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ABSTRACT

This research project involved the development of a text-based math
Braille translation software to support learning in mathematics. The researcher
collected 192 math symbols from Nemeth Braille code resources. Nemeth code was
used as the basis of text-based math symbols design for regular print text entry in any
text editor. The math translation software was developed to convert these text-based
math symbols to Braille. This software can be interfaced to Braille software for other
languages. The software was tested for its performance with 10 subjects who are math
teachers and material production staff in Thailand. They were given 3 hours of training
on the use of the software and 2 hours to work on an exercise. Overall performance of
the exercise was with 95.32 percent accuracy. Based on the questionnaire after the
exercise, overall satisfaction level of using this method was in “acceptable” range. A
follow-up interview reflects the opinion that this method would be most appropriate
for math teachers and material production staff who are not familiar with Braille. This
software should provide greater access to math education for children with visual

impairment.
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CHAPTER I
INTRODUCTION

1.1 Background of the study

An important part of quality learning environment for the blind that most
people take for grant it is accessible books and learning materials. In light of providing
equal educational opportunity for all children in the world, this has been a challenge
for blind students for a long time. With advances in technology today, electronic
books, audio books and Braille books can be produced more quickly. However, in
mathematics subjects where blind students prefer to have books in Braille more than
other formats, it is still difficult to find math Braille transcribers to produce math
books fast enough to meet the demand. The use of technology for mathematics
instruction enhances mathematical thinking, student and teacher discourse, and higher-
order thinking by providing tools for exploration and discovery (Bitter and Hatfield,
1998). Many software developers contributed solutions to this problem by offering
math Braille translation software. This research provides one more option to math
Braille translation. This is purely a text-based solution where all math symbols are
represented by using printable characters from the computer keyboard. The result of
translation is math Braille code of NEMETH standard.

In reviewing different solutions to translate math symbols, there are many
techniques ranging from text-based to graphics-based. Duxbury Braille Translator
began with extra option in the menu bar where math functions were presented by
names and desired values were inserted when each function was selected (Sullivan,
1997). Then additional solutions were created via third party tools like graphical math
editor of Scientific Notebook and file importation of text-based format of LaTex
(Sullivan, 2001). Recently, Duxbury offered the option to handle math symbols from
Mathtype which is graphical tool available in Microsoft Word (Sullivan, 2008).

WinBraille also has math translation capability built in the software. Mathematic
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symbols are inserted with Equation Editor 3.0 (Windows tool) in Word or WinBraille
which is then translated to LaTex, NEMETH or Swedish Braille (Lofstedt, 2006).

WIMAT (Webel -ICEVI Mathematics Transcription Software) is another
graphical math translation software with its own editor. It was a collaborative project
between ICEVI and Webel software development company introduced at ICEVI
World Conference in 2006. English uncontracted Braille is supported. The user can
select math function from the menu, insert proper value and appropriate Nemeth
Braille will be produced on the editor along with other text (Mani, 2006).

Text-based print representation of math symbols has been around in many
platforms. Basic symbols are already available on the computer keyboard such as
decimal point, comma, equals, less than, greater than, and different types of
parenthesis. Operators such as plus, minus, multiplication and division are generally
denoted by +, -, *, / respectively. LaTex and Megadots are examples of text-based
approach.

In order to represent additional math functions, LaTex text publishing
system originated from New Mexico University offers a very good text-based solution.
One can write a math document consisting of text and math equations by using word
description to represent function names such as SQRT for square root. Finally, the
entire text of math document can be printed and actual graphical math symbols can be
read by a sighted person. Even though LaTex does not concentrate on math Braille
translation, both Duxbury and WinBraille did take LaTex into account and supported
it further for Braille translation.

Another Braille translator that became popular during DOS days is
Megadots. It is now Windows-based and provides math translation capabilities
(Holiday, 1998). While the basic concept is text-based, Megadots attempts to deal with
printable symbols from the keyboard more than using textual description like LaTex.
In addition, math symbols can be selected from pull-down menus. For example, a
simple fraction of one half would be written as [1//2]. One needs to have some
understanding of math Braille code while typing print character representation. In
print, only number 1 and 2 would be written with a line indicating the fraction. For
Braille however, the idea of having opening and closing fraction indicators is

necessary as well.
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Each system reviewed above seems to have its usefulness in its own rights
and may be popular or unused or outdated depending on the development in
technology and may be used within certain group of people. There are both graphics-
based and text-based solutions. There are both accessible and inaccessible solutions by
visually impaired persons.

This research is offering another alternative to text-based solution. The
objective is to develop a software module or engine where all math symbols can be
typed via regular keyboard to translate into math code in Nemeth system. Nemeth is
one Braille code standard for math and scientific notations which is used widely. This
math software engine can be tied to software application which handles other issues
such as Windows interface, file handling, editing, embossing, etc but translation
portion, especially translation of math equations is left to the task of this engine.

In order to deal with all symbols, the researcher had to consider how to
represent all math symbols with regular characters. The aim was to use as intuitive
way of representation as possible by using two or three combination of punctuations
and letters. For example, x"2”+1 would represent x squared follows by plus 1 where
quotation mark is used to mark the end of exponential value or back to base line level.
On the other hand x*n+1 would represent x to the power of n+1.

Although this software module can be plugged into other Braille
translation software of other languages, it was implemented in the context of a Thai
Braille translation software called RS Braille (Niyomphol and Tandayya and
Nantachaipitak, 2008). RS Braille attempted to deal with MathML translation to
Braille but did not have text-based math Braille translation capability until interfaced
with the software from this research. Previous work for Thai language includes TBT
(Thai Braille Translator) developed under DOS (Niyomphol, 1989). TBT translation
engine was further developed and implemented under Windows interface as Thai
Braille Translation Software for Windows (Niyomphol and Nantachaipitak, 2002).
Both TBT and TBTW do not have math translation capability.

After the software was designed and developed, this text-based math
Braille translation software was evaluated for its performance with math teachers and
material production staff in Thailand by letting them work on exercises after a training
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session. The discussion of the results of questionnaires and interviews completed by

those users were gathered and analyzed as part of this research.

1.2 Objectives of the study

1.

To develop text-based math Braille translation software module and
interface it with a Thai Braille translation software

To find out the performance of this software among math teachers and
material production staff as well as their opinion in order to facilitate

mathematics learning process of children with visual impairment.

1.3 Research Questions

1.

Can math symbols according to Nemeth Braille code be represented
with print characters and a text-based math Braille translation
software be developed based on that design?

What is the performance of this text-based math Braille translation
software when tested with math teachers and material production
staff?

What is the attitude of math teachers and material production staff
after using this text-based math Braille translation software?

1.4 Research Instrument

1.

A Thai Braille translation software (RS Braille) properly interfaced
with Text-based Math Braille translation engine developed under this
research project.

Math exercises consisting of 20 math expressions and 3 math
questions that include both text and math expressions.

Attitude test questionnaire.
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1.5 Definitions

1.

Braille — A reading/writing system for the blind by using combination
of raised dots within a matrix shape of 3 rows and 2 columns.

Nemeth Braille code — A standard for writing Braille math and
scientific notations developed by Abraham Nemeth.

Braille translation software — A computer program that converts print
text of a particular language or a set of print symbols into Braille.

US Computer Braille — A standard of United States to represent all
printable characters from computer keyboard used to display Braille
information via a Braille printer or a refreshable Braille display.
Text-based math input method — A technique of representing print
characters and math symbols by using only available printable
characters from the computer keyboard.

Material production staff — Staff in the field of visual impairment
responsible for producing learning material for visually impaired

students in Braille, large-print, audio or tactile formats.

1.6 Expected Results

1.

A purely text-based math Braille translation software was developed
to handle input of text and math expressions in order to convert into
math Braille code according to Nemeth standard. Given text-based
nature of the software, coded math books to be produced in Braille
can be typed via any basic text editor.

Results of the performance of this text-based math Braille translation
software when tested with math teachers and material production staff
along with their attitude regarding this method.

Application of the software to enhance learning of blind students by
making Braille math materials more available and increase learning

interaction between blind students and math teachers.
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CHAPTER I
LITERATURE REVIEW

In order to support the work done in this research project, Basic
information about Braille, various Braille translation software with special focus on
math translation, and challenges in learning mathematics of visually impaired students

were gathered as follows.

2.1 Braille

Does anyone really know how many braille codes exist? Louis Braille
would be amazed and probably very pleased that his creation provided the means for
literacy for people who are blind all over the world. What would he think about the
proliferation of codes that present barriers to communication among blind people in
different countries or even in different regions of the same country? Some of the
changes made to the braille code have been necessary to allow braille to be adapted to
languages other than its original French, but those altered codes retained the concept
of using upper cells for letters and numbers and lower cells for auxiliary symbols, such
as punctuation, in accordance with Louis Braille's original design (Bogart, 2009).

Braille system was invented by Louis Braille in 1824. Louis Braille was
born on January 4, 1809 in the city of Coupvray in France. He died on January 6, 1852
at the age of 43. His invention became a worldwide system used by blind and visually
impaired people for reading and writing. There are numerous sources of information
about six dot structure and his life. Braille is read by passing the fingers over
characters made up of an arrangement of one to six embossed points. It has been
adapted to almost every known language in the world. The dots are arranged as a

matrix of 3 rows of 2 columns. A full cell of Braille is shown in Figure 2.1.
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Dot 1 — Top left Dot 4 — Top right
Dot 2 — Middle left Dot 5 — Middle right
Dot 3 — bottom left Dot 6 — Bottom right

Figure 2.1 illustrates a full cell of Braille

Each dot is identified by a number 1 through 6. It is very important to refer
to dots shown in a Braille cell by its proper number. Braille devised this system in
1821. Each Braille character or cell is made up of six dot positions, arranged in a
rectangle containing two columns of three dots each. A dot may be raised at any of the
six positions to form sixty-four (26) possible subsets, including the arrangement in
which no dots are raised. For reference purposes, a particular dot pattern may be
described by naming the positions where dots are raised, the positions being
universally numbered 1 to 3, from top to bottom, on the left, and 4 to 6, from top to
bottom, on the right. As shown in Figure 2.2, dots 1-3-4 would describe a cell with
three dots raised, at the top and bottom in the left column and on top of the right
column. This is letter “m”. The lines of horizontal Braille text are separated by a
space, much like visible printed text, so that the dots of one line can be differentiated
from the Braille text above and below. Punctuation is represented by its own unique
set of characters. Louis Braille’s 6 dot system is accepted as the invention that

revolutionized written communication for the blind.

Figure 2.2 illustrates dots 1-3-4

Louis Braille’s life According to National Braille Press can be summarized
as follows:
Louis' father was a saddle maker. He became blind at the age of three,

when he accidentally poked himself in the eye with a stitching awl, one of his father's
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workshop tools. At the age of 10, Braille earned a scholarship to the National Institute
for the Blind in Paris, one of the first school for the blind in the world.

Originally, the students were taught how to read by feeling raised letters (a
system devised by the school's founder, Valentin Hauy). However, because the raised
letters were made using paper pressed against copper wire, the students never learned
to write. Another disadvantage of this system was that the letters weighed a lot and
whenever people published books using this system, they put together a book with
multiple stories in one in order to save money. This made the books sometimes weigh
over a hundred pounds. The school had just 14 books, all of which Louis had read.

In 1821, Charles Barbier, a former Captain in the French Army, visited the
school. Barbier shared his invention called "night writing" a code of 12 raised dots and
a number of dashes that let soldiers share top-secret information on the battlefield
without having to speak. The code was too difficult for Louis to understand and he
later changed the number of raised dots to 6 to form what we today call Braille.

In the same year, Louis Braille began inventing his raised-dot system with
his father's stitching awl, the same instrument with which he had blinded himself,
finishing at age 15, in 1824. Inspired by the wooden dice his father gave to him, his
system used only six dots and corresponded to letters, whereas Barbier's used 12. The
six-dot system allowed the recognition of letters with a single fingertip apprehending
all the dots at once, requiring no movement or repositioning which slowed recognition
in systems requiring more dots. These dots consisted of patterns in order to keep the
system easy to learn. The Braille system also offered numerous benefits over Hauy's
raised letter method, the most notable being the ability to both read and write an
alphabet.

Braille later extended his system to include notation for mathematics and
music. The first book in Braille was published in 1829 under the title Method of
Writing Words, Music, and Plain Songs by Means of Dots, for Use by the Blind and
Arranged for Them.

Braille became a well-respected teacher at the Institute. Although he was
admired and respected by his pupils, his writing system was not taught at the Institute
during his lifetime. He died in Paris of tuberculosis in 1852 at the age of 43. His
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system was finally officially recognized in France two years after his death, in 1854
(National Braille Press, 2009).

Today, blind students use different tools to write Braille. For low-cost
portable device, a slate would be used. Another device that helps blind children write
more quickly without using high-tech electronics equipment is to use a Braillewriter.
This is equivalent to using a typewriter for a sighted person. For high-tech solutions, a
blind person may use an electronic Braille note taker which allows data input via a

Braille keyboard and Braille data can be stored in the device.

2.2 English and Thai Braille

Over the past two hundred years, Braille has been the preferred
writing/reading method for the blind throughout the world. Many languages has
adopted Braille system and developed Braille standard for characters in their
languages. Braille system was adopted in France and the system was used by other
countries throughout Europe including England. English Braille was adopted in 1932
by the United States (Grey, 2009). Figure 2.3 shows the list of English alphabet a — z.

a | b|lc|d|e | f|g]|h ]| 1][]

Figure 2.3 illustrates the list of English alphabet a - z
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By identifying dot location, it can be seen that “w” uses dots 2-4-5-6
and “n” uses dots 1-3-4-5. IN order to represent a capital letter, an extra cell of dot 6 is
placed in front of the letter. The word “Thai” with capital “T” is shown in Figure 2.4.

T/ hla]l

Figure 2.4 illustrates the word “Thai” with capital “T”

Numbers are similar to first 10 letters. Letters a, b, ¢, d, e, f, g, h, I, j are
also used to represent numbers 1, 2, 3, 4, 5, 6, 7, 8, 9, 0. This is referred to as high
numbers because all 10 digits use only the upper 4 dots of the matrix (dots 1-2-4-5).
To distinguish between letters and numbers, a number sign is placed in front of a
number. Number sign is represented by dots 3-4-5-6. In case of writing a numeric
value of multiple digits, number sign is only used once in front of all digits. The date
“August 12, 2010 is shown in Figure 2.5.

Alu (g |u|s |t 1|2 2 10110

Figure 2.5 illustrates The date “August 12, 2010~

After Braille system spread from Europe to United States, a graduate of
Overbrook School for the Blind of Philadelphia Pennsylvania Genevieve Caulfield
came to Thailand in 1938 to establish the first school for the blind (Inaram, 2004).
Miss Caulfield worked with colleagues in Thailand to develop Thai Braille code where
some Thai characters can still be traced to English alphabets of similar sounds these
days (Niyomphol, 2009). The first Thai character (Gaw Gai) uses dots 1-2-4-5 which
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is the same as dot pattern for letter “g”. Thai character (Naw Noo) uses dots 1-3-4-5
which is the same as letter “n”. Figure 2.6 shows an example of a Thai word “gin”
meaning “to eat”. The vowel used for this word (Sara ie) uses dots 1-2. Even though
some Thai vowels can be placed above or below the main character of a word, Braille
writing does not use multiple levels so all upper and lower vowels in Thai are placed

along other characters in the same line.

=\

N H

oo . oo

oo ° .o
: .-

Figure 2.6 illustrates an example of a Thai word “gin” meaning “to eat”

Figures 2.7 and 2.8 show the complete list of English and Thai characters with
numbers and punctuation marks.

Since there are only 64 combination of dot pattern from sic dots (2 to the
power of 6), it is necessary to use the same dot pattern for characters of other
languages. Even within the same language, multiple cell technique would be used for
some characters. English language would use two cells to indicate capital letters, Thai
language would use two cells to indicate extra character of identical sound, and
numbers would use number sign in front of the value of the number.

In order to reduce number of spaces used to write Braille, the idea of
contractions or shorthand was introduced. English language has English Braille level 2
which uses many contractions. Thai language contracted some vowels in Thai Braille
level 1 and developed Thai Braille level 2 which has many contractions as well.

While Braille in other languages continue to develop, English speaking
countries began unification process of English Braille code (UEB). Based on the first
report of the committee studying the possibility of unification in November 1992,
presented at the Celebration of the Bicentenary of Louis Braille's birth at UNESCO
Headquarter, Paris, presented by Joe Sullivan, some insights gained from that effort

reflects back to the great contribution of Louis Braille.
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The Braille Alphabet

Braille is a system of embossed characleis foomed by using combinations of six

1 LR dots consisting of two vertical columns of three dots each and known as the braiiie
2 o 5 cell. These characters can be used 1o represent mathemalical or scientific symbols,
SR musical notes, elc. To wrile braille one needs a brailler or a slale and stylus and
heavy paper called Jute Manila Tag or any paper of similar quality.
Nole : * = embossed dot; 0 = unused dot in that characler
ALPHABET AND NUMBERS
1 2 3 L L] 6 b | 8 9 0
a b c d e £ £ h i 3
ao e e oo .0 .o e .0 oe oe
[=]s] 0 o0 o o .8 [ 1] [ 43 .8 L 1l
oo 0o ©0 GO =15] o oo oo o ©o
k b ! m n o p q : s
.0 .0 ee oo *0 e oe [ 1¢] oe oe
oo .0 els] oe oe 1] 1] e *0 e
.0 L 1] 20 0 a0 [ 1) L 1=} 20 0 0
u v w = y z
[ 1e] L 1] ce L 1] L 1] .0
o0 .0 -0 oo o o
[ ] L1 o - -0 as
PUNCTUATION AND COMPOSITION SIGNS
h e os
apostrophe ®o parenthesis, cpening | L
L] [<1=Y
= - . 5] 2 oe
capital sign, single ce parenthesis, closing ) .
L g 0D 00 oo
capital sign, double 3383 period -H
es 83
colon 3 a2 question mark 7 e
oo quotation mark, =]
comma o2 double, opening “.. 44
00 00 guotation mark, oo
dash — Ssss double, closing .. 14
22 quoiation mark, 88 28
exclamation point ! 0 single, opening .. cp ee
oo quotation mark, o0 0o
hyphen — a2 single, closing .. o8 88
8 $8
number sign  # ) semicolon ; ®0

Figure 2.7 illustrates the complete list of English characters with numbers and

punctuation marks
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or 4
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- hinaua’ 2s 16 nodoulfialosotawiziSon mian (Slate) unz@uss (Stylus)

mI3Rudlni asfan@don wisded (Braillerl I¥nizaswuimiianizas ez

winuma lunwdnsswssdfuaat « nnofogauu o fie nfilaililudoniu

ar ¢
shuswsadammn’ny
n L] o A n «u 4 ] Q
oo - oe oe
ss 28 89 38 38. 8888 s 33
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CO 2 33 80 28 2e 00 ee o0 se
LA 1] oe 9 oe 00 oe 8 s e
o n 5 u u J
o . oc
38 % S 3 3]
oe 80 oo o e
el " M u T a
(1] 23 oo [ L] .0
*0 o oe o0 *0
«0 e oe =] 0 0
2 A W “ A b ]
oe 00 0e 00 Oe 20 e0
e o0 80 o0 @0 00 @0
o e 80 8 o5 C® @0
. -
3 o o - - : y e -
®0 o0 oo os oo e 80 3
Q0 o0 0 00 o0 ®0 00 23
o0 os oe 00 00 o0 00 o0
-z w- - - -0 L -D= L-2
0 80 o0 *® 90 eoe
23 38 4] 31 os 30 28 &0
o® 0o oe oo [ 15] o® oo oe
T (=] LT =1 1 1-1
I 2852 88 % % s s
co oo o0 88 00 o oe oe 30 [ 1s]
9 9 iy b
0 00 0 OO0 ®0 0 00 .8 20 [ 1=]
®e &0 ®® @0 00 ®0 90 . © 00
*0 00 *0 00 O 0 00 0 OO0 Oe
’ - -~ +* - « - - ! =) wom
o0 o0 [ols] 0 oe [o1s] oo (==} 00 0o 00 20 oo 80
- *e C e . .0 o >
20 oe :: :2 23 2: 38 98 e 22 o e go o
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oo o0 00 oo o0 o0 00 00 oo o oo

Figure 2.8 illustrates the complete list of Thai characters with numbers and

punctuation marks
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The committee realized that there is a fundamental need to ensure that the
extent of any one braille symbol, whether it be a single-cell or a multi-cell symbol, can
be readily determined, even if the meaning of the symbol is not immediately known.
Otherwise, the reader who encounters an unfamiliar symbol cannot be sure what to
look up and ambiguities are bound to arise when a certain sequence of single-cell signs
could also be interpreted as a multi-cell sign. This need is realized in UEB by symbol
formation rules based upon a "prefix-root" structure that flows naturally from the
principles evident in Louis Braille's original design. This structure is one of the
cornerstones of UEB that gives it extensibility as well as clarity.

