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ABSTRACT

Although blind and visualy impaired (VI) students can access math
documents/materials via many channels, e.g., a human reader, math Braille codes, and
audio (talking) books, these channels have limited availability. We, therefore, propose
an intelligent accessibility mathematics approach called i-Math. i-Math synthesizes
speech output from math text input by (1) extracting an XML format from the
Microsoft Word document input, (2) adding necessary words required in reading math
expressions, (3) mapping al foreign aphabets with their Thai pronunciation, and (4)
generating corresponding speech.

The i-Math system, an educational tool for blind and VI students, was
implemented based on the i-Math approach. It was designed to facilitate access to
math materials. The i-Math system can serve as a math learning and teaching tool for
both students and teachers. The students can enjoy their newfound ability to read and
practice math anytime and anywhere with i-Math while their teachers can prepare their
classroom handouts, assignments and exercises in audio versions.

The evaluations of the i-Math system were conducted with blind and VI
students and their teachers regarding three aspects. (1) intelligibility, (2) overal
speech quality, and (3) user satisfaction. The intelligibility results indicate that the i-
Math system can generate understandable pronunciations for math text. Overall speech
quality results show that the utterances produced by the i-Math system are good
guality and understandable with dlight effort. It can be concluded from the user
satisfaction questionnaire that teachers and students have positive perceptions toward
the use of i-Math because math materials are easily accessible to blind and V1 students
through i-Math, and they can independently and comfortably study and practice their
mathematics.
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CHAPTERI

INTRODUCTION

1.1 Thesis Statement

Reading and understanding math expressions, suitably displayed, are
commonplace for most people. Blind and visually impaired (VI) people, however, are
challenged in these activities. Hence, people with vision loss need assistive
technologies to accommodate their mathematics learning (Educational Media for
People with Disabilities section, 2005). Text—to—speech (TTS) technology allows
people who are blind and VI to access the valuable knowledge through a hearing
channel. To open an alternative gateway to mathematics for blind and VI people, we
therefore proposa-Math’, an intelligent accessiblemathematics approach-Math is
able to read math text, both math expressions and plain text aloud. To do this, we must
investigate the math expression structures, learn how to read math expressions in Thai
and examine the differences between normal text and math expressions\vidihe
system prototype was implemented to demonstrate the ability of our framework as an
educational tool for blind and VI students. WitiMath, students can independently

and comfortably study and practice mathematics and science.

1.2 Motivation

Learning mathematics is essential to students at all levels. To develop
math skills, practice in solving math problem is an alternative suggestion.
Unfortunately, blind and VI students face the difficulties at the first step due to their
limitations in writing and reading math formulas especially. Although a large number

of math problems are available both in printed materials and digital forms, blind and
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VI students barely benefit from them. The students lose opportunities to practice on

their own that will finally result in losing opportunities to develop their math skills.

Generally, blind and VI students can access materials/documents of math
courses with the help of human readers; however, having human readers at their side
at all times is impractical because of the cost and the limited availability of the trained
personnel. Braille is the more convenient way for blind and VI students to access the
documents. Unfortunately, not many documents are available in Braille since the
production of math documents in Braille is rather difficult and complicated (Mogo &
Archambault, 2004). Moreover, most blind and VI students found that reading Braille
math code is quite tedious and ambiguous due to the additional meanings of the cells,
even for some who are comfortable reading literary Braille transcriptions. The sound—
based material is another access channel to information for the blind and VI students.
DAISY books and talking books, for example, are the alternative audio materials that
teachers can provide for their students; however, these books are less prepared for
math and scientific expressions. With a hearing channel, a text-to—speech (TTS)
engine has been widely used by blind and VI students to read electronic text through
computers. A TTS engine is a system that can convert digital text into synthetic
speech. Presently, TTS has recently become more suitable to individual needs. Screen
reader and TTS technologies have made it possible to build reading aid devices for
blind and VI readers. Unfortunately, most available TTS systems can read only plain
text. They cannot be any assistance when it comes to math and scientific e-books, i.e.,
physics, chemistry, and engineering which are full of equations and formulas with

math symbols.

Many researchers realized that enhancing the accessibility to the math
materials for blind and VI students was very important. They, therefore, attempted to
develop TTS based systems to read math expressions, €lgR,AVlathTalk, and
MathPlayer in English (Raman & Gries, 1995; Soiffer, 2005; Stevens & Edwards,
1994); AudioMath in Portuguese (Fereira & Freitas, 2005); and Math Genie in
English, French, and German (Gillan, Barraza, Karshmer & Pazuchanics, 2004;
Karshmer, Bledsoe & Stanley, 2004)sTAR, MathPlayer, and Math Genie add extra

words or phrases to read math expressions. For example, the exprdssion *
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foooe‘x dx” is read “i equals xwhere x is the integral ...” or “i equalslimit-integral

with lower-limit zero and upper-limit infinitygxpression something d x. Something is

...". The italic words and phrases are added to complete the reading. The rendered
audio is very long and listeners may not be able to catch the main point of the
expression if they listen for a long continuous period. The prosody, e.g., pitch change
and duration, was introduced in MathTalk and AudioMath to convey the meaning of
the expressions. However, the pitch change alone does not help clarify the meaning of
the math expression in Thai since Thai language is a tonal language. Each syllable has
a choice between five distinct tones: low, mid, rise, hagh, falling. Different tones

result in different words with different meanings. For example, the five different tones

/seel, /seel, Ise/, /séel, and /se/ correspond to an English alphabet ‘c’, a numbera

classifiet of “rib” or “tooth”, a verb “die”, and a noun “color”, respectively.

Moreover, these automatic math accessible systems take inputs prepared in
Latex or some markup languages. Unfortunately, most Thai teachers, blind, and VI
students found that these document preparation systems are not easy to use, unlike
Microsoft Word (MS Word). Some math accessible systems scope their capabilities
for algebraic expressions and some cover only math expressions appearing at the
secondary school level in Thailand. We first focus on secondary mathematics and then
extend to several topics of high-school level including sequences and series,

exponential and logarithm functions, and vectors.

Some math accessible systems present their outputs in both audio and
Braille e.g., TRIANGLE, REMathEx, and LAMBDA (Gardner, Lundquist & Sahyun,
1998; Gaura, 2002; Schweikhardt, Bernareggi, Jessel, Encelle & Gut, 2006). Also, the
multimodality accessibility of math expressions was proposed to support individual
preferences. This multimodality provided output in audio, tactile, and visual forms
(Awde, Bellik & Tadj, 2008; Tsonos, Kaccori & Kouroupetroglou, 2009) to support
all desires of blind and VI people. However, the tool which provides only one form of
output received more researcher attention partly because it is easier to develop and

maintain.

Y In Thai, a classifier is used to express a quantity of a countable noun; different nouns require different
classifiers (Naruedomkul, 2000).
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In Thailand, TTS has gained the researchers’ interest since 1980. A
number of the TTS systems, for example, CU-TTS (Luksaneeyanawin, 1993), VAJA
(Mittrapiyanuruk, Hansakunbuntheung, Tesprasit & Sornlertlamvanich, 2000b), PPA
Tatip (PPA Innovation, 2005), and a stochastic knowledge—based Thai TTS system
(Narupiyakul, Khamya, Sirinaovakul & Cercone, 2005) were developed. These
systems are able to synthesize Thai speech from Thai plain text only, not from math

expressions however.

We are aware of the need of technologies that enable Thai blind and VI
students to have the same opportunities as the sighted students in studying, especially
in studying mathematics and science. Therefore, we designeditditha (anintelligent
accessiblenathematics)approach with the capability to convert both text and math
expressions into unambiguous speech automatically as they are displayed on the
screeni-Math is a practical tool that enables blind and VI students to independently

and comfortably study mathematics and science anytime and anywhere.

1.3 Objectives

We aim to discover an alternative approach to converting both text and
math expressions into Thai speech automatically. A second objective is to implement
the suggested approach: a complete TTS system that demonstrates the feasibility and
applicability of our approach. This prototype is intended for blind and VI students to

use in learning mathematics.

To reach our objectives, the three main tasks must be completed: the
reading analysis of Thai plain text and math expressions, the design and
implementation of system prototype based on our approach, and the evaluations of the

approach and the system prototype.

Part I: Analysis. The reading of Thai plain text and math expressions are

analyzed in the following three aspects.
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Analyzing the writing and reading systems of Thai plain text and math
expressions. The analysis result is used in designing algorithms to

correctly utter the Thai text and math expressions.

Analyzing the writing system of math expressions in terms of syntax

and semantics. The components, relationships, patterns, and
arrangements within the expressions are carefully explored. The
relationships between notations appearing in the expressions, the
locations, and order of appearances are learned to form the MathEx
rules. These rules are used to determine whether and which extra
words are required not only to retain the meaning of the original

expressions but also to reduce the reading ambiguities.

Investigating how math expressions are read in Thai. We investigate
the way people read each expression to serve the ease of

communication between users and the i-Math system.

Part 11: Design and implementation. In designing and implementing

Math, we aim at generating an accurate Thai speech output and supporting the

available math documents in electronic form. The tasks involved in this part include:

Selecting an electronic form file format of an input. Among a number
of document preparation systems, MS Word is chosen since it is

widely used and easily converted into other formats.

Developing a set of MathEx rules. These rules are used to add the
extra words (if necessary) to the right location of the expression
pronunciation which is in the form of eXtensible Stylesheet Language

Transformations (XSLT).

Developing the Math-Thai lexicon to be used in mapping English and

Greek letters, and math symbols into Thai pronunciation patterns.

Inventing Thai sound in syllable units to be used in synthesizing
speech for the generated pronunciation.
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e Designing the user interface for the system prototype. The design
should allow the blind and VI students to simply interact with the
system. The functions must be designed to support the educational

purpose.

Part I11: Evaluation. In this thesis, the evaluation consists of three main
parts: intelligibility, overall speech quality, and user satisfaction evaluation. For
intelligibility, a listening test is performed to determine whether listeners understood
the math text read byMath. To evaluate the overall speech quality, we analyze the
Mean Opinion Score (MOS) and Listening Effort Scale (LES) rating by the listeners
after they have heard the text producingiyath. To evaluate theser satisfaction,

the interview is conducted.

1.4 Contributions

The two main contributions of this thesis are: ifMath approach andt
Math system prototype. One contributes to computer science and the other one
contributes to education for blind and VI students.

Part |. Computer science: thei-Math approach contributes to computer

science as follows:

e We propose the approach, called intelligent mathematics accessibility
(i-Math) approach, to converting math expressions into Thai speech.
We designed and constructed the set of rules for adding the necessary
words in the correct positions not only to complete the reading of the
math expressions in Thai but also to retain the correct meaning of the
original input expressions as they appear on the screeni-Nlath
approach was different comparing to other available TTS approaches.
We focused on designing the approach which conveys the correct
meaning of math text and produces high accuracy of the
pronunciations while other TTSs are aimed to improve naturalness of

the speech quality. MoreovarMath differs from math expressions
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reader approaches. In developing the rules, we also treated the
relationships between notations appearing in the expressions, the
locations, and the order of appearances of characters to produce the
correct, concise, and clear Thai speech. Regarding the content
coveragej-Math includes all topics of secondary schooling and some
parts of high schooling levels e.g., exponential and logarithm

functions; summations; limits; and integrals.

e We implemented our approach for an educational tool:ikkath
system.i-Math is an automatic mathematics accessible system for the
students with blindness and visual impairmeiath enables them to
access to math documents conveniently. Each step performed by
Math is straightforward and simplé-Math begins the process with
extracting a XML file from a MS Word document. Next, the required
words are added to the correct locations of the expressions. Then, all
notations, characters, and symbols used in the expressions are mapped
into their Thai pronunciations. Finally their speech are synthesized
and played to the users. Unlike other mathematics accessible systems,
i-Math supported MS Word documents as an input.

e We annotated the evaluation of an automatic mathematics reader
system by examining the three aspeattelligibility, overall speech
quality, and user satisfaction. The intelligibility was conducted to
determine whether-Math generates a correct pronunciation in each
word. The pronunciations generatedifiylath were compared against
the math problem input which is in text form. The listening test was
also performed by asking participants to transcribe what they have
heard. For the overall speech quality, the Mean Opinion Score (MOS)
was used to determine whether the speech output is acceptable while
the Listening Effort Scale (LES) was used to measure the listener’s
effort in understanding the meaning of utterance. The listeners were
asked to rate the speech quality and speech understanding efforts

required with the scores. At the end of the evaluation, the listeners
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were asked to respond to questionnaires about perceived usefulness

and ease of use.

Part I1: Education: i-Math is intended to be an assistive learning tool for
blind and VI students. The better tool they employ the better chance they learn.

We providei-Math, the system to enable the blind and VI students to have
the same opportunities as the sighted students in studying, especially in mathematics
which is full of math symbols, expressions, and formuldgath allows the students
to learn and practice more independently and conveniently.

e The interface ofi-Math was designed to serve the blind and VI
students’ needs.

e The practical use afMath could be demonstrated by augmenting it
with some educational tools, for example, intelligent tutoring systems,
computer assisted-learning (CAl), or other web-service for assistive
learning mathematics. MeanwhileMath can be applied to promote

an assistive technology in mathematics classroom.

1.5 An Outlineof the Thesis

This thesis is organized as follows: in chapter 2, an introduction to the
educational technologies for blind and VI that facilitate their mathematics learning is
provided. Tactile representations, audio aids, TTS technologies, and their applications
to read math expressions are described.

Chapter 3 surveys what the blind and VI students require from a text-to-
speech (TTS) system in accessing to mathematics. Their requirements are taken into
account during the development of the intelligent accessible mathemddethj in
this research.

Chapter 4 examines the nature of math expressions and Thai text. We
describe the differences between their readings and also the reading of math

expressions in Thai.
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The technologies used in developinaljlath are summarized in chapter 5,
including an eXtensible Markup Language (XML), an Office Open XML
(OpenXML), an eXtensible Stylesheet Language Transformations (XSLT), and an
XML Path Language (XPath).

Thei-Math architecture and its implementation are presented in chapter 6,
including the details of four modules: XML Extraction, MathEx Structure Analysis,
Math-Thai Mapping, and Speech Synthesis. The knowledge and rules usédtn

are explained as well.

The roles of-Math in education and the usagesi-dflath are described in

chapter 7.

The explanations of the system evaluation are presented in chapter 8.
Three main evaluations are conducted: (i) the intelligibility evaluation, (ii) the overall
speech quality evaluation, and (iii) the user satisfaction evaluation. The design of the
experiments is presented in this chapter. The experimental results and the performance

of i-Math are discussed.

Chapter 9 concludes our contributions and suggests the possible

improvements of i-Math. The further works are introduced at the end of this chapter.

Appendices are provided to illustrate related researches of Thai TTS;
interview questions for the students’ requirement; English and Greek alphabets, and
math notations mapping table; XML representations and their syntax; MathEX rules in
an XSLT format; full forms of abbreviations; the intelligibility evaluation; and the user

satisfaction evaluation.

Our research presents in this thesis were published in a well-recognized
referred journal and conference proceedings. Blind and VI students’ requirements
(Chapter 3) can be founded in Wongkia, Naruedomkul & Cercone (2010). The
differences between reading Thai text and math expressions, the main part of chapter

4, will appear in Wongkia, Naruedomkul & Cercone (2009; 2010).
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CHAPTER I

BACKGROUND

We begin this chapter with an education of the students with blindness and
visual impairment, follomwvith educational tools for the blind and visuallypaired
(V1) students in section 2.2. An overview of the text-to-speech (TTS) technology is
summarized in section 2.3. Some existing math expression reader systems are
described in section 2.4 and the advantages and disadvantages of the existing systems

are discussed in section 2.5.

2.1 An Education of the Students with Blindness and Visual

Impairment in Thailand

The terms “blindness” and “visual impairment” describe vision abilities
that denote the vision loss, rather than the eye defection. The term “blind” students
refer to the students who cannot completely see while the term “visually impaired”
students mean the students who are still able to see some extent. However, both blind

and VI students have difficulties in learning or doing any daily activity.

Presently in Thailand, the educations for the students who are blind and
visually impaired are organized in four system types (Thai Disabled Development
Foundation, 2010): (1) early education, (2) mainstreaming education, (3) integrated
education, and (4) informal education systems. Firstly, the early education system is a
provision of the education for the blind and VI children before the primary education
(Grade 1 — 6). The early school is provided for stimulating the childish development
that includes the skill practices becoming ready for learning. Secondly, the
mainstreaming education system is an education for the students with blindness and
visual impairment. This education provides teaching, learning, and instructing to

support the specific needs of the students who are blind and VI. There are eleven
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mainstreaming schools for the blind and VI students across Thailand, since
kindergarten either to Grade 6 or to Grade 9. Thirdly, the integrated education system
provides the same opportunities and the educational experiences for the blind and VI
students as the normal education system which provides for the sighted students since
kindergarten either to college or university supported by the well-prepared specialists
in the educations of the blind. Finally, the informal education system is an education
outside a standard school setting including the vocational practice center for the blind
and VI people, and the individuals or the groups who choose to engage with their

interests.

2.2 Educational Tools for the Blind and Visually Impaired Students

Current technologies allow the blind and VI students to access to printed
text via various means. With these technologies, the blind and VI students can
maintain their independence while they are studying and practicing. Karshmer and
Bledsoe (2002)xategorized the technologies to assist the blind \&ndtudents in
studying mathematics into five approaches: (1) tactile representations such as Braille
and other raised representations; (2) audio aids by generating the voice of math
equations and formulas; (3) tonal representations of graphs; (4) haptic or forced
feedback devices in allowing a user to feel the shapes of objects and curves; and (5)
integrated approaches. However, tactile representations and audio aids are the most
popular and suitable for accessing math documents containing the math expressions.
Details of the tactile representations and the audio aids are discussed below.

