touch because lines
are drawn with the same dot pitch. The dot pitch and the pattern of a dotted
line are specified in the parameters of a command.

A figure-drawing program starts with the “window” command. It defines
the virtual coordinate space where figures are described, and relates the virtual
coordinate space to the real coordinate space of a sheet of paper mounted on a
braille printer.

For figures frequently used, we prepared commands to describe those figures
in one line. For example, in plotting a flowchart we can use commands to de-
scribe a circle or ellipse as “terminal”, a rectangle as “process”, a diamond shape
as “decision”, and several kinds of arrows. A parabola, a hyperbola, a trigono-
metric function, an exponential function and a logarithmic function can also be
described by a single command.

Graphs including complicated curves can be described by means of spline
functions. In plotting graphs, the axis of coordinates can be described by a sin-
gle command. To import a series of plotter control commands written in another
file, we use the “paste” command. Figures like a beaker and a test tube can be
prepared in advance, and we can use those parts to describe equipment in a
laboratory. To put a braille caption in a figure, we use the “braille” command.
NABCC (North American Braille Computer Code) and Japanese KANA code
are supported. In a similar manner to a computer programming language, com-
ments and macros can be used.

2.3 The Development of GUI

We developed GUI on BPLOT2 for the sighted. During interactive design mode,
we can enter GUI mode. In GUI mode, a design sheet is displayed at the center
of the PC display. A sighted person can put basic figures on a design sheet in
the PC display. Fig. 1 is the screenshot of the PC display in GUI mode.
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Fig. 1. Screenshot of GUI

The figure-drawing program corresponding to a design sheet is automatically
generated and saved as a file.

3 Examples of Figures Produced with BPLOT2

Fig. 2 and Fig. 3 are examples of tactile graphics produced with BPLOT2. Fig. 2
is an unfolded cube as an example of a drawing constituted by basic figures. Fig. 3
is the graph of “labor force participation rate of Japanese women” as an example
of the usage of the “spline” command used to draw complicated curves.

Program 1 and Program 2 are the figure-drawing programs for Fig. 2 and
Fig. 3, respectively. The line numbers were added for the sake of readability.

Program 1 consists of 7 files with only 61 lines in total including comment and
blank lines. The main module is to draw the whole figure, and six sub-modules
are to draw componential figures drawn in the boxes. On line 5, the “aux”
command is used to open a connection with a braille plotter printer ESA721.
On line 6, “window 1 41 0 24” defines the range of coordinates on a sheet of
paper; the range of a horizontal coordinate is from 1 to 41, and the range of
vertical coordinate is from 0 to 24. On line 7, the “braille” command is used to
print braille characters, where “5 22” means the coordinates to print them. On
line 9, the “window” command is used again, and the range of coordinates is
re-defined. On line 10, the “dot” command is used to set the size of dots to be
printed, where 0 is the small dot, 1 the medium dot, and 2 the large dot. On line
11, the “box” command is used to draw a box, where the first two parameters “0
0” means the coordinates of the center, “2” the width, “8” the height, and “3”
the length of intervals between dots. Similarly, on line 12, “box 0 0 2 8 3” draws
a box. On line 13, the “line” command is used to draw a line from (-2,-4) to
(2,-4) whose intervals between dots is 3mm. On line 15, the “paste” command is
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Fig. 2. Unfolded Cube

Fig. 3. Labor Force Participation Rate

used to draw a figure defined in a separate file, where “fig2 c.txt” is a file name,
“-4 2” the coordinates, and “1 1” the magnification ratios of the horizontal and
the vertical. On line 17, the “rotate” command is used to rotate the coordinates
defined by the “window” command, where “1” means validity of the command,
“0 0” the coordinates of the center of rotation, and “90” the angle of rotation. If
the first parameter is “0”, then the command is invalid. On line 29, “ff” means
the end of page.

Program 2 consists of 32 lines. On line 8, the “origin” command is used
to reset the origin of coordinates to (-6.5, -8). On line 11 and 12, the “xaxis”
command and the “yaxis” command are used to draw the horizontal axis and
the vertical axis. On line 23, the “spline” command is used to draw a spline
interpolation curve which goes along six points specified from line 24 to line 29.
“9999” on line 30 means the end of data.

4 Quality of Productions

To evaluate the quality of productions of BPLOT2, we compared productions
from the following three tactile graphics production systems: BPLOT2, EDEL-
plus and BES4. These three are the computerized tactile graphics production
systems used in Japan to produce braille textbooks and braille test booklets.
Among them, BPLOT2 is the only system for the blind to produce tactile graph-
ics by themselves. These three systems utilize the same braille printer ESA721.