In addition, the assignment of symbols for the digits, and the general rules
surrounding numbers, must be decided early in the process because everything else is
affected by those decisions.

Finally, the use of contractions in literary braille, which typically takes up
all the single-cell symbols that are available after the alphabet, digits and basic
punctuation are assigned, makes it hugely complicated to add capabilities for
mathematics and science in a way that is both unambiguous and efficient.

The committee found that that unification is technically difficult, and that
Louis Braille’s basic design principles and original decisions most often provided the
best guidance to a way forward (Sullivan, 2009).

Given various issues involved in Braille code, one may think that it would
be very confusing for the blind to read Braille. However, the blind learned to observe
the context of information being read and could distinguish between different
languages and notice when encountering numbers, punctuation marks as well as
contractions. Over the years, Braille for other subjects were developed such as music
notations, math symbols, scientific notations, computer Braille, and phonetics.
Therefore, the sic dot system of Braille has survived for over two hundred years and is

still the preferred choice of writing and reading for the blind today.
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2.3 Braille for mathematics

For mathematics and scientific notations, Dr. Abraham Nemeth developed
the system and it was called Nemeth Braille in recognition of his name. Although
numbers and some basic symbols can be written using High Numbers As part of
normal literary text, NEMETH Braille code is essential in writing math expressions.
Math books for blind students from primary, secondary to college levels are produced
using NEMETH. Science subjects like Physics and Chemistry also rely on NEMETH
for expressing formulas.

According to Acharya (2009), Braille codes for Mathematics based on six
dot system has been effectively used for representing the symbols used in
Mathematics. This would help a visually impaired person learn mathematics using
standard Braille. The assignment of codes for mathematical symbols was proposed in
1952 by Dr. Abraham Nemeth, himself blind from birth but rose to the position of a
Professor Emeritus of Mathematics at the University of Detroit in the United States.
Prof. Nemeth's system has gained wide acceptance in the world and the system of
Braille Codes has been named "Nemeth Braille” in his honor. Approximately 190
assignments were classified into groups based on specific topics in mathematics
representing:

e Numerals and Numbers

¢ signs of Operation (Symbols for Operators)

e Comparisons, Ratios and Proportions

e Symbols used in Set Theory

o Different types of Parentheses

e Mathematical Symbols and Constants

e Shapes and Relating to Shapes

e Polygons

e Greek Letters (Acharya, 2009)

In NEMETH system, numbers are written as Low Number. This technique
moves High Numbers down one level and uses only bottom 4 dots (dots 2-3-5-6).

Number 1 would be dot 2 instead of 1, and number O would be dots 3-5-6 instead of
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dots 2-4-5. IN this way, there would be no confusion between letters and numbers
especially when using letters a — j. Expression “2b” would use dots 2-3 for number 2
and dots 1-2 for letter b. Figure 2.9 shows the comparison between High Numbers and
Low Numbers without using number sign and an example of a number written with a

letter.

High Numbers | e | g0 | oo | e | o0 | 2o | 33 | 80 | &% | o2
LOW Numbers ) ] (X ] (X ] . (X ] [ X ] ) ] [ ]

Figure 2.9 illustrates the comparison between High Numbers and Low Numbers

Since Braille is a linear writing/reading technique and Nemeth is based on
Braille, Nemeth system is also a linear system. According to Dot Less Braille, the
need to convey mathematics linearly, without the use of special typesetting and often
with a limited character set, is a common one. Linear mathematics is necessary for
computer codes from FORTRAN to Java, for HTML, for braille, and for numerous
other applications. The Nemeth code solves the problem of linear mathematics in a
particularly elegant and compact manner as compared to other linear math entry
methods (Dot Less Braille, 2009).

Because Braille is a linear writing method, NEMETH developed extra
Braille symbols to mark the beginning and ending of some math concepts to make sure
there is no confusion when reading them. A fraction of one half would have open
fraction sign, number 1, fraction line, number 2, and close fraction sign. With close
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fraction sign after number 2, expression one half plus x would be understood that plus
operation must be applied to one half instead of having x become part of the
denominator 2+x. Open fraction sign uses dots 1-4-5-6, fraction line uses dots 3-4, and
close fraction sign uses dots 3-4-5-6. Figure 2.10 shows the expression one half plus x

in print and Nemeth Braille.

Figure 2.10 illustrates the expression one half plus x in print and Nemeth Braille

There are other math standards for Braille. RNIB math Braille code from
Royal National Institute for the Blind in England is another system that is used in
many countries. In contrary to sighted students where math symbols are international
standard, blind students growing up learning math would not be able to understand
math Braille code from books produced with different standard (Sullivan, 2009). Since
Nemeth Braille code is widely used as standard math code in America and other
countries including Thailand, this research is implemented according to NEMETH

standard.

2.4 Computer Braille

In 1983, the Braille Authority of North America (BANA), under the
chairmanship of Richard Evensen, took on the challenge of creating a braille code for
computers. The committee that was formed to create Computer Braille Code (CBC)
was Chaired by Tim Cranmer, a coauthor and distributor of public-domain braille
translation software, and other notable members as Priscilla Harris, from the National

Braille Association, and Joseph Sullivan, from Duxbury Systems (Grey, 2009).
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With advances in computer technology especially in 1980’s, the blind had
the opportunity to learn how to use computer and different Braille devices were
produced to work with computer. Braille printers or Braille embossers were produced
to help produce file into hardcopy via a Braille printer. A blind user can listen to
information typed from computer keyboard and screen messages by using a Screen
Reading software. In addition, a blind user who is familiar with Braille can use a
Braille display device which can be attached to the computer under the keyboard and
refreshable electronic Braille can be displayed From Braille cells. To display Braille in
print for sighted persons, many Braille fonts based on Computer Braille were
developed. Therefore, various Braille computer peripherals and Braille software use
Computer Braille to represent characters.

The use of Braille printers and Braille displays led to the development of
Computer Braille standard and eight dot Braille. Two more dots would be used along
with existing 6 dot matrix. A dot would be placed under dot 3 (bottom left) and is
referred to as dot 7. Another dot would be placed under dot 6 (bottom right) and is
referred to as dot 7. Eight dot Braille is more widely used among computer users that
rely on the Braille display especially blind programmers. However, Braille printers are
still being used to produce Braille hardcopy in six dot. Braille font also use six dot.
Many countries especially in United States and Europe developed their own Computer
Braille standard. Therefore, US or North America Computer Braille would be different
from German Computer Braille. One may think that computer Braille must be utilized
in eight dot format only. However, it is possible to write Computer Braille in six dot
format to express technical information. Because of its unique set of dot pattern that
can represent all 64 Braille combination differently, US Computer Braille became the
standard Braille code for many programmers when working with Braille translation
software, Braille file and sending data to a Braille embosser.

Regardless of using eight or six dot system, Braille displays, Braille
printers and Braille fonts are still interfaced to the computer on the computer by
Computer Braille standard which is different from English literary Braille and
NEMETH Braille code. Furthermore, different languages especially European
languages, developed their own Computer Braille standards. For this research, US
Computer Braille or North America Computer Braille will be used.
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The aim of Computer Braille is to have only one Braille pattern using one
Braille cell representing one character on the computer keyboard. This is strictly one-
to-one correspondence between print and Braille. All alphabets a — z, numbers 1 — 0,
and all punctuation marks on the computer keyboard would be uniquely represented in
Braille. Dots 7 and 8 are used to help in this concept. While small letters a — z use
combination of six dots, capital letters A — Z would use the same dot pattern but add
dot 7 below previous pattern. Small “a” uses dot 1 but capital “A” use dots 1-7. For
US computer Braille, 1 — 0 are written as Low Numbers, just like NEMETH system
without using number sign. Other symbols or punctuation marks on the keyboard use
different dot patterns and there are no duplications at all. Figure 2.11 shows Computer

keyboard layout with US Computer Braille in six dot format

112 |3 |4 |5 |6 [7 (8 |9 |0 |-

]
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Z | X

Figure 2.11 illustrates Computer keyboard layout with US Computer Braille in six dot

format

By using Computer Braille, a desired dot pattern can be sent to the Braille

display, Braille printer or shown on the screen via Braille font by sending or typing the

appropriate character. Since dot 6 is comma in Computer Braille, to represent capital T

(dots 6, dots 2-3-4-5), one can type “,t” in US Computer Braille to display capital “T”
in literary English Braille. One half in NEMETH can be typed as *“?1/2#” because

question mark would be dots 1-4-5-6 (open fraction sign) and number sign would be

dots 3-4-5-6 (close fraction sign). If “?1/2#” is changed to Braille font, one would see

appropriate dot pattern in Braille as shown in Figure 2.12

Figure 2.12 illustrates appropriate dot pattern in Braille

Therefore, Computer Braille has become the preferred choice to represent

Braille information as the background code when working with computer equipment

or software application. The end result in Braille whether it is Braille in a particular

language or math Braille symbols, is left to the process of Braille translation software.
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2.5 Software related to Braille

Braille translation software from print to Braille has been around for a long
time. As the first commercial English-based Braille translation software, Duxbury
Braille Translator (DBT) from Duxbury Systems Inc. was developed in 1975. Some
other translators are WinBraille from Index Braille, Megadots from Duxbury Systems
Inc. and NFB Trans from National Federation of the Blind. Besides focusing on just
translation of text information, other subject areas have been considered as well.
Mathematics, Chemistry, Music, Phonetics, and Braille in various languages continued
to bring challenges for Braille translation development. For Thai language, TBT (Thai
Braille Translator) was first developed under DOS (Niyomphol, 1989). TBT
translation engine was further developed and implemented under Window interface as
TBTW (Niyomphol and Nantachaipitak, 2002). It is true that competent Braille
transcribers can type everything in Braille directly via 6-key entry method. However,
it is generally agreed that translation software helps speed the process of Braille
production. For complicated content, one with knowledge of Braille for that particular
area can work on the translated Braille file to produce more accurate results. Figure

2.13 is the snap shot of Thai Braille Translation TBTW program.

5 TBT for windows (c:4b.Ebt)
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Figure 2.13 illustrates the interface of Thai Braille Translation TBTW program
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For mathematics, there are many techniques ranging from text-based to
graphics-based. Duxbury Braille Translator began with extra option in the menu bar
where math functions are presented by names and desired values are inserted when the
function is selected (Sullivan, 1997). Then additional solutions were created via third
party tools like graphical math editor of Scientific Notebook and file importation of
text-based format of LaTex (Sullivan, 2001). Recently, Duxbury offers way to handle
math symbols from Mathtype which is graphical tool available in Microsoft Word
(Sullivan, 2008). WinBraille also has math translation capability built in the software.
The mathematics are inserted with Equation Editor 3.0 (Windows tool) in Word or
WinBraille which is then translated to LaTex, Nemeth or Swedish Braille (Lofstedt,
2006).

WIMAT (Webel - ICEVI Mathematics Transcription Software) is another
graphical math translation software with it’s own editor. It was a collaborative project
between ICEVI and Webel software development company introduced at ICEVI
World Conference in 2006. English uncontracted Braille is supported. The user can
select math function from the menu, insert proper value and appropriate Nemeth
Braille will be produced on the editor along with other text (Mani, 2006).

Text-based math Braille translation or print representation has been around
in many platforms. Basic symbols are already available on the keyboard such as
decimal point, comma, equals, less than, greater than, and different types of
parenthesis. Operators such as plus, minus, multiply and divide are generally denoted
by +, -, *, / respectively. However, using just one character from the keyboard to
represent math is limited.

In order to represent additional math functions, LaTex text publishing
system originated from New Mexico University offers a very good text-based solution.
One can write a math document consisting of text and math equation by using word
description to represent function name such as sqrt for square root. Finally, the entire
text and math document can be printed and show actual graphical math symbols for
sighted person to read. Even though LaTex does not concentrate on math Braille
translation, both Duxbury and WinBraille did take LaTex into account and supported

it further for Braille translation.
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Another Braille translator that became popular during DOS days is
Megadots. It is now Windows based and provides math translation capabilities
(Holiday, 1998). The basic idea is text-based but Megadots attempts to deal with
printable symbols from the keyboard more than using textual description like LaTex.
In addition, math symbols can be selected from pull-down menus. For example, a
simple fraction of one half would be written as [1//2]. One needs to have some
understanding of math braille code while typing print character representation. In
print, only number 1 and 2 would be written with a line indicating the fraction. For
Braille However, the idea of having open fraction and closing fraction indicators are
necessary as well.

Equation editor or Mathtype in Microsoft Word has become a popular tool
for sighted person to produce document with math content. Both Duxbury and
WinBraille were improved to support translation of math formulas from Microsoft to
Braille. Another Braille production solution that has gained popularity recently is
Tiger system from ViewPlus Technologies. The Braille printer has Braille capability,
tactile graphics, and combining both print and Braille on the same hardcopy output.
The software for this system is TSS (Tiger Software Suite). TSS has developed
support for math content via Microsoft Word as well.

Among all graphics solution that support math Braille translation, it is not
possible for the visually impaired to use the software independently. Furthermore, not
all math equations produced by these graphics tools can convert the content to Braille
completely. Some equations may not be translated and questions marks will be given
as the result. This means Braille production staff cannot rely on graphics tools alone.
They must review the result on the Braille editor and make further editing/corrections
as needed.

Each system seems to have its usefulness in its own rights and may be
popular or unused or outdated depending on the development in technology and may
be used within certain group of people. There are both graphics-based and text-based
solutions. There are both accessible and inaccessible solutions by visually impaired

persons.
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Without taking credits away from all the work of graphics tools, text-based
solution an alternative which is accessible by the visually impaired and can convert
from print to Braille quite accurately. Megadots is a commercial solution for text-
based math Braille translation which requires selection of math symbols from the
menu. However, this research project is purely a text-based solution where regular text

with math content can be typed in the same document by using any basic text editor.

2.6 Math education of the blind

Braille is an important part of education of the blind. According to a recent
report by the National Federation of the Blind, less than 10 percent of the 1.3 million
legally blind people in the United States can read Braille. Additionally, the report says
only about 10 percent of blind children are learning it (National Federation of the
Blind, 2009). According to Marty McKenzie, vision consultant, braille readers
statistically have a much higher chance of gaining employment than others in the blind
community. However, only 10 percent of blind students read Braille. Therefore, it is
important to start learning early while they are in school (McKenzie, 2009).
Mathematics is part of curriculum for students from elementary through High School
and beyond. Braille math books are essential part of learning for blind students. Even
though there are many ways to produce math Braille materials ranging from direct
Braille transcription, Braille translation, or combination of both, blind students still
face many challenges.

Although many blind individuals have succeeded in studying math and
science and held careers in these fields, education is still a challenged for many blind
children especially in non-developed countries. The software developed in this
research project will contribute toward solving this problem by making math Braille
books more available. This section presents a new initiative by National Federation for
the Blind in United States (NFB) and a project in Thailand to promote blind students

to study in math and Science track.
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2.7 The National Center for Blind Youth in Science (NCBYYS)

For too long blind youth have been denied full participation in public
school science classrooms. Are dissections too dangerous? Should blind youth sit on
the sidelines rather than participate and make their own observations? Is it too difficult
to understand the stars if you cannot visually observe them in the sky? The answer to
these questions is most certainly "no,” but all too often parents, teachers, and blind
students are simply not aware of how a blind person might actively participate in these
activities. Insufficient hands-on materials, few teachers who understand tactile
learning, and lack of access to blind adult role models and resources have placed
artificial barriers on blind youth in the sciences. The NFB Jernigan Institute recognizes
the urgent need to address these artificial barriers and equip regular education
teachers, parents, and blind youth themselves with the tools and knowledge to provide
greater opportunities in science to blind youth across the nation.

In order to dramatically change the opportunities and resources available
to blind youth in science, technology, engineering, and math (STEM) subjects and
careers, the National Federation of the Blind Jernigan Institute has initiated a bold
national vision for the next generation of blind explorers - the National Center for
Blind Youth in Science (NCBYYS). The goals of the NCBYS are to:

e Establish a center of excellence for resources and information about how blind
youth can best learn and understand scientific and mathematical concepts.

e Promote opportunities for blind youth in science through demonstration
projects, partnerships, and public education.

e Provide technical support to projects working to improve materials and
instruction for blind youth in science and math.

e Provide a national mentoring program built on the foundations established by
the blind professionals of the NFB Science and Engineering Division.

e Centralize research previously completed in this area and coordinate ongoing

research efforts.

The work of the center began in the summer of 2004 with the NFB Science

Academy, the first ever series of summer programs developed and directed by the
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blind to teach science to blind youth. The Academy was a fantastic success,
encouraging and inspiring all who participated. It was the most dynamic gathering of
blind youth in the United States. Blind and low vision high school students from
across the United States took part in this five-day academy to engage, inspire, and
encourage the next generation of blind youth to consider careers falsely believed to be
impossible for the blind (National Federation for the Blind, 2004).

2.8 Math and science education in Thailand

The challenge is not faced by only developed country like United States.
Although many blind individuals in Thailand have graduated from universities, no one
has graduated in STEM subject areas (Science, Technology, Engineering,
Mathematics). Because of the lack of materials and proper tools along with the attitude
from teachers that the blind should be discouraged from learning mathematics, blind
children in Thailand lost the opportunity to develop themselves from very young age.
Without a strong foundation, blind children all chose to study in Arts track instead of
Science track when they arrive at grade 10.

A national initiative to promote math/science education for the blind began
in 2006 with two blind students. Currently they are studying Computer Science in a
University. With the support of Her Royal Highness Princess Sirindtorn and several
leading organizations in Thailand, 9 blind students are now studying in math/science

fields ranging from grade 10 to university (Niyomphol, 2010).

2.9 Educational support

Education for the blind has evolved from residential schools to integration
in regular schools. Even though residential schools still exist to serve blind students
with additional disabilities and act as resources for the larger integration system,
developed countries concentrated more on integration or inclusion. Thailand has 13
schools for the blind, mostly act as educational center with living facility with
integration to nearby public schools. Full integration where blind students live at home

and attend schools near home are happening but students mostly do not receive proper
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support. Whatever the case may be, it is necessary to provide proper support to the
student which involves vision teachers, regular classroom teachers, parents, and other
partners. Following is a reference to the study on “Best Practices” for all parties by
Carol Farrenkopf, Coordinator of the large Vision Program in Toronto, Ontario,
Canada, which supports over 400 children who are visually impaired. Even though the
information may not apply fully with Thai culture considering the communities and
available resources, it is a good example for Thailand to select appropriate aspects
and strive toward reaching higher goals in providing effective education services for
the blind.