2.2.1 Tactile Representations

Tactile representations are created in the spatial patterns by raised dots.
Blind and VI people can touch the raised parts to access the represented information.
The first and most well-known amongst other tactile approaches is Braille. Braille is a
printing form that is widely used amongst the blind and VI people, to read and to

write. With raised parts, the blind and VI people can read by touching the paper with
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their fingers. Braille has been adapted for reading and writing in many languages,
including Thai. Figure 2.1 shows the Braille representation of English alphabets, Thai
alphabets, and math symbols. To represent text, the Braille codes, the six—bit cells (a
three rows and two columns matrix) are mapped with a character set, only 64 different
characters. Different Braille codes are required for different languages. The 64
different characters are inadequate for representing Thai alphabets (44 consonant
alphabets, 15 vowel alphabets, and four tone markers). Thus, some Thai alphabets are

represented by two matrices, for exanwpl@, andw in Figure 2.1b.

English Braille Characters Thai Braille Characters Mathematical symbols
A B € D E F n U “a fl A 9« N 1 b +
®0 @0 9@ 08 80 o¢ (1] ®0 0080 ®0 Q080 0080 o 00 00 oe
OO0 @0 00 ©O® O® @0 e 00 0800 00 0000 0000 ae *0 ®0 00
00 00 00 00 00 ©0 00 [1s] ee 0 o0 eeee Oeee oe 00 o [
G H | J K L ] L ¥ ° B] i/} f X + =
e® 80 0@ 08 @ ®0 oe oe oe oe 0008 00e® O0ee o0 0® 80 0e0® ol T Je]
Ll ee °0 o0 [ole] 0 o0 o] [ele] ®0 0000 [eloXe] ] o0 0@ 00 000 0000 Q000
CO 00 00 00 @0 @0 00 e0 1] o0 ceee O®ee 0800 Ll 00 0e ceeo O®e0
M N O P R 1 ] 7N @l ] A fa > > <
@8 @8 80O @8 88 80| O0O®O 0008 0008 0008 00ee (1] (3¢ 0800 080080 00 90 0090 80
00 O® O® €0 e e8| OCee oCcee OCOee 0COOe oe o0 Q0 80 coeo0ee of_Jels] oe00 e
0 @0 80O @0 @0 @0 | 0808 O8O0 OCeee S08e O8e0 00 oe o800 08000e cCe0 COe00e
8§ F U v W X 0 " B u 1 1l W 1= *
Cc8 O® @0 @0 Oe e oe ce oo oo 0 (1] o0 ce e0 coee
eC e® 0O €0 ®e 00 ° oo ceee oe ®0 0 e 00 0® ooe
®0 @0 @6 @8 O8 e ®0 oo ee oo °0 1] 1] e0 00 oceee
Y 2 ol N Wl fn u o ]
ee @O oo (1] (1] coee oo (1] e0
o8 O® 00 oe *0 00 0® Q0 o® 1]
L L] L L] L L] oe oe (el Jel } L Je] L L] 0

a 9 A o " W

0 oe oo Qe 00 0e oe [sle] 1o

®0 [ 13 0080 0080 ®0 1] 00 80

e0 ce Oee0 eeec ®0 ce @0

3] ]

00 (1]

oe [ 1]

0 L L]

(a) (b) (©

Figure 2.1 English Braille characters (a), Thai consonant Braille characters (b), and

some Nemeth Braille codes for math symbols (c).

To represent the math notations, other Braille systems were introduced. A
well-known Braille code for representing math and scientific notations is the Nemeth
code, named after Dr. Abraham Nemeth, (Figure 2.1c). It is used for transcribing the
math and scientific expressions (AAWE-AEVH-NBA Advisory Council to the Braille
Authority, 1979). The Nemeth code is used in the United States for the elementary
math textbooks as well as the highly technical material. Similarly, one matrix set is
insufficient for all math symbols so that two or more matrices are used, for example

‘x’, ‘=", and ‘>’ in Figure 2.1c. Moreover, there are other Braiflath codes used in
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other countries. Therefore, in reading a math document, the blind and VI students need

to know which the coding system was used in producing the document.

The productions of Braille math documents on a computer are divided into
two methods: (1) directly input Braille code and (2) translate files which are prepared
with the normal character set. The former, direct input Braille code requires the
specific software to change the normal computer keyboard into the Braille keyboard
and the set of rules used in representing the math notations. The latter needs the
document preparation with the normal character set. And then, the prepared document
is translated into Braille using the translation software, e.g., Duxbury and Megadots
(Moco & Archambault, 2004). Currently, the math Braille translation systems can

produce math documents.

In Thailand, Petkleang and Tandayya (2005); and Lalitrojwong (2005)
proposed the Braille translation systems that translate Thai text into Thai Braille.
Furthermore, Niyomphol, Tandayya, Nantachaipitak and Intasoi (2008) began to
develop the Braille translation system that can translate Thai, English, math, scientific,

and musical notations into Braille.

The preparation of Braille documents seems difficult for people who do
not know Braille well. Thus, not many documents are available in Braille, particularly
math and scientific Braille documents. Moreover, teachers who are able to teach
mathematics to blind and VI students have limited since they do not know Braille so
well. Producing a math document in Nemeth seems very hard but reading the
document is even more difficult. Although most blind and VI people have been
familiar with Braille, other math Braille code systems are used to represent the math
notations or expressions. The blind and VI people require more efforts to memorize,
recognize, and distinguish all the codes. Examples of the math expressions in Braille

are illustrated below.

. _a+b 80 00 0o
e The expression; —, would becomess =t <6 =

® 09 99 09 90 o0

e The expression/x + y + z, would become:? 22 &2 32 22 &2 22,

e The expression,% would become::
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In addition, the blind and VI students must be aware that some Nemeth and Braille
text are similar. Thus, the blind and VI students must read the whole sentence to avoid

the ambiguities.

2.2.2 Audio Aids

Audio aids, e.g. Daisy books and talking books, are alternative materials to
provide for the blind and VI people. Certainly, speech technologies have become one
of successful approaches for the blind and VI students. Many researchers have
attempted to develop speech technologies for the blind and VI students to access the
printed, written, and visual information (Freitas & Kouroupetroglou, 2008). The

details of digital talking books and text-to-speech engines are discussed below.

Digital Talking Books: A digital talking book (DTB) is a book that has
been recorded onto tapes, CDs, or DVDs for the blind and VI people. They can use an
audio—based device with the basic functionalities such as play, stop, fast—forward, and
rewind (Pittman, 2002). However, the development of DTB was aimed to increasingly
facilitate the users by adding the functionalities of search, navigation, and bookmark to
access the book contents. The DAISBigital Accessible Information System)
standard is a standard used in creating the acte€3itB of a printed book with a
human voice production (DAISY Consortium, 2008y using speech synthesis
technologies. The DAISY Consortium extended the DAISY standard to support
Mathematical Markup Language (MathML) when reading the math expressions to
provide the mathematics within DAISY books. MathML is an application of
eXtensible Markup Language (XML) for representing the math expressions on the
Internet browsers (Carlisle, lon, Miner & Poppelier, 2003). DaisyReader is presented
for interactive voice reading of math formulas, lists, and tables based on the DAISY

standard in Polish and English languages.

In Thailand, the Thailand National Committee on DAISY Production and
Services joined the DAISY Consortium to produce Thai digital talking books in the
DAISY format for Thai people both who are blind and who cannot access normal

printing. A number of Thai organizations, i.e. Ratchasuda College and the National
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Electronics and Computer Technology Center (NECTEC), attempted to promote and
develop DAISY books for Thai blind and disabled people as well.

The DTB production process is not simple (Kerscher, 1999) and time
consuming. Also, most books that were translated into DAISY and DTB are in the
form of text only, e.g., Thai Junior Encyclopedia books (Thailand National Committee
on DAISY Production and Services, 2008). Very few math and scientific books are in
the form of DTB.

Text-to-speech Engines: A text—to—speech (TTS) engine is computer
software that can read aloud text within electronic text formats such as Internet
Explorer (IE), Microsoft Word (MS Word), Outlook, and Adobe Reader. This engine
often works with the screen reader software to have a more comfortable employment
for the blind and VI people. The TTS system is widely used by the blind and VI
people to read the electronic text through a computer since the sound-based
representation plays an important channel to access information for the blind and VI
people. The TTS system makes accessible books for the blind and VI people and is
suitable for individual needs. Unlike the DTB and DAISY books, TTS can generate
the corresponding audio of an unseen document in real-time. The TTS system allows

the user to immediately listen to the audio version after inputting.

Groups of researchers in Thailand have attempted to research and develop
Thai TTS systems since the 1980s. Until recently, most Thai TTS systems generate
Thai speech from Thai text with high accuracy of pronunciations and high quality of
natural sound (Wutiwiwatchai & Furui, 2007). However, the important problems in
developing Thai TTS systems are the ambiguities of segmentations and
pronunciations, and the unnatural sounds of continuous synthetic speech. More details
of the TTS technology will be described in section 2.3.

At present, to enhance the access to the educational math materials, a
number of researchers successfully developed the TTS-based systems with the
capability to read math expressions in many languages, sudiT R MathTalk, and
MathPlayer in English, AudioMath in European Portuguese, and Math Genie in

English, French, and German. The details of the automatic math expressions reader
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systems can be found in section 2.4. However, none of the TTS systems has the

capability to read math expressions in Thai.

2.3 Text-to-Speech Technologies

Text-to—speech (TTS) is the process of automatically converting text in
written form into humanlike speech. The basic TTS procedure consists of four main
phasestext analysis, phonetic analysis, prosody analysis, andspeech synthesis shown
in Figure 2.2 (Huang, Acero & Hon, 2001, pp. 6).

TTS Engine
Text Analysis
Raw text - Document Structure Detection
ortagged text i Text Normalization

Linguistic Analysis

tagged text
A 4

Phonetic Analysis
Grapheme-to-Phoneme Conversion

tagged phones
v

Prosody Analysis
Pitch & Duration Attachment

controls

A4

Speech Synthesis
Voice Rendering

Figure 2.2Basic system architecture of the TTS system.

2.3.1 Tasks Required in Developing Text-to-Speech

The structure of the input text is determined in text analysis module
(Figure 2.2). This module begins the process by segmenting the input text for any
language which has no boundary, next, converting symbols (e.g. $, %, &), numbers
(e.g. 10, 02-123-4567, 19-11-2008), and abbreviations (e.g. Mr., Mrs., cm.) in each
segmented sentence (if any) into the speakable forms, then, analyzing each sentence in
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the term of both syntax and semantic. Phonetic analysis module converts the analyzed
input text into phonetic representations. Prosody analysis module adds all information
required to make the synthetic speech more natural. With all this information, the

speech of the input is synthesized at the end of the process.

Text Analysis. In English, punctuations (., ? and !) are used to identify a
sentence boundary and space at the end of a word while some Asian languages, i.e.
Chinese, Japanese, and Thai, have no word or sentence boundary in the writing
systems. Therefore, the document structure detection plays an important step for Asian
languages to determine a word and sentence breaking. The output of this step provides
the necessary information such as rhythm and pause in reading or speaking aloud like-

human speech for ongoing next step.

Table 2.1 Some examples for symbols, abbreviations, and numerals.

Expressions Examples Pronunciations
% Percent
Symbols
$ Dollar
cm. Centimeter
Abbreviations :
Mr. Mister
081-234-5678 O eight one two three four five six seven eight
25/09/51 September twenty fifth two thousands and eight
Numerals ) )
12:13:20 Twelve hours thirteen minutes and twenty seconds
200 $ Two hundred dollars

An input text is the sequence of characters and it may contain symbols,
abbreviations, graphs, figures, charts, tables, and numerals. Table 2.1 shows examples
of symbols, abbreviations, numerals, and their pronunciations. Abbreviations and
symbols are converted into their pronunciations for retaining their meanings.
Numerals can occur in various formats, for example, phone numbers, dates, times, and
money. To process the number formats, the corresponding pronunciations are assigned
in the number representation step. Each part of the input text must be carefully
concerned for developing a more accurate TTS system. The text normalization is a
process for converting the writing forms into the appropriate forms that can be
pronounced. The output of the text normalization step is a full set of interpretations
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with the added information, for suitable pronunciation in the next steps. The syntactic

and semantic information can be used in selecting the accurate pronunciation.

Phonetic Analysis: The main task of phonetic analysis module, grapheme-
to-phoneme conversion, is to generate phonetic representations or phonemes which are
the basic units of sound. The phonetic analysis is a non-trivial task because of the
problems in the homograph, the syllabification, and the word boundary ambiguity in
many languages. Such problems are carefully considered. A linguistic analysis is

utilized to provide more accurate phonetic pronunciations.

Prosody Analysis. The prosody plays an important role in supporting the
understanding of the listeners. The pause between the words in a sentence and the
stress of the word affect the meaning on utterance. Therefore, to generate a good
prosody, the word and sentence boundary, the word identity, and the word part-of-
speech must be concerned as well. Huang et al. (20&t&d that the prosody consists
of pause, duration, pitch, and loudness features. A set of the prosody features is
provided for each syllable or word because these features not only influence on the
naturalness of the synthetic speech, but also result in conveying the meaning of the
utterances. Furthermore, the duration and pitch values can control the speaking rates,

the voice changes, and the stressed/unstressed voices.

Speech Synthesis: The speech synthesis can be classified into three types
depending on the speech generation methods (Huang et al., 2001): (1) the articulatory
synthesis: a physical model of the human speech production system, (2) the formant
synthesis: the model which uses the pole frequencies of speech signal or transfer
function of vocal tract based on a source-filter model, and (3) the concatenative

synthesis: the concatenating speech segments were used to generate speech.

The speech synthesis is usedgenerate the speech waveform from the
phonetic representations and the prosody parameter. The popular technique amongst
the speech synthesis methods is the concatenative synthesis by concatenating the small
speech units that are stored in the sound unit inventory. To improve the naturalness of
the speech, the prosodic modification techniques are used to change the amplitude, the

duration, and the pitch of the speech.
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2.3.2 History of Thai Text-to-Speech

The history of Thai TTS systems dates back to 1980s until the twentieth
century shown in Figure 2.3. The ideas of the conversion of a Thai text format into a
Thai speech signal began to gain interesting since 1989 at Chulalongkorn University
by Sudaporn Luksaneeyanawihuksaneeyanawirand her colleagues started the
project of the Chulalongkorn University Thai TTS (CU-TTS) system which was
granted from NECTEC, Thailand and Chulalongkorn University for three years (1990
—1992) The CU-TTS system was the first Thai TTS system that was available since
1991. The CU-TTS system performs three steps to generate the Thai speech output:
(1) converting the string of Thai text into the phonological syllables, and then
combining the phonological syllables into the string of words; (2) representing the
string of words and phrases with their phonological representation by dictionary
looking up; and (3) concatenating the waveforms of the string of phrase used
demisyllable unitsThis system used the concatenative synthesis technique which is

the most common types of Thai synthetic speech.

Input Text

!
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I
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Figure 2.4 Architecture of the CUI'TS system.

The architecture of CUITS is illustrated in Figure 2.4 (Center for
Research in Speech and Language Processing [CRSLP], 2002; Luksaneeyanawin,
1993; Luksaneeyanawin & Niyomphol, 1997; Mittrapiyanuruk, et al. 2000imad

been developed into the first commercial Thai TTS system, called CU-Talk, with the
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support of Chulalongkorn University and the Rachasuda Foundation (CRSLP, 2002;
Wutiwiwatchai & Furui, 2007). CU-Talk was a speech synthesizer for the blinds

which could plug in a computer to separate the memory of the speech synthesizer from
the memory of the computer because the computer at that time had limited the

memory.

In 1991, two researchers, Ruttikorn Varakulsiripunémd Sa-nga
Kongsupanich, at King Mongkut's Institute of Technology Ladkrabang, Thailand
presented a Thai speech synthesis system (Varakulsiripunth & Kongsupanich, 1991).
This system consisted of three main steps. Thai input sentence was first segmented
into words by using the longest word mapping technique with dictionary. Next, the
corresponding phoneme was generated from a Thai word. Then, the speech was
synthesized by using the analysis-synthesis method based on the phoneme units.

To facilitate the blind people who used computer, the Screen Reader and
the Text Editor for the Blind projects were designed to capture the text on the screen
and sent to CU-Talk for the Thai speech. The users would hear the speech during the
typing and the writing. Both systems were the applications of the TTS system in
accessing and providing the information of the blinds (Luksaneeyanawin &
Niyomphol 1997). The director of these two projects was Sudaporn Luksaneeyanawin

granted from Chulalongkorn University since 1994 to 1996.

A few years later, in 1998\ECTEC established the first VAJA project,
the other commercial Thai TTS software which was aimed to create the synthesized
Thai speech with the natural sound (National Electronic and Computer Technology
Center [NECTEC], 2007)The first version of VAJA using the concatenative rules
with the demisyllable speech units was published in 2000 (Mittrapiyanuruk, et al.,
2000b). VAJA is composed of three main parts: (1) segmenting the text into sentences
or phrases and transcribing the segmented phrases into the phonetic symbols; (2)
determining the prosody information, i.e. syllable duration and FO contours, to
improve the naturalness of the synthetic speech; and (3) concatenating the waveform
by the phonetic symbols with the prosody information of each syllable to produce the
speech output. Afterwards, NECTEC researchers aimed to improve the quality of the

speech of VAJA by emphasizing the improvement not only in speech synthesis
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module (i.e., the use of the demisyllable concatenation and the signal processing) but
also in the prosody analysis module (i.e., the detection of both sentence boundary and
phrase break). The latest version of VAJA appeared in 2007 (Thangthai, Saychum,
Rugchatjaroen, Thatphithakkul, & Wutiwiwauchai, 2007).