We had the three systems to produce the four tactile graphics shown in Fig. 2,
Fig. 3, Fig. 4 and Fig. 5. We measured embossing time of each graphics.
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Program 1. Figure-Drawing Program for Fig. 2

1 /* main module fig2.txt 1 /// module fig2 a.txt
2 Cubic Development Chart 2 aux
3 */ 3 dot 1
4 4 arrow 0 -1 0 1 30 1 0 2
5 aux
6 window 1 41 0 24 1 /// module fig2 b.txt
7 braille 5 22 ,Cubic ,Development ,Chart 2 aux
8 3 dot 1
9 window -10.4 10.4 -12.5 12.5 4 box 0 0 0.8 0.8 2
10 dot 2
11 box 0 0 2 8 3 1 /// module fig2 c.txt
12 box 0 2 6 2 3 2 aux
13 line -2 -4 2 -4 3 3 dot 1
14 4 circle 0 0 0.8 0 360 2
15 paste fig2 c.txt -4 2 1 1
16 1 /// module fig2 d1.txt
17 rotate 1 0 0 90 2 aux
18 paste fig2 d1.txt 0 6 1 1 3 dot 1
19 rotate 0 0 0 0 4 line -0.27 0.717 -0.27 -1 2
20 5 line -0.27 -1 0.27 -1 2
21 paste fig2 d2.txt 0 2 1 1 6 line 0.27 -1 0.27 0.717 2
22 7 dart 0 1 90 0 45 0.9 0 2
23 paste fig2 a.txt 4 2 1 1
24 1 /// module fig2 d2.txt
25 paste fig2 b.txt 0 -2 1 1 2 aux
26 3 dot 1
27 paste fig2 t.txt 0 -6 1 1 4 line -0.27 0.717 -0.27 -0.717 2
28 5 line 0.27 -0.717 0.27 0.717 2
29 ff // formfeed 6 dart 0 1 90 0 45 0.9 0 2
30 7 dart 0 -1 -90 0 -45 0.9 0 2
31 /// end of main module

1 /// module fig2 t.txt
2 aux
3 dot 1
4 polygon 3 0 0 1 2

Although the total embossing time of BPLOT2 and BES4 were same, they
were about 1.7 times faster than that of EDEL-plus. This difference may be
caused by their embossing procedure. BPLOT2 and BES4 are drawing basic
figures in due order. EDEL, on the other hand, generates dotted image of figures
in memory first and embosses one line at a time from the top to the bottom of
paper.

The quality of productions of tactile figures of BPLOT2 and BES4 were
a little better than that of EDEL-plus because of the difference of embossing
procedure.
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Program 2. Figure-Drawing Program for Fig. 3

1 // Labor force participation rate 17
2 aux 18 braille 1.5 -0.5 #be-#bi
3 window 1 41 0 24 19 braille 7.5 -0.5 #de-#di
4 braille 5 23 ,Lab—r =ce ”picip,n rate 20 braille 7.5 -1.5 7age7
5 braille 8 22 ( ,Japanese wom5 21
6 22 dot 1
7 window -10.4 10.4 -12.5 12.5 23 spline 0 15 0 15 2 0 0 2
8 origin -6.5 -8 24 0 3 // point 1
9 25 1.8 11 // point 2
10 dot 0 26 4 7 // point 3
11 xaxis 0 15 3 2 2 27 9 10 // point 4
12 yaxis 0 15 1.5 2 2 28 12 6 // point 5
13 29 15 2.5 // point 6
14 braille -2.3 16.2 7p}c5t7 30 9999 0 // end of data
15 braille -2.3 15.2 #ajj 31
16 braille -1.8 0.2 #j 32 ff // formfeed

Fig. 4. Inclined lines

Fig. 5. Concentric Circles

5 Conclusion

The universal design of BPLOT2 enables the blind and the sighted to share
resources and cooperatively draw tactile graphics. Since tactile proofreading by
a blind person is necessary to ensure the quality of tactile graphics, a system
which enables a blind person to proofread and revise tactile graphics was strongly
requested. With BPLOT2, a blind person can edit a figure-drawing program
generated from a design sheet drawn by a sighted person with GUI mode of
BPLOT2. Likewise, a design sheet generated from a figure-drawing program
formerly made by a blind person can be revised by a sighted person with GUI
mode of BPLOT2.
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Actually, BPLOT2 has been utilized to produce all tactile graphics of braille
format tests for the National Admission Test for Law Schools and some tac-
tile graphics for the National Center Test for University Admissions in Japan.
Examples are shown in Fig. 6 and Fig. 7.