Everyone has a role to play in teaching children who are visually impaired
to read. "Everyone" includes the classroom teacher, the teacher of students who are
visually impaired, educational assistants or para-educators, certified orientation and
mobility (O&M) specialists, and family members. Formal literacy instruction typically
takes place during the school day, but parents and other family members may provide
informal instruction within the home and community. The key is to expose children
who are visually impaired to a rich variety of literacy experiences at every
opportunity, whether in or out of school. Intensity of instruction and duration of
instruction needs to be commensurate with students' needs. This Vision Program in
Toronto, Ontario, Canada, supports over 400 children who are visually impaired.
There are 18 qualified teachers of visually impaired students, 4 certified O&M
specialists, a certified braille transcriber, and a braille librarian on staff. There are also
several educational assistants who provide additional supports to students in the
program (Farrenkopf, 2008).

In Ontario, "the first consideration regarding placement for an ‘exceptional
pupil' is placement in a regular class with appropriate supports, when such placement
meets the student's needs and is in accordance with parents' wishes" (Ontario Ministry
of Education, 2005).

Koenig and Holbrook (2000) and Corn and Koenig (2002) attempted to
achieve a consensus among 40 experts in the field of visual impairment on how
literacy instruction needs to be delivered to students who read braille and students with
low vision. Four factors were considered in both studies: consistency of service (daily
contact, moderate contact of 1 to 3 visits per week, low contact of semimonthly or
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monthly visits, or periodic contact of occasional visits throughout the year); total time
per day (1 to 2 hours per session, a half-hour to 1 hour per session, or less than a half-
hour per session); time span (infancy through grade 12); and duration of service
(throughout one school year, throughout one quarter or semester, or concentrated in
one to several intensive days of service).

The results indicated that the experts agreed that literacy instruction should
vary in "consistency and intensity, depending on the skill area being addressed"”
(Koenig & Holbrook, 2000). For example, children who are just beginning to learn
braille should have daily, intensive instruction for several years. Similarly, students
with low vision should have "high-quality direct instruction in literacy skills" (Corn &
Koenig, 2002) rather than mere consultative support.

Students who are blind or who have low vision deserve high-quality
literacy instruction not only from their classroom teachers, but also from qualified
teachers of visually impaired students and other significant individuals in their lives.
When teaching a young child to read braille, the teacher of visually impaired students
is not simply teaching a code-he or she is teaching reading at the same time. Literacy
instruction cannot be separated from braille instruction; the two are intertwined. For
the student with low vision who is just learning to read, learning how to integrate
visual skills into literacy experiences is critical. Students with low vision also require
direct instruction to learn how to use appropriate low vision devices (for example,
monoculars or magnifiers) and high-tech devices (for example, closed-circuit
televisions or computers with screen enlargement or speech output software) in order
to access the school curriculum as independently as possible (D'Andrea & Farrenkopf,
2000).

Given the unique, disability-specific needs of learners who read braille or
enlarged print, it is unrealistic to expect the regular classroom teacher to teach literacy
skills without the assistance of a teacher of students with visual impairments. In
addition, it is also unrealistic to expect that the teacher of students with visual
impairments should be able to take on the entire literacy program for a young braille
learner without the assistance of the regular classroom teacher. Families must also
contribute to the process at home by reinforcing what is learned at school and by

exposing their children to new and varied experiences within the community. We need
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to work together to develop the best possible literacy program for the student. Mutual
respect of each other's skills is essential-none of us can provide a quality literacy
program in isolation (Farrenkopf, 2008).

It can be seen that there are many factors that contribute toward the
success of education of the blind. This text-based math Braille translation software
interfaced to a Thai Braille translation software is a small but important part of the
effort to provide support in the area of Braille production especially in math and
science subjects.
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CHAPTER I
METHODOLOGY

This research involved three steps. (1) Development of text-based math
Braille translation software, (2) testing the performance of the software and the ability
of the participants to analyze print math expressions during the exercise (3) find out

the attitude of the participants using the software.

3.1 Software Development

In order to develop the software, a list of available math codes was
gathered from Nemeth Reference and other resources (American Printing House for
the Blind, 1972; Mani, 2005; Inaram, 2004). The total of 192 math symbols was
found. Then the researcher designed print representation of these math symbols by
using combination of printable characters on the keyboard. For example, one asterisk *
is used for dot multiplication sign and two asterisks ** are used for cross
multiplication sign. Table 3.1 is a sample of symbols from the complete list that were
used during the test of the software. Notice that there are no print symbols for open
fraction and close fraction (items 089 and 090) because such symbols are not used
when writing fraction in print but they are necessary when writing in Braille. A Braille
cell comprises of 6 dots arranged in 2 columns and 3 rows matrix where each dot has a
number for identification. Dots 1, 2, 3 are at the left column from top to bottom.
Similarly, dots 4, 5, 6 are at the right column from top to bottom. Plus sign uses dots
3-4-6. With this method, a sighted math teacher or material production staff without
knowledge of Braille can type “Print typing code” and the software will convert to

“Braille representation” properly.
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Table 3.1 Sample of Math Table with Print Typing Code and Braille Representations

Iltem Symbol Description Print Braille
_ Representation
Typing
Code
001 + Plus Operator +
003 X Multiplication cross x **
004 . Multiplication dot * .
089 simple fraction indicator, @(
opening
090 simple fraction indicator, )@
closing
091 - simple fraction line, / 1

horizontal

3.2 Complete list of math symbols with text-based design

All 192 symbols were first identified by numbers 001 — 192where each

symbol was given English and Thai description. Then the text-based representation of

each symbol was designed to correspond to Braille code in US computer Braille

format. Following is the list where each symbol is presented in five-line format.

Line 1: Item

Line 2: English Description

Line 3: Thai Description

Line 4: Print Typing Code

Line 5: Braille Representation

** Begin of list
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001 006

plus operator division linear
inSeanINELIN 130 aMINEMITEN
+ -/

+ o)

002 007

minus operator

division spatial

In3edvINeay IAF0IHINETIT 219
- /-
- 333
003 008
multiplication x division slash

d' < J U
INTOINILND 10N Ny
** /
@* i
004 009
multiplication dot plus or minus

A A A
INT0IHINBYY A IN399HINBVINTITOAL
* +|_
* +-
005 010
division minus or plus

A A A
INTDINIEHNIT IN39IHINBAVHIDUIN
1l -+
A -+
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011 016

plus followed by minus tilde
inSeannaINNazaY Hias

+&- ~

+'- @:

012 017

minus followed by plus logical sum

IN309¥INAVIAZUIN

Tadnoa HasIN

-&+ @|S
-+ @+
013 018

minus followed by minus

!ﬂ%@x‘iﬂﬂ]ﬂﬁ‘ﬂ!!ﬁ%ﬁﬂ

logical product

Tadnoa wag

-&- @lp

@%

014 019
intersection ampersand

a d Q:I A d
DUINDILBNY U IN09HINBDUA
* &
% &
015 020
union vertical bar

~ e!- ~
T aef
*+ |

\
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021 026
hollow dot less than with bar under
d' Vv J A 1T
ANTI INIIHNIYHIENINHIDIMNDY
.0 <-
* "k:
022 027
backslash less than with equal sign under
d' d‘ b J ) - Y J
I UALaan INIDINANYUDYNNTITONINY (A1HAY)
\ <=
_* Ilklk
023 028
equals greater than with bar under
d' - d‘ \ ) -
AIIHNENINY AIDIHNBYNINNHIUNIND
= >-
Kk 1
024 029
less than greater than with equal sign under
d' YV \ d‘ \ ) - b4 \
VNI HBUNI INIDININYNINNNHIUNNY (ATUAN)
< >=
"k 1.k
025 030
greater than unequal
4‘ \J 4‘ | T o
AFIDIHNIININNIN mimﬁmsﬂwmnu
> /=
1 1.k
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031 036

less than followed by greater than not perpendicular to
in3esmaneiosnuazanan Nikenin

<> I

llkllll /$p

032 037

greater than followed by less than not parallel to
inSearnenanwazsfesn Tajvanu

>< /|:

1"k /91

033 038

equal sign with question mark over ratio
méamumm']ﬁ’mmsméammm‘imm 56]51%1'31-!

7=

ll.k<_8] Ill

034 039
perpendicular to proportion
Famn daau

I

$p 2

035 040

parallel to double tilde
VU Taedszana
= ~

$l @:@:
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041
tilde with equal sign under

046

equivalence

mnunnlszms UMY
@: .k @<,<

042 047

arc, concave upward identity
Y Y ; U U

!ﬁuiﬂ&ﬂ31 aNHYNU
In &id

$a |

043 048

are, concave downward variation

ulnavag RIRTY

v =

$ =

044 049

is an element of inclusion

Wuamnsnves Wususaves
&e =&
@e "k
045 050

reverse membership

a U
NI NNDNU

1&e
@5

reverse inclusion
Tiduduisaves

=&
1
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051

inclusion with bar under

056

union with bar under

ﬂ' Vv = S Y \J \J
!ﬂiﬂﬂ“ﬁ?ﬂﬂﬂﬁzﬂﬂ‘u@]]ﬂ %I!“I-!El“l-! NIAHATHA]
=&- 4o

"k: A+
052 057

inclusion with equal sign under

d' v ' o Y \J
msmﬁmaﬂsznaums, MmMuauHal

contracted form of right-pointing arrow

9NASTY VIIAIED

=&= ->
"kk $0
053 058

reverse inclusion with bar under

‘ﬁ' Y Yy Y U
!ﬂiﬂﬂ‘ﬁu]ﬂﬂﬁgﬂﬂﬂﬂjﬂ, lauaIunay

ordinary shaft, right-pointing arrow

- a
CGERARIRING

=&/- -h>

L $330

054 059

reverse inclusion with equal sign under double shaft, right-pointing arrow
in3esrnedudundy, miudd qaAsTveah

=&/= -hh>

1k $770

055 060

intersection with bar under
a Jd Q'J IS A U
DHIADIBNT U NLAaUATUHAN

*

.%:

ordinary shaft, left-pointing arrow
gﬂﬁi%“fi’m n@

-h<

$[33
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061

double shaft, left-pointing arrow

2y v
ANAIY U8 aoAUN

066
right-pointing over left-pointing arrow

2 oA 2y
ANAIFUIN BEYLVIUDGNAIT Y

-hh< -><
$[77 $330%[33
062 067

arrow pointing up

left-pointing over right-pointing arrow

QIATH U QnAsE91e ogmilognastu
|/\ -<>
$<330 $[33$330
063 068
arrow pointing down down-pointing followed by up-pointing
gnﬂﬂ‘%m arrow
v gnm%m gnﬂs%%u
$%330 -vA
$%330"$<330
064 069
ordinary shaft, double-pointing arrow up-pointing followed by down-pointing
gnasiIguN arrow
-h<> gnﬁiﬁu gnﬁi%’m
$[330 Y-
$<330"$%330
065 070

double shaft, double-pointing arrow

IGRL AULRL LN

-hh<>

$[770

arrow pointing up and down

2NASTY 1AZaa

Ny
$<[330
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071 076

parenthesis, left brace, right
inSearaneudvitla eduilnmila

( }

( )

072 077

parenthesis, right angle bracket, left
m3esmnenudvila Juduyuila

) &[

) -

073 078

bracket, left angle bracket, right
udumin)ila Juaua

[ 1&

@( )

074 079

bracket, right vertical bar, double
adumuifila duianssaeadu

] |

@) \\

075 080

brace, left enlarged parenthesis, left
eauilnmidla udulnaiila

{ *(

( (
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081
enlarged parenthesis, right

udulngila

086
enlarged vertical bar, left and right

IUATIHINGEIAZUN

) "
) o

082 087

enlarged bracket, left empty set

adumuflngita a9

[ {

@ ( ()

083 088

enlarged bracket, right transcriber's grouping symbol, opening
udumuflngia & closing

I* Foyanwalitlatlangu

@,) "

084 089

enlarged brace, left

udvilamlnaiiila

simple fraction indicator, opening

A = '
nsearisnatanyaIu

*{ @(

o ?

085 090

enlarged brace, right simple fraction indicator, closing
edulnmingila inSesvanelamudan

¥ )@

) #
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091

simple fraction line, horizontal

IUIAAAAYAIY

096

complex fraction indicator, closing

a \ Y
aayaIugon

/ 1@
/ H
092 097

simple fraction line, diagonal

Y 1 =
UL AUAHA IO

complex fraction line, horizontal

IUIAAIAYA IS DY

|/ @/
_ bl
093 098

fractional part of mixed number indicator,

complex fraction line, diagonal

opening IUUAAUAYAIUG D UIDEI
Waavaiunse @l
@[ !
?
094 099

fractional part of mixed number indicator,

shape indicator regular

closing inSesmnenaasginse Und
Yauavarunsy or

1@ $

#

095 100

complex fraction indicator, opening

a \ Y
Waayaugen

@{~

shaded shape indicator (bold)

m%wmmmmgﬂma i

?b
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101

filled-in shape indicator

A =
!ﬂiﬂﬁﬁu]ﬂ!!ﬂﬂﬂzﬂﬂiq ny

106

rectangle

Y

sU@masnAu

?f Ir

-- $r

102 107

circle diamond
sihanan gﬂéméﬂmuuﬁﬂnﬂu
Ic 'd

$c $d

103 108
triangle pentagon
gﬂmuméau gﬂﬁ’uﬁéﬂu
It Ip

$t $5

104 109

right triangle hexagon

gﬂmumﬁﬂmgumn gﬂﬂnméﬂu
Itr 'h

$t.r] $6

105 110
square star shape
gﬂéméﬂu [ab1: sian

Is 7

$4 $s
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111 116
ellipse circle with interior dot
515 gamaluianas
le Ic.
Pe $c_$*]
112 117
angle alpha
Y upavh
) ‘a
$[ a
113 118
right angle beta
HUNIN [S1190]
r 'b
$[.r] b
114 119
bar, horizontal, modifying gamma
st’r’uaamuau AN
I- 9

g
115 120
circle with interior plus sign delta
méawmﬂmnmﬂimanau Lan
Ic+ 'd
$c_$+] .d
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121 126
epsilon kappa
lFaou undih
‘e 'k
.e k
122 127
zeta lambda
BAM HaNa
'z |
Vi A
123 128
eta mu
1A T
‘et m

.m
124 129
theta nu
Fm #
'th n
2 .n
125 130
iota Xi
lalom e
'] X
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131 136
omicron upsilon
To'lunsou gilBaou
'0 u

.0 u
132 137

pi phi
e vhe

p ‘ph

p f

133 138
rho chi
15 me

r ‘ch

r &

134 139
sigma psi
BAN N

S 'pS

S 3%

135 140
tau omega
n Tosmm
't ‘om

t W
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141 146

sampi subscript indicator
BNNY !ﬂéﬂﬂ"r‘mmﬁﬂﬂ

‘c ;

.C ;

142 147

numeric indicator

N3NNI DY

comma or comma-space within subscript

or superscript

' A o v Ay
ﬂﬂummﬂmmmﬁmmnmmﬂ‘s’e)‘ﬁﬂﬂ

0
# d.
[
143 148
letter sign baseline indicator
30 aNIEIFISAYS waearIneiend
?; n
144 149

punctuation indicator

cancellation indicator, opening

A o W d A 2 a
INIIHNIIUITYANHIY !ﬂ‘iﬂd‘lf‘illﬂ!ﬂﬂﬂﬂ!ﬁﬂ
7 Q#
145 150
superscript indicator cancellation indicator, closing
4‘ o w 4‘ = a
IAFedriNIggnNNIal !ﬂif)ﬂﬁu1ﬂﬂﬂﬂﬂ!ﬁﬂ
N

#@
]
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151
carried-number indicator for addition

(varying in length)

156
italic indicator

A o
IAIDINNYLAAIANIDEN

IA30IMINEMATULIN Py
777
152 157

directly-over indicator

IN3OININITAINITOGAUY

italic type-form indicator, opening

4‘ v A a2
InsearINeanIn e a

" (
<
153 158

directly-under indicator

INTOIHINBUTAINITOLA A

italic type-form indicator, closing

‘ﬂ' U = a
INTDIHINBAAINUDESTIA

v ):
%
154 159

termination indicator

bold type-form indicator, opening

A v v J A LY 2
InINHNgIVaYab InSoarINEanIn UL
7] (

1
] -
155 160

general reference indicator
IA3091INEB 199912 11/
?2-?

@]

bold type-form indicator, closing

m%mmmmmﬁmmﬂﬂ

)_
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161
percent sign

A d s d
nsearinalesiiun

166

omission sign, general

A v
INIDIHNYYUNIIU

% 7no

@0 =

162 167

dollar sign radical
m%"mwmmaamsd mémﬁmasm

$ Al

@s >

163 168

cent sign first inner radical indicator
Eil IN30aMINENFEANT
’)C Nk

@c

164 169

pound sterling

second inner radical indicator

A ¢ A o A
!ﬂiﬂﬁﬂu]ﬂﬂﬂuﬂ AIDINNYINNITAUNADY
’)I Nk*

@l
165 170
degree sign index of radical

A 4 a
INTDIHNYDIAN AINHNYIZTYIINN
.dg Nt

N *

<
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171 176
asterisk tally
ADNIU in3eanINETAY
7 #_
@# _
172 177
crosshatch, pounds (weight) check mark
!ﬂéf)\iﬁuw{h‘ﬂ méammﬂgn
W '/
# @>
173 178
caret ditto mark
!!ﬂﬁ’ﬂ‘ﬂ%;ﬁu !ﬂéﬂﬂﬁu1ﬂ“§‘1
A .

_< 1'

179
174 infinity
inverted caret oifud (bififiauga)
!!ﬂﬁﬂ‘ﬂ%ﬂﬂ %
_V =
%
175 180
prime at-sign
Tnsai usa
7 @
, @a
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181
empty or null set

186

integral sign, with superposed circle

1FA 9 dufnN3a NUINaN
{0} @tc

0 l@%c]

182 187

factorial angstrom unit
!!‘V‘lﬂ‘nﬂi!‘%ﬂﬁ ﬁﬁ]ﬂ%ﬂ!!@ﬂﬂﬂiﬂu
& @as

& @,a

183 188

partial derivative

d aa =
mamansenil

since (because)

MmN

@d @v

@d @/

184 189

integral sign therefore
duUNINIa MRz

@t @/

1 ,*

185 190

double integral sign it does not follow that
duin3ag Nisihlananiu
@@t an

1,*
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191
existential quantifier (there exists exactly

one)
DIHIU, VMR

@eq
@=\

192

universal quantifier
gHneswoa noflvliens

@uq
@&

** End of list

3.3 Development of the search table

After the complete list of math symbols with text-based design was
compiled, the same table was used to create the search table before writing the source
code. All 192 “Text-based print code” along with their corresponding “Braille Nemeth
code” were rearranged according to groups from large to small. This arrangement was
necessary for the source code to use by linear search. Following is the complete list of

the search table.
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065
double shaft, double-pointing arrow

QnASENEY VI aeam

054
reverse inclusion with equal sign under

d‘ y v U ' o v J
IV IFUANIUNAY IMNUATHAN

-hh<> [=&=

$[770 1k

059 111

double shaft , right - pointing arrow ellipse
QNASTUNABUM 3145

-hh> le

$770 $e

061 179

double shaft , left - pointing arrow infinity
QnASTAY doam nSesnaneeiiua (hiliiduga)
-hh< If

$[77 =

064 165

ordinary shaft, double-pointing arrow degree sign
QnASINY U IN50IHANLDIA
-h<> .dg

$[330 il

053 185

reverse inclusion with bar under
4' 4 Y Y (Y]
insearigilsyneun g tIFuAuNaY

[~&-
A

double integral sign
duiitn3a g

@@t




Fac. of Grad. Studies, Mahidol Univ.