In the early 2000s, in 2004 Puttipan Ponyanun of PPA Innovation Co., Ltd.
had been supported by the grant of Her Royal Highness Princess Maha Chakri
Sirindhorn for developing a Thai TTS system, named PPA Tatip. This system was the
Thai and English bilingual TTS system for the blinds to provide a good chance to
commonly use a computer like the sighted people. At this time, Thailand Association
of the Blind owns the copyright to this program (PPA Innovation, 2005; Thailand
Association of the Blinds, 2008). The PPA Tatip software was free for the blind
people who need it. Moreover, Puttipan Ponyanun received the Second Prize of
Thailand Innovation Awards from PPA Sarika. It is both Thai and English commercial
TTS system. Also, he created the new versions and applications of the PPA Thai and
English TTS such as PPA TTS 2006 PC edition, PPA Salika 2006, PPA TTS 2006
server edition, and PPA Nokkuntong 2006. All versions and applications were

completed in 2006 and sold under the copyright of PPA Innovation Co., Ltd.

Besides, the research team from IBM Thailand collaborated with CRSLP
of Chulalongkorn University under the control of Sudaporn Luksaneeyanawin who
was the director of CRSLP. In 2002, the Homepage Reader for the blinds based on the
CU-TTS system was developed. A year after, CRSLP of Chulalongkorn University
co-operated with Nuance Communications Inc., USA developed a Thai TTS system
named Thai RealSpeak and called in Thai, Narisa, in 2003. This system was first
applied to mobile phone and navigation system three years later, in(C&HEL_P,

2002).

In 2005, Lalita Narupiyakul, Apinya Khamya, and Booncharoen Sirinao-
vakul of King Mongkut's University of Technology Thonburi, Thailand collaborated
with Nick Cercone of Dalhousie University, Canada had created the Thai TTS system.
The process of this system is divided into two steps: (1) converting the Thai letters
into the phonetic symbols by using a rule-based approach and (2) producing the

speech waveform by using the concatenative synthesis (Narupiyakul, et al., 2005).
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In conclusion, a Thai TTS system is composed of text analysis, phonetic
analysis, prosody analysis, and speech synthesis. To construct a professional and
potential Thai TTS system, a number of researchers attempted to discover the best
method in overcoming all problems of Thai TTS systems. The evidences which
indicate the attempts of the researchers can be found in Appendix A. Existing Thai
TTS systems, however, can generate the Thai speech from plain text alone. Those
systems are unable to generate the speech from the math expressions. All existing
technologies are inadequate for assisting the blind and VI students to access the math

documents.

2.4 Text-to-Speech with the Capability to Read the Math

Expressions

People with vision loss need an assistive technology to work with the
documents which are full of math expressions. The TTS technology is the gateway to
the valuable knowledge for the people who are blind and visually impaired. The TTS
system with the capability to read math expressions has continuously been developed
and researched to assist blind and VI people in accessing the math documents as the
same as the sighted people. In this section, we will discuss in more details of the
existing systems including &AegR, MathTalk, Math Genie, AudioMath, and
MathPlayer and will present some examples of the multimodal systems.

2.4.1 ATeR (Audio System for Technical Readings)

AsTeR was developed by T.V. Raman. He was motivated by a desire to
facilitate his own reading for his studies to read the technical documesiiskR A
accepts a (La)TeX document as an input and produces the English audio as an output
(Raman & Gries, 1995).

AsTeR begins with conversing a (La)TeX document into the suitable form
to provide the structural document (e.g. title, abstract, section, paragraph, math
expression, and table). ThensTAR applies two sets of rules: lexical cues and
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prosodic cues. Firstly, the lexical cues are a set of words to delimit the structures such
as parentheses, fractions, superscript, and trigonometry, for reading math expressions.
The expressions are parsed into the tree structures and are analyzed for identifying
which expressions are simple, or which expressions are complex. To read the complex
expressions, & eR gives the user an overview of what an expression is by rendering
the name of the expression (e.g. equation, fraction, superscript, and integral).
Afterwards, all contents within the expressions are rendered for more details. Then,
the prosodic cues consist of the statements for setting the voice in speaking and for
changing the various parameters of voice such as pitch, volume, and tones. The
variable substitution technique is used for the complex expressions to easier

understand by listeners as shown in the following example,
0 _,2
I= [ e *dx 1)
the identifier xis substituted for the entire right-hand side of the equation to produce
“i equals x where x is the integral...”.

AsTeR allows the users to create a new style for the different
representations in hearing the same object. In audio browsing, users are allowed to
navigate through the math expressions. The users can either skip from one term to the
next within an equation or search into any selected structure for greater detail by the
following actions: go to next sibling; go to previous sibling; go to parent; go to
leftmost child; go to rightmost child; mark current node; and return to marked node.
However, ATeR never rearranged the spoken words (Hayes, 1996). For example,

AsTeR read the expression, lpg, as “log base af X'.

2.4.2 MathTalk

Stevens, Edwards and Harling (1997) proposed MathTalk for (1) only
reading algebra expressions on secondary schooling level (e.g. numbers, radicals,
fractions, and superscript); and (2) controlling information flow. Once, Mathtalk uses

(La)TeX formats as an input and generates English speech output.

Steven and his colleagues agreed with Raman and Gries (1994) to first

identify the complexity of the expressions before rendering the audio. In reading the
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simple expressions, lexical cues become unnecessary because they make the verbose
utterance while the complex expressions have to use the special words or phrases
without unambiguity. The same prosodic cues aSeR are used in developing
Mathtalk as well. To extend the prosodic rules, the pause, pitch, speed, and volume of
voice parameters are used into the utterance of the math expressions to reduce
unnecessary words that distract the listeners. For example in this following algebraic

expression,
ax? + bx + ¢ = 0, (2)

the expression is represented in terms of timing, pitch change, and amplitude as,

\

“T axsupertwo. T plusbx.T plusc. equals zero”,

where the arrows show the trend of the pitch change; the periods indicate the pauses;
the italic typefaces indicate the increased speed; and the boldfaces indicate the

increased amplitude.

In addition, MathTalk allows the users to control reading by flowing and
shifting the attention to any part of an expression. Browsing functions were used to
access a part of an expression. The action words (i.e., speak, current, next, previous,
into, out-of, beginning, and end) and the target words (i.e., expression, term, item,
superscript, quantity, fraction, numerator, and denominator) are combined for

accessing the expression and reducing a long reading of the whole expression.

2.4.3 Math Genie

Karshmer & Bledsoe (2002) proposed an audio browser design for
browsing the complex math expressions via the audio and implemented its application,
called Math Genie in 2004 (Gillan et al., 2004). Math Genie supports a MathML
format and an XML file as an input. An output is the English audio speech with
options to move around parts of the expression. Functions and arrow keys on the
keyboard are used to navigate the expression. The properties of Math Genie include
the following features:

(1) Read an expression from left to right, one by one element at the time.
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(2) Allow the users to go back to the beginning of the expression.

(3) Allow the users to return to the self-define points.

(4) Allow the users to substitute the expression with its outcome.

(5) Allow the users to scan the expression to provide an overview of the

structure of the expression.

The expression input is parsed into the parsed tree. This tree can be used
for viewing the structure of the corresponding expression as navigation. The user will
be able to move up, down, left, or right around the tree. As the complex expression,
like AsTeR, Math Genie first provides the users to hear the overview of the structure
of the expression. For example, in the Equation (1), Math Genie will render the speech
output as:

“i equals

limit-integral with lower-limit zero and upper-limit infinity

expression something d x ”.
The speech word “something” replaces the omitted sub-expression. The depth of the
tree is considered for omitting conditions. In this example, the content of the nodes
below the depth of three nodes is replaced by the word “something”.Math Genie also
was extended to produce French and German audio output, offered a refreshable

Braille output, and specialized video output.

2.4.4 AudioMath

AudioMath (Ferreira & Freitas, 2004) converts a MathML format into an
European Portuguese audio format in four modules: Text Analysis; Parsing MathML;
MathML Interpretation and Conversion; and Speaking Mathematical Content. The
Text Analysis module converts numbers, abbreviations, acronyms, network, math
expressions, and auto discoveries into the full plain text form. The Parsing MathML
parses a MathML format by using XML::Parser. The MathML Interpretation and
Conversion generates the European Portuguese text based on two dictionaries: (1)
MathML entities to Unicode and (2) Unicode to European Portuguese. Finally, the
Speaking Mathematical Content produces the audio. The prosodic rules are introduced

to read the math expressions. The waveform is added the corresponding parameters
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(e.g., pauses and pitches) which according to the following rules (Ferreira & Freitas,
2005):
(1) Rising tone is used when a lower hierarchical level is starting.
(2) Falling and rising tones are used to mark the smaller separating pause.
(3) Falling tone is used at the end of the level.
(4) Emphatic falling tone is used at the end of the expression that is the
end of the higher hierarchical level.
(5) Long pause (LP) is used when a lower hierarchical level is starting.
(6) Short pause (SP) is used before some operators and between the
arguments.

For example in this following expression,

Va?z + b2, (3)
AudioMath generates the European Portuguese plain text with pauses and some
prosodic information:

“Raiz quadrada de (LP, rising) a ao quadrado (SP, falling and rising)

mais bé ao quadrado (LP, falling) fim de radicando (emphatic falling)”,
which refers to

“Square root of (LP, rising) a squared (SP, falling and rising) plus b

squared (LP, falling) end of radicand (emphatic falling)”.

2.4.5 MathPlayer

MathPlayer is a plug-in to Microsoft Internet Explorer (IE) to display a
MathML format embedded on a web page (Soiffer, 2005). The conversion of math
expressions into English speech is added to extend the ability of MathPlayer. Then,
MathPlayer is also translated for Spanish and Chinese (Soiffer, 2009).

MathPlayer uses a set of rules to read the math expressions. The reading
rules apply to the simple expressions are different from those apply to the complicated
expressions. The speech word “over” is always used for a simple fractiorir, willy.,
be renderedX overy’, while “begin fraction”, “over” and “end fraction” are spoken
for complicated fractions to reduce ambiguous math speech. Pauses, pitch rates, and

any prosody information are utilized in better understanding. MathPlayer allows users
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to browse expressions using the text-based navigation and the tree-based navigation.
In the text-based navigation, the users can move around an expression, e.g., stepping
through or repeating parts of an expression. The tree-based navigation allows the users

to skip or listen to any sub-expressions.

2.4.6 Some Multimodal Systems

A multimodal accessibility of math expressions was proposed to support
the users’ individual preferences. These multimodality systems provide output in
many formats e.g. audio, tactile, and visual formats to serve the different needs of the
users. Table 2.2 illustrates some multimodality.

Table 2.2 Some examples of multimodal systems.

System I nput Output
. o Visual display
Keyboard i i
(Gardner, et al., 1998) 4 o (Bl sy
e 8-dot or 6-dot GS* Braille codes

REMathEx MathML e English audio
(Gaura, 2002) e Nemeth Braille code
LAMBDA MathML e English speech
(Schweikhardt, et al., 2006) o LAMBDA code**
Multimoda N o Visual display

ultimodal Adapter MathML . /
(Tsonos, et al., 2009) SN S

¢ Nemeth Braille code

*A GS Braille code had been developed by Prof. John Gradner and Prof. Norberto Salinas, University of Kansas.
This code includes symbols for thousands of characters commonly used in mathematics, science, engineering,
and other technical fields.

*»* A LAMBDA code which has been developed within the project is the new math notations based on 8-dot
Braille.

2.5 Discussion of Some Existing Text-to-Speech Systems with the

Capability to Read the Math Expressions
There are advantages and disadvantages of each appradeiR And
Math Genie add extra words or phrases in reading the math expressions. Some words
and phrases were utilized to provide the overview of the whole math expressions.

However, the rendered audio is very long and the listeners have difficulty to obtain the
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main point of the expression if they listen for a long period. The prosody, e.g. pitch
change and duration, was introduced in MathTalk and AudioMath to convey the
meaning of the expressions. However, the pitch change does not help in clarifying the
meaning of the math expression in Thai since Thai language is a tonal language. Each
syllable has a choice between five distinct tones: low, mid, rise, high, and falling.
Different tones result in different words with different meanings. For example, the
five different tones /see/, /séel, Is&/, /séel and /se/ correspond to an English alphabet

‘c’, a number ‘4’, a classifierof “rib” or “tooth”, a verb “die”, and a noun “color”,
respectively. The pause and duration cannot reduce the ambiguities in reading math

expressions in Thai either.

Moreover, these automatic math reader systems take the prepared inputs in
(La)TeX or some markup languages. Unfortunately, most Thai teachers, blind, and VI
students found that these document preparation systems are not easy to use, unlike
Microsoft Word. Some systems scope their capabilities for algebraic expressions and
some cover only math expressions appearing in secondary school level in Thailand.
We concentrated on secondary mathematics and extended to several topics at the high-

school level including sequences and series, exponentials, logarithms, and vectors.

Our goal is to overcome the shortcomings of the earlier techniques, to
complete reading math expressions in Thai and to retain the meaning of the math
expressionsi-Math is our proposed solution. TheéMath approach takes into account
the relationships between notations appearing in the expressions, the locations, and the
order of appearances of characters to produce concise and clear Thai speech of the
math expressions that convey the correct meaning, unkikeRAand Math Genia-

Math also treatsthe order of spoken words to serve the ease of comwmation
between users and théMath system, unlike ATgR. Unlike other systems;Math
supports MS Word documents as an input according to the survey of blind and VI
students’ requirement described in chapter 3. Similar Jb:R and Math Geniei-

Math builds the rules to read complex math expressions such as summations, integrals,

and limits. The central idea behind i-Math is discussed in chapter 6.

Y In Thai, a classifier is used to express a quantity of a countable noun; different nouns require different
classifiers (Naruedomkul, 2000).
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CHAPTER Il

ACCESS REQUIREMENTS TO MATHEMATICS VIA TEXT-TO-
SPEECH

Our survey examined the views of blind and visually impaired (VI)
students toward the text-to-speech (TTS) technology as an access to mathematics. A
verbal interview was conducted to determine the students’ experiences of using a
computer, experiences of using TTS for accessing mathematics, requirements of
assistive tools in studying mathematics, and requirements for an automatic

mathematics accessible system. The details of the survey are described in this chapter.

3.1 Experimental Design on Requirements of Text-to-Speech as an

Access to Mathematics

The purpose of this experiment is to determine whether the blind and VI
students have experienced of using computer, whether the students have experienced
of using existing available TTS as an access to mathematics, whether the students need
the assistive tools in studying mathematics, and whether the students need to use TTS
with the capability to read the math documents in Thai. An interview was conducted in
this experiment. Twenty students from two secondary schaolthe central part of
Thailand participated in this study. The students were in Grade 7-9 and ranged in age
from 14 to 20 years old. Ten students were blind (seven males and three females) and
ten students were visually impaired (five males and females). The interview is
consisted of two parts (see Appendix Bart 1 contains the students’ background

characteristics: personal information and their ability in using the computer including

%2 There are approximately twenty schools for the blind across Thailand and 150 students in Grade 7-9
(Educational Media for People with Disabilities section, 2005).
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their experiences with computer software and aspects of using the InfarteR

covers the students’ experiences in using the existing TTS systems to read math
expressions, the students’ requirements of assistive tools in studying mathematics, and
the students’ requirements for using the TTS systems with capability to read math

expressions in their mathematics study. The participants were interviewed at their

schools during February — March, 2009. The 10 — 15 minutes verbal interview of each

student was recorded.

3.2 Experimental Results

A verbal interview was conducted as mentioned in the previous section.
In this section, the interview responses were analyzed and discussed. The students’
responses were grouped and discussed in four main parts. The first part in section
3.2.1 is the participants’ background of using computer. The students’ experiences in
using the existing TTS systems to read the math expressions and the students’
requirements of studying mathematics are discussed in section 3.2.2 and 3.2.3,
respectively. The students’ requirements for using TTS with the capability to read
math the expressions in Thai in their mathematic study are presented in section 3.2.4.

3.2.1 Students’ Experiences of Using a Computer

Most participants had the extensive experiences of using a computer, while
two students who are blind had slightly experienced working with the computer and
joined their partners in accessing the computer. All students had used Microsoft
Windows as a computer platform both in school and at home. All blind students and
most VI students also used a screen reader with a Thai speech synthesizer to work
with the computer. Some VI students had mentioned about other devices and the
assistive tools such as a magnifying glass, a Braille display, and an enlarged visual

display to work with the computer.

The majority of the blind and VI students had used the Internet for more

than a year. Two students who joined their partners in accessing the computer had
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accessed the Internet with their partners. Most students used the Internet for retrieving
the academic information and entertaining themselves. Some students had used the
Internet to obtain information; exchange the ideas, news, and information; and

communicate with other people.

For software, all blind and VI students were provided a list of software that
could be used on a computer. All students were quite familiar with Microsoft Word.
The students also had experienced the use of other software as shown in Figure 3.1.
None of students had used the software for writing or editing the math expressions
e.g., Microsoft Word Equation Editor or Math Type Editor. Most students had used
PPA Tatip. None of them used VAJA Some sound—player software, e.g., Winam
and Window Media Player, were useful in providing the information and their

entertainment. Furthermore, a few students stated that they had used TAB Player

Number of students
25

20
20 18

15 14

11
10

0 0 0
0 Programs

Word Excel PowerPoint Word Internet Adobe  PPATATIP  VAIA Winam Window Others
Equation Explorer  Reader Media
Player

Figure 3.1 Students’ experiences of using the computer software.

According to these results, all participants used Microsoft Window
platform both at school and at home. Thus, the developed software should run on this
platform. Most blind and VI students had basic skills and knowledge in using
computers. They ever used some standard software such as MS Word, Window Media

Player, and Internet Explorer. In addition, the students are familiar with PPA Tatip.

® PPA Tatip is a Thai and English TTS system to work together with Microsoft Speech and Speech
Synthesizer. PPA Tatip is available for the Thai blind and VI people (Thailand Association of the
Blinds, 2008).