Fig. 6. (Biology) Morphologic Characteris-
tics of Acorn

Fig. 7. (Chemistry) An Equipment of
Chemistry (Forked Test Tube and Gas col-
lecting Bottle)

We think figure-drawing programs are superb in reusability and circulation
because they are text files. We are preparing public domain figure-drawing pro-
grams usable for classes in mathematics, chemistry and physics.

Recently, the development of tactile graphic displays for the PC is remark-
able. GUI is useful not only for the sighted but also for the blind. We want to
offer GUI to the blind so that they can make use of a tactile graphic display in
the near future.
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1 Introduction

Tactile graphics production software for three-dimensional projections is developed for the
blind. A blind person can use this software without assistance from the sighted and pro-
duce tactile graphics of three-dimensional projections. The software supports various types
of projections such as orthographic projection, oblique projection, and perspective projection.
Once required parameters are inputted to the software, tactile graphics of three-dimensional
projections will be printed by a braille plotter printer.

Although the concepts of topological space and Euclidean space are learnable through
tactile sense (haptic perception) and auditory sense, it is considered that it is almost impossible
for the congenitally blind and the early blind to acquire the concept of projections because of
a lack of experience in seeing light and shadow [2, 3, 4]. Usually, the concept of projections
becomes learnable when a person starts abstract thinking around age 11 or 12 years.

This study presents tactile graphics production software for three-dimensional projections
that is usable by a blind person. A blind person can obtain tactile graphics of various types
of projections from any preferable viewpoint. The software enables the blind to study the
concept of projections by themselves. Obviously, the tactile recognition of projections is much
harder than the visual recognition. We want to know the limitation of tactile recognition of
projections and improve the guidelines of teaching projections.

2 Development of Bplot 3D

Tactile graphics production software for three-dimensional projections Bplot 3D is developed.

2.1 Outline of Bplot 3D

Since we want to make Bplot 3D to be usable by a blind person without assistance from the
sighted, it is developed as a preprocessor of the universal design tactile graphics production
system Bplot2 [1].

A user gives Bplot 3D a series of commands to produces tactile graphics of a three-
dimensional projection by specifying a type of projection, a viewpoint, and a projection plane.
Commands are written in a text file using our newly designed control language for Bplot 3D.
Because a command file for Bplot 3D is a text file, it is editable with any text editors by any
person who has learned the control language. Therefore, Bplot 3D can be used by both the
sighted and the blind.

The software supports various types of projections. In general, projections are classified into
two categories, namely, ‘parallel projection’ and ‘perspective projection’. Movrover, ‘parallel
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projection’ are divided into ‘orthographic projection’ and ‘oblique projection’. In parallel
projection, the projection rays from the object to the projection plane are parallel to each
other. Orthographic projection is a type of parallel projection where the view direction is
orthogonal to the projection plane. On the other hand, oblique projection is a type of parallel
projection where the view direction is not orthogonal to the projection plane. In perspective
projection, the projection rays are not parallel to each other but they are emerging from the
viewpoint.

2.2 Commands for Bplot 3D

To distinguish three-dimensional commands from ordinal commands of Bplot2, every three-
dimensional command starts from ‘3’.

(1) Projection Type

A type of projections needs to be specified prior to the other commands. For orthographic pro-
jection, the command is ‘3orgothographic’. For oblique projection, the command is ‘3oblique
depth theta’. The parameters ‘depth’ and ‘theta’ specify the fraction of depth versus width,
and the angle from the horizontal direction to the depth direction. For perspective projection,
the command is ‘3polar’.

(2) Viewpoint

A viewpoint is specified with the command ‘3viewpoint x0 y0 z0’. Instead of the coordinates,
a viewpoint can be specified as a directional vector by the command ‘3direction theta phi’ for
parallel projection.