Ph.D.(Science and Technology Education) / 53

186
integral sign, with superposed circle

UNNIa NUIINAN

191
Existential quantifier (there exists exactly
one)

IUIU VU

@tc

1@%c] @eq
@=\

187 192

Angstrom unit
wigiauesanson

Universal quantifier
a d a Jd
giineiwoa nrouilioos

@as @uq

@,a Q&

188 181

Since (because) empty or null set
ITOIMINENIIT N 1A

@v {0}

@/ 0

189 166

Therefore omission sign, general
INTOININEINTIT LI In3earInasn iy
(@ ?no

* =

190 155

It does not follow that
insaaviang Tadluldaaiu

"
1*

general reference indicator

4' Y Aa G'J
!ﬂﬁﬂ\ﬁ‘iﬁﬂﬂ@]ﬁ@\i"ﬂiﬂﬂ
2-9

@]
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151 139
carried-number indicator for addition | psi
(varying in length) WBE
INT0IHINENAMTLIN 'S
_ Yy

77777

123 140

eta omega

oM Totum

‘et ‘'om

: W

124 115

theta circle with interior plus sign
B insesrInauInmelanau
'th Ic+

2 $c_$+]

137 116

phi circle with interior dot
e gamaluranan

‘ph Ic.

f $c_%$*]

138 113

chi right angle

e YU

‘ch r

& $[.r]
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098
complex fraction line, diagonal

Y U Y =
LA UHUTAUAYAIUBOU (D8N

069
up-pointing followed by down-pointing
arrow

22 2
9NAITUU gnATTaY

Ql/

A Ny-
$<330"$%330

104 070

right triangle
silananmagaman

arrow pointing up and down
gnASTUIAZAY

Itr -

$t .r] $<[330

066 058

right-pointing over left-pointing arrow ordinary shaft , right - pointing arrow
gnAST YN aemitegnas Ty gnasvuNUnd

->< -h>

$330%[33 $330

067 060

left-pointing over right - pointing arrow ordinary shaft , left- pointing arrow
gNAST AN oEIMIHOgNATTYN gnasyaelng

-<> -h<

$[33$330 $[33

068 050

down-pointing followed by up-pointing
arrow

1 =X
Qﬂﬁﬁ‘“ﬁ\‘i gﬂﬁi‘lﬂlu
-yN
$%330"$<330

reverse inclusion
Nl udusaves
=&

A
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051 045

inclusion with bar under reverse membership
insaaringlsznaua e AINTONAAY

=&- /1&e

"k: @5

052 036

inclusion with equal sign under
4‘ 3 ' o Y U
insesrInglsznaun g IMNuUAIMaIs

not perpendicularto
Taigann

=&= /|_

"k.k 1$p

055 037
intersection with bar under not parallel to
IN309MINEDUIND ST NTUTITUMUAI R YRLY

Fo_ /|:

%: /%l

056 007

union with bar under
A ~ N Y Y v
INIDIHINBEIHBUITUAIUA

division, spatial
IN30ININBHIT 219

*yp -/-

A+ 333

047 009

identity plus or minus
anlany In30anINEINYHIoaL
&id +-

+-
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010 006

minus or plus division linear
IN309¥INYAVHIBLIN IN399HANYHITEN
_|+ -/

-+ O

011 005

plus followed by minus division
IN309HINYUINIAZ A INIDIHINYMS
+&- Il

+II_ ./

012 003

minus followed by plus
INS09MANBALIAZUIN

multiplication x
4 <
INOININANANB N

-&+ *k
LT @*
013 014

minus followed by minus
InSeMINEaLIaZaD
-&-

intersection

a d & Q‘J
UIADILBNY U
* -

%

114
bar horizontal, modifying

UM U
I

015
union

4
grie
*4
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017 028

logical sum greater than with bar under
Tadnoa HaIIN IA309MINEINAN KT OMAY
@ls >-

@+ 1

018 029

logical product
Tadnoa waga

greater than with equal sign under
IN3DIHINLIINNINHNIVMNY (AHA1)

@lp >=

@% 1.k

021 030

hollow dot Unequal

9AN3I9 nsesnanglaimn
.0 1=

x 1.k

026 031

less than with bar under
d‘ v \l A T o
INIBINNYHUBYNNHIMNNDY

less than followed by greater than
INIRIHINYBYNMAZINNNN

<- <>
"k: "k".1
027 032

less than with equal sign under
d’ t%4 \J A V' o v '
INTBIHINBUBENIHIBINMNDY (MIHA)

<=
"k.k

greater than followed by less than
IA30vINEINNN AT o8N

><
A"k
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033 041

equal sign with question mark over tilde with equal sign under
INSDINMNBIMAVIAZIABIHINRID TN mnunmlszms
=? ~=

" k< 8] @:.k

034 102
perpendicular to circle

fann siasnan

| Ic

$p $c

035 044

parallel to is an element of
YUY iluaansnves
|= &e

$l @e

039 046

proportion equivalence
daau EATTR Tt Y!

;2 @<<

040 048

double tilde variation
Taedszana uilseiu

@:@:
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049 078
inclusion angle bracket, right
Wuduraves Jvavapila
=& 1&
"k )
057 079

contracted form of right - pointing arrow
QNASTUI VAN

vertical bar, double
IUAINTITDUTY

-> I
$0 \
062 080

arrow pointing up

enlarged parenthesis, left

QnASTUY uavlvigita

" *(

$<330 1

063 081

arrow pointing down enlarged parenthesis, right
gnAsTag udvlvgitla

v )*

$%330 )

077 082

angle bracket, left enlarged bracket, left
uduymitla udumuflngyila
&[ [

N @,(
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083 089

enlarged bracket, right simple fraction indicator , opening
sdumuflngila nIesrnaianydiu

I @(

@) ?

084 092

enlarged brace, left simple fraction line , diagonal
uduilnmlvaiia IFUaAUABAIUDE

*{ |/

A _/

085 093

enlarged brace, right
eavilnmlviaiila

fractional part of mixed number indicator,
opening

1 aavaivnaz
") @[

'L
086 094

enlarged vertical bar, left and right
IFUATINU FEHazUN
*|

A\

fractional part of mixed number indicator,
closing

Yauavaunaz
@
#

088
transcriber's grouping symbol , opening &
closing

daydnuaiitlatlangy

095
complex fraction indicator, opening

a \ Y
nlayavgou

@{
2
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096 103
complex fraction indicator, closing triangle
Yauauaiudou suamagy
1@ It
H $t
097 105
complex fraction line, horizontal square
LTI RGeS 3 sidmagudnsa
@/ Is
A $4
099 106
shape indicator, regular rectangle
d' a d' d' A Y
In309rINNaAIzUNIe Unf sulamagamuEn
o Ir
$ $r
100 107
shaded shape indicator (bold) diamond
nIeInINENaAIZUNIe N simvasnvuailanyu
?b Id
$d
101 108
filled- in shape indicator pentagon
A = Yy A
In309MINNaAIzUNII Ny suvuvagw
?f Ip

$5
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109 117
hexagon alpha
silvinviden uwoavh
Ih ‘a

$6 a

110 118
star shape beta
sian e

7% 'b

$s b

112 119
angle gamma
1LY U
I 9

$[ g

042 120
arc, concave upward delta
idulaand A
n 'd

$a d

043 121
arc, concave downward epsilon
idulAsnae oUBasu
lv 'e

$ e
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122 129
zeta nu
IBANT Th)
'z n

Vi n
125 130
iotal Xi
JaTom 18
i X

A X
126 131
kappa omicron
uailih Tolunsou
'k ‘0
k .0
127 132
lambda pi
gaNm g
II Ip

A P
128 133
mu rho
e 15

53
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134 143
sigma letter sign
FNI IN309MINEINAIONYS
'S ?;
S :
135 144
tau punctuation indicator
m nIeavINeFanyal
't ?
t _
136 147
upsilon comma or comma-space within subscript
olTanu or superscript
u insesnInagamamealugnmdavisevion
u »
[
141 149
sampi cancellation indicator, opening
HHWIEY inesrineilasnian
'c @#
.C [
142 150

numeric indicator
In509%INai Y

%
#

cancellation indicator, closing
A a a
insenInegla an@n

#@
]
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152
directly-over indicator

INTOIHINANTAIN TOYAUUY

158
italic type-form indicator, closing

A v A =
InIoarINauaaIRAResla

" ):
< o
153 159

directly-under indicator
INSOININENTAINITOGATHALS

bold type-form indicator, opening
inseaaInvivn ia

v (
% .
154 160

termination indicator
4 [y (v} d
m%mmmuatyanym

bold type-form indicator, closing
InsesvInatanIn v a

7] )_
] A
163
156 cent sign
|ta!|c indicator P TR
A U
INTOIHANAUTAINNDH 2%
2 @c
157 164
italic type-form indicator, opening pound sterling
InSesrINetanInIBeila in3eavanaloua
2

¢

@l
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167 172

radical Crosshatch pounds (weight)
A 4 y

INTDININYTIN INTOHNY IV

N M

> H#

168 173

First inner radical indicator Caret

A v =
INIDIHNIYIN FEAUN 1

N*

32
A NBUU

N

_<
169 174
second inner radical indicator Inverted caret
IN3DIHINYIIN TLAUN 2 AAINTAI
Nkx* _V
%
170 175
index of radical prime
A = d
INIBIHINYIZYIINN w3
Nt ?'
< 1
171 176
Asterisk Tally
ADNIY IN309INATAIIY
Vhal #

@#




Wiraman Niyomphol

Methodology / 68

177 019

check mark ampersand
IN30IHINEGN INS0ITINNOUA
'/ &

@> &

178 004

ditto mark multiplication dot
INSRINMTAY INOINMLY A
[ *

] *

087 001

empty set plus operator
1A IN3OHINYLIN
¢ +

() i

183 002

partial derivative

minus operator

d aa = A
wsmansnnd INS09HINEaL
@d .
@d -
184 022
integral sign backslash
uNINIa In3aavINAIUALTaN
\

@t
!

*
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023 016

equals tilde
10NN Hias

K @:

024 071

less than parenthesis, left
InSe9vINeesN N insesvianenuduitlaila
< (

llk (

025 072

greater than parenthesis, right
IN309HINEINANI nesrisneuduila
> )

1 )

038 073

ratio bracket, left

oNI AU udumuiila

: [

"1 @

020 074

vertical bar bracket, right
Tagi Juduianfila

I ]

\ @)
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075 146

brace, left subscript indicator
2qudvilnmitla In509%INaioY

{ ;

( :

076 148

brace, right baseline indicator
vilamila insaaviangiellnd
} n

)

091 161

simple fraction line, horizontal percent sign
AUIAAAAYAIY insesnanenlosidusn
/ %

/ @0

008 162

division slash dollar sign

N IN509%INEADAANS
/ $

/ @s

145 180

superscript indicator at-sign
IN309HINYLNMAY IN309MINALDA

A @

N

@a
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182
factorial

unlanesiSua

&
&

** End of list

3.4 Development of the source code

The text-based math Braille translation engine was developed as a program
using Pascal language. The program would act as a function that can be called from
the main software. Text-based math string would be passed to the engined for analysis.
The engine would loop through the string and linear search technique based on the
table would be performed at each position of the string. If a match is found the Braille
Nemeth code would be substituted. After the entired string was processed, the result
would be sent back to the main software.

The main software had to be modified to interface with the engine.
Whenever the software found a math string marked by begin math code ## and end
math code $$, that portion would be extracted and the engine would be called. The
result from the engine in US computer Braillde code was then replaced at the same
location of the document. Finally, proper formatting for Braille line length and page
length along with Thai word break analysis and Braille page numbering would be
performed to produce out put Braille file. The main software used in this research was

RS Braille software. Following is the source code of this research.

** Begin of source code

program translate_forward_math; {tf-mat.pas}

{

Wiraman Niyomphol

perform math forward translation
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each line of input file is print typing code for math symbols
returns output file with braille math code

use linear search through table dictionary

}

const
brl_id = chr(0);

type
word_array = array [1..200] of string [15];
linestring = string [250];

var

infile, outfile: text;

fn: linestring;

math_p, math_b: word_array;
total_math, In: integer;

pline, bline: linestring;

procedure load_table;

{load from file tf-mat.tab

data return in array math_p and math_b

insert braille indicator in front of each braille character on math_b
integer total_math is number of entries

format:

skip all heading lines until find a line with *

read 6 lines for each entrey

line 1 is numeric key

line 2 is english description

line 3 is thai description

line 4 is print typing code
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line 5 is computer braille code
line 6 is blank except last entry

if line 6 is * then last entry is found

}

var
infile: text;
i, J: integer;

tline: linestring; {table line}

begin
assign(infile, 'tf-mat.tab");

reset(infile);
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{skip heading lines until find a line with *}

tline :="."; {make sure it is not *}
repeat

readIn(infile, tline);

until tline[1] ="*";

i:=0;

tline :=""; {make sure it is not *}
while (not eof(infile))

and (tline[1] <> ") do

begin

i:=i+1;

{skip numeric key, english description, thai description}

readIn(infile, tline);
readIn(infile, tline);
readIn(infile, tline);
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{get print typing code}
math_p[i] :=";
readIn(infile, math_p[i]);

{get computer braille code and add braille identifyer}
readIn(infile, tline);

math_b[i] :=";

for j := 1 to length(tline) do

math_b[i] := math_b[i] + brl_id + tline[j];

tline :="."; {make sure this var is not * before getting line 6}
readIn(infile, tline);

{debug:

writeln(i);

writeln(math_p[i], |):

writeln(math_b[i], ');

writeln(tline, '[');

readIn;

ks

end; {while}

{number of entries for science table}

total_math :=1i;

if paramstr(1) ='?' then

writeln(‘'Total table entries for science table =", total _math);
close(infile);

end; {load_table}

function tf_math(var line: linestring): linestring;

{convert string according to math table}

Methodology / 74
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var
w, p, |: integer;

old_line, temp: linestring;

begin

{empty string, do not process}
if line =" then

begin

tf_math :=";

exit;

end;

{save original line to return back}

old_line :=line;

p:=0;

{loop according to each table enctry}
for w :=1 to total_math do

begin

{keep result in temp during processing}

temp :=";
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{find match of this print word entry in line parameter}

p := pos(math_p[w], line);

{if match not found then give whole line to temp}

if p=0then

temp := line;

{in case a match is found then keep processing through the line}

{both line and temp will hav mixed converted braile and print code,
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going through the loop}

while p <> 0do

begin

{move substring from begin line to match location to keep in temp}
if p>1then

temp :=temp + copy(line, 1, p-1);

{look back 1 char for braille identifyer,

if found then this current position is braille character already translated,
move it to temp, do not convert again}

if (p >1) and (line[p-1] = brl_id) then

begin

temp :=temp + line[p];

writeln(temp);

end

else
{otherwise add braille word of that match to temp}
temp := temp + math_b[w];

{then delete that print word or braille code from line string}
| := length(math_p[w]);
delete(line, 1, p-1+1);

{continue to search for the same print word in the remaining line string}

p := pos(math_p[w], line);

{if not found then add remaining line string to temp, also jump out of loop}
if p=0then

temp :=temp + line;

{if found another match of same print word then go back to top of loop}
end; {while}
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{result in temp where all occurrences of this print word are converted}

{give temp back to line to check for another print word}

line := temp;

end; {for}

{all print words are processed and converted if found matches}
{tem has final result}

{insert number sign at beginning of number}
line := temp;

temp :=";

for p := 1 to length(line) do

begin

if (line[p] in ['0"..'97)

and (line[p-1] <> brl_id)

and ((line[p-1] ="") or (p = 1)) then
temp :=temp + '# + line[p]

else

temp :=temp + line[p];

end;

{convert capital letter for alphabet}

line := temp;

temp =",

for p := 1 to length(line) do

begin

if (line[p] in ['A".."Z']) and (line[p-1] <> brl_id) then
temp :=temp + ;" + line[p]

else

temp :=temp + line[p];

end;
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{strip all braill indentifyer from temp
and give temp back to line}
line:=";
for p := 1 to length(temp) do
begin
if temp[p] <> brl_id then
line := line + temp[p];

end;

{return converted string as function result}
tf_math := line;

writeln;

writeln(line);

writeln;

{return line parameter with original value}
line :=old_line;

end; {function tf_mat}

begin {main}

if paramstr(1) ='?' then

writeln("Welcom to forward Braille translation engine for mathematical notations');
{get table from tf-mat.tab into arrays}

load_table;

{ask for input and output file

take either keyboard input or command line parameter
if parameter 1 is ? then show messages

Hf (paramcount = 0) or (paramstr(1) ='?") then

begin

write('input file: *);

readIn(fn);

end
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else
fn := paramstr(1);
assign(infile, fn);

reset(infile);
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if (paramcount = 0) or (paramstr(1) ='?") then

begin

write(‘'output file: );
readIn(fn);

end

else

fn := paramstr(2);
assign(outfile, fn);

rewrite(outfile);

{go through the input file line by line}

In:=0;

while not eof(infile) do
begin

In:=In+1;

{get the line}
readIn(infile, pline);

{check if begin with ", do not translate}

if pline[1] =" then
begin
delete (pline, 1, 1); {take out "}

{also take out one space after " if found}

if pline[1] ="' then
delete(pline, 1, 1);
bline := pline;

end
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else
{convert according to math table through function call}
bline :=tf_math(pline);

{save result to output file}
writeln(outfile, bline);

end; {while}

{finish going through the file}

close(infile);
close(outfile);

if paramstr(1) = '?' then

begin

writeln(*finish math forward translation engine’);
writeln(‘by Wiraman Niyompho, October 18, 2006");
end;

end. {translate_forward_mat}

** End of source code

3.5 Performance Test

This section looked at both the performance of the software and the ability
of the participants to analyze print math expressions and type them properly during the
exercise. The Thai Braille translation software (RS Braille) with additional text-based
math Braille translation capability was tested with 10 participants at Christian
Foundation for the Blind. The participants were math teachers and material production
staff from different educational centers in the country. There were 7 sighted persons, 2
low vision persons and 1 blind person. Initially, a three-hour training of how to use the

software was given to the participants. Then a two-hour exercise session of 20 math
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expressions (N1 — N20) developed by the researcher and 3 instances of text with math
formulas (Q1 — Q3) extracted from a Thai math book were given to the participants
(Basic Mathematics for 10" grade - Book one, 2005). Math expressions (N1 - N20)
were tested for its reliability with four Braille experts who are experienced using
NEMETH Braille code to write mathematics. They read math expressions in print and
used Perkins braillewriter to type out math expressions in Braille manually. Out of 20
expressions (20 full marks), the average correct result was 18.50 or 92.5 percent which
is considered acceptable for use as the instrument in the research. The entire training
and exercise section took place at the computer lab of the organization. Each
participant had a workstation with RS Braille software installed. Visually impaired
participants were equipped with appropriate screen reader and screen magnification

software.

3.6 Attitude Test

Participants completed a questionnaire consisting of general information,
satisfaction level and additional comments. Satisfaction level was measured by asking
about overall satisfaction of text-based math input method and overall satisfaction of
RS Braille software. The scale was from 1 to 5 (poor, fair, acceptable, good, very
good) with following range: Poor 1 — 1.5, Fair 1.6 — 2.5 , Acceptable 2.6 — 3.5, Good
3.6 — 4.5, Very good 4.6 — 5.

In addition, five participants were randomly selected for a semi-structured
interview for twenty minutes for their opinion and attitude of text-based method of
typing math expressions as well as benefits in supporting mathematical learning for
children with visual impairment. The questionnaire took place right after the exercise
by filling out questionnaire form on the computer. Follow-up interviews were recorded

and transcribed later.



Wiraman Niyomphol Results / 82

CHAPTER IV
RESULTS

Results of this research will focus
on (1) Software Development (2) Performance Test (3) Analysis of 20 math
expressions (4) Analysis of 3 math questions and (5) Attitude Test.

4.1 Software Development

As part of the research, a comprehensive list of math symbols based on
Nemeth standard was compiled. All 192 items is shown in Appendix A. Researcher
designed “Print Typing Code” for all 192 items. For the exercise with 10 participants,
32 items were used and are shown in Table 4.1.