*VAJA is another Thai TTS system developed by NECTEC (NECTEC, 2007).

® TAB Player is a free media software player supports the DAISY books for Thai and English.
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We then can conclude that if new computer technologies are provided, the students
tend to use them and they are interested in these computer technologies. With the
students’ ability to use computers, they have adequate skills and knowledge to reach
the computer technologies. In addition, since the students could use the Internet, they

can retrieve the available knowledge in the electronic formats.

3.2.2 Students’ Experiences of Using Text-to-Speech to Read the

Math Expressions

All blind and VI students stated that they have ever used a Thai TTS
system during the time they used computers. Some students used a TTS system to read
the numbers and some simple math notations, e.g., the plus sign ‘+’, the minus sign ‘-

', and the percent sign ‘%’. Some students also mentioned that the TTS system they
used read the math notations with an English accent which they hardly understood. A
few VI students noted that those systems do not work with the more complicated math
expressions, e.g., fractions and superscripts. Most students have never used an
automatic math expressions reader system to read the math expressions. Only one

student has heard the synthetic sound of the math expressions in Spanish.

The survey results showed that most students have experienced with the
available TTS systems to read the math expressions. However, such systems have their
own limitations in reading mathematics. For example, the systems can read only the
plus sign ‘+’, the minus sign ‘~’, or some simple symbols that do not cover the
mathematics domains, and the systems produce the English accent speech or the
speech that is difficult to understand for the students. These problems became the
barrier for the students in accessing to mathematics. However, if there is a TTS system
that is able to read the math expressions in larger domain with an understandable

speech, the students will certainly use the system in their study.
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3.2.3 Students’ Requirements of Assistive Tools in Studying

Mathematics

Thirteen students participated in this experiments have attended an
integrated scho8l The students have problems in reading the printed materials or
documents from their classroom because those documents were written in a normal
character system. Most students said that they need an assistant at their side for

practicing or doing homework, especially in mathematics.

Furthermore, a few students preferred to read such documents in Braille.
However, the Braille printing devices and the Braille reading displays are not
individually provided to students. The students also mentioned that the production of
such documents in Braille is time consuming because the documents is supposed to
send to other organization for producing and send back to the students later. They also
noted that, recently the translation from math notations into Thai Braille was
incomplete. Moreover, it is even more difficult for the students to read the math
Braille system because the particular coding is used to represent numbers and special
characters. The students also stated that most math materials contain graphs, tables,
figures, and notations, so it is rather difficult for them to study and practice

mathematics.

Similar to the students in the inclusive schools, the other seven students
who attended a mainstream scHofslced the reading problems in the math Braille
codes as well. All students usually read the documents and the books, take notes, do
exercises, homework, and exams in Braille. The students must memorize all special

codes for studying mathematics.

This survey result indicates that there are two methods the students use to
access the math documents. First, the students have the assistants to read the
documents for them, but this is impractical since the assistants cannot be with them all
the time. Second, the students use the Braille documents; however there are problems
in production, reading, and writing. It is, therefore, necessary to find another solution

® A school encourages the blind students and the sighted students in the same class and in the same
treatments.

" A school provides teaching, learning, and instructing for the students with special needs, for example a
school for the blind and VI students.
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to accommodate the student in studying mathematics. Thus, an assistive tool that
allows them to individually access mathematics anytime and anywhere they want, to
easily produce, prepare, and use; should be provided for the blind and VI students. Our
solution is a TTS system with the capability to read the math expressions in Thai that

enable the students independently and comfortably study and practice mathematics.

3.2.4 Students’ Requirements of Using Text-to-Speech with the
Capability to Read the Math Expressions in Thai

The blind and VI students were asked to express their opinions on the
needs of TTS system with the capability to read the math expressions in Thai. Many
students stated that if the math documents could be read aloud in Thai, they could do
mathematics better than before. The students also said that they could practice
exercises, do homework and perform exams by themselves anywhere and anytime that
they wanted. The students’ comments included: “It is easy and convenient for me to
do math by myself” and “we can quickly prepare and study all by ourselves before
class”. Some VI students reported that the reading for a very long continuous period

exhausted their eyes.

The VI students also said that it will be more comfortable if they have the
computer software to read the documents aloud. Furthermore, a few students
mentioned that the documents from the classroom are in printed text form, not in

electronic file format.

Most students said that they dream of a TTS system with the capability to
read the math expressions in Thai. They want to use this TTS system to help them in
studying mathematics. They also commented that this TTS system could possibly
enhance their mathematics learning. However, one student was not interested in this
TTS system at all because he cannot catch the main idea when he listens for a very

long length of time. He prefers to read the math documents in Braille.

The students were asked for the suggested design. If they have a chance to
use TTS with the capability to read the math expressions, what they want it to be.

They suggested that the system should be able to produce the correct pronunciations in
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more natural-like speech and be able to read all math expressions aloud including
scientific notations. The volume should be adjustable. The students want the system to
be able to solve the math problems and guide them to solve the problems. In addition,

the system should be available for free and as a standalone system.

In conclusion, most students want the TTS that can read the math
expressions in Thai because they thought that the tool would benefit them in studying
mathematics. When they were asked what they want the system looks like, they need

the natural-like pronunciation, the understandable speech, and the adjustable volume.

3.3 Summary

Blind and VI students have difficulties in learning mathematics not
excluding the Thai blind and VI students. We surveyed the blind and VI students’
requirements for using TTS to access mathematics. The results show that the students
have the basic skills and knowledge in using the computer and some standard
software. They could accept an assistive computer technology if it was provided.
However, the computer technology should be designed and developed to support the
platform and the standard software they are familiar with. Most students have ever
used the existing available TTS systems to read the math expressions but such systems
do not work well in reading the math expressions in Thai. The students tend to use a
TTS system to read the math expressions if it could read the math expressions
covering all math domains they want in the understandable accent. Moreover, the
students require the tool that could independently and comfortably access, study, and
practice mathematics in anytime and anywhere. The students also thought that this
tool could benefit them in studying mathematics. They need this tool to produce the
correct pronunciations and the understandable speech. The tool should be easily

controlled when they what it to do.

One alternative solution to assist the students is the TTS technologies with
the capability to read the math expressions out loud in Thai. Therefore, we design
Math, a tool to enable the Thai blind and VI students independently and comfortably

study and practice mathematics. We developé&tbath to work on the Window
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platform since the students are most familiar with and to support a MS Word
document since the students can easily prepare the input docisMattt.is designed

to produce the Thai speech that conveys the correct meaning of the original
expressions input appeared on the screen. In additMath is designed to cover the
secondary schooling math domains and some parts of the high schooling. Moreover
the designednterface allows the users to adjust the speed rate and the volume of

speech output.
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CHAPTER IV

MATHEMATICAL EXPRESSIONS AND THAI

Converting the math expressions and the plain text into the speech are
different. The differences are considered in developing the TTS system with the
capability to read the math expressions. The math expressions are in various forms and
each form needs the different reading rules, so that each form must be investigated to
develop the reading rules. To synthesize the correct Thai speech for the math
expressions, a number of issues must be concerned. One important issue is that the

same speech can lead to different expressions. For example, the speech
“aplus bovert

could be transcribed into either

113 b” [13 +b11
a+ -"or Sl

Another example, the speech

“square root of a squared plus b squared”

could refer to four different expressions:

All different expressions carry the different meanings. Thus, the synthesizing

algorithm should be carefully designed to generate an unambiguous speech which
corresponds to exactly one expression. In this chapter, math expressions in various
forms are analyzed to discover reading rules and to generate corresponding the Thai
pronunciations for such math expression. The differences between Thai and
mathematics are summarized in the next section. The details of the reading math

expressions in Thai are described in section 4.2.
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4.1 Differences between Thali and Mathematics

Converting math expressions into speech is different from converting plain
text due to the differences in alphabets/symbols and structures used. Also, the location
where alphabets appear is significant since it indicates an audio form of the alphabets.
The differences between the Thai plain text andhtlaéh expressions are discussed in
this section. A math expression differs from Thai plain text in alphabets/symbols,

writing, and reading systems as listed below:

1) Alphabets and symbols: The Thai alphabet system contains 44
consonants (e.@. g, 1, a, @), fifteen vowels (e.gﬁ) o1, 0, 1o), and four tone markers
(e.g. 0 6, 8, &) while math expressions uses normal English letters in upper case and
lower case (e.g. a, b, A, B), digits (e.g. 0, 1, 2, 3); Greek lettersu(e&.ge, 0, ©) and

math symbols (e.g. +, —, +, <, =).

2) Displays: Thai text and math expressions are written in non-linear form.
Thai text is written in four levels. The worﬁ (/téel, that, at, plac&) shown in Figure

1y 1’ and

4.1 presents in three levels. Three alphabets, an initial consanaat/owel
a tone marker “oappear in level 2, 3, and 4 respectively. Another wcﬁc(/f‘éo/,
know)” is composed of three alphabet symbols as well, an initial consoriaat *
vowel “Q”, and a tone marker™oappearing in levels 2, 1 and 3 respectively. Unlike
Thai text, a math expression is a multi-level system as shown in Figure 4.2. In Figure
4.2a,x, to the power ofx"xx appears in six levels. Figure 4.2b illustrates atioa

where the numerator appears in three levels and the denominator in three levels.

Tone marker \ | Vowel

Level 4 "1 i
= 9M

-t §

Consonant

Figure 4.1 Four levels of the Thai characters.

)

o3

8 Consonant position is indicated by ‘o’.

® In the parenthesis following a Thai word, the first is the phonetic transcription inside / /. Thai phonetic
transcriptions provided from the online Thai-English dictionary (Thai2English, n.d.). The next are all
possible meanings.
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Level3 3
Level 6 X i b
eve) 3 4
;c\:c{l-} ‘-r:\. Level 2 xy
i x Level 1 1
Level2 x e
Level 1 1 Level 3 2

Level 2

Level ] y J

(a) (b)

Figure 4.2 A multi-level of math expressions.

Special math symbols are a group of symbols including a vinculum or a
fraction bar =", a summation operator}. ", a product operator [ ”, an integration

sign “ [ 7, a limit notation “lim ", and a radical signv' ”. Some examples are

shown in Figure 4.3.

Figure 4.3 Examples of special symbols in math expressions.

Table 4.1 The locations of ‘3’ andX’ in eight different expressions.

Expression Thai Pronunciation Description

X3 Bnd o Iek szam/ The third term of x

3x A L 19N or 1 1Bn  /s@mkoonek/ or /s@mek/ - Three times x

x3 B0 and1da ey Iek yok-gam-langszam/ The third power of x

Vx 5100 @ el 1Hnd /réak-tée stam king ek/ The third root of x

x , NN .

3 1Y 1909 U a1y Isayt ¢k suan szam/ x divided by three

3 . , . N

- WY A B 19N Isayt szamsuan ¢k/ Three divided by x
o 4 9 ®nd 1an no anua gn /ek buak waaiting-mot x plus y all to the power

fda aw yok-gam-langszam/ of three
log; x don 31U @ 1Hnd /16k téan szaam ¢k/ Log x to base three

3) Location and order: The location and the order of the character
appearances determine whether and which extra words are required to convey the

meaning of the expression. Table 4.1 illustrates the locations of ‘3"amma eéight
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different expressions. To correctly read these expressions, the different extra words are
required in the different expressions. No extra word is needed in the first expression.
In 2" row, the word fint (/koon/, multiply)” may or may not be added into the
reading, it does not affect the meaning of the expression. The wida4 (/yok-
gam-lang/, to the power of)” is required in reading tffee8pression. The wordsfy

(/sayt/, numerator)” and #u (/suan/, denominator)” are added to identify the
numerator and denominator of the fraction in tffeexpression. The wordﬁ‘wm
(/tang-mot/, all)” is added to indicate the numerator boundamythe & expression,

the word ‘ﬁ”mm (/tang-mot/, all)” is added to indicate that th& power is for % +

y". A logarithm is written in a subscript formgg, x, composing the base ‘3’ and the
expression X' in the last row. The wordasn (/16k/, log)” is the transliterated word of

the symbol “log” while the wordghu (/tdan /, base)” refer to “to base”.

4) Characters-Thai sound mapping: A single character in a math
expression can be mapped to one or more sounds, e.g. the Greek'|&tendpped
to one sound /paai/ while the notation ‘<’ is mapped to two soudikgwaa/. But in
the opposite, one sound in Thai text can correspond to two or more alphabets, e.g. a
three-alphabet symbolsin” is mapped to one sound /ald while a two-alphabet

symbol “59” is mapped to one souncbf/.

5) Homograph: The correct pronunciation of a Thai homograph depends
on its context. For example the worats¥” can be pronounced as $§fra/, vowel)” or
“(/sal, poal)”. A kind of the homograph appears in math&os as well. The correct
reading of a math expression depends on where it appears. For example, the
expression “1-12” either refers to “orte twelve héung téung sip-song/” or “one
minustwelve héung 16p sip-song/”. The dot ‘.’ that comes after the number “7.” is not
a part of math expression. It is read as “igaen /kdiét/” while the dot ‘.’ that lies
between two number “12.5” indicates that “12.5” is a decimal so it is read “twelve
point five /sip-song jut hé&/”. Furthermore, the dot that comes aftem” (cm:

centimeter) is left unsounded, it is a part of the abbreviation.

One surface form of a math expression carries only one meaning (in

mathematics). For example, if we see the expres%?’-m,vve will read it as & plusb
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. . . . . .a+b
overc’. However, if we heard such expression, we could interpret it as elﬁ?:el’ or

[13 b”
a—+-".
c

4.2 Reading the Math Expressions in Thai

To accurately read the math expressions in Thai, each structure of
expressions needs to be analyzed. The different expressions need the different Thai
words and the rules to complete the accurate reading. We consider several math
expressions which include basics (e.g. decimals, 3x + 3y = 12, andl-53 = 10),
fractions, powers, radicals, vectors, trigonometric functions, logarithms, summations,

limits, and integrals.

1) Basic expressionsThe basic expression does not need an extra word to
complete the reading. English and Greek letters and math symbols (see Appendix C)
would be directly read from left to right, one by one at the time. In Figure 4.4., the
math expression is read as Thai sentence on the right-hand side. The numerals (3, 4,
and 12), English alphabets (x and y), and math notations (+ and =) are matched into
their Thai words. For each word, its pronunciation and meaning are respectively
presented inside the parentheses. As following, we discuss in details of the numbers

and decimals reading.

3x + 4y = 12 A 180 Uan & 1o iy Fuaes
(/séam/, three) (&k/, X) (/buak/, plug (/sée/, four) (/waail, y) (/ta-
gap/, equal) ($ip-stng/, twelve).

Figure 4.4 An example of reading a basic math expression.

e Numbers: To read the numbers, it starts with reading each digit. A digit
is read in Thai as illustrated in Figure 4f% number is in the range 10 to 99, there are

anumber of rules to read the numbers in Thai as lists below:

o If the first digit is ‘1’, one must be read agif (/sip/, ten)”
to replace frilq (/n¢ung/, one)”. For example, “15” should

be read as&v 11 (/sip-h&a/, fifteen)” and'19” as “Gu 1M1
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(/sip-géo/, nineteen)”. In particularly, the numeral “10” is
read only &u (/sip/, ten)”.

o If the first digit is ‘2’, the number must be read ﬁ'$/5‘/ée/,
two)” to replace #o1(/sonhg/, two)”. For example, “20”
should be read asifu (/yéesip/, twenty)” and'26” as ‘@
dv wn (lyée-sip-hok/, twenty-six)”.

o If the final digit is ‘0’, the number must be reaghf'(/sip/,
ten)” to replace ﬁuﬁ (/scon/, zero)”. For example, “30”
must be read asa“u @u (/seamsip/, thirty)” and“70” as
“139 A1 (/jet-sip/, seventy)”.

o If the final digit is ‘1’, one must be readbt (/st/, one)” to
replace Hile (/n¢ung/, one)”. For example, “11” should be
read as §u 19a (/sip-et/, eleven)”, “21” as 8 &v 15 (yee-

sip-et/, twenty-six)”, and “51” as #1 &u 199 (/héa=sip-¢t/,

twenty-six)”.
0 1 2 S 4 5 6 7 8 9
qud  wilh des & n wn o e wla M
[ston/  /néung/ [stng [sam/ [see/l /h&a/  hok/  [jet/  [bpaet/ /géol

Figure 4.5 Reading digits in Thai.

Otherwise, the numbers are read based on the place value, which is a
positional system of the digit. Figure 4.6 illustrates the numeral “324,567,098” and the
name of the places for each digit in the numeral. ‘8’ is in the ones(/nuay/) place.

It also means that there are eight omgs-(/bpaet/). ‘9’ is in the tens§u, /sip/) place.
It also means that there are nine tensiu (/géo-sip/) while ‘0’ is in the hundreds
(%09, Ir6il) place and means zero hundred (does not read)alautie same way, there

are seven thousandg iy (/jet-pan/), sixty thousandsn wity (/hok-méun/), and five

hundred thousanda ueau (/hda-s@n/). All underline phrases are stated together and

rearranged from left to right, and then we read all straightforward as:

Y A < o Y A
W1 UAY YD HUY 99 WY 101 au uia

/héa-s&@n hokimeun jét-pan ga-sip bpaet/.
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324,567, 098
Fad1U / Hundred-millions —' l\: Ones /vlat

Tens / @1

Zud1i / Ten-millions Y
Hundreds / 784

@1 / Millions Thousands / 1134

A1 / Hundred-thousands Ten-thousands / Wil

Figure 4.6 The Thai and English place values.