(3) Wireframe

The wireframe of a figure is specified with the following commands. To define a line segment,
we use the command ‘3line x0 y0 z0 x1 y1 z1 DotPitch’. The command ‘3line’ has seven
parameters for the coordinates of start point ‘x0 y0 z0’, the coordinates of end point ‘x1 y1
z1’, and the dot pitch. To define connected line segments, we use the command ‘3bline’. The
command ‘3bline’ specifies the dot pitch, the coordinates of start point, middle points, and
end point, as follows:

3bline DotPitch
　 x1 y1 z1
　 x2 y2 y2
　 x3 y3 z3
　...
　...
　...
　 xn yn zn
　 9999 0 0

On the last line, ‘9999 0 0’ means the end of command. We can also define a curve line with
the command ‘3spline’.

2.3 An Example of Produced Three-Dimensional Projections

The following is an example of a command file to produce a oblique projection in Figure 1.
The command file describe a cube that has the center as the origin and sides of the length 6.

2



1: /// cube
2: /// oblique projection of cube
3:
4: 3oblique 0.67 45
5: 3viewpoint 0 -10 0
6:
7: /// visible lines of cubic wire-frame
8: dot 1 // standard dot size
9:
10: 3bline 2.2
11: -3.0 -3.0 3.0
12: 3.0 -3.0 3.0
13: 3.0 3.0 3.0
14: -3.0 3.0 3.0
15: -3.0 -3.0 3.0
16: 9999 0 0
17:
18: 3bline 2.2
19: -3.0 -3.0 3.0
20: -3.0 -3.0 -3.0
21: 3.0 -3.0 -3.0
22: 3.0 -3.0 3.0
23: 9999 0 0
24:
25: 3bline 2.2
26: 3.0 -3.0 -3.0
27: 3.0 3.0 -3.0
28: 3.0 3.0 3.0
29: 9999 0 0
30:
31: /// hidden lines of cubic wire-frame
32: dot 0 // small dot size
33:
34: 3bline 4.0
35: -3.0 -3.0 -3.0
36: -3.0 3.0 -3.0
37: 3.0 3.0 -3.0
38: 9999 0 0
39:
40: 3line -3.0 3.0 -3.0 -3.0 3.0 3.0 4.0
41:
42: ff // formfeed

Figure 1: Oblique projection of a cube.

(1) (2)

(3) (4)

(5)

Figure 2: Tactile graphics of a cube by the five
drawing methods.

On line 4 and 5, a type of projections and a viewpoint are specified. On line 8 and 32, the
size of braille dots is specified with the command ‘dot’. On lines from 10 to 29, the wireframe
of a cube on the visible side is defined. On lines from 34 to 40, the wireframe on the hidden
side is defined. On line 42, the command ‘ff’ means the end of page.

3 Experimental Evaluation

In order to evaluate the usefulness of Bplot 3D, an experiment was conducted to study which
type of projection is suitable for blind students to recognize shapes of three-dimensional objects.
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As experimental materials, we prepared tactile graphics of projections of four kinds of
geometric solids (cube, cuboid, cylinder, and tetrahedron) by the following drawing methods:
(1) development view, (2) front view of orthographic projection, (3) oblique projection without
hidden lines, (4) oblique projection with hidden lines, and (5) perspective projection with
hidden lines. An example of five tactile graphics of a cube is shown in Figure 2.

Subjects were eight totally blind students in a high school for the blind. Their age ranged
from 16 to 17 years old. They were classified into two subject groups: the early blind and the
late blind. In the early blind group, they suffered visual impairments before 5 years old. In
the late blind group, they suffered visual impairments from 6 to 11 years old.

The subjects were asked to succeedingly observe tactile graphics of one of the four geometric
solids by one of the five drawing methods. Simultaneously, they were required to rank the five
drawing methods. The task was repeated for the four geometric solids, respectively.

As a result of the experiment, we found that blind students prefer development view as the
best drawing method. Oblique projections with and without hidden lines are at the second and
third, and front view of orthographic projection and perspective projection are at the fourth
and fifth. From the result of analysis of variance and Scheffe’s comparison, the ranks of the
five drawing methods were significant for all four geometric solids.

We also found that subjects in the late blind group recognized the concept of projection
better than subjects in the early blind group through discussion with them.

4 Conclusion

Tactile graphics production software for three-dimensional projections Bplot 3D was developed
for the blind. Bplot 3D was implemented as a preprocessor of the universal design tactile
graphics production system Bplot2 [1]. Both the blind and the sighted can produce tactile
graphics of projections easily.

As a result of the experiment, we noticed that it is not easy for the blind to recognize
projections. However, the study of projection is necessary in natural sciences for higher edu-
cation [2, 3, 4, 5].

To know the limitation of tactile recognition of projections and to improve the guidelines
of teaching projections, we need further studies.
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