During software development stage, the software was tested by running
sample document with all 192 math symbols and all of them translated correctly when
appeared individually separated by either a space or a new line. However, some
translation errors occurred when math symbols were written together. Attempts were
made to correct the software by modifying the source code and rearranging the look-
up table. When focusing on math symbols needed for the exercises, two errors were
located and the participants were informed during the training and before doing the
exercise. The first error involved enlarged parenthesis. Both open and closed enlarged
parenthesis did not translate correctly. The participants were told to use regular
parenthesis instead. The second error involved fraction and radical. When placing
open simple fraction symbol with open square root symbol, this combination did not
translate correctly. The participants were told to put a space between them. These

temporary solutions did not change the meaning of math questions.
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Table 4.1 Math Table with Print typing code and Braille representations (32 items

for the exercise)
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Item | Symbol Description Print Braille
typing representation
code
001 _|_ Plus Operator + Py
002 eisy Minus Operator - i
003 X Multiplication x ok iy
004 a multiplication dot °
005 e Division /1 o
023 S Equals =
024 < less than < R
025 > greater than > e
026 < less than with bar under <- 6
028 > greater than with bar under >- telt
030 ¢ Unequal = P
044 is an element of &e %
071 ( parenthesis, left ( &
072 ) parenthesis, right ) o
075 { brace, left { $e
076 } brace, right } ¥
089 simple fraction indicator, @( °
opening
090 simple fraction indicator, )@ 3
closing
091 simple fraction line, horizontal / 2
093 fractional part of mixed @[ e

number indicator, opening
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Table 4.1 (Cont.) Math Table with Print typing code and Braille representations (32

items for the exercise)

Item | Symbol Description Print Braille
typing representation
code
094 fractional part of mixed @ e
number indicator, closing

The software was tested heavily by using the exercise as the input. Table
4.2,4.3,and 4.4 show the content of exercise before translation, result of inserting
Text-based coded math symbols design in this research and result of translating coded
text to Braille according to Nemeth standard. Each table has following details.

Table 4.2 is Print representation, verbal description and Text-based coded
math symbols of 20 Math expressions (N1 — N20). The left column shows math
expressions visually by using tools in Microsoft Word where the content may not be
easily understood when reading with the screen reader. In order to clearify the content
of the exercise and provide better accessibility to screen reader user, the middle
column was created to give verbal description of 20 math expressions where numbers,
variables, decimal points and commas are shown normally.

The heart of this research is shown in the right column :Text-based coded
math symbols of 20 math expressions. Notice that begin math marks ## and end math
marks $$ are inserted around the math formulas which would be sent to the math
translation engine to process and the result will be in Nemeth Braille code. While the
question numbers 1 — 20 at the beginning of each line will be translated as “higher
number” as usual, numbers in those math formulas will be translated to “lower
number” according to Nemeth standard.

Similarly, Table 4.3 shows three columns of print representation, verbal
description and Text-based coded math symbols of three questions (Q1 - Q3. Each
question was extracted from a Thai math textbook where regular text is written with
math expressions (Thailand Ministry of Education, 2004). Each occurrence of a math
expression would have to be enclosed by begin math mark ## and end math mark $$.
While Thai text was translated to English for this report, the participants typed text

portion of the exercise in Thai language.
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Table 4.4 shows Braille Translated results in two formats. While the
content is the same, the left column is the Translated result shown in US computer
Braille and the right column is Translated result shown in Braille font according to US
computer Braille. One with knowledge of computer Braille or math Braille should be
able to follow along quite easily. For example, math expression N9 with simple
fractions content of 9. fraction of 1 over 2 plus fraction of 3 over 4” would be typed

as 9. ## @(12)@+@(3/4)@ $$ and translated to

(Computer Braille)  #i4 ?1/2#+73/4#

(Braille font) ST I Ry THE LR

According to item 89 in Table 4.1, characters @( (at sign with open
parenthesis) is opening simple fraction indicator. Those two characters would be
translated to Nemeth code as dots 1-4-5-6. All other characters in this formula can be

referenced to Table 4-1 as follows:

Item 090 closing simple fraction indicator (characters )@ converts to dots 3-4-5-6)
Item 091 simple fraction horizontal line (character / converts to dots 3-4)

Item 001 plus operator (character + converts to dots 3-4-6)

After translation, begin and end math marks will be eliminated and will
not be shown in Braille. Since lower numbers appear in a fraction symbol, number
sign is not needed. Number 1 would be converted to dot 2, number 2 converted to dots
2-3, and so on. However, question number 9 is still converted as higher number (dots
2-4) proceeded by number sign (dots 3-4-5-6) and followed by regular period dots 2-5-
6.
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Table 4.2 Twenty math expressions (before translation)
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No. Print Verbal description Text-based coded math
representation symbols
NI | 270.35 270.35 ##270.35 $$
N2 | 21,375 21,375 ## 21,375 $$
N3 | 10+7-3=14 10 plus 7 minus 3 equals 14 ##10+7-3 =14 $$
N4 |8x5+10=4 | 8times5 divided by 10 #H# 8%*5//10 =4 $$
equals 4
N5 | 750 < 850 750 less than 850 ## 750 <850 $3$
N6 | 1,300,000 > 1,300,000 greater than ## 1,300,000 > 130,000 $$
130,000
130,000
N7 |8x(3-1)= 8 time open-parenthesis 3 # 8%*%(3-1) =16 $$
minus 1 close-parenthesis
16 equals 16
N8 [9+(3+1) = 9 divided by open- ##9//(3+1) =2.25 $$
parenthesis 3 plus 1 close-
2.25 parenthesis equals 2.25
NO | 1 N 3 fraction of 1 over 2 plus #H@(12)@+@(3/4)@ $$
2 4 fraction of 3 over 4
N10 7 4 3 5 mixed fraction of 7 and 4 # T@[4/5]@-3@[5/7]@ $$
5 7 over 5 minus mixed fraction
of 3 and 5 over 7
N1l |72>23 7 squared greater than or # 772 >- 273 $$
equals to 2 cubed
NI12 | \f9<4 square root of 9 less than or | ## ~[9?] <-4 $$
equals to 4
N13 [ x*# y? x squared is not equal toy | ## x"2 /=y"3 $$
cubed
NI4|-5<0>-2 negative 5 less than 0 #H-5<0>-28%
greater than negative 2
N15 oy X complex fraction of 2 plus | #@ {2+@(x/1) @@/@(y/3)@-
1 fraction of x over 1 all-over | @(z/4)@} @ $$
— fraction of y over 3 minus
y z fraction of z over 4
3 4
N16 | 7> pi r squared ## 'pr2 $$
N17 | x*+2x-1 x cubed plus 2 x minus 1 ## x"3"+2x-1 $$
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Table 4.2 (Cont.) Twenty math expressions (before translation)

N18 | /x fraction of square root of x #H @( \[x?]3)@ $$
— over 3
3
NI19 | 3/27 =3 cube root of 27 equals 3 #HH 3MN2771 =3 $$
N20 | X1+ x2< X, x sub 1 plus x sub 2 less than | ## x1+x2 <x;n $$

X sub n

Table 4.3 Three math questions consisting of text and expressions (before translation)

No. Print representation Verbal description Text-based coded math
symbols
Ql : B 1, . . B 1, . Given ## A = {2,
Given A = {2, 5 },itcan | Given A = {2, 5 }, it @(12)@} $$ it can be
be seen that both 2 and can be seen that both 2 seen that both 2 and ##
— are members or and — are members or members or elements of
2 2 set A. Phrases "member
elements of set A. elements of set A. T S
of" or "is within" can be
Phrases "member of" or Phrases "member of" or . .
. . N . written with symbol ##
"is within" can be written | "is within" can be &e $8
with symbol €. For written with symbol €. F .
. . or example, 2 is a
examplg, 2 isa member | For example, 2 is a member of A or is
ofA or is within A can be m;mber of A oris ‘ within A can be written
writtenas 2 € A within A can be written as ## 2 &e A $$
as2 € A
Q2 | Leta and b be real 1. a to the power of m | Let a and b be real

numbers and let m and n
be exponential values. It
can be seen that:

+
1.a"xa"=a™"

2.a"xb"=(axb)"

:amn

3. @™"

4.a"+a"=a""

)

7a’n

times a to the power of n
equals a to the power of
m plus n

2. a to the power of m
times b to the power of
m equals open-
parenthesis a times b
close-parenthesis to the
power of m

3. open-parenthesis a to
the power of m close-
parenthesis to the power
of n equals a to the
power of mn

4. a to the power of m
divided by a to the

power of n equals to a to

numbers and let m and n
be exponential values. It
can be seen that:

1. ## a"m**a”n =
a’m+n $3$

2. ## a"m**b m =
(a**b)"m $$

3. ## (a®m)"n = a"mn
$$

4. ## a’m//an = a"m-n,
a/=08$%$

5.## @(a™n/b™"n)@ =
(@(a/b)@) n, b /=0 $$
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No.

Print representation

Verbal description

Text-based coded math

symbols

Example:

5
1.64°¢ =
((64)°)

= (@

e
~
o=

)

the power of m minus n
where a is not equal to 0
5. fraction of a to the
power of n over b to the
power of n equals open-
parenthesis fraction of a
over b close-parenthesis
to the power of n where
b is not equal to 0

Example:

1. 64 to the power of
fraction of 5 over 6
equals open-parenthesis
open-parenthesis 64
close-parenthesis to the
power of fraction of 1
over 6 close-parenthesis
to the power of 5

equals open-parenthesis
open-parenthesis 2 to the
power of 6 close-
parenthesis to the power
of fraction of 1 over 6
close-parenthesis to the
power of 5

equals 2 to the power of
5

Example:

1. ##

64°@(5/6)@ =

(69 @(1/6)@)"5 $$
=

((276) @(1/6)@)"5 $$
## =215 $$

Q3

Example 13:

Solve expression x> < 1
and show the answer by
using line number.

Method:

From x>< 1 derives x*>—
1 <0 and (x+1)(x-1)<0

Consider the value of
(x+1)(x-1) in the range
of (-0,-1), (-1,1) and
(1,0) by choosing the

Example 13:

Solve expression x
squared less than 1 and
show the answer by
using line number.

Method:

From x squared less than
1 derives x squared
minus 1 less than 0 and
open-parenthesis x plus

1 close-parenthesis
open-parenthesis x
minus 1 close-

Example 13:

Solve expression ## x"2
<1 $$ and show the
answer by using line
number.

Method:

From ## x"2 <1 $$
derives ## x"2"-1 <0 $$
and ## (x+1)(x-1) < 0 $$
Consider the value of ##
(x+1)(x-1) $$

in the range of ## (-..*, -
1), (-1, 1) $$ and## (1,
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No. Print representation

Verbal description

Text-based coded math

symbols

value of x within such
range as follows:

parenthesis less than 0

Consider the value of
open-parenthesis x plus
1 close-parenthesis
open-parenthesis x
minus 1 close-
parenthesis in the range
of open-parenthesis
negative infinity, -1
close-parenthesis, open-
parenthesis -1, 1 close-
parenthesis and open-
parenthesis 1, infinity
close-parenthesis by
choosing the value of x
within such range as
follows:

..*) $$ by choosing the
value of x within such
range as follows:

Table 4.4 Translated result shown in US computer Braille and Braille font

Braille Translated result in US Translated result in Braille font
page computer Braille
1 Exercises: text-based coded

math symbols of 20 math
questions and q1-3

* 20 math questions

#ad #270.35
#b4 #21,375

#ed #10+7-3 k #14

#d4 #3@*5./10 k #4

Hed #750 "k #850

#£4 #1,300,000 .1 #130,000
#od #3@*(3-1) k #16

#hd #9./(3+1) k #2.25

#id 21/2#+23/4#

Hajd #7 24/5 #-3 257 #
Haad #7°2 .1 #2°3

#abd >9] "k: #4

#acd x2 [k y*3

#add -5 "k #0 .1 -2
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Braille
page

Translated result in US
computer Braille

Translated result in Braille font

Haed ,72+7x/1#,/7y/3#-
z2/4# #

#afd .pr2

#Hagd x3"+2x-1

#ah4 ? >x]/3#

#ai4 <3>27] .k #3
#bj4 x1+x2 "k x;n

* q1-3 examples extracted
from a thai math textbook
with thai text

translated to english

,qftad

,given A .k .(2, ?1/2#.) it
can be seen that both #b
and

?1/2# are members or
elements

of set ,a4 ,phrases 8member
of0 or 8is within0 canbe
written with symbol @e
Lfor examplel #b is a
member

of ,a or is within ,a can be
written as#2 @e A

,q#b4

,let a and b be real numbers
and let m and n be
exponential

values4 ,itcan be seen that3

#a4 a"m@*a”™n .k a*m+n
#b4 a*m@*b"m .k
(a@*b)"m
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Braille Translated result in US Translated result in Braille font
page computer Braille
3 #c4 (a®m)”*n .k a"mn

#d4 a”m./a”n .k a"m-n, a
/.k

#0

#ed 7a”n/b n# .k (?a/b#)"n,
b /.k #0

,example3

Had #6475/6#
K ((64)°21/6#)"5
K ((2°6)"21/68)"5
k #275

,q#c4
,example #ac3

,solve expression x"2 "k
#1
and show the answer by
using
line number4

,method3
,from x"2 "k #1 derives

xA2"-1 "k #0 and (x+1)(x-
1) "k
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Braille Translated result in US Translated result in Braille font
page computer Braille

#0

4 ,consider the value of
(x+1)(x-1)in the range of
(-=,-1), (-1, #1) and(1, ,=)
by choosing the value of x A R TR S { H
within such range as T OMHuNSSNn SN punys
follows3

4.2 Performance Test

During the three-hour training, the participants received introductory
instruction of RS Braille software on how to enter text-based math symbols by using
begin and end math indicators and focused on mathematical topics used in the
exercises without showing actual math expressions of the exercise. It was observed
that the participants actively worked on these areas: basic operators, relational
operators, simple fraction, mixed fraction, complex fraction, radical, indexed radical,
exponential, subscript and baseline indicator. While working on his/her own
workstation, the participants asked questions and worked with each other to solve the
problem as well. Even though the participants were not required to have knowledge of
math Braille, the researcher emphasized the fact that everything had to be typed in
linear style from left to right and special attention for proper opening and closing
indicators which may not exist in print had to be given. The use of base line indicator
was explained in detail with specific examples as the symbol determined when an
exponential value or a subscript value was finished.

After the training, all participants worked on the exercises for about 2
hours. They were given print exercises and the task was to type all 20 math

expressions (N1 — N20) and 3 questions with text (Q1 - Q3) in RS Braille editor with
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proper text-based math symbols. One low vision person read print exercises
independently. The researcher dictated the exercises to the other low vision person and
the blind person. Both print and translated Braille files of all participants were copied
and printed out for analysis.

The researcher made indications of full mark for each question and
reviewed the performance of the participants and corrected all exercises. For example,
question N9 (see Table 4.2) with math expression one half plus three forth would have
9 points consisting of 2 points for begin and end math markers ## and $$, 3 points for
the first simple fraction; open, close and fraction line @( / )@, 3 points for the second
simple fraction and 1 point for the plus sign +.

As shown in Table 4.5 and Table 4.6, total number of points for the entire
exercise i1s 280 where the first set of 20 math expressions (N1 — N20) is 125 and
questions with text (Q1 - Q3) have total points of 20, 85 and 50 respectively. Out of
280 possible points, all participants earned the average of 266.90 points which is equal

to 95.32 percent accuracy.
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Table 4.5 Exercise Results of 20 math Expressions and 3 Math Questions

Participants

Q |totalfl A| B | C |D|E | F | G| H]|I J | Average | %
1 3 3 3 313 3 3 3 3 3 3 3.00 | 100.00
2 3 3 3 313 3 3 3 3 3 3 3.00 | 100.00
3 5 5 5 505 5 5 5 5 5 5 5.00 | 100.00
4 5| 4 5 41 3 5 5 5 5 5 5 4.60 | 92.00
5 3 3 3 313 3 3 3 3 3 3 3.00 | 100.00
6 6 6 6 6| 6 6 6 6 6 6 6 6.00 | 100.00
7 7 7 7 71 6 7 v 7 7 7 7 6.90 | 98.57
8 8 8 7 8| 7 8 7 8 8 8 8 7.70 | 96.25
9 9 9 9 91 9 9 9 9 9 9 9 9.00 | 100.00
10 9 9 9 91 5 5 5 5 9 9 9 7.40 | 82.22
11 5 5 5 51 2 4| 4 5 5 5 5 4.50 | 90.00
12 5| 4 5 41 2 3 41 4 3 5 5 3.90 | 78.00
13 5 3 5 515 5 5 5 5 5 5 5.00 | 100.00
14 6 6 6 6| 6 6 6 6 6 6 6 6.00 | 100.00
15 16| 16| 16| 16|13 | 12| 12| 15| 15| 16| 16 14.70 | 91.88
16 41 4] 4| 4] 4] 4] 4| 4| 4] 4| 4 4.00 | 100.00
17 6 6 6 6| 4 6 6 6 5 6 6 5.70 | 95.00
18 7 6 7 6| 4 5 5 & 5 7 6 5.60 | 80.00
19 6 6 6 6| 3 4 5 4 5 6 6 5.10 | 85.00
20 7 % 7 T3 7 6 7 "/ 7 6 6.40 | 91.43
total | 125|122 | 124|122 |96 | 110 | 110 | 115|118 | 125|123 | 116.50 | 93.20
Ql 9 9 9 91 7 9 8 8 9 9 9 8.60 | 95.56
5 5 5 5] 4 5 4 2 S 5 5 4.50 | 90.00
3 3 3 31 1 3 3 3 3 3 3 2.80 | 93.33
3 3 3 31 1 3 3 3 3 3 3 2.80 | 93.33
total | 20| 20| 20| 20(13| 20| 18| 16| 20| 20| 20 18.70 | 93.50
Q2 8 8 8 8| 7 8 8 8 8 8 8 7.90 | 98.75
10| 10| 10| 10| 8| 10| 10| 10| 10| 10| 10 9.80 | 98.00
8 8 8 8| 8 8 8 8 8 8 8 8.00 | 100.00
10| 10| 10| 10|10| 10| 10| 10| 10| 10| 10 10.00 | 100.00
16| 16| 16| 16|14 14| 16| 14| 16| 16| 16 15.40 | 96.25
16 16| 16| 16|16 12| 16| 12| 16| 16| 16 15.20 | 95.00
13| 13 ] 13| 13]13| 10| 13 8| 13| 13| 13 12.20 | 93.85
41 41 4| 4] 4] 4] 4 3 41 4| 4 3.90 | 97.50
total | 85| 85| 85| 85|80 76| 8] 73| 8| 85| 85 82.40 | 96.94
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Table 4.5 (Cont.) Exercise Results of 20 math Expressions and 3 Math Questions

Participants
Q |total| A | B C D E F G | H I J | Average %
Q3 41 4| 4] 4] 4] 4| 4| 4| 4] 4] 4 4.00 | 100.00
41 4| 4] 4] 4] 4| 4] 4| 4] 4] 4 4.00 | 100.00
6] 6/ 6/ 6| 6| 6| 6| 3| 5| 6| 6 5.60 | 93.33
9l 9 9] 9| 9| 9| 9| 8] 9] 9] 9 8.90 | 98.89
s8] 8| 8| 8| 8| 8| 8| 6] 8| 8| 8 7.80 | 97.50
13 13] 13| 13 13] 13] 13| 13| 13] 13| 13| 13.00 | 100.00
6] 6|/ 6] 6| 6| 6| 6] 6] 6| 6| 6 6.00 | 100.00
total | 50| 50| 50| 50| 50| 50| 50| 44| 49| 50| 50| 49.30 | 98.60
final | 280|277 279|277 | 239 | 256 | 263 | 248 [ 272 | 280 | 278 | 266.90 | 95.32

Table 4.6 Summary of Exercise Results

Item Full Mark i?/:z?:\ge Earned Percentage
NI1-N20 125 116.50 93.20
Q1 20 18.70 93.50
Q2 85 82.40 96.94
Q3 50 49.30 98.60
Final 280 266.90 95.32

4.3 Analysis of 20 math expressions N1 — N20

Since this is the first time for the participants to use this technique and they
did not have much practice time, it is understandable that they will be mistakes. Basic
result of each questions of all participants were analyzed in details in terms of
individual mistakes, typical pattern, formatting and actual Braille code for improving

training guidelines and software development in the future. Detailed analysis along
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with verbal description and text-based coded math symbols will be shown for

reference.