In millions place and more, the digits are grouped as the millidds//
a11) value. Generally, it is unnecessary to read the word “millidiasn(/ a11)” in
many times. We always read the numeral ‘324’ first, and then the Word(flaan/)”
from left to right. ‘3’, ‘2’, and ‘4’ are the hundred-millionsi-laan/, $ee—a11), the
ten-millions (kip-laan/, du—41u), and the millions ({Aan/, é’m) respectively.
Therefore, we read three hundreais+3og (/seaam+6i/), twenty—sJ Gl (/yéeﬂp/) and
four m|II|ons—ﬁ 11 (/sée laan/) as three hundred twenty four millioasy 3ae EJ Gl ’d

#1u. Again, putting all together, the whole number can be read as:

Y A a A v 9 A <3 Y Y Aa
AU IVY Y FU @ 21U ¥ UAU WD KUY 1A WY LD §1 il

/saam+oi yéesip seée laan hda-s&@n hokimeéun jét-pan da-sip bpaet/.

3.14 e 90 Hile &
(/szaml, three) (fat/, doy (Inéung/, ong (isée/, four)
2.056 @03 9@ gud ¥ vin
(/stng/, two) (jut/, dob (/ston/, zerq (fhéel, five) (hok/, six)
22.559 Bdu aoe g8 1 7T
(/yéesip/, twenty) (/smg/, two) (jut/, do) (/héa/, five) (héal, five)
(/hok/, six)
321.902 awdos Bawda 90 1t qué deq
(/séamroil/, three hundred) (Agssip-ét/, twenty-one) (fit/, dof
(/géol, ning (/ston/, zerqg (/stng/, two)

Figure 4.7 Reading the decimals in Thai.
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e Decimals To read a decimal, a number before the decimal point should
be read normally as the same as the rules we explained above. After the decimal point
they should be read a number, digit by digit. Some examples show in Figure 4.7. The

word “3a (/jut/, dot)”refers to the decimal point.

Table 4.2 Thai pronunciations of fractions.

Expression Thai pronunciation Pronunciation Description
a
A IAYaaIub sayt aysuan bee aoverb
a
b+ e Ay adub+c sayt aysuan beebuak see aoverb+ c
a+b g , sayt aybuak beetang-
Y a+ b Nivua g1 a+ ball overc
g mot stian see
a . .. sayt aysuan beeyok-
Bz 1Y a @31 b gnniag 2 aoverb squared
gam-langstng
b \
a+ = a+iAybaluc aybuak sayt beesuan see aplusboverc
a+b z , sayt aybuak beetang-
5 IAi¥a+ bmivua @aau b+ c aplusb all overb plusc
tc mot suan beebuak see
a , g . sayt sayt aysuan ¢k tang-
x LAY Y a 89U X NINUA 99U
b , mot stian sayt beesuan a overx all overb overy
y IfiY baduy _
waai
sayt ay yok-gam-lang
2
a o & .
5 IAIY @ gNNIaN 2 MIVNA dIU b stng beetang-mot suan a squared all oveln

bee

2) Fractions: To read a fraction in Thai, a numerator is read first by
beginning with the wordi#fy (/sayt/, numeratoy’. Then, a denominator is followed by

the word ‘&2u (/suan/, denominatoy’. In Table 4.2, the expression,
a

b

is uttered fay a @iy b” illustrated in the first row. To identify the end of the
numerator, the wordwanua (/tang-mot/, all)” is read when the numerator is not one
character. In the third row, the expression,

a+b
c
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is read as ¥y a uIn bmm c”. The three underline wordss”, “ ﬁymm” and

“@au” are added into the utterance to identify the begipif the numerator, the end

of the numerator and the beginning of the denominator respectively. The word
“ﬂzwm” is added to read this expression because the numerator is comprised of three
characters, ‘a’, ‘+" and ‘b’. In the last row, the wonﬁq‘ﬁm” is also added since the
numerator is the expressiom?’. Some examples of the Thai pronunciations for

fractions show in Table 4.2.

3) Powers: A power is the math expression written in the superscript form,

ab

involving two components, the base and the exponenb'. The expressiond®?” can
be read in Thai as “@afias b”. The underline word#nrias (/yok-gam-lang/)” refers
to “to the power of”. Once, when the base is not simple (Table 4.3), the v‘%mdﬁ‘
(/tang-mot/, all)” is spoken to identify the end of the balsethe second row(a + b)*¢

is read as “annb MM& If the base is a kind of math expressions, &g.,

fraction in the last row of Table 4.3, the wonk¥iua” must be added as well.

Table 4.3 Thai pronunciations of powers.

Expression Thai pronunciation Pronunciation Description
a’ agniadb ayydok-gam-langbee ato the power ob
y aybuak beetang-mot
(@a+Db)°  avinbimuasaiids c a+ b to the power o€
yok-gam-langsee
a\¢ . » . sayt aysuan beeting-
(3) ey a au b Ravua endida c a overb all to the power ot

mot yok-gam-langsee

4) Radicals: A radical is an expression written beneath a radical symbol,
V. The expression,
Va
denotes the'h root of @’ where'n' is the degree of the radh reading, the Thai word
“510 (/réak-tee/, rooy” is uttered to identify the beginning of the radidzefore

reading the degree of the radicals. Then, the woed (/kong/, of)” is spoken before

presenting the expression under the radical symbol. For example, the expr&&sion “
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IS spoken as$nfi n ves a’. Otherwise, the root have no degree, for example the

expression+/a” is always read “nii 209 @ denoting “the squared root af.

5) Vectors: A vector is represented in many forms such as it displays in
boldface,v, and it has a carat () above it appearing in some textbooks. However, in
most Thai textbooks for the high school students a half-rightward a?dev(itten
above an alphabet is used to represent the vector,

V.
This vector can be read in Thai asriaes v’ where the word “nines (/wéyk-dtér/)”
which is the Thai transliteration of “vector” is read to identify the beginning of the
vector. Moreover, a rightward arrow. () represents the ray while a carat)(refers to
the angle and a left right arrovTQ is used for the straight line. Consequently, the
expressionﬁ, is read as$4@ AB” which the word 53& (/rang-se/)” refers to the
ray. The expressiom, is uttered asifu A”, the word “yu (/mum/)” means an angle in
Thai. And, the expressioiTQ), is ““ldunsa PQ", as the word funsa (/sén-dtrong/)is

a straight line.

6) Trigonometric functions: The trigonometric functions are normally
denoted by English characters as the notations illustrated in Table 4.4. This set of
characters does not read out character by character. The English characters are
transliterated into Thai pronunciations. For example, “sin” is translated into Thai as

“ae1] (/saail)”.

Table 4.4 Thai pronunciations of trigonometric functions.

Expression Thai pronunciation Pronunciation Function
sin A e A saai ay Sine
cos A noa A két ay Cosine
tan A UNUA taen ay Tangent
cotA aen A kot ay Cotangent
secA 1@n A stk ay Secant

cscA, cosecA In &0 A koh- €k ay Cosecant
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7) Logarithm functions: A logarithm is written in a subscript form,

log, x

composing the base’*and the expressiorx™ It can be read asavn x 31 a’. The
word “Gon (/1ok/)” is the transliteration of “log” while the wordy‘iu (/tdan/)” refer to
“to base”. Another form of logarithm,

Inx

is read asttuisoa don X', Again, the phraseifusisoa don” is the transliteration of

“natural log”.

8) Summations: A summation is a multi-level expression which consists

of three components around the " symbol. For example, the expression

D

i=1
is comprised of the lower bound= 1”, the upper boundx’, and the expression’:
This expression can be read in Thai dautidu ¥ea i 910 i 1y 1§ 0", The word
“Fumsu” is the transliteration of “summationSimilarly, the word %93 (/kong/, of)”
is uttered before the expressioin. ‘The two words 41n (/jaak/, from)” and ‘s
(/téung/, to)” identify the beginning of the lower bouadd the beginning of the upper

bound, respectively. The wordiiu (/tdo-gap/, equal)” refers to the operator ‘=

9) Limits: In formula, a limit is usually abbreviated as “lim” and uses a
right arrow () under the abbreviation to represent that a vagiapproaches a value
as in the expression,

lim x
x—->a

denotes limit ok asx approachea. This expression can be stated in Thai@s “veod
x 7 x 151108 a”. The word Giin (/li-mit/)” is the transliteration of “limit”. Again, the
word “ve4 (/kong/, of)”is uttered before the expressinThe word 1 (/téel)” which
mean “as” is uttered before the expressidruhder the abbreviation “lim”. The word

“1in1na (/kéo-gléi/)” refers to the right arrow which means “approesh
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10) Integrals: An indefinite integral

fxdx

is read asduiinia x d x ” as the duiiinsa” is the transliteration of “integrate” which

refers to the math symbof . For a definite integral
b

fxdx

a

is stated asguiitnsa x d x 910 @ 99 b” The two words 41n (/jaak/, from)” and ‘G
(/téung/, to)” identify the beginning of the lower bouadd the beginning of the upper

bound, respectively.

We compared math expressions and Thai in a term of appearances. The
math expressions need extra words which do not appear in the expressions to convey
accurate meaning of such expressions. Each math expression is analyzed to develop
the reading rules. The simple expressions are easy to handle, however, the complicated
ones, which are in multi-level (e.g., summations, limits, and integrals), are carefully

considered in designing the system.

We focused on the secondary mathematics and extended to cover several
topics of the high-school level including sequences and series, exponential and
logarithm functions, vectors, limits, and integrals. To read the more complex math
expressions, the same patterns of the reading rules are used in this research. For
example, the expressiomg\/é, Is three levels of complexity that comprised of a
logarithm, a radical, and a fraction. This expression can be utterédmsthii 2 vos
e 4 92U 5” In addition, the listeners can understand therattce of the expression
produced by our system (more details in chapter 8).For the more levels of the
complexity, the utterances are very long. When listening to math operators, numbers,
and symbols for a very long continuous period, not only the blind and VI students but
also all listeners will loss the information on the way and cannot catch the exactly
expression. This problem cannot be solved by simply pausing and repeating during
utterances. However, this problem needs the research in depth on how to read the

complex expressions that enable the listeners to view the exact expression.
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CHAPTER YV

AN EXTENSIBLE MARKUP LANGUAGE

In the previous chapter, we explained:

e how math expressions appear on the paper/screen,

e how the expressions are read in Thai,

e which extra words are added and where the words are placed to
complete and convey the meaning of the expressions,

¢ which components of the expressions are rearranged.

The math expressions appear in non-linear or multi-level forms. An eXtensible
Markup Language (XML) is used to transform the multi-level expressions into a linear
form for the easily procession. To add the extra words, we use an eXtensible
Stylesheet Language Transformation (XSLT) to construct the reading rules of the
math expressions. The right words are added into the right position of the expressions

and the components of the expressions are rearranged.

XML is a simple text-based format for representations, manipulations, and
exchanges of structure information (Bray, Paoli, Sperberg-McQueen & Maler, 2008).
XML is widely used for sharing the information between programs and people which
can be viewed in Web browsers (e.g., Internet Explorer, Mozilla Firefox). The XML
documents enclose the information or the content inside tags (which are delimited by
‘<’ and >’ such as<title> and</title>) shown in Figure 5.1a. The content information
is bounded by a start tagtitle>) and an end tag:(title>). The tags provide the name
of the content information. For example&yéar> 2011 </year>", the tag<year>
provides that “2011” is a year. XML allows the users to create their own tag names or
vocabularies (a set of tag names). The tags are nested in a hierarchical and a consistent

structure that represent as a tree structure (Figure 5.1b). Besides, another kind of a tag,
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called an empty tagcphdthesis/>), has no content used to serve as markers in an

XML document.

To support Microsoft Word (MS Word) as an input, industry-standard
XML vocabularies are needed to consider. Office Open XML (OpenXML) defines the
XML vocabularies for Microsoft Office documents including the word-processing, the
spreadsheet, and the presentation documents (Paoli, Valet-Harper, Farquhar &
Sebestyen, 2006). The details will be described in the next section. To generate the
Thai pronunciations for the math expressions, XSLT is employed to transform an
XML document into another XML document described in section 5.2. In section 5.3,
XML Path Language (XPath) uses to select the specific elements in the XML

document are summarized.

<thesis> thesis
<phdthesis/> Y
<title> Automatic MathReader </title> —
<author> phdthesis title author year
<fname> Wararat </fname>
<sname> Wongkia </sname> AutomaticMathReader | fname  sname
</author> ‘
<year> 2011 </year>
</thesis>
(@) (b)

Figure 5.1 Stream data in XML (a) and the data in a tree structure (b).

5.1 Office Open XML (OpenXML)

Initiating with Microsoft Office 2007, the Office Open XML (OpenXML)
file format is proposed to define its XML vocabularies by ECMA-367 (Paoli et al.,
2006). OpenXML is an open standard for representing the spreadsheets, charts,
presentations, and word-processing documents. OpenXML also defines the XML
vocabularies for math elements (i.e., equations, expressions formulas, matrices, and

other math elements).
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A word-processing document contains a part for the body of text, a part for
an image referenced by the text, and parts for defining the document characteristics,
styles, and fonts. In the word-processing document, stories of text (a main document,
comments, headers, etc.) consist of one or more paragraphs as defined ipytdoe
The stories contain the contents and the properties (styles, fonts, etc.) of the document.
The content is stored inside the body elemenbddy) within the main document

(w:document). The main document part contains the following Xkéjpresentation.

<w:document ...>
<w:body>
<w:p/>
</w:body>
</w:document>

This XML representation provides a single paragraph in the main document.
Moreover, there is a set of markup languages used for the elements such as charts,

diagrams, and math objects.

The math objects are used in the document to specify the structure and the
appearance of math expressions. The root tags can be eithBtathpara or
m:oMath. m:oMathpara is a math paragraph containing one or more math
expression(s). Each expression is specified in a single m:oNtastde each m:oMath
a combination of math elements such as text), fractions t:f), and radical objects
(m:rad) are presented. Examples of math elements and slyatax are described

below (see more details in Appendix D):
1) Text and character:

e m:t (Text) specifies the arbitrary text including Esglialphabets,
numerals, math operation signs (e.g., +, =+ 3, Greek alphabets,
and so on. Then:t is a leaf node for math expressions and has only
the run (mr) be the parent node.

e m:r (Run) specifies a run of math text.
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2) Fraction Object:

o m:f (Fraction Object) specifies the fraction objectnsisting of a
numerator (Mmum) and a denominator (men) separated by a
fraction bar. The fraction bar can be horizontal or diagonal,
depending on the fraction properties. The fraction object is also used
to represent the stack function, which places one element above

another, with no fraction bar. Examples of fractions are:

SRS

(bar fraction),
4/, (skewed fraction),

a/b (linear fraction), and

Z (no-bar fraction: stack).

Within the properties of a fraction, thetype value must bekw for
the skewed fractiorin for the linear fraction and without:type for
the bar fraction.

e m:num (Numerator Object) specifies a numerator of a foact

e m:den (Denominator Object) specifies a denominator ahatfon.

An example of the fractiorﬁl/b is represented as the following XML
representation.

<m:oMath>
<m:f>
<m:fPr>
<m:type m:val= “skw”/>
</m:Pr>
<m:num>
<m:r>
<m:t>a</m:t>
</m:r>
</m:num>
<m:den>
<m:r>
<m:t> b </m:t>
</m:r>
</m:den>
</m:f>
</m:oMath>
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3) Radical Object:

e m:rad (Radical Object) specifies the radical object, cstitggy of a
radical, a basen{:e) and an optional degrem(deg).

e m:e (Element (Argument)) serves several functions incgdhe
base argument of a math radical.

e m:deg (Degree) specifies the degree in the math radidalis |

optional. In the square root function, as/u, the degree is omitted.

Some examples of relationships between each element are shown below
(more details in Paoli et al. (2006)).

<m:oMath> := <m:f>|<m:oMath>|<m:r>|<m:rad>
<m:f> = <m:num><m:den>
<m:num> = <m:f>|<m:oMath>|<m:r>|<m:rad>
<m:den> := <m:f>|<m:oMath>|<m:r>|<m:rad>
<m:rad> = <m:deg><m:e>
<m:deg> := <m:f>|<m:oMath>|<m:r>|<m:rad>
<m:e> = <m:f>|<m:oMath>|<m:r>|<m:rad>

{arbitrary text, e.g., English and Greek alphabets, numerals, and math

<mit> = Y/
operation signs}

The <m:oMath> element can have them:f>, <m:oMath>, <m:r>, or
<m:rad> elementas children elements while tken:f> element must have two children
that is the<m:num> and <m:den>elements. Tha&m:t> element must be a leaf node

with the text content inside.

5.2 eXtensible Stylesheet L anguage Transformations (XSLT)

The important application of an XML is eXtensible Stylesheet Language
Transformations (XSLT) which is a simple rule-based language (Clark, 1999). XSLT
has the capabilities not only to transform an XML document into another XML
document but also to select the specific content from an XML document, sort the
content from an XML document, and combine the content from multiple XML
documents (Ethier & Houser, 2001). The XSLT processor applies the style sheet rules
to the XML source document and writes the results of the transformation to a result

document shown in Figure 5.2.
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XSLT Style Sheet

e XML Result
XML Source [ XMLParser/XSLT '\  Document
Document . Processsor  / (HTML, PDF, DOC)

Figure 5.2 A flow diagram of an XML source document, XSLT, and XML result
documents (Ethier & Houser, 2001).

Before creating the XSLT document, we must know the vocabularies
which are used in an XML input document. The MS Word program version 2007 has
used the standard OpenXML vocabularies to define the specific element names, as
mentioned in the previous section. The element names\V{ath, m:f, m:num, etc)
will be processed by the style sheet. The following code shows a simple pattern of a

style sheet which is applied to an XML source document.

<xsl:template match = “m:oMath”>
<xsl:apply-templates/>

</xsl:template>

In this codegxsl:template> is used to select a specified node. Twch attribute is

used to associate the template with an XML element. The body of this template
(including text, child elements, and attributes) in the XML input is used to construct
the corresponding part of the XML outpuh:pMath). All remaining templates are
applied to the children of the top-level elemeggstemplate>) with <xsl:apply-

templates/> see more details &Clark, 1999).