N1. 270.35

(coded) 1. ## 270.35 $$

N2. 21,375

(coded) 2. ## 21,375 $$

N3. 10 plus 7 minus 3 equals 14
(coded) 3. ## 10+7-3 = 14 $$

The first three questions are straight forward, numbers with decimal point,
comma and some basic and relational operators namely plus sign, minus sign and
equal sign. There was no mistakes on these questions. Overall performance for all

three questions was 100 percent.

N4. 8 times 5 divided by 10 equals 4
(coded) 4. ## 8**5//10 = 4 $$

This question uses cross or multiplication sign x instead of a dot above the
number. That means dots 4 and 1-6 need to be used for the sign and the typist should
have typed **. One subject typed * indicating multiplication dot and two subjects
typed *x reflecting either typing mistake or lack of understanding of the concept. This
question also uses basic division sign where the typist could type // which will convert
to dots 4-6 and 3-4. Regular / is reserved for fraction line. One subject chose another
division sign which was not suitable for this context. Overall performance on this

question was 92 percent.

NS5. 750 less than 850

(coded) 5. ## 750 < 850 $$

N6. 1,300,000 greater than 130,000
(coded) 6. ## 1,300,000 > 130,000 $$



Fac. of Grad. Studies, Mahidol Univ. Ph.D.(Science and Technology Education) / 97

These two questions use additional relational operators (less than and
greater than). There were no mistakes on N5 and N6 but a questionable situation came
up. Two subjects did not put space before and after those relational operators.
Typically spaces are recommended before and after the relational operator in order to
separate two sides of the equation clearly. However, the lack of spaces is not
considered completely incorrect. So far, basic relational operators (equl to, less than,
greater than) are used. Overall performance for these two questions was 100 percent.

At this point, most subjects should have had the grasp of text-based
method of typing basic math symbols namely + for plus sign, - for minus sign, ** for
cross multiplication sign, // for basic division sign, and simple relational operators

such as = for equal sign, < for less than sign and > for greater than sign.

N7. 8 time open-parenthesis 3 minus 1 close-parenthesis equals 16

(coded) 7. # 8**(3-1) = 16 $$

N&. 9 divided by open-parenthesis 3 plus 1 close-parenthesis equals 2.25
(coded) 8. ## 9//(3+1) =2.25 $3

The focus of questions N7 and N8 is parenthesis. Since open and close
parentheses ( and ) are typical symbols used regularly, all subjects had no problem
with parentheses. However, mistakes and questionable situations were in other areas.
Some subjects put spaces inappropriately. There were three instances of no space
before and after equal sign. Although it is not wrong, it would be less confusing to
have space surrounding equal sign. In contrary, it is not necessary to put space within
the expression. One subject put space after multiplication sign in N7 and another
subject put space after division sign in N8. Actual mistakes were wrong multiplication
sign in N7, wrong division sign in N8, using minus instead of plus sign in N8 and
missing closing math code $$ in N8. Overall performance was 98.57 percent and

96.25 percent for N7 and N8 respectively.

NO. fraction of 1 over 2 plus fraction of 3 over 4

(coded) 9. ## @(12)@+@(3/4)@ $$
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This question focuses on simple fraction. The typist had to understand that
there are different types of fractions namely simple fraction, mixed fraction and
complex fraction. Each type of fraction requires different Braille symbols and
therefore requires different text-based math symbols. In addition, open fraction and
close fraction symbols need to be typed along with the fraction line. Given open
simple fraction symbol is @( and close simpoe fraction symbol is )@ the typist would
have to type @(1/2)@ for simple fraction one over two or one half. All subjects typed
everything correctly. Only one subject added a space before plus sign and another
space after open fraction sign. These extra spaces do not look nice but are not

considered mistakes. Overall performance was 100 percent.

N10. mixed fraction of 7 and 4 over 5 minus mixed fraction of 3 and 5 over 7

(coded) 10. ## T@[4/5]@-3@[5/7)@ $$

As the subjects moved on to mixed fraction, several of them began to get
confused and typed wrong open and close fraction symbols. The design here is to use
@ (at sign) with three level of parenthesis to indicate the type of fraction. Regular
parentheses are used for simple fraction, brackets are used for mixed fraction and
braces are used for complex fraction. Mistakes range from typing only at sign without
bracket, using at sign with brace instead of bracket and switching the order of at sign

and bracket. Overall performance was 82 percent.

N11. 7 squared greater than or equals to 2 cubed
(coded) 11. ## 772 >- 23 $$

The focus here is exponential sign. All subjects typed ~ caret for the
correct sign except one subject used _ underline sign instead. Three subjects
misunderstood the use of baseline indicator dot 5. After superscript (exponential), dot
5 should be used to indicate the end of that exponential value. The code for this is
quotation mark. However, it is not necessary in N11 because the exponential power is
at the end of the expression where space and end of line is involved. These subjects

typed 727 >- 23" where quotes are not needed. Another area of mistake is the use of
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relational operator “greater than or equals to”. Even though we say “greater than or
equals to”, the sign in math is equals sign with a bar under. The code for this is >- but

mistakes were >< and >=. Overall performance was 90 percent.

N12. square root of 9 less than or equals to 4

(coded) ## N[97] <- 4 $$

The focus here is square root. The subjects had to specify open square root
A and close square root ?] surround 9. All subjects used correct open square root
symbol but two subjects typed closed square root symbol incorrectly. Many subjects
still had problems with relational symbol. There were eight instances of mistakes for
less than or equals to <- ranging from no space surrounding the symbol, missing dash
sign after less than sign, typing equal sign instead of dash sign and wrong combination

of less, greater and equal signs. Overall performance was 78 percent.

N13. x squared is not equal to y cubed
(coded) ## x"2 /= y"3 $$

This question tested the use of “not” where slash is applied in front of
several symbols in Nemeth code. In this case /= represents “not equal to” sign. All
subjects answered this question correctly except two subjects had two questionable
situations: no space surround /= and unnecessary use of quote (baseline indicator) after

the exponential value. Overall performance was 100 percent.

N14. negative 5 less than 0 greater than negative 2

(coded) ##-5<0>-2$$

All subjects answered the question correctly. Three subjects did not put
space surrounding relational operators. Normally this does not cost any problem but in
this case of “greater than negative 2” caused wrong Braille translation. By typing >-2
without space the software took >- for “greater than or equal to” sign and Therefore

translated to “greater than or equals to 2” instead of “greater than negative 2”. So the
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issue of not typing space surround the relational operators is really critical. One way to
solve this problem is to enforce strict rule that there must be space surround all
relational operators. Another way to solve this problem is to change the symbol for
“less than or equals to” and “greater than or equals to” to conform with the name
instead of the appearance of the operators. That means an equal sign instead of a dash
sign should be used (use <= and >= instead of <- and >- symbols) even though in print
the bar is written under the signs. The table would have to be modified for the
software for this solution. Even though an important issue arised in this question and
the translation was wrong for some subjects, the subjects were not at fault in this

experiment. Therefore, overall performance for this questions was 100 percent.

N15. complex fraction of 2 plus fraction of x over 1 all-over fraction of y over 3 minus

fraction of z over 4

(coded) ## @ {2+@(x/1)@@/@(y/3)@-@(z/4)@} @ $$

As stated earlier, there are three levels of fraction representation in Nemeth
code: simple fraction, mixed fraction and complex fraction. In this case, simple
fraction and complex fraction are involved. The subject had to analyze the expression
and identify first the complex fraction and specify where to use open complex fraction
@{, complex fraction line @/ and close complex fraction }@ symbols. These three
symbols will translate to dots 6, 1-4-5-6 (open), dots 6, 3-4 (fraction line) and dots 6,
3-4-5-6 (close) accordingly. The main numerator has one simple fraction and the main
denominator has two simple fractions. Some subjects specified wrong selection of
symbols for different levels of fractions by using @( )@ or @[ ]@ instead of @{ }@
for complex fraction. Complex fraction line also was typed incorrectly and typically
the at sign in @/ was missing. This is due to the fact that fraction line for other types
(simple fraction and mixed fraction) requires only / symbol. Other mistakes were
typing wrong numbers, adding unnecessary spaces and switching the sequence of
characters within the symbols. Overall performance was 91.88 percent.

Since at sign and different types of parenthesis were used to deal with
fraction representation, subjects semed to be confused regarding what to type and

keeping track of various text symbols visually. If the subject added a space between at
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sign and parenthesis such as @ ( or ) @ then it would not be translated as open and
closed simple fraction and ( and ) would be translated as parenthesis instead. If actual
parenthesis is involved in an expression with fractions then the typist may have
difficult time identifying between parentheses and fraction signs. The code of )@(
could represent either close parenthesis follows by open simple fraction or close
simple fraction follows by open parenthesis. There are two ways to deal with this. The
first solution is to insert spaces to help separate symbols and let the software delete

spaces later.

(coded with spaces) ## @ { 2+@(x/1)@ @/ @(y/3)@-@(z/4)@ }@ $$

Another solution is to redesign all fraction symbols to begin with at sign. It
may not look symmetrical but it would avoid confusion and follows Nemeth code
logic. Simple fraction would become @( / @) and mixed fraction would become @] /

@] and complex fraction would become @{ @/ @} for example.

(coded begin with at sign) ## @ {2+@(x/1 @)@/@(y/3@)-@(z/4@)@} $$

N16. pi r squared
(coded) ## 'pr2 $$

This question requires the use of Greek character which is coded by
placing ‘ in front of a key letter. For Pi, the code is ‘p which would be translated to
dots 4-6, 1-2-3-4. All subjects had no problem with this one and overall performance

was 100 percent.

N17. x cubed plus 2 x minus 1
(coded) ## x"3"+2x-1 $$

This question tested the use of quote symbol or base line indicator. By
typing quote, it means the exponential value is only 3 and the remaining portion of the

expression does not apply to the exponent. Two subjects forgot to put quote. Other
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mistakes were typing / instead of + and adding unnecessary spaces within the

expression. Overall performance was 95 percent.

N18. fraction of square root of x over 3

(coded) ## @( "[x?]/3)@ $$

Due to software error, this question requires a space after open fraction
sign and the subjects were informed. Besides knowing how to specify open and close
fraction symbols, the subjects had to specify open and close square root as well. Three
subjects had problem with square root symbols where bbraces *{ ?} were used instead
of brackets [ 7] and missing ? as part of close square root symbol. One subject forgot
to put space after open fraction sign and caused [ not to translate to open square root
sign. Other mistakes were incorrect fraction symbols and adding extra begin math

code ##. Overall performance was 80 percent.

N19. cube root of 27 equals 3
(coded) ## "#37[277]1=3 $$

Although the focus of this question is specifying index radical by using "#
as index radical symbol, many subjects still had problems with regular open and close
radical symbols. Dealing with radical symbols can be as difficult as fraction symbols.
The subjects had to observe the expression and understand that the value under the
radical sign would have to be enclosed by open and close radical symbols or square
root symbols. If another value is placed above the radical sign as an index value then
that value must be placed in front of open radical symbols and preceded by index
radical symbol. Mistakes ranged from omitting all symbols due to confusion, using
braces instead of brackets, omitting number sign and omitting question mark. Overall

performance was 85 percent.

N20. x sub 1 plus x sub 2 less than x sub n
(coded) ## x1+x2 <x;n $$
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The focus of this question is the use of subscript symbol. The code for
subscript is ; which would translate to dots 5-6. In case of the subscript value is a
number such as x subscript 1, Nemeth code allows the use of subscript value right
after the base value without having to add semicolon. Therefore, x subscript 1 can be
typed as x1 and x subscript n must be typed as x;n. One subject added ; for x1 and x2
and another subject incorrectly used _ instead of ; for subscript symbol. Although it is
not necessary, some subjects used baseline indicator after the subscript such as
x17+x2” to indicate the end of subscript value. Other typical mistakes were extra begin
math code ##, missing end math code $$ and typing incorrect relational operator.

Overall performance was 91.43 percent.

4.4 Analysis of 3 math questions

In remaining part of the exercise Q1, Q2 and Q3 where the subjects were
required to type text along with the expressions, the subjects typed text quite
accurately. The subjects had to pay attention to when a math symbol or a math

expression began and needed to insert begin and end math code ## $$ properly.

Q1. This question contains 4 instances that needed coding. Symbols { and } were used
to show a set. Members of the set were regular number and fractions. The element
symbol was needed and the subjects had to search the table for the code for this

symbol.

Ql1## A= {2, @(12)@} $%

Q1.2 ## @(12)@ $$
Q1.3 ## &e $$

Q1.4 ##2 &e A $$

The subjects typed set symbols and located member symbol &e correctly.

Mistakes were missing begin math code, missing end math code, incorrect fraction



Wiraman Niyomphol Results / 104

line and missing at sign in close fraction symbol. Overall performance was 93.50

percent.

Q2. This question contains 8 instances that needed coding. Q2.1 through Q2.5 are
general rules regarding operations on exponent. Q2.6 through Q2.8 are expressions of
an exponential example. In case that enlarge parentheses were used, the subjects were

informed to replace with regular parentheses instead.

Q2.1 ## a”m**a’n = am+n $$

Q2.2 ## a”m**b"m = (a**b)"m $$

Q2.3 ## (a”m)"n = a”mn $$

Q2.4 ## a”m//a"n =a’m-n, a /= 0 $$

Q2.5 ## @(a™n/b n)@ = (@(a/b)@)"n, b /=0 $$
Q2.6 ## 64" @(5/6)@ $$

And ## = ((64) " @(1/6)@)"5 $$

Q2.7 ## = ((276) @ (1/6)@)"5 $$

Q2.8 ##=2"53$$%

The multiplication sign used in all expressions is cross multiplication with
the code **. Some subjects typed one * which is for dot multiplication sign. Some
subjects placed spaces surrounding multiplication sign ** and division sign //. This is
not necessary but it does help to separate the two operands clearly and to avoid

confusion regarding to the end of exponential value.

(coded with space) am ** a”n or a"m // a”n

Some subjects forgot to place begin math code ## and end math code $$
surround the expression. This type of mistakes appeared more when expressions are
within a paragraph of text than a line of expression. It is very important not to forget to
place begin and end math codes so that the expression will be extracted to the
translation engine for translation. Otherwise the expression will be considered as text

and will be translated incorrectly. It is possible for an expression to continue on to the
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next line (example Q2.6). In this case, it is necessary to mark begin and end math code
for each line because the software analyzes one line at a time.

The most difficult issue in this question is when to use the baseline
indicator. Should it be used when the expression could potentially be confusing or
strictly follow the rule. That is to always use dot 5 or quote whenever the expression
resumes at regular level following an exponential value or a subscript value. Is it
necessary to put baseline indicator before multiplication sign? The expression of a to
the power of m multiplies a to the power of n should be written as a”"m”**a”n or
a’"m**a’n. When one looks at this expression with common sense, a"m would imply
that the exponential value stops there instead of rasing the multiplication of a’n
together with m as well. With that logic the baseline indicator would not be used.
There were many other instances in this question (Q2.1 through Q2.8) where many
subjects used baseline indicator and many other subjects did not. So the use of
baseline indicators was considered questionable situations and points were not taken

out. Overall performance was 96.94 percent.

Q3. This question contains 7 instances that needed coding. Q3.1 is part of
the introductory question and the rest (Q3.2 through Q3.7) is in the method. This
questions involves basic expression, set reference and a special symbol “infinity”

where the subjects had to look up from the table.

Q3.1 ##xM2<1$$

Q32 ##x"2<18$%

Q3.3 ## x/2"-1 <0 8%
Q3.4 ## (x+1)(x-1) < 0 $$
Q3.5 ## (x+1)(x-1) $$
Q3.6 ## (-.%, -1), (-1, 1) $3
Q3.7## (1, ..%) $$

The subjects had no problem looking up the table for infinity symbol ..*
which would translate to dots 6, 1-2-3-4-5-6. Some subjects did not put space between

coordinates (right after comma) which made it difficult to read. One subject
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incorrectly added multiplication sign in the expression that multiplication was implied.
In Q3.5 the code was incorrectly written as ## (x+1)**(x-1) $$ where ** is not
necessary. The task of the Braille transcriber is to convert print to Braille exactly
without adding or deleting from the original text.

A few subjects did not put space surrounding less than sign and made it
very confusing to read. Less than sign is dots 5, 1-3 which could be misread as
baseline indicator dot 5 and letter k dots 1-3. The expression x*2<1 written without
space can be misread as x squared, baseline indicator, k1. Therefore, it is very
important to have spaces surrounding relational operators. This can be done by
modifying the software to detect relational operators and insert spaces automatically
before translation.

The issue of baseline indicator came up again in this question. This time it
is certainly required. The expression x squared minus 1 less than 0 in Q3.3 ## x"2"-1
< 0 $$ requires baseline indicator “ because the exponential value stops at 2. Without
the baseline indicator, it is possible to consider 2-1 as the exponential value. Overall

performance was 98.60 percent.

45 Attitude Test

Participants were asked regarding level of satisfaction of using this text-
based math translation method. From the scale from 1 to 5 (poor, fair, acceptable,
good, very good), overall satisfaction of text-based math input method was 2.6 and
overall satisfaction of RS Braille software was 2.8. This is in the range of
“acceptable”.

Besides exercise results and satisfaction level, the researcher followed up
by interviewing with five participants for their attitude on text-based math input
method. Participants were asked about usefulness of the technique, how they may use
this to assist in learning mathematics and suggestions for further improvement.
Opinions varied between finding the technique useful and difficult to use, more
appropriate for users who are not familiar with Braille, very accessible for the blind to

write math expressions, and using the technique as math learning tool between sighted
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teachers and visually impaired students. Excerpts from the interviews are presented as
follows:
Participant 1: “I don’t know Braille so this method is good for me. However,
it is new to me and | had a little bit of time this understanding and
practicing this method. If | have time to work on method more | should be
able to do a better job. It is an interesting method and should help us
produce more math books in Thailand a great deal. This helps support

learning in mathematics for visually impaired students."

Participant 2: “I am a Braille transcriber so I know Braille and know
Nemeth code. It was difficult for me to try to remember extra set of code and
| felt a bit uncomfortable using this method. It would be good for new people
in the field and volunteers wanting to help with math book production. After
that, Braille transcribers or blind proofreaders can check

For accuracy again”.

Participant 3: ““I am a visually impaired material production staff but | have
to tutor blind students at the center also. This technique is very accessible
for me because everything is text-based. I can type all math expressions on a
regular editor by myself. I can use this technique to produce math sheets or
math books in Braille for my blind students. The nature of this technique

being text-based is useful for both blind and low vision persons™.

Participant 4: *“| teach math at elementary level at a school for the blind of
the organization. 1 find this technique useful as a math learning tool
between teachers and blind students. Imagine a math teacher and a blind
students sitting together at a computer, without knowledge of Braille, the
teacher and student can interact and discuss a math problem and
type math expressions on the computer and the information can
be read by both parties. Blind students can type math
homework independently on the computer and submit to the teacher. The

technique would help speed up both teaching and learning process™.
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Participant 5: “I know Braille but 1 am not an expert especially in math
production. | did not like having to look for the codes. I think if the list of
function is available as a menu in the software and after selecting desired
function, the code would be placed in the editor, it would be much easier for
me. Since number of knowledgeable math transcriber is very small, it is
necessary to have some kind of math translation software that works with
Thai text”.
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CHAPTER V
DISCUSSION

There are several ways for blind students to access math materials. For
those that can read Braille, it is the preferred method. The students may begin with
literary Braille by reading regular numbers with simple math symbols first. As math
reading/writing requirements become more complex, Nemeth Math Braille Code is
usually taught to the students. Besides Braille, word description of math expressions
written in a word processor is also used. LaTex is one example that employs this
method. With the trend of graphical user interface, the preferred choice for sighted
persons is math symbol selection or equation editor in Microsoft Word. MathML tool
are also available in several applications. However, these options are not fully
accessible by the blind.