5.3 XML Path Language (XPath)

In addition, W3C introduces XML Path Language (Xpath) to access or
refer to parts of an XML document for using with XSLT. The purpose of XPath is to

address parts of an XML document. XSLT and XPath can select the specific elements
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of an XML input documenand copy the elememd an XML result documer(Clark
& DeRose, 1999)XPath can selethe elements and ttagtributes by nans, and their
relationships withother elemen. Xpath models an XML document as a t Figure
5.3 showsan example of the tree of a math expression. The tree represents t
content and the structure of the XML document. Each node is an element of a

document while the leaves nodes are the content of an ele

m:oMath
m:sgup m:.r m:f
| - .
m:e m:sup m:t m:num m:den
| ' | ‘
m:xr m:xr + m:xr m: sSup
| | | 4
m:t m:t m: t m:e m:sup
| | [ \
a2 mr  mer
\ |

Figure 5.3 An XML representation, i+ %, as a tree of elemel.

The path expression can combine to identify element within a contex

XML input document. Some examples show be

/m:sSup/* select all child elements of the <m:sSuptemen.
/m:f/m:num select the <m:numxhild of the <m:f>elemen.

//m:oMath  select all descendant <m:oMatletlements.

Table 5.1show: the basic location path expressiomie match attribute
on <xsl:template> and <xsl:apply-templates/> is used to thespecific nodes in th
source tree to be processed by the style sheet. For exi<xsl:apply-templates
match = “/”>, means “apply any templ¢ in this style sheet that match the speci
the Xpath expression”. forwardslash is used to select a child e of the current
node (see more detain Clark & DeRose (1999)).
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Table5.1 Basiclocation path of XPath expressions.

Symbol Usein Location Path

Current node

/ Child of the current node

i Parent of the current node

1 Descendant of the current node

* Matches all child elements of the current node

@league Matches the attribute of the current node named league

Not all elements need to be processed for generating the Thai
pronunciations for math expressions. For example, the elements of size and font text
have no effect on reading the math expressions.

In this chapter, we introduce the basic knowledge of XML used for
developing oun-Math including OpenXML, XSLT, and XPath. XML is chosen to
transform multi-level math expressions appearing on the paper/screen into linear forms
that are the easily process forms. OpenXML is derived to understand the element
names of the expressions and their syntax while XSLT is applied to add the right
words into the right locations of the expressions. XPath is utilized to correctly select
the specific nodes of the expressions. In the next chapter, we will describe how the
accurate Thai pronunciations of the math expressions are generated.
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CHAPTER VI

AN INTELLIGENT ACCESSIBLE MATHEMATICS

An intelligent accessible mathematidsMath) is an alternative text-to-
speech (TTS) approach with the capability to generate an accurate Thai speech output
from Thai math expressions. To ensure the accuracy ofi-Math output, the
relationships between notations (e.g., numerals, math operators, English alphabets, and
Greek alphabets) appearing in the expressions, the locations and the order of
appearances of characters must be taken into accowMeath was designed to serve
two purposes: first, to generate an unambiguous Thai speech output of math
expressions as they display on the screen and second, to support an electronic
Microsoft Word (MS Word) format. Thug;Math performs Thai speech generation in
four modules: XML Extraction module, MathEx Structure Analysis module, Math—

Thai Mapping module, and Speech Synthesis module (Figure 6.1).

Thai math text

XML Extraction

MathEmees- - MathEx Structure Analysis

Math-Thai Mapping — Ta_"_pi”g ‘
exicon

Speech Synthesis ———  ThaiSound ‘
‘ Inventory

Thai speech

Figure 6.1 i-Math architecture.
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The input ofi-Math is the stringcontaining both Thai te)(Thai) and math
expressions (MathExh a MS Word format. The XML Extractiomodule extracts an
eXtensible Markup LanguagXML) file from the MS Word document. To retathe
complete meaningshe MathEx Structure Analysis module aithe necessary words
required in readinghe math expressions by analyzing several math expressior
provide clear and correct pronunciais, the Mathfhai Mapping module replaces
foreign alphabets with their Thai pronunciation patterns andSpeech Synthesis
module generates tledrresponding Thai speech for all Tipronunciation patterr In

the following section, the sequential stepi-Math are describedh detail

6.1 XML Extraction

X = b= Jbf-4ac T o/t </ e
(a)

s

I
~
NN

ol =

2a

(b) f.":::::_? :: >=4</m: ; >

X=

\[x=\frac{-b\pm \sqrt{b~{2} 4ac} }{2a} \]

(c) (d)
Figure 6.2 A math expression in several representa: a hand writte (a); an

equation editc (b); LaTeX (c); and aXML representatio (d).

Math expressions are used to communicate math concepts between
Four different representatis of the same math expression example illustrate
Figure 6.2. Two-tinensional math expressions are widely usecthe hand writing
with a pencil angaper (Figure 6.2a). Currer, most popular text editor, MS Wot

allows the users teasily create thanath expressions with an equation edoption
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(Figure 6.2b). Othewell-known editors are TeX and LaXesystemwhich can be
written by the one-dimensional math expression. The example caTeX
representation is shown in Figure 6.2c. W3C has recently introdan XML
technology Bray et al., 200¢. XML is used forrepresentation, manipulati, and
exchange of structure information including math expressions illustrated in |
6.2d. <m:oMath>, <m:f>, <m:num>, andmore are tags of XML whiclare written
between angle brackets. XML tags open with ‘<’ symbol and nd with the %’
symbol. For example (in line 5<m:num> is an starting tag. All starting tags mr
have ending tags, in this case the ending ti</m:num> illustrated n line 24. The
content is bounded tthe starting and ending tager example thistring “0avi1a1uu
959” is inside the tag<w:t> and</w:t> (line 1) whilethe character‘x’, ‘=’, and ‘-’
are insidexm:t> and</m:t> in line 2, 3, and 6, respectivelll tags and their synta

using in this research are described in Appendi

Input XML Representation
. by 4 xt1 7 <w: r><w: t>amvdnvnnat /Wit >/ wi r>
WHNRNMUMUIN XYW ——— = — Cw: r><w EORS wi O/ Wi D
5 12 <w: t M/ witd></ wir>
) x+1 7 om: oMat h>
(Find a real number x that N\ E) S

£>12</m: t></m: >

@ S ®)

Figure 6.3 An example of a Thai math problem and its XML represent:

The first module, XML Extraction, extracts a corresponding XML fi
from an inputdocumen An input document containing math expressions and
text is in a MS Word format fileince the word processprogramis widely used and
most Thai teacherslind and V students are familiar witthe prograr. In addition,
MS Word 2007 is adapted to support XML, and aed for accesing XML. Each



Fac. Grad. Studies, Mahidol Univ. Ph.D.(Science and Technology Education) / 61

document input is extracted its corresponding XML file. In an XML representation,
the information is stored in the text-based format. Figure 6.3 presents the word
problem example together with its XML representation. Any text and math expression
are clearly separated by tags, esgv;r> and<m:oMath>. Their English translations

are provided in parentheses underneath.

6.2 MathEx Structure Analysis

In reading a math expression, unlike reading Thai plain text, some
particular words that do not appear in the expression are uttered to clarify the meaning
of the input expression. In doing so, some Thai words are required to convey the
meaning of an original math expression. We therefore analyzed each math expression
structure to develop the reading rules based on the syntax and semantics of the math

expressions (see section 4.1 and 4.2).

MathEx Structure Analysis, the second module, analyzes the XML
representation to determine which words should be added and where they should be
placed to correctly retain the meaning of the input expression. The analysis is done
using eXtensible Stylesheet Language Transformations (XSLT) by W3C (Clark,
1999). The result of this analysis is the MathEx Rules (see all in Appendix E) to add
the particular words in the expressions based on the reading math expressions in Thai
discussed in section 4.2. To understand the MathEx rules, Algorithm 1 presents an

example of MathEx rules to clarify the adding words in a fraction.

<m:oMath> is declared as a math expression in XMin:f> is a fraction,
<m:num> iS a numeratorsm:den> is a denominator, andm:r> is the run of the math
text. As recallxm:f> is the child node of¢m:oMath>, and<m:f> is comprised of two
main featuressm:num> and<m:den> (see more details in section 5.1 and Appendix
D). The algorithm starts from the root node of the fraction tree. Fotnall> in
<m:oMath>, we select<m:num> and add<thsound> with the word “ify (/sayt/,
numeratoy” as the first child node ofm:num>. Then if the number ofm:r> that is

the child node okm:num> are greater than or equal two, we adiesound> with the
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word “Tanua (/tang-mot/, all)” as the last node ofm:num>. In the same way, we
select<m:den> and adckthsound> with the word 42u (/suan/, denominatof’ as the

first child node of <m:den>

Algorithm1 MathEx algorithm for a fraction.

Input: an XML representation of a fraction
Output: the fraction XML representation with thsound
start from a root node
find m:f node that be the child of m:oMath node
for each select m:num node that be the child of m:f node do
create thsound node as the first child node of m:num node with the “iay” text content
count m:r nodes that be the child of m:num node
if the number of m:r node >=2 do
create thsound node as the last child node of m:num with the ”ﬁywm" text content
end if
end for

O 00 N O Ul A W N -

[
o

for each select m:den node that be the child of m:f node do
create thsound node as the first child node of m:den with the “@au” text content

=
N

end for

In the algorithm above, step 1 will only be run once. For the loops in step
3-9 and 10-12, the <m:numand <m:den>nodes will be called N times for eachn:f>
nodein <m:oMath> to be added the wordety (/sayt/, numeratoy’ and “eau (/suan/,
denominatoy’. If there are Nxm:f> nodes in <m:oMath>, the time complexity will be
O(n?). This quadratic complexity appears to be due to XSLT searches for a matching
template for each selected node. Thus, the use of the XSLT algorithm is great for

small and medium-sized files, less than 400 MB documents, (Sherman, 2008).

Figure 6.4 illustrates the using of this algorithm to create the XML result
tree by adding necessary nodes and keeping any relation in the original XML. The

XML structure of the fraction% and its XML result tree show in Figure 6.4a while
the structure and the result tree of the fract%;#’"is in Figure 6.4b. The structure of
the MathEx analyzed output presents in Figure 6.5. In this example, the structure of a
fraction is the same as the ordering of its Thai pronunciation pattern. Therefore, the
structure of the MathEx analyzed output remains the same ordering with the original

XML.
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m:f m:f
m:nﬂum m:rden m:n.um m-:-den
| | =18 |
m:r m:r thsound m:r thsound m:r
| | |
m:t m:t m:t m:t
| | |
7 12 7 12
XML Structure Result Tree
gl i (b)
m:n}u/m n::-den rn:n:Jm . r_niz_den
e il liecee TN
W P i |
m:r m:r m:r m:r thsound m:r m:r m:r thsound thsound m:r
- e N BN |
m:it mit m:t m:t e mit omit mit 3%-\1}.;_121 AU m:t
| & 1 3 ] |
X + 1 5 X + ! 5
XML Structure Result Tree

Figure 6.4 An example of XMLtrees and their result tre¢be addition of two word

“iery”and “du” (a) andthe addition of three wordssfy”, “ Naviua”, and “aau” (b).

MathEx Analyzed Output

<tl nd>amdmavatad/ thsound>
<tl i>x</thesound>
<thsour nd
<m: >

<t hi

<t hs

<t hs

<t hs

<t h

<t hs

<t hs
</m:£>
<thgsound>wnf </thsound>
<m: £>

<tkh

<t}

<tl

<tl
</m: £>

Figure 6.5 An example othecorresponding Thai Pronunciation pats.
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Moreover,the most commonly reathath expressiol are explored for
constructing the MathEx rules as we. For example, the express,
log, 8, should beformally read in Thai asilandu asm3nuy 31U X Y99 8” where the
word “flafdu (/fang<char/)” is transliterated from the word “function”, the wc
“aem 3Ny (/lor-gaa-ri-teun/)” is the transliteration of the word “logarithm”, the wc
“g1 (/tdan) means “to thebase”, and the wordvbs (/kong/)” refers to the
preposition “of”.However, most people uttthe expressioripg, 8, as fon 8 31U X"
where the word don (16k/)” is the transliterabn of the abbreviation “lo¢. As
describing in chapter 4i-Math generates the utteranc@sh 8 311 X" for this

expressionio generate the concise pronunciation of the expre.

In this cass, the order of appearances of charactersthe expression
structure is different froi its pronunciation pattern. For exam, in the expression,
the basexX appeardefore the element ‘; however, the element ‘8’ is read before
base X' in the readin. Therefore, the order of the charactexX and ‘8 must be
rearrangedas illustrated in Figur6.6. Figure 6.6a shows &ML representatio of
the expressiondpg, 8. The MathEx analyzed resulFigure 6.6b) of the logarith

shows theearranging of the characs ‘X' and ‘8’ by the MathEx rule

XML Representation MathEx Analyzed Ouiput

< ><m:t>log</r ></ e
</m:
- < /fm: /
</
</ '
</1 N
8</1 /
</
</1
(a) (b)

Figure 6.6 An example otherearranged MathEx analyzed out;
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6.3 Math-Thai Mapping

In the third module, Math-Thai Mapping, each math element is mapped
into its corresponding Thai sound. All English and Greek alphabets, math symbols,
numerals, and abbreviations are mapped into their Thai pronunciation patterns. As
recalling, some mappings are embedded in parts of MathEx Structure Analysis module
for particular string. For example, in the expressiih, i, the Greek alphabel'’ is
mapped into the word i (/sam-maychan/)” that is transliterated word of
“summation” which is processed in the previous module. Moreover, trigonometric
functions, e.g., the string “sin”, “cos”, and “tan”, and abbreviations of math terms, e.g.,
“lim” and “log”, are mapped into their corresponding Thai pronunciation patterns in

the previous module as well.

Input: WNAUIUATI X LU LA x + 1 HaUNA 8915 0 U LA 7 491 12

NO
YES P -
- Output 4"\ P
NO YES
. \ A0
Converting to Thai KEnd )
s

‘ " Eng-Thai ‘ ‘ ‘Greek-Thai_ ‘ ‘ Math-Thai ‘
Lexicon Lexicon Lexicon

Figure 6.7 A Thai mapping diagram.

Except the particular string, all English and Greek alphabets, and math
symbols are mapped into their corresponding Thai pronunciation patterns (see
Appendix C), character by character. Search and replace functions of string processing
in XSLT are applied. The XSLT mapping is not complete since XSLT is a
programming language optimized for processing the XML markup, not for string
(Mangano, 2002). The mapping replaces nothing in some alphabets or symbols. Thus,
after XSLT mapping, the output string is scanned once from left to right while
English-Thai, Greek-Thai, and Math-Thai lexicons are examined. Whenever, a match
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is found, the alphabet or symbol is transformed into its corresponding Thai
pronunciation pattern. The searching and matching will process until the end of the
input string or until no foreign alphabets or symbols in the string as illustrated in

Figure 6.7.

Converting a number into their corresponding Thai pronunciation patterns
needs a set of rules as described in section 4.2. We found that a stochastic knowledge-
based the Thai TTS system (Narupiyakul et al., 2005) is comprised of an intelligent
rules to perfectly convert whole numbers and decimals into the Thai pronunciation

patterns. This module applies these rules to correctly read all numbers.

Moreover, an abbreviation appearing in a math document could refer to a
measurement unit and a math term. Examples are shown in Table 6.1. In this module,
all abbreviations are mapped into their full forms as well. However, some math terms
are read by spelling the term, for examples:y. (GCD)” is be mapped asi® 59 ¥®
(/hor ror mor/, GCD)” (see Appendix F).

Table 6.1 Examples of abbreviationsin a math document.

Abbreviation Full form Description
. LFU-A=1UNT Centimeter
nn. n-Ta-nsu Kilogram
09.9. AT N-LUAS Squared meter
ua. Ha-a-aas Milliliter
Hn.9.4. 10 50 ¥ (113 391 UIN) GCD (Greatest Common Divisor)
f.9.U. 0 30 UD (P 59U 1iow) LCM (Least Common Multiple)

Figure 6.8 illustrates the mapping output of the previous example. An
English alphabet ‘X’ and an operator ‘+' are mapped infm (/ek/)” and “uan
(/buak/)”, one by one character by matching English-Thées and Math-Thai rules,
respectively. The numbers, ‘1’, '5’, ‘7', and ‘12’, are mapped into (/néung/)”,
“¥ (/haal)", “139 (/iet))”, and “‘Guaes (/sip-song/)” by the number rulesNhen the
Mapping module has completed processing, the system will remove all tags of the
XML format to retrieve only Thai writing string and Thai pronunciation patterns and

forward into the next module.
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Mapped Output

N

und>awdvmate</ thsound>

<thsound>in</thsound>
<thsound>wWa</thsound>
<m: £>
<t und>
<t nd>
<t und>
<t nd>
<t und>
<t und>
<t 1d>
<lim: f
<thsou ind>
<m: £>
<tl
eth
<t}
<tl
</m: >

Figure 6.8 An example of the mapping result.

6.4 Speech Synthesis

Speech Synthesis module, the last module generates Thai speech output for
the input string using a stochastic knowledge-based Thai TTS system (Narupiyakul et
al., 2005). This system applies a rules-based strategy to analyze a Thai syllable, a basic
pronunciation unit of Thai, and to generate sounds by a concatenation technique. The
system contains Thai syllable analysis rules which are comprised of the tone analysis
rules®, consonant analysis rules, linking analysis rules, and syllable structure rules.
The Thai syllable analysis rules deal with Thai writing strings to separate the syllables
from the Thai writing strings, find the components of the syllables, and map them into
Thai pronunciation characters. Therefore, Thai writing strings from Thai text of an
original math text input are transformed into their corresponding Thai pronunciation

patterns by employing the Thai syllable analysis rules.