Duxbury Braille Translator is a print-to-braille application that uses math
expressions produced in Scientific Notebook math editor and Equation Editor in
Microsoft Word. Math expressions in both applications need to be produced by
sighted persons. Dragon Naturally Speaking is a speech recognition software that
allows voice input into the computer. However, this software only recognizes regular
words and sentences and the user needs to speak in English. Metroplex Voice
Computing Inc. provides math speech input option through MathPad and MathTalk.
Voiced version of MathPad allows student to do basic addition, subtraction,
multiplication, and division. It has the ability to check answers and read back.
MathTalk allows the user to voice math expressions from pre-algebra, algebra,
trigonometry, calculus, statistics, and graphs (Metroplex Computing, 2003). By using
combination of these applications, it is possible to speak math expressions into the
computer, listen to spoken math expressions and convert into Braille. However, the
user must pay attention to the result of recognition in the math editor and may have to
further edit parts that were recognized incorrectly. Ideal users of these applications are

sighted persons who want to save some time typing math expressions by speaking into
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the computer instead. While further studies on effectiveness of producing math
expressions via speech input or graphics-based input would give us more information
on math input method, this research focused on text-based method of material
production in Braille format.

When considering production of math materials for the blind, it is possible
to explore different options ranging from speech input of math expressions with some
kind of speech recognition application, graphics input via MathType or text-based
input. Software developed in this research uses text-based approach. The text-based
math input method can be used to train math teachers and material production staff
effectively. Based on the result of average performance of 95.32%, participants could
type many math expressions accurately. This is especially true for the participants with
math background and math Braille transcription experience. Since math expressions
had to be analyzed and retype in linear format, these two groups of participants used
their knowledge to help during the exercise. Math teachers could accurately determine
different components of a complete fraction and insert proper opening and closing
fraction signs. Braille transcribers used their knowledge on linear style of writing math
in Braille and substituted proper codes for this technique. Although the technique
seemed to be awkward at first, participants not familiar with Braille found this
technique potentially quite useful. The satisfaction level being in the range of
“acceptable” shows that the participants tried to understand this new technique and
were interested in using it further. It is recognized that various background of the
participants contributed to varying results even though the same training was given
prior to the exercise. This is in agreement with the study on Learning Technologies for
Enhancing Student Understanding of Mathematics. The teachers in this study received
the same instructions, materials, and training prior to the study, yet they each
demonstrated unique teaching styles and methods of relating to their students. These
differences in teaching behaviors were most likely influenced by the teachers’ past
classroom experiences and their educational philosophy about how students learn
mathematics (Drickey, 2006).

Even though the participants typed most of the symbols correctly, there is
really no room for mistakes when it comes to producing quality math materials. In real
working situation, further proofreading would have to be done in the Braille file. As
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supported in the study on Quality of Braille Instructional Materials Produced in Texas
Public Schools, students who are learning to read cannot be expected to learn easily
from materials that contain a substantial number of errors. Even if students are able to
use context clues to decode what was transcribed, they may have difficulty
comprehending what they are reading. Braille transcriptions containing multiple errors
per page could have a negative impact on the ease and pace of reading (Herzberg &
Stough, 2009).

Although math materials can be produced in Braille in many ways,
technology especially Braille translation software has definitely impacted production
process. According to the survey on production of textbooks and instructional
materials in the United States, the trend was for states to rely on computer-translation
software for Braille production, with direct input and manual brailing as backup
systems. Although some steps have been taken toward improvement, most states were
not using technological options for the delivery of specialized materials (Wall & Corn,
2002).

Since this method is text-based and the aim was to design short
combination of keyboard characters to represent math symbols, it is not appropriate to
compare this method with graphical solutions like MathType, MathML graphics tool
or Scientific Notebook. However, it is recognized that sighted transcribers would feel
more comfortable with graphics-based tools. Three other text-based candidates are
LaTex, MathML codes and Megadots. Since both LaTex and MathML are based on
longer word description, the closest method to this research is Megadots (Holiday,
1998). While some symbols may be similar, there are clear differences when
considering the entire list of math symbol representations with Megadots. In order to
implement various math symbols in Megadots, one needs to use characters from the
keyboard as well as selecting options from the pull-down menu which is powerful and
user-friendly in its own rights. Although one may be uncomfortable by having to type
all symbols manually according to the method in this research, the list available is
quite comprehensive and the advantage of this technique is that it can be used with any
basic text editor like Notepad.

Due to the fact that the potential users of this technique (math teachers or
material production staff) must be able to interpret the meaning of visual math
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expression properly and make decision to insert additional text-based symbol, it is
necessary to give proper guidance to the potential users in order to have an effective
implementation. This is especially true for the explanation of essential implied
symbols such as exponential sign, base line indicator, open and closing fraction signs
as well as distinguishing between various types of fractions.

It is understandable that the users may feel uncomfortable with this
method at first. Three participants expressed, “It was difficult for me to try to
remember extra set of code”, “It is new to me and | had a little bit of time
understanding and practicing this method.” And “I did not like having to look for the
codes.” This attitude was also found during the study on teachers’ perceptions of need
for and Competency in Transcribing Braille materials in the Nemeth Code.
Participants reported feeling much less competent to transcribe materials in higher-
level math areas, particularly those skills requiring the transcription of graphics, than
in basic elementary math areas. Teachers reported feeling more anxiety about
transcribing math materials as the level of complexity increases (DeMario & Lian,
2000).

Even though the application of this research was mainly for production of
math materials in Braille, the text-based method of typing math expressions can be
used to apply toward math study as well. As a participant pointed out during the
interview, “Imagine a math teacher and a blind students sitting together at a computer,
without knowledge of Braille, the teacher and student can interact and discuss a math
problem and type math expressions on the computer and the information can be read
by both parties”. The nature of linear text-based style which is accessible when a blind
student uses the computer with speech or Braille output, can act as an effective
learning tool to bridge the gap between a sighted teacher and a blind student.

5.1 Implications

1. The most important part of this research was to see if math symbols could be
produced via regular characters from the computer keyboard. Then this text-based
math input method would be translated into Braille according to Nemeth math Braille

code. The result of the research shows that it is possible to produce math in Braille
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using this method. This is an alternative input technique as a contribution to math
Braille production process in the field of educational services for the blind.

2. Given the fact that this method is fully accessible by visually impaired users,
another potential benefit is to use this method as learning tool. A blind student may
learn the method and write math expressions on a word processor to exchange with
sighted teachers. Although both the student and the teacher may need to familiarize
themselves with this input method, both parties should be able to understand what is

written once initial learning curve has taken place.

5.2 Limitations

1. The number of 10 participants is considered a small sample size for the
research. Each participant came from different educational centers of an organization
with various level of expertise. While some were math teachers and experienced
Braille transcribers, others were just newly hired and familiar with basic use of
computers. While most participants were sighted, three participants were visually
impaired. The text-based nature of this method which is fully accessible made it
possible for visually impaired persons to participate in the exercise. In light of short
evaluation period of these ten participants, the entire research project team considered
software performance very important. Evaluation of the software began since
development stage. The research team was heavily involved in testing the software.
During the Thailand Annual Braille Contest in 2008, the first version of the software
was distributed to material production staff and teachers of the visually impaired for
evaluation and feedback. Valuable comments were gathered and the software was
modified prior to the performance test with the participants. If there were more
participants in this research and more time was given to the training as well as
expanding the time to collect data by following up with everyone as they try to use this
method in their work, more information would be gained regarding the performance

and effectiveness of the method.

2. Although the software translated necessary math symbols used in the

exercise, it needs to be tested more thoroughly for all symbols and combination of
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various symbols written next to each other. As pointed out during the analysis of
exercise section, some math symbols should be redesigned to avoid misunderstanding.
Attempts should be made to present symbols as intuitive and logical as possible.

3. The software was developed and used during the training without having
user manual. It is recognized that training is necessary for participants to understand
this method before doing the exercise. However, live training is not always possible.
For those that are interested in using the software in the future, it is necessary to have

user manual with exercises available.

5.3 Recommendations for further studies

1. The software should be further developed by redesigning Print typing Code
for problematic math symbols in order to avoid misunderstanding from user’s
perspective.

2. Conduct additional research on text-based input method with larger sample
size among material production staff.

3. A study on application of the software as a learning tool should be
conducted in order to bridge the gap between sighted math teachers and blind students.

4. User manual of the software should be developed and tested by letting
participants study the manual prior to doing exercises.

5. The software should be tested in more details in terms of producing entire
math textbook by using this text-based math input method.

6. Conduct additional research to explore other options for accessibility and
production of math materials for visually impaired students such as speech feedback,

speech recognition or word description of math symbols.
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CHAPTER VI
CONCLUSION

Research on the development of a text-based math Braille translation
software to enhance learning in mathematics was an attempt to provide material
production staff and math teachers who are not Braille literate with the ability to
produce Braille math materials in Nemeth Braille code standard. With advances in
technology especially in Braille translation software where print text can be converted
to Braille quickly and accurately, math Braille translation software is considered an
additional important step toward improving material production process. Although
many software developers have been contributing toward this challenge with a large
emphasis on graphics-based solutions, the unique aspect of this research is its text-
based approach where all math symbols can be input by typing regular characters from
the computer keyboard. Although the nature of this text-based approach seemed
awkward for sighted users who are more familiar with graphics approach at first, the
performance of the software shows that the participants could adapt to text-based
approach and produce quite accurate results. In addition, the text-based nature allowed
preparation of documents with math expressions on any basic text editor and visually
impaired persons especially blind computer users could fully utilize this technique.

The objectives of the research were (1) to develop text-based math Braille
translation software module and interface it with a Thai Braille translation software
and (2) to find out the performance of this software among math teachers and material
production staff as well as their opinion in order to facilitate mathematics learning

process of children with visual impairment.
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6.1 Software development

A total of 192 math symbols was gathered from Nemeth Reference and
other resources. The researcher designed print representation of these math symbols by
using combination of printable characters on the keyboard without duplications. For
example, one asterisk * is used for dot multiplication sign and two asterisks ** are
used for cross multiplication sign. Text-based math expression of x"2”+1 would
represent x squared follows by plus 1 where quotation mark is used to mark the end of
exponential value or back to base line level. On the other hand x*n+1 would represent
x to the power of n+1. In order to mix text and math expressions in the same
document, begin math code ## and end math code $$ were used. After the complete
list of math symbols with text-based design was compiled, the same table was used to
create the search table before writing the source code. All 192 “Text-based print code”
along with their corresponding “Braille Nemeth code” were rearranged according to
groups from large to small. This arrangement was necessary for the source code to use
by linear search.

The text-based math Braille translation engine was developed as a program
using Pascal language. The program acted as a software module that could be called
from the main software. Although this software module can be plugged into other
Braille translation software of other languages, it was interfaced to a Thai Braille
translation software called RS Braille. Text-based math string found by RS Braille
would be passed to the engine for analysis. The engine would further loop through the
string and linear search technique based on the table would be performed at each
position of the string. If a match was found the Braille Nemeth code would be
substituted. After the entire string was processed, the result would be sent back to the
main software.

The main software had to be modified to interface with the engine.
Whenever the software found a math string marked by begin math code ## and end
math code $$, that portion would be extracted and the engine would be called. The
result from the engine in US computer Braille code was then replaced at the same
location of the document. Text and math expressions can be typed in the editor of RS
Braille or copied from any text editor that was used to prepare source document with

coded math symbols.
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RS Braille software with text-based math Braille translation capability was
heavily tested by software development team prior to testing it with participants in this
research. The software was also tested during the Thailand Annual Braille Contest in
2008. An evaluation version of the software was distributed to material production
staff and teachers of the visually impaired for evaluation and feedback. Valuable
comments were gathered and the software was modified prior to the performance test

with the participants.

6.2 Performance test and User opinion

The software was tested by 10 participants working as material production
staff and math teachers from Christian Foundation for the Blind in Thailand. There
were 7 sighted persons, 2 low vision persons and 1 blind person.

Initially the participants were given training on how to use the software
and how to enter math expressions with this text-based method. During the three-hour
training, the participants received introductory instruction of RS Braille software on
how to enter text-based math symbols by using begin and end math indicators and
focused on mathematical topics including basic operators, relational operators, simple
fraction, mixed fraction, complex fraction, radical, indexed radical, exponential,
subscript and baseline indicator. Even though the participants were not required to
have knowledge of math Braille, the researcher emphasized the fact that everything
had to be typed in linear style from left to right and special attention for proper
opening and closing indicators which may not exist in print had to be given. The use
of base line indicator was explained in detail with specific examples as the symbol
determined when an exponential value or a subscript value was finished.

After the training, all participants worked on the exercises for 2 hours.
They were given print exercises and the task was to type all 20 math expressions (N1 —
N20) and 3 questions with text (Q1 - Q3) in RS Braille editor with proper text-based
math symbols. One low vision person read print exercises independently. The

researcher dictated the exercises to the other low vision person and the blind person.
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Both print and translated Braille files of all participants were copied and printed out
for analysis.

Total number of points for the entire exercise is 280 where the first set of
20 math expressions (N1 — N20) is 125 and questions with text (Q1 - Q3) have total
points of 20, 85 and 50 respectively. Out of 280 possible points, all participants earned
the average of 266.90 points which is equal to 95.32 percent accuracy.

Participants were asked regarding level of satisfaction of using this text-
based math translation method. From the scale from 1 to 5 (poor, fair, acceptable,
good, very good), overall satisfaction of text-based math input method was 2.6 and
overall satisfaction of RS Braille software was 2.8. This is in the range of
“acceptable”.

Besides exercise results and satisfaction level, the researcher followed up
by interviewing with five participants for their attitude on text-based math input
method. Participants were asked about usefulness of the technique, how they may use
this to assist in learning mathematics and suggestions for further improvement.
Opinions varied between finding the technique useful and difficult to use, more
appropriate for users who are not familiar with Braille, very accessible for the blind to
write math expressions, and using the technique as math learning tool between sighted
teachers and visually impaired students.

6.3 Conclusion

It is clear that this text-based math symbol input method does work and
can produce quite accurate Braille for mathematical expressions. In addition to
application toward Braille production, this technique can potentially be applied as a
learning tool between sighted math teacher and blind students as well. Math teachers
and material production staff do not need to remember actual Braille code. The
technique can be used by both sighted and visually impaired persons. Even though it
may be difficult to use at first, once math teachers and material production staff are
familiar with the method, learning process in mathematics of visually impaired
students should be enhanced a great deal. In addition, text files of coded math text

books can be produced before translation by a larger group of volunteers with any text
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editor without having to install special software. Furthermore, the engine can be
applied to Braille translation software of other languages besides Thai. As we strive to
provide equal educational opportunity for all children in the world, text-based
approach of this research should contribute toward improving learning environment

for blind students especially those that are living in developing countries.



Wiraman Niyomphol References/ 120

REFERENCES

Acharya (2009). Nemeth Braille code for mathematical and scientific notations.
http://acharya.iitm.ac.in/disabilities/nemeth_brl.php

American Printing House for the Blind (1972). The Nemeth Braille Code for
Mathematics and Science Notation 1972 Revision (Nemeth resource).
www.aph.org

Basic Mathematics for 10" grade - Book one (2005). Three instances of text with math
formulas Q1 — Q3. The Institute for the Promotion of Teaching Science
and Technology, Thailand Ministry of Education, 2, 90, 104.

Bitter, G. G., & Hatfield, M. M. (1998). The role of technology in the middle grades.
In L. Leutzinger (Ed.), Mathematics in the middle, 36-41. Reston, VA :
National Council of Teachers of Mathematics.

Bogart, D. (2009). Louis Braille Celebration: Unifying the English Braille Codes.
Journal of Visual Impairment & Blindness, 103(10), 581-583.

Corn, A. L., & Koenig, A. J. (2002). Literacy for students with low vision: A
framework for delivering instruction. Journal of Visual Impairment &
Blindness, 97, 305-321.

D'Andrea, F. M., & Farrenkopf, C. (Eds.). (2000). Looking to learn: Promoting
literacy for students with low vision. New York: AFB Press.

DeMario, N. C., & Lian, M. J., (2000). Teachers’ Perceptions of Need for and
Competency in Transcribing Braille Materials in the Nemeth Code.
Journal of Visual Impairment & Blindness, 94, 7-14.

Dot Less Braille (2009). Linear method of expressing mathematics by Nemeth Braille
code. http://www.dotlessbraille.org/Nemethintro.htm)

Drickey, N., (2006). Learning Technologies for Enhancing Student Understanding of
Mathematics. International Journal of Learning, 13(5), 109-116.



Fac. of Grad. Studies, Mahidol Univ. Ph.D.(Science and Technology Education) / 121

Farrenkopf, C. (2008). Reading Instruction: Best Practices and Realities in Canada's
Largest School District. Journal of Visual Impairment & Blindness,
102(4), 200-203.

Grey, C., (2009). Louis Braille Celebration: Lessons from the Development of
Computer Braille Code. Journal of Visual Impairment & Blindness, 103,
740-741.

Herzberg, T. S., & Stough, L. M. (2009). The Quality of Brailled Instructional
Materials Produced in Texas Public Schools. Journal of Visual Impairment
& Blindness, 103, 722-733.

Holiday, D. (1998). Megadots Braille Translator. Raised Dots Computing, and
Duxbury Systems Inc.http://www.duxburysystems.com/ documentation/
megadots/chap22.htm.

Inaram, K. (2004). Learning Braille (Nemeth resource). Special Education Program
Ratchapat Suandusit University.

Koenig, A. J., & Holbrook, M. C. (2000). Ensuring high-quality instruction for
students in braille literacy programs. Journal of Visual Impairment &
Blindness, 94, 677-694.

Lofstedt, B. (2006). WinBraille Translator, Windows Equation Editor math support.
Index Braille. http://www.indexbraille.com/Support/Knowledge-
base/WinBraille-5/Emboss-mathematics.aspx.

Mani, M. (2005). Mathematics Made Easy for Children with Visual Impairment
(Nemeth resource). International Council for Education of People with
Visual Impairment.

Mani, M. (2006). WIMAT (Webel - ICEVI Mathermatics Transcription Software).
Workshop presentation at 2006 ICEVI World Conference.

McKenzie, M. (2009). SCSDB aces Braille challenge. LEE G HEALY. Spartanburg
Herald - Journal. Spartanburg, S.C.: Feb 6, 2009.

Metroplex Computing (2003). MathPad and MathTalk product description. Metroplex
Computing Inc. http://metroplexvoice.com/products.htm

National Braille Press (2009). Louis Braille’s life. National Braille Press Inc.
http://www.nbp.org.



Wiraman Niyomphol References/ 122

National Federation of the Blind (2004). The National Center for Blind Youth in
Science (NCBYS). The National Federation of the Blind Jernigan Institute.
http://www.nfb.org.

National Federation of the Blind (2009). Few blind people in the US are using
Braille.LEE G HEALY. Spartanburg Herald - Journal. Spartanburg, S.C.:
Mar 30, 20009.

Niyomphol, W. (1989). Research project on Thai Braille Translation software for
DOS (TBT).frwny@mahidol.ac.th.

Niyomphol, W., and Nantachaipitak, W. (2002). Research project on Thai Braille
Translation software for Windows (TBTW). Ratchasuda College, Mahidol
University. www.rs.mahidol.ac.th.

Niyomphol, W., Tandayya P., and Nantachaipitak, W. (2008). Research project on
Ratchasuda Braille (RS Braille). Ratchasuda College, Mahidol University;
and Engineering Department, Prince of Songkla University.
www.rs.mahidol.ac.th and www.psu.ac.th

Niyomphol, W. (2010). Report on math/science promotion for the blind in Thailand.
Ratchasuda College, Mahidol University.

Ontario Ministry of Education. (2005). Education for all: The report of the expert
panel on literacy and numeracy instruction for students with special
education needs, kindergarten to grade 6. Toronto: Ontario Ministry of
Education.

Sullivan, J. (1997). Duxbury Braille Translator, math built-in menu system. Duxbury
systems Inc. www.duxburysystems.com.

Sullivan, J. (2001). Duxbury Braille Translator, Scientific Notebook and math LaTex
importation. Duxbury systems Inc. www.duxburysystems.com.

Sullivan, J. (2008). Duxbury Braille Translator, Mathtype Microsoft Word
importation. Duxbury systems Inc. www.duxburysystems.com.

Sullivan, J. (2009). Unifying Braille: Louis Braille's Vision in Tomorrow's World.
Paper presentation at the Celebration of the Bicentenary of Louis Braille's
birth at UNESCO Headquarter, Paris.



Fac. of Grad. Studies, Mahidol Univ. Ph.D.(Science and Technology Education) / 123

Wall, R. S., & Corn, A. L., (2002). Production of Textbooks and Instructional
Materials in the United States. Journal of Visual Impairment & Blindness,
96, 212-222.



Wiraman Niyomphol Appendix/ 124

APPENDIX



Ph.D.(Science and Technology Education) / 125

Fac. of Grad. Studies, Mahidol Univ.

o0 - - 00
TR - UETZOTILORLILANELY] snid Aq pamojjos snuiw +— | 710
e - - 00
T 94 L ALIHULIRLILUNGLYS snuiw Aq pamoyjoy snyd —+ | 110
TR -
. 4 UEMEEULRLILUNELUT snid o snuiw - 010
TR e
T + MEELUULTRLILUNELUT snuiw Jo snyd T+ 600
Te e
o o / o YSe|S UOISIAID / 800
o, es s e - DLE LLHURLIEADBLU! eneds UOISIAID —C 100
.o
> - LLRELUALIEUDRLY] JeaUl] UOISIAID —C {900
L BN
RIS \\ ELUALIEUDRELI UOISIAID - |00
o b n
Y | ot ralpLrtuegys Jop uoneatjdnjnw . 00
.« - 7
“e e wx P SRR Ot x uoneddninw X £00
(X J
o - MLORLIEUEALU Joyesado snuiw o 200
(X J
o + ULTRLItIERLL Jorelado snyd + T00
BU[LEAUE
pBErigeVIL IRy MIEMBUE AU, Rbuce MLEE u

Auisaaniun [opIyein

uonejuasaadal ajjreag ‘apod buidAy ulad ‘uondiiosep reyl ‘uondiadssp ysijbu3 ‘aanioid ‘Asy ollswinN
suolneluasaadal ajjreag yim ajgel YieN v Xipuaddy




AZ.@E\@

Appendix / 126

=> MYLWICEULLURCTIBLILUERLLT | 19pun ufis [enba yum ueys ssa| = /20

o —~
: -~ ULILIGLHLLURCHRLITUDREY] 18pUN Jeq YIM ey SS9 = 920
< LLuuLALIEAb e LT uey Jorealb <. 520
S LeupepiaLItb e Lyl uey) ss9)| > 2o
: _ LULLIRLIEAR R LYT sfenba — |e20

.

: \ LETTUILIRLIEAbE LYT Yse|soeq \ 220
o pLeuBl 10p MOJj0Y 0 120
_ w:w@w Jeq [ealLsA _ 020
) FLOTIRLILU BB LT puesiadwe S 610
o) iy veugs| 1onpoud [e2160) V' |80
5|10 feLor veuee wns [ea160] /\ L10
| gRin ap|n ™ |910
- MRMIN uorun M gm0
- :\mcmdm@@d;m uol1193sI8)UI C ¥T10
- LLZOIMERLITABR LY snuIw Ag pamojo} snuIW — |€T0

Wiraman Niyomphol




Ph.D.(Science and Technology Education) / 127

Fac. of Grad. Studies, Mahidol Univ.

e °.°
1o neguvp uonJodouid o o 6€0
e mepLLsg onel . 8¢0
c® @O -
‘e ee e = LRI, 0] |3 [esed J0u \:\ /€0
e @ O -
°e os 0. o et 01 Jejnaipuadiad jou _ 9€0
The :
‘e es = L 01 |3][eJed GE0
N
°o oo 7 .t 0 Jejnaipuad.ad | v€0
MLOLURLIUDRLYT
TRERIRE . 13no0 e
ee:e i3 = Fal MRl TRLIEALEEL O] yJew uonsanb yym ubis jenba l €€0
Leu
P uey
L. o REALALIILLULLIALILMNG LT ssa| Aq pamoj|oy. el Ja1ealb ol 2€0
LEUULR
. e e uey
e <> RUTILLURCIALILUDELYI 1818316 AQ pamoj|oy Uey) ssa| <> 1€0
c® @O -
e el e _ LYLUIE] RLIEURR LT lenbaun 7= | og0
(bLemLy)
Lo e .. Japun —
fee I? =< TULWIGCHLLLUMRLTIREAL ubis enba ynm uey) Jayealh << 620
.. oY
P < UL ULLUULIRLITAEE S VT lapun Jeq yym uey) Jares.b < 820




Appendix / 128

Wiraman Niyomphol

TBUTLY

n ®

N

/9= FLRTRUBILRUZL[IRLIUBRLYT | 151 Jeq y)IM UOISN|OUI 9SI9ASI €50
DLOHLBIULIL

—m= RLYMCUZL[BLIURLUT | 13500 ufis fenba yuM uoIsNjaUI D o
29— RLYMRURL[IALIEUDG LT Japun Jeq yiIm uoisnjoul u 150
®=/ PRRBLITLI[LIE] uoISN|oUI 8S18A3) - 050
9= DRABHITLEH[LI uoIsn|oul D 670
= FLME[TTT uolneLeA X0 810

. -
. oI MURMILE fnuapl — |0
—— FLULWIRERLE aouseAInba = | 910
%/ MHUMULLIES diysiaquisw asIanal — G0
a7 PRRULLIELTL[LI JO 1UBW3|3 UE SI m 10
Aj RLEUBU LRI PJEMUMOP 8ABIUOD ‘DU 5 evo
Ui LEUEL] itu) pJemdn 8ABOUOD ‘0Ue kel ¢vo
— eLuREfUibULIL Japun uBis [enba yum apjn ~ Tv0
L TBLItRE[LRV] ap|n sjgnop | oo




Ph.D.(Science and Technology Education) / 129

Fac. of Grad. Studies, Mahidol Univ.

SRR R b o =
SN e <>Uy- LUWILERLLRRLALBUL Bunulod-ajgnop ‘yeys ajgnop G90
e e e e MoJJe
: : e -—>
ettt <>U- LLRRLELHUE Bunuiod-ajgnop ‘yeys Areulp.o 90
ot ee s 2 % 5
e e et Al hRS-BCY umop Bunuiod moure T €90
AETRYE A i i
o PP 2P0 et Jl nLLesdl dn Bunuiod moure 290
R B Mo —
MRS >yy- i o aa Bunuiod- Yys| ‘Weys sjgnop 790
v oo o fls ; MOLIE —
** 20 B >U- S Bunuiod-1ya| ‘Yeys Areupio 090
A ; B, <
*e PP RS <yy- S sl Bunuiod-1yBu ‘Yeys sjgnop 650
A . MoJJe :
e s <y- GULLERELLUD Bunurod-ybis ‘Yeys Areuipio 850
RN 4 MmouJe bunuiod
Yo oo <- UgreLitl LERELLUL -1y61 JO WJoj Pa1IRIUOI < /S0
o 00 O » S
Pe el ol iy BLEFLSHDI FBIIR Japun Jeq ylIm uolun M 950
. ]
%o se ol - RpSHbTLRIN MR J1apun Jeq Y1IM UoI0asIaul U g0
DLOHLBITULUL
co e e , Japun ubis F—
oo .ol q =/9= LOUILLBRIRLITUECEU! [enba UM uoISn|oul 3S1anal - 50




Appendix /130

Wiraman Niyomphol

0 o- o .
e el el I BfLintngine 1] 1950euq 9Bue v 110
o ™
P { B[ILUU[LrLIRL 16 ‘aoeiq 9.0
o’
oo - } B[LILUULLIEIRE 18] ‘3084 /0
oo - - » _”
o7 [ BfL[LrLYMLIRe b 1334081Q 7.0
o . 1 g
- ] SLILEEAERIE T 13| ‘19x9e.q €0
. (
& )
°s ) B[UIMLIbLALIUDR LU 19| ‘sisaypualed 120
Ve % % % . : l
e Ie e Av- POARIT TLELUL umop pue dn Bunuiod moure 0.0
ce .- o o .. @ .. & 6 . . moute Bunuiod ‘_,e
e PP e W YIS e Ay FRELBUD ILEERUD -umop Aq pamojjoy Bunurod-dn 690
00 .- .. 6 @ -+ ‘@ -: - @ @ . X moue Bunuiod 4_\_,
S R TR A FRLLBUL bRRLLLE -dn Aq pamojjoy Bunurod-umop 890
@ s e @s 0 e+ @ O . ~ . >>O._‘_.m T
WAL R St <>- LERELBUBBRIIRE RUBLELUE | Gupuiod-jybu sano Bunutod-)a) — |90
e e e ot e o R MOJIE —>
S S-S S S<- BLPLLBURCRIUIRE LLRLELUL | Gunuiod-ys) Jeno Bunuiod-1ybu <— 990




Ph.D.(Science and Technology Education) / 131

Fac. of Grad. Studies, Mahidol Univ.

oo Puiso|o
s o ML ABTBLALIUD G LY JojeaIpUI LONYEL) SJdwis 060
.- Buiuado
A )® MLRATBIALIUDOLUT JojealpUI UONIEL) Sjdwis ka0
-e o . . Buiso|d 7 buluado
o . [FRULTOICRERRE ‘loquwiAs BuidnouB s Jaqriosues 880
[ X 2N ) [ X ] % vm
P {3 PLEBLT 188 Aidwa 180
., o oL |
S . LERZRIRLALILUEL BT pue 43| ‘Jeq [earJaA pabiejus 980
e0 o o - W
&t il e g Y[LBRELUUTITLIC Y61 ‘aoeiq pabiejus G80
e0 o- o -
R 1, YtivhiLddEngite 43| ‘aoeiq pabiejus 80
— o ﬁ
et il el [ YLionjtreLgrgire 14611 19x9RIq pabiejus €80
o0 O- . n n _
bt 1. yieuLgrngine 3| “19)9eIq pabiejua 280
1% ; (
o «( B[LIBRE gL b1 ‘sisayjuaied pabiejus 180
o a )
°s . )x yrieuirice 13| ‘sisayiuaied pabiejus 080
1 |
*e e I MPIELRbLULYILI 3|qnop ‘eq [eo114aA 6.0
RS : (
P [ [Lrereregive 6L “19x0eIq 3]6uE 8/0




Appendix / 132

e . o A
.8 i uLertferpuuirtLefil s1BueL 1BL T
-9 @ n
e’ oo % NREWTTEMRILE a|Bueln \V €0T
o F
oo oo 9i OULCL 912412 O 20T
o »
e 1 MY DEULENBLTIOLILU B LYS Jo1e1pu adeys ur -pajyiy 10T
.- ®
o % LU DEULERBITIRLIEUN LS Jo1e01pUI adeys papeys 00T
.- ®
28 X% BuL beufiErBRTRLILULNELYI Joreaiput adeys 660
o
. /|® PREIMGLILLRBIFBRITET | jeyoBerp ‘aul) uonoesy xajdwod 860
oo [eluozLioy
@) MELALBRKINBLTINLG ‘aul] uonae.y xa|dwod 160
oo Buiso|o
of{ MELMCLRLIY[T ‘ JoyeIpul uonaely Xadwod 960
Y Buluado
.. o) RELMCLRLIYT ‘ JoyedIpul uonaely Xa|dwod G60
oo o BuISo[o “103edIpul
o o @l =LUMLPRBIV[T Jaguinu paxiw Jo Jed [euonoely 60
e Buiuado ‘101e21pUI
oo I[@) =LUNL PRIV Jaguinu paxiw Jo Jed [euonoely £60
’ e
D er /] PRETMLEAMIEYRTINL [euoBelp ‘sut] uonoe.y sjdwis 260
Y
o / REBRKINBRTIID [eluoZ1I0Y ‘aul| uonoely ajdwis 160

Wiraman Niyomphol




;@cﬂnﬁ_w&%

10P JOLIBIUI YUIM 32419

O

91T

RGCvﬁ:wercm\;wr;Sv@mE

ubis snjd JouB3ul YIM 3[2410

D

qTT

3@3@3:3\%d

BuilAjipow ‘[eluoziioy ‘Jeq

4%

UL

a1bue 1ybu

ETT

li

b

rere

a|bue

4%

Ph.D.(Science and Technology Education) / 133

9i

n

epefik

asdij|e

17T

x¢

eLeLt

Jels

0TT

Yi

MRUMILU[LE
F

uobexay

60T

di

MRUMILU[LE
I g

uobejuad

80T

Pi

n

= 5

ALUBLINARNALHILE

puowelp

L0T

di

a|bueydal

90T

alenbs

O U< |<O1O <] 0N |

S0T

Fac. of Grad. Studies, Mahidol Univ.




Appendix / 134

Wiraman Niyomphol

o0 O

oo o X, Lk IX W 0€T
- Q® O

e u, L nu N e
-9 O

RS w, ere nw 3 8¢l
- Q® O

el L LYo epque] )m LT
-9 O

Te e A, L[bLuns edde| v_ 9T
e @

e L Lseg ey, el0l u_ 14}
o ©- ®

oo 0! up, LYL 218y} veT
o ©- C\

%o o 19, -1c 219 et
o0 O

e z LBBEI e102 M -
e @ ;w

o I 5 HEULL[LE] uojisda 1ct1
c s @

oo 0! p, LWL e)jop w 0ctT
. A

oe o B, I {U]] eWIWED 611
e Q

‘e el a, LYl ©19( 8TT
e+ @

le e e, Lpteeri eyde X LTT




Ph.D.(Science and Technology Education) / 135

Fac. of Grad. Studies, Mahidol Univ.

JBRUBBLIALIEUbRLY

‘ loyealpul uoireniound 144"

.. ) ERUGLYLIALIUNREY] ubis Jona) A"
m. # [BOTLIALIUPEEL] Joyealput duBwWINU 44
s 2 ALM M1 Idwes \ 14
e O wo, Lurie eBawo 3 ov1
H sd ALAM Isd M 6ET
°e W, RLY 1Yo JA 8ET
te ud, RLM 1yd 6 LET
e n HEUL[LE uojisdn D 9eT
os I 1 eLu ne) L GET
el s, LU ewbis O vET
os O 1 £q oyl Q eeT
1 m “ d, RLM id ulﬁ 44
.“ ” 0, neLure ey uoJoIWo O TET




Appendix / 136

Wiraman Niyomphol

- -0 0 buiuado
R ): G[LIDRQILURBRIIALILADE LU {107€01pUI W0J-8d A D1[E! /T
®-
o 9 PRQILYLBRIIRLILADE LU JOXEDIPUI D1[EN 95T
@+ o
I i LGt P erLORLItUTEEL JOJRDIPUI 90UBIBa) [esouab GST
[ X .
oe [ JeRpIBLMeALItUERLYS JOJeJIpUI UOITRUIWLIS) yST
BLUALY
1 13
[ X] o
[ X] o
e o0 o0 o0 o0 (ysbua| ur Buikren) uonippe
prorar ¥ T I U STEREMTUEEED) 10} JOJEIIPUI JBQUINU-PaLLIEd 16T
oo
oo O# [ LAY g BUISO|D “101B2IPUI UOIE|[99URD 0ST
o-
o’ #© URILRB[LIRLITHEBLY Buiuado ‘101e21pUI UOITE||9oUED )
b " BUMLLETILIRLIEUDR LU J01B2IPUI BUI|3SEq YT
RRURLUDULY
& & m o
. 1du1osiadns 1o 1diiosgns
Y —
.. ‘ URRLIEUBGLUIMBLULIEICY 1 yyyym soeds-eluwod 1o euwiwiod JYT
o-
’ : RELRLIUEELU Joyeaipul 3d1asgns Ya)
. v EOLUURRLITHEC ST Joyeaipui 1duiosiadns SYT




Ph.D.(Science and Technology Education) / 137

Fac. of Grad. Studies, Mahidol Univ.

ol : HEUGBRLILWD LU X
. o ") L ¢ )sLalse T.T
®- b
e o ¥
o o o PRUIBZLULLRLIUDRLUI J0TEOIPUI [23IPBI J3UUI PUODSS =\ 691
®- f
o ” PILUUITBZLULERLIUDRLUI J07EDIPUI [BDIPRJ J8UUI 1SI1) = 89T
o’ ULERLMEUDR LU A
. Iv v [ed1pel 191
[ X ] ]
o ouy, i [esauab ‘ubis uolssIWo ( 99T
[ X [ X ..
TuLn e . LD RRLIEMDR LU o
‘e e o Bp ® ubis sa16ap GoT
e @ o o
- e ORI AL Builieis punod w 9T
oo o. 9% ML ubis Jusd U €97
- e
R I $ fLouesnLitube Lyl ubis Je[jop W 291
o0 - -
L % BHGILR[LIRLIEUDR LU 6 d oxv
Slee Y plel- = ubis U249 19T
.o 0 o Buiso|o
i e ~( B[LLILLLYPBRIIRLILUDE LY ‘JoyeoIpul Wi0-8dA1 plog 09T
o -0 Buluado
.o o o Buiso|o
Ul ( B[LDRGICYPBRIIRLITULRLUI ‘ J0YEOIpUI W10-8dA} DIpen gsT




Appendix / 138

Wiraman Niyomphol

.o 312119 mm
o’ 210 reubety BIUiLng pasod.adns yum ‘ubis esBajul 98T
oo o0 ® 5‘.
o e? 100 beLuitng uBis JeaBayul ajgnop G8T
' «\,
o’ 10 veding ubis esBaul 8T
oo o PO [FBELICLBINDLM aAIRALISP [eled @ £g1
[ X ] .
oo ® BRLIEBUUM [e11010€) _ 28T
o0 O ®
e {0} BLLBLI 188 ||nu Jo Aydwia 8T
‘e o [9) v ubis-1e @ 08T
o0 O b
H g @hitguiury giile Ayurgur GO e
-0 0
. LBRLILUDBLUI sjJew opIp “ /1
e .. R A
o . ulipLrubetys SIBW 0840 )T
>e 4 MLHBLALIUDR LU A _ 9T
o
. < JEEM, awid ad LT
o O >
oo o A regueRLn 19482 PalIaAul VT
o O
e s S kULl 10180 V e/
oo o M“.W
o #, MLLARLITUECLU (1yBram) spunod ‘yareyssolo A




Ph.D.(Science and Technology Education) / 139

Fac. of Grad. Studies, Mahidol Univ.

w@@;ﬁ;g@@ BEHLRLIHA
o < o <

et o bn® Jalynuenb [esiaAlun 26T
o oo ) (suo Ajpoexa SisIXo
’e o el ba® YLMR TLTLe a1ayy) Jaiynuenb [enualsixa _m 16T
®: ©- - O . .
el v®/ PLILIELBIL LT, Jey) MOJ|04 10U $30p I /| o6t

e O . .

c @ o .

o o AD LL=LEMI (asnedaq) souls . & 88T
e @+ oo
fellen se® NELVRLATIBLRLIM Hun woxnsbue ,m\ /8T




Wiraman Niyomphol Biography / 140

BIOGRAPHY
NAME Mr. Wiraman Niyomphol
DATE OF BIRTH 26 January 1964
PLACE OF BIRTH Kon Kaen, Thailand
INSTITUTIONS ATTENDED West Chester University, 1983-1987

Bachelor of Science in Computer
Science

Mississippi State University, 1989-1991
Master of Education in Computer
Access Technology for the Visually
Impaired

Mahidol University, 2005-2010
Doctor of Philosophy in Science and

Technology Education

HOME ADDRESS 95/8 Mu 6 Jatupitaporn
Gratumlom, Sampran, Nakornpatom 73220
Thailand