Furthermore, the system initially processes Thai writing strings to query

the special words in the exception dictionary, which contains the phonetic symbols of

% Thai is a tonal language. Each syllable has a choice between five distinct tones: low, mid, rise, high,
and falling. Its meaning changes with different tones.
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some special words. These words are distinctively pronounced. They are not
represented the correct pronunciation according to the syllable analysis rules. In math
text, there are loads of these words since some words are loaned or transliterated from
other languages. For example, the warnhios (/wéyk-dtér/)” is transliterated from
“vector”. Its writing is hidden the Thai tone markers. To handle these words, the
exception dictionary is extended by adding their special phonetic symbols for these
math words. Moreover, this system contains a set of rules to convert whole numbers
and decimals into their Thai pronunciation patterns as described in section 4.2 and 6.3.
To synthesize the natural Thai speech of the system, the Thai sound unit
inventory was designed to select the suitable units. In addition, the TD-PSOLA model
(Hamon, Moulines & Chapentier, 1989) was employed to prepare the recorded speech
units, select the smooth concatenation, and provide the good control of pitch and
duration. As adapting farMath, some Thai sound units are added to the Thai sound
unit inventory, particularly transliterated sounds, e.g.;ykAa/dt&/, and mayt/.
Figure 6.9 presents the generated Thai pronunciation pattern for the input in Figure
6.3.The bold typefaces indicate the MathEx analysed result while the highlights show
the mapped output.

Input Thai pronunciation output
- = & x+1 7 . a2 s A 2 & 2
PN XU — = DI W11 MIN DT LONDT LD LAY LONST LIN 11T N Hida
: - X+l . 7 1 9/ ! ar = 1 =
(Find a real number x that — = =) a3 311 1911 AU IAY 9@ 8 T f89

(a) (b)

Figure 6.9 An example of the Thai pronunciation result.

6.5 Reading Examples by i-Math

In this section, we present the results of the applyiMath to some
example math problems. Thai text and math expressions of Example 1 are separately
shown in the first column of Table 6.2. The XML extracted output is show in the

second column where the normal text display ingide> tags and math expressions
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created by an equation editor is instae:oMath> tags and its children as described in
section 5.1 and Appendix D. The third column illustrates the output after applying the
MathEx rules e.g., the wordsty (/sayt/, numerator)”, #1u (/suan/, denominator)”,

and “ﬁ?wm (/tang mot/, all)” are added in the specific locations of a fraction as
discussed in section 4.2 and 6.2. Each foreign alphabet including abbreviations (if any)
in the fourth column is mapped for its corresponding word in Thai (see section 6.3 and
AppendixC). All pronunciation patterns of each word are shawthe last column.

Example 1

1 2 '
= ~Aeax+ 5ao'ls

e 4l

English: If =— = % what is the value of x 5?

In generating the Thai pronunciation patterns for Example 2, once all math
expressions are analyzed and inserted the required words into the right places (the
third column, Table 6.3). The wordién” is added to clarify the logarithm functions.

The word ‘smﬁﬁm”, “I1ffy (/sayt/, numerator)’and ‘@au (/suan/, denominator)’are

also added as we discussed in section 4.2. The MathEXx rules process the expressions
and their sub-expressions even thought the expressions consist of several expressions
or sub-expressions. For example, the expresslogf” is comprised of a sub-
expression f Also, f consists of a sub- expressmn—"‘ The last row of Table 6.3
illustrates the results of each step in producing pronunciation patterns in Thai of the
expression fog \/é

Example 2

Thai: 1% log2 = 0.3010 ua log5 = 0.6990 WHIAIV log\E

English: Letlog2 = 0.3010 and log5 = 0.6990. Find the value Oﬂog\/é.
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Table6.2 Thei-Math stepsapplied to the math problem of Example 1.

Aﬂ. Luieg) rer op) nay;/ <punosyy/> L] Lird<punosyl> At:jomf\j,—_\:a,@AUc:Dmfv <M><mf> L] LMBUCEMS> L M> m.r_:.rﬂmw
(L) jeeyy/ <PUNOSY}/>LH<pUNOSYI> <PUNOSY3}/>5<puUnosyi> <EM/><BM/SCCEM><L M>
(uciy  enqy <pPuUnosyl/>util<punosiyi> <punosy3/>+<punosyi> <EM/><LIM/><EM><TM>
(HURy 3y <pUnosyi/>Kunicpunosyl> <PUNOSY)/>X<puUnostyi> <LM[>CUIM/SACE ML M C4X
(ranLy) /Suoy eey/ <PUNOSY}/>EORLUKPUNOSYL>  <PUNOSY}/>benLU<pUNOSYI> <EM/><IM[>PORLUSEM> <L M> BRLY
<yepo:w/>
<puw/>
<uapiw/>
<IW /> SE<E WS <A WS
cuapiws
<jiuw/> <jw/> <winuiw/>
<PUNOSY1/>TLR<PUNosyl> <punosyi/>e<punosyl> <hw/>QiW/>Z<rws<aiws
<punosyi/>neL<punosyl> <punosyl/>HtE<punosyi> <wnu:ws
<punosyl/step<punosyl> <pUNoOsy3}/>z<punosyl> <jw>
(reLw) jwiees/ <punosyl/>Apicpunosyy> <punosyy/>Apikpunosyl> <EW/><W/>=<) s <>
(Mep) uens/ <juw> <Jw> <Jul/>
(tuw)  /Buos/ <PUNOSYL/>ILULLIKPUNOSYT> <punosy}/>=<punosyi> <uspiwy/>
(AL) \,_\Q.wm_\ <Jiw/> <> <> E\vaﬁEVAhEv
(nuiwi ded opy <puUnosyl/>uni<punosyl> <pUNosy1/>g<punosyl> <usp:ws>
(uw) oy, <punosyl/>meR<punosyl> <punosyl/>mep<punosyl> <wnu:w/>
(neg) Juens/ <PUNOSYl/>BIEUEU<PUNOSY]>  <PUNOSUYI/6rELtit<punosyl> <IW/><GW/>T<HW><AW>
(4 n)  Aow Sueyy Aﬁ::Om;H\vvua:A_ocsomcuv Avc:om.._u\vm.n_uczomcuv <lW/><hW/>+<iW><diWs
ﬁqmaE /sunguy <punos ;w\VC.n M<punosyl> <puUnosy}/>+<punosyl> <l W/><EUW/SX WS> WS
(U1 L ppengy <PUNOSLI/> LUl ik PUNOSYE> <PpUNOsY1/>X<puUnosyl> <wnuiws
_wmucmd.v 1R/ <pUNOSyYl/>AKicpunosyl> <pUNOSyY}/>AKIKpUNosyl> <> 9
(RMi)  pAeS/ <pW> <W> <UIENO:W> Tl +x
(Le) jeRYy/ <pUNosY3/>Le<punosyi> <punosyi/>Le<punosyi> <EM/><AM/SLE<EM> <L M> Lg
usagnd vonpounUOIJ mdino paddppy  pndino pa2zdypup X JyInpN indino papvgxe X mduj
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Table6.3 Thei-Math stepsapplied to the math problem of Example 2.

)
(o /Suoy eey m
LU L4 Be)  BRY SUOl/ <PUNOSY3/>BRN1LUL HEL<PUNOSYI> <PUNOSYY/>BRLLULUBLKPUNOSYT>  <EM/><LM/>BOLLULKELSEM><IM> BEALLBLIEE M
<yrepoiuw/> c
<JW/><W/>0669 0< W< I m
W /><l W/ >=lWs<liWs B
<Junyw/> m
<arw/> b=
<IW/><RUW/> G s WS> m
/U00S 0BT Av:;oﬂ._u\vm:w LUiLUT Ul swm:wnvczgﬁv <puUnosyl/>0669 0<PUNOSYI> <W> ~
ﬁm:w LuiLw oS Yoy <PUNOSY3/>MuLUi<punosyl> <punosyl/>=<punosyi> <auwieNyw/>
un st pnll) 0l uoos, <ounjiw/s <ounyiw/> <diw/><3ul/>80|<) ws<diws
(nuiwi) /des oey <PUNosyl/>LH<punosyy> <punosy1/>5<punosyl> <DW BN W>
(Lu) ey Avc:omﬁ\vc@mnncjomfv An::am;“\vcwmnuc;cmﬁv <oungius
(uaL)  AOY/ <aunyw> <auny iw> <ypepoiw> 06690 = s 3o]
(=wi)  /@p[/ <PUnoDSyYl/>Ruiicpunosyl> <PUNOSYl/>RpTicpUNOSY> CEMS>CEM[>RUTTCEM><IIMS> Ui
<yieporuw/>
<JIW/><1W/>0T0E 0<BWs<iWs>
<dIW /o<l >=<iWs<diU
<ounjiw/>
/U0QS <BiW/>
Sunau LW/ >LEUW/> 7 WS W>
(pnd i uogs <punosuy/>pni ww:m;@ LR vb pricpunosyl> <puNosYl/>0TOE O<PUNOSyI> <@iW>
m:m MY LUEBRS <PUNOSYL/>ILULIIKPUNOSYI> <PUNosyl/>=<punosyi> <SWENJW/>
©l m:wv l uoos; <ounyiw/s <aunj /s <lW/><1 U />B0[) WS>
(nyui) /des ogy <PUNOSYl/>tBB<pUNOSY]> <PUNOSy1/>Z<punosyl> <3N WS
(rew) /Suos/ <punosiyi/>ueu<punosyy> <PUNOS}/>ual<punosy3> <ounjiuls
(uog) oY/ <aunyiws> <auny iws <WIeNOW>  nyoen = z 80|
(mp  /1ey/ <PUnosYi/> 1| <punosyl> <pUNOsY1/>1|<punosyi> SHEM/>CLM/> U] KEM><TM> M
wiapnd
uoyPIUNUOLJ mdino paddopy Jndino pazppup XJyIpp mdmo papn.agxa Y mduy
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Table 6.3 (continued)

<yiepo:w/>
<aunjulf>
<aiw/>
<perw/s
<o:w/>
<ful/>
<uapiw/>
<IW/><iW/>p<iw><diw>
<usp:w>
<winu:w/>

e TOUM:Uisa LLW/ > <y ws<liws
<pesw/> <pesw/> <wnuiws>
<gw/> <> <Jiw>
<puUNOSYl/>LU<punosyp> <PUNOSY3}/>E<punosyy» <aw>
(L) /eey; <punosyy/>ice<punosyl> <punosyl/>mnep<punosyl> </3apiw>
(L) /uens/ <punosy3/>E<punosi> <punosy3/>y<punosyi> <peliu>
@ [295/ Aucsom__p\véﬁucscwtv <punosyi/>fAgi<punosyl> <Iiw>
(AR  AAeRS/ <j:w> <j:uwi> <IWEBNJW/>
/Fuoy nv::om;u\vq@pgqu t<punosyl> %::oEp\vEpEmemnn::Om;Hv <liw/><rw />80 ws<iws
(e Suos <petw> <peliuw> <IUIBN W
bR W uLL) 99 YR/ <punosy1/>uep<punosyl> <punosyy/>uep<punosyl> <ounyw> dol
(ued) pmor/ <3Junj tw> <ounj > <yieporw>
uapnd
HOPMDUNUOAS mdno paddepy mdine pazdjpuy Xy mdino papvagxs TWX nduy
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CHAPTER VII

I-MATH: AN EDUCATIONAL TOOL

Educational technologies or assistive technologies in education allow the
blind and visually impaired (VI) students to have the opportunities to use the devices
that help them focus on their study. There are special tools (e.g., physical equipments,
electronic devices, and computer software) that are available for the students who are
blind and VI. The blind and VI students can benefit from the assistive devices
including talking calculators, textbooks on tapes, Braille books, talking dictionary, and
tape recorders for talking note. For computer technologies, screen magnifier systems
allow users to manipulate the appearance of text and image on the computer screen.
Braille translation systems can be easily translated the plain text into Braille while
Braille embossers can be connected to a computer to produce the hard-copy Braille.
Optical character recognition systems allow the users access text in the combination
with a screen reader to scan the text documents. Speech synthesizer systems operated
with the screen reader systems produce the voice output on the computer. The
synthesizer can read plaint text aloud. The current technologies allow the blind and VI
students to access the printed text via the various means. The blind and VI students
can maintain their independences during studying and practicing. The text-to-speech
(TTS) system with the capability to read the math expressions is one of the powerful
technologies that enable the blind and VI students in practicing and studying

mathematics on their own.

We aim to provide an educational technology for the Thai blind and VI
students to access mathematics via the voice synthddath can read the math
expressions and Thai text aloud. In this chapter, the roled/ath in education are

discussed in section 7.1 and the usages of i-Math are described in section 7.2.
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7.1 Rolesof i-Math in Education

There are a number of possibilities of usindylath to provide the
opportunities for studying both inside and outsidedlassroom for the blind and VI

students. Some possibilitiase discussed below.

7.1.1 Math Teachersand Classroom

In a classroom, the conventional print-based materials such as textbooks,
handouts, activity sheets, and tests present a barrier to the blind and VI students. To
overcome such a barriesMath must be incorporated into the materials that are
already in digital forms. The digital materials augmented wiMath allow the
students with the different needs and the learning styles to access the same materials
equally. The following are examples of how teachers can utiliziath in their

classrooms.

o Create the classroom handouts, assignments, and exercises using MS
Word so that the students can listen through i-Math.

e Look for the supplemental classroom materials on the Internet,
download the files, and convert them into “*.docx” files to be used in

the classroom with i-Math.

e Request digital files of the purchased textbooks, and then create an
instant audio version of these textbooks simply and conveniently using
i-Math.

« Have the students take tests via a computer. Create the tests in a digital
form using MS Word, students can then udéath to read the test at

any speed according to their own needs.

The key benefit of using-Math during classes is that it provides the
students a sense of independence and confidence that they do not have without the use
of this tool. The other benefit is that teachers and teaching assistants can focus on other
weaknesses of a student or other students who might have a higher level of need,

instead of having to read text to the blind and VI students.
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7.1.2 Blind and VI Students at Home

i-Math plays a vital role in making computers accessibility as a tool to a
student at home. It has opened up the possibilities for the blind and VI students to
study from the available materials and practice at their own pace at whatever time they
choose. The students have no longer to wait for somebody to read to them. They can

use i-Math in the following ways.

« Usei-Math to listen to the course materials, e.g., class notes, textbooks,
and able to repeat the reading anytime they want.

o Create audio version from the course material or chosen materials for

later use.
« Read the math problem exercises and practice on their own pace.

« Look for the materials and resources that are available on the Internet
(e.g., CAl, e-books, and intelligent tutoring systems) and study using
Math.

e Usei-Math to proofread the solutions or answers of the problems before

turning them in, and correct any mistake if necessary.

With i-Math, students can enjoy their newfound ability to read anytime,
anywhere. i-Math not only helps the blind and VI to build the independence text access

on their own schedule, but also build confidence and self-esteem.

7.2 i-Math Usage

A primary application ofi-Math is the system that allows the users to
access math materials at their own pace. SiAb&th was aimed at being an
educational tool to enable not only blind and VI people but also sighted people to
individually and conveniently access mathematics. The speech conversion process and
user interface of-Math must be designed for their convenience, be able to display the

clear information, and be easy to use.
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Recently, the Internet is wildly used not only by sighted people but also by
blind and VI people. The blind and VI people can access Webpage to get information
with screen reader software. Many math materials are also available on the Internet.
Math notations or expressions on Webpage are in various formats, e.g. images, linear
text, and special HTML. Images present the displayed equations but the screen reader
software cannot recognize the structure and their character appearances-statihat
reads nothing aloud. For displaying math expressions with linear text, for example, the
expression,198*, is displayed as “107(log x)” where ‘~' denotes “to the power of”.
With this display, it can present only uncomplicated math notaiibfgth can read

character by character.

Putting both simple and complicated math expressions on Web, MathML
(Mathematical Maekup Language), which is an XML application, is introduced by
W3C for describing math notations. MathML has been attempted and developed to
create math notations to display on the Internet. However, a few Webpage are
available in the MathML format since web browsers for supporting MathML are
limited. A major web browsers support MathML is Firefox while Internet Explorer
does not support MathML natively. Therefore, we first pay attention to demdlagh
to automatic read math notations system support XML for a MS Word format as an
input since a MS Word processing allows users to easily create math expressions and
quite familiar to the use of MS Words. In addition, several and various math
documents created by MS Word processing are available on Internet and allow users
to efficiently retrieve the information if they want. Fortunately, the extensian of
Math to read the math expressions in the MathML format is not difficult since the

structure of XML for a MS Word format and MathML are quite similar.

The implementation of-Math used Microsoft Visual Basic supporting a
Window platform. The interface @fMath is comprised of three main windows: input,

speech output, and file transformation windows shown in Figure 7.1 - 7.3.

The input window was designed to facilitate users to select the documents
they want (Figure 7.1) in the “.docx” format. In this input window, the users can

choose either theitafiaziszToa (listen to each sentence)ption or the flauilu'lug
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i@eq (convert into wave form)” option by checking thetdisn the YUuumsuaaIna

(output format)part of this window.

N

e |Math

| AILAIN 3 Apadu iMath

)‘ —— R e

—— 1 wilna i Tvldi@o

| anas unsdn

Figure 7.1 The user interface for the user input.

When choosing theilsiazilsz Ten (listen to each sentenception, a new
speech output window (Figure 7.2) will open where the users can listen to each
sentence within the document. The users can listen to which sentences they want by
choose the number ‘1’, ‘'2’, and so on. When the users select the sentence, the Thai
pronunciation output will be displayed in thgs¢ loa (sentence)” box of this window.
Clicking the “o1u (read)” button, its speech of this sentence willréedered during
listening the user can pause the audio for better understanding the utterances if they
want by the ‘ﬁ'qwﬁ"aﬂﬁn (pause)’button. The flufinides (save wave file)” button
allows the users to keep this speech into the wave format for later use. Clicking the
“Juinides (save wave file)” button, the file transformation window (Figure 7.3) will

open. This window allows the users to create the speagbub in the wave format.

When choosing theudlautlulWdides (convert into wave form)” option,

the users can save the converted documents into the wave forms without listening.
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Figure 7.3 The user interface for the file transformation output.
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CHAPTER VIII

I-MATH EVALUATIONS AND RESULTS

i-Math was evaluated in three aspects: (i) intelligibility, (i) overall speech
quality, and (iii) user satisfaction. The details of each evaluation are described in this
chapter. i-Math was tested to generate the accurate speech (intelligibility and overall
speech quality) for a math problem sample set and its usage (user satisfaction) was
determined by voluntary participants, both students and teachers. The details and the

evaluation results are explained in the following section.

8.1 i-Math Evaluations

To illustrate the performance atMath, the system was tested and
evaluated in three aspects: intelligibility, overall speech quality, and user satisfaction
to answer the following questions:

e Whether i-Math can generate the correct pronunciations in each word.

e Whether listeners can understand the text reaeMbsth.

e Whether i-Math can produce the acceptant speech.

e Whetheri-Math can facilitate blind and VI people’s access to math

materials.

The first two questions will be described more details in section 8.1.1.
Details of the third and fourth questions are explained in section 8.1.2 and 8.1.3,

respectively.

8.1.1 Intelligibility

We first evaluate whetherMath can generate the correct pronunciations

in each word. The pronunciations generatedidjath are compared against the
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original math text in the text form. The number of correct words which are correctly
pronounced is scored to evaluate the pronunciation correctness measurement:

precision (P), recall (R) and F-scoreas shown below:

Number of correct words in the pronunciation of i—Math

Precision (P) =
( ) Number of words in the pronunciation of i—Math !

Number of correct words in the pronunciation of i—Math

Recall (R) =

Number of words in the reference

2PR
F-score= —.
P+R

The precision (a measure of exactness) is the fraction of correct words among all
words pronounced bi¢Math. The precision is 1. It means that all words pronounced
by i-Math are correct. The recall (a measure of completeness) is the fraction of correct
words among those all words in original input. Similarly, if the recall is 1 that refers to
i-Math can correctly generate for all input words. Asagcore is the harmonic mean

of Pand R

Then, both sighted and blind listeners with having math knowledge were
asked to carefully listen to the utterancesi-Math and transcribe what they have
heard. We aim to measure how well listeners can understand the text read by the

system (Huang, et al., 2001). Some simply questions, such as

e “What are the denominator of the fraction you have heard?”, or

e “What are the index of the poweryou have heard?”, or

e “What arethe expressions beneath the radical sign that you have

heard?”

were usually used for clarifying the same understanding between a listener and a
researcher. Once, the number of words heard correctly is used to calculate the standard
measurements: P, R, and F-score. In this case, the precision is the fraction of correct
words among all words transcribed by listeners and the recall is the fraction of correct

words among those all words in the original input as displayed below:

.. Number of correct words in the transcription
Precision (P) = ! P

Number of words in the transcription

Number of correct words in the transcription

Recall (R) =

Number of words in the reference
In evaluation, we used Thai math problems which were collected from

several mathematic practice books and some existing math questions extracted from
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Internet. Examples of the test, math problems, are illustrated in Table 8.1 (see all items
in Appendix G.1).

Table 8.1 Examples of math test used in this evaluation.

Category No Mathematical questions

Basics 01. 9IMIAN0Y 72 x 144 + 27
(Find the value of 72 x 144 + 27.)
Fractions 05. wifiiawa10= Alansuiialdge geaz - Alansuazmisldgeldimuangs

(A seller have dried fish 10% kilograms, divided into bags each bags Weiéhs
kilograms. How many bags of dried fish does the seller have?

Powers 09. 93103 32 X 52 x 7
(Find the value 08% x 52 x 7.)
Trigonometry 14. d1sin4 = Zud3 tan A Triwila
(If sind = g what istan A?)
Logarithms 17. 23vimved logs V125
(Find the value ofogs v125.)
18. ¥ log,, 5 = a uaz logs 8 = b ¥MIA1UBY logs 2
(Letlog,; 5 = a andlogs 8 = b, what islog; 2?)

19. swmuali log2 = 0.3010 uaz log5 = 0.6990 1AW log

T

hd
5
(Letlog2 = 0.3010 andlog 5 = 0.6990, what islog\/g?)

Radicals 20. ammved V112 + /343 — /448
(Find the value of/112 + /343 — V448.)

Summations  25. vImmwed 30 i

i=

(Find the value oF;%, i.)

Vectors 28. Mu=2i-3jmasda=1+jumi—a
(Letu = 21— 3jandv =1+ 7, what isu — a?)
Limits 31. Ao lim, o vV2x + 3
(Find the value ofim,, _, ,vV2x + 3.)
Integrals 34. amAves [(x? — 2x)dx

(Letfis a function that? + x — 1, what is[, f(x)dx?)

A sample set was developed based on the time and number of sentences
that the students can concentrate, and the time frame that the schools can provide. The
sample test contains 35 math texts, math problems, categorizing into ten groups:

e Basics
e Fractions
e Powers

e Radicals
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e Vectors

e Trigonometry

e Logarithms

e Summations

e Limits

e Integrals

Each category consists of 2 — 5 items that present the variety of

expressions that-Math can handle. Each item contains both Thai text and math
expressions. Their English translations are provided in parenthesis underneath. The
different items in the same category represent the different math expressions. For
example, 1% — 19" items are logarithms. The item "L %ontains the logarithm
combined with the radicals. The item™& the simple logarithm expressions with
their bases while the simple logarithm expressions without the bases and the
complicated logarithm combined with the radical of a fraction are in the it&m 19

8.1.2 Overall Speech Quality

Besides intelligibility measurement, theMath speech quality must be
evaluated whether-Math can produce an acceptable speech. In this research, we
employedMean Opinion Score (MOS) and Listening Effort Scal€LES).

MOS is a human-subject judgment testing for TTS providing a numerical
indication of the perceived quality of speech. The MOS determines whether the speech
output is acceptable. The listeners, blind and VI participants, were asked to rate each
math problem on a scale of 1 to 5, where 1 is bad and 5 is excellent. All scores are
summed, and a mean score is derived, which is meant to represent the overall speech
guality of the system. Typically, the mean score of 4.0 to 4.5 is referred to toll quality
or complete satisfaction while the score below 3.5 are unacceptable by listener or

inadequate level of naturalness (Huang, et al., 2001).

LES is to measure the listener’s effort to understand the meaning of math
text. The listeners assign the score of 1 to 5 point scale (Table 8.2) to assess the effort
required to understand the meaning of each math problem. These scales are standard
and are defined by The International Telecommunication Union (ITU) P.800 (Huang,
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et al., 2001). Similar to the MOS, the scores are averaged to represent listener’s effort.

Lower score means the more exertion to understand the meaning of the sentence.

Table 8.2 Score in Listening Effort Scale (Huang, et al., 2001).

Effort required to understand the meaning of sentence Score

Complete relaxation possible; no effort required
Attention necessary; no appreciable effort required
Moderate effort required

Considerable effort required

P N W A~ O

No meaning understood with any feasible effort

8.1.3 User Satisfaction

Turning i-Math into an educational tool for blind and VI students is our
one primary goal. In addition teMath performances evaluations, we also investigate
whetheri-Math can facilitate the blind and VI people’s access to math materials. An
interview was used to follow up the response of blind and VI participants after using

our system.

Table 8.3 Questionnaire Items.

Teachers Students

I would find thati-Math helped my students in | would find thati-Math helped me to read math
reading math handouts, exercises, and tests. expressions.

I would find thati-Math helped my students tol would find thati-Math helped me to pay more
pay more attentions in studying mathematics. attentions in studying mathematics.

| would find thati-Math was helpful to use with | would find thati-Math reduced time consumed
the effective available math CAl. in practicing mathematics.

I would find that i-Math could enhance thel would find thati-Math was useful in my

ability of my students in studying on their  studying mathematics.

own. | would find thati-Math was easy to use.
I would find thati-Math was easy to use. I am wiling to use i-Math in studying
I am willing to use-Math in my class. mathematics.
I will recommendi-Math to others. | will recommend-Math to my friends

It was found that the Technology Acceptance Model (TAM) by Davis
(1989) is one of the most information systems thearged to measure how users

accept and use a technology when the users are presented with a new technology.
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Davis introduced perceived usefulness and perceived ease of use to indicate the users’
beliefs. The perceived usefulness was defined as the degree to which a person believes
that the use of a particular system would enhance his or her job performance while the

perceived ease of use referred to the degree to which a person believes that the use of a

particular system would be free of effort.

We adapted the questionnaire items for the participants, teachers, and
students, based on TAM for perceived usefulness and perceived ease of use-toward
Math (Table 8.3, see Thai version in Appendix H.1 and Appendix H.2). Our designed
guestionnaire was approved by four experts in mathematics, computer education,
educational assessment, and special education for disabilities. The Cronbach’s alpha
measurement (0.83) indicates that the designed questionnaire is reliable. After
intelligibility and speech quality evaluations, the participants were asked to rate on a 1
to 5 point rating scalé-stringly agree, 4-agree, 3-neither, 2-disagree, and 1-strongly
disagree). After the questionnaire was completed, the items were analyzed separately.
All scores are presented by the frequency (which is the value in a scale which occurs
most often), means and standard deviations. In addition, the participants were asked to

give additional comments and suggestions.

8.2 Experimental Results and Discussions

We conducted the experiment bighted, blind, and VI participants. All
participants have mathematical knowledge in high school level. All participants who
are high school students (sighted, blind, and VI students), graduated students in
computer education program and school teachers were ranged in age from 17 to 38
(mean = 25.15,sd = 5.33}%. The participants consisted of ten sighted participants (five
males and five females), six blind (one male and five females), and four VI (two males
and two females). During data collecting process, audio recording was allowed to

record all conversations engaged during the process. The participants were asked to

1 According to our collecting data, we can conclude that learning levels of blind and VI students are
generally lower than those of ordinary students at the same age. The reason is a barrier to access the
information or knowledge, rather than their leaning abilities.
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say aloud what they thought and allowed to take a note (either in Braille or normal

text) if they preferred.

The evaluated results will be discussed in terms@fligibility results,
overall speech quality results, and user satisfaction results. In the intelligibility
evaluation, section 8.2.1, we asked the participants to carefully listeMath and
transcribe exactly what they have hearten, the participants were asked to rate the
scale for the overall speech quality and user satisfaction evaluation discussed in
section 8.2.2 and 8.2.3.

8.2.1 Intelligibility Results

The i-Math intelligibility was tested to generate Thai speech for math
problems in ten different groups (described in section 8.1.1). We first compared the
pronunciations generated IyMath against the original questions in the text form.
Then, the listeners’ transcriptions were compared with the original questions in the
text form.This section will present some a fragment of thelligibility evaluation. A
complete evaluation is provided in Appendix G.2.

i-Math Pronunciations

Figure 8.1 illustrates the P0original math text input (IN), an original
math text in text form (OM) comparing with their pronunciation generated by i-Math
(PM). All word pronunciations generated for the math problems, for example IN20,

are correct.

IN20 99MA1U89 V112 + /343 — /448
OM  9311A1Y0d 3107 @09 VDI 1l 308 A1 @03 UIN 31N 8N VO eN 398 & AU @M A 519N
409 U943 @ S08 A AV uila

PM  99¥1A1904 510 11 @99 Y04 il 398 81 @99 1IN 510 N1 a1 V0 a1 308 & AU a1 AV 510 N

A v A a
a09 Vo4 & 308 & dv uila

Figure 8.1 All correct pronunciations generatedityath.

In some math problems;Math generates some words that are different

from the words in the original math text divided into two typegronounced word
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and a trandliterated word. The pronounced words are generated instead of their
writing forms but they are the same pronunciations (Figure 8.2), for example, the word
“iare (/sayt/)” replaces the wordffy (/sayt/, numeratoy’ in INO6, “91u (/td&an/)”
instead of $1u (/taan/, base)” in IN17, andgu (/ston/) ” instead of ﬁu&f (/soonl/,

zeroy' in IN19.

' 3 . 9 3
INO6  IMIAIVBI~ + — X
' ' 3 ' a A |
OM  9a1IAIUB 1A AN AW 199 413 A0 191 1A dau U & ot 1Aty a1 dIu do9
' 1 < ' a A 1
PM  93M1IA1904 LA 1 82U 199 WU 420 Lea 111 @au dU @ qu 1ae a1 d2u 9
IN17  29vi1m1ved logs V125
Y

' 1Y = % A a
OM WHIMUBI a8N 1NN TDI YD ‘Ifi‘ﬁ\? 198 8 91U ‘IBi/

v
N

-
BN
=

'
S A

' o =~ £ )
PM 2311919939 890 510 N1 93 U934 YUY 598 8 dU 1191

e
e
-}

IN19  fmualif log2 = 0.3010 uaz log5 = 0.6990 3HIAIVDS log\/%

o Y o " s s X s @ v Vv s Y 9
oM ﬂTI/i‘HﬂGlTT 0N 94 IN1NY f[UfJ %qﬂ a1y f!‘L!EJ U AUY AT a9 111 NNy f.fuﬂ fqﬂ Un N1

u

AU 3911A1U09 AN TINN AP VO IAY & AU

=3

o 2] [ - [43 %
PM fvuald don @0 du gu 90 @ gu Wil gy uag aen W i1 AU gu 9a wn i1 M

gu 1A 40N 510 A @01 V09 1A & dIu

Figure 8.2 Writing forms and their pronouncing words.

LN

J o J ]
INO3  uws¥efdiaide 1.75wa3 Fofdansz 1159 2.25ma35 NI FornNung

Y i1 k4
Y o =

A ¢ v A 9 oo ) A 94
OM UNTHEDNINALED KU Y0 1A ¥ IUAT “H@W"Iﬁﬂﬂigiﬂiq (RN 9 AOI Y LUAT LUNTBYONTINLUNT
Y

Re

3

A v 4 & 2 v ¥ & 9 oo Y v A 94y
PM  unsgoriaaiae 1 90 190 U1 LA Gﬁﬂw1ﬁﬂﬂigiﬂ5\1 (RN 9 A3 Y1 LA HWTHONINLUA

IN28 &1 % unuszezn1e 500w, luite 170° 9¢ 1831 —2 Aoy 1s
s A a A 4 2 A ' s
OM 1% nnmes g unuszoznia w1 du nlawas Tude wils foo 190 du oem 121491 au nnwes
Avoz 13
P Y 5 a E a 4 9 3 A Y1 3 ¥ oA
PM 1% 130 1de g unuszezma ¥ Ju flala luiia wils $o0 19 du 09 921891 av in e Ao
oz'ls
IN31  99M1Aed lim, , o vV2x + 3

' aa ~ o A @ o9 F% s
OM  P¥IMVUed aua U9 31NN 909 VDI 99 L0NY UVIN 91U N 1N Lﬁlﬂslﬂa g{ua

PM ' a a A @ A o 7 9 Gl v
WHINIVDY A KUA VDI 510 N @03 VDY 04 L8N VIN TN N BN U1 DA _qﬂ

IN34  9M1Aed [(x? — 2x)dx

J a A @ o W W Ja o I
OM  23mANU84 DUNINTA 19N 8ANIAY 709 Al ABY LONY A LonY

[ 4

1 a a ® o [ %]
PM 3311199 8U N 1NTA BN 8N N1 a3 793 Al 993 LoNYy E 191N

=N

Figure 8.3 Writing forms and their transliterated words.
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The transliterated words in the original math problem input are replaced by
their pronunciation patterns, for example INO3 (Figure 8.3), the wakth ‘(/mayt/,
meter) are replaced by the wordi# (/mayt/)” in INO3, the words “nnes (/wayk-
dier/, vector)” by the word3n-ifa (/wayk-dter/) in IN28, the word &iia (/li-mit/,
limit)” by the word ‘G-wiia (/li-mit/)” in IN31 and the word uiinsa (/in-ti-grayt/,

a

integral)” by the word §u-n-1nsa (/in-ti-grayt/) in IN34”,

INO2  IHIANUDL X LAz y fidldaums 7x + 12y = 220

' o 7 Ao q 9 2 o a "o Y A a
OM NIV BN LAL 1Y ‘Vl’i/'lﬂ‘l’iﬁllﬂﬁ LA 1N VIN U 703 218 INNY a99 3908 8 dU

' @ ¢ Ao q 9 3 o a o Y A a
PM WHINUDN BN LIAS 18 ‘VWlﬂ‘HﬁﬂJ T NIU LA LBNY VIN U 89N 218 1N NU @08 308 8 U

] = 1a o 1 1 1a @ ] 1 us./’ B
INo5  ifsitlawia10 ZAlansumisldne geas - Alansu wwmialdgeldnammangs
OM wimfitlawts Fu 1wty Wils @au ae9 dlansuuieldne geaz 1Ay wils dau @ nlandu azu
9 1
Tagaldianuangs
1Y A Y 5 £ as 1 o ' ' &£ A a o '
PM miffidawie 8 e vils dau des nlansu wiialdne geaz e il du @ dlaniy vz

1 v & =
Tagaldiamuangs

° o o A ' 1 " '

IN35  vuald Adluiflsddunuui F(x) = x2 + x — 1 ud1ves Jy f@)dx viiuila
o Y D oy do A 00 1o A o w 4 £
mmuald v udandy wiuy 9 eW e IMAY 1BF anMEas T93 UIN ONF a1 NI
Y a o @ D s W P 7 = £ Vo '

OM  ud@IUed dUNNIA 1O BN A 19N 91N FU D3 nila AU la

° Y R o @ A 0D o @ d o w o
ﬂTI/iuﬂGl“l’i @ L'I.]‘Ll‘l'\l\?“]fu NS UU UIUN L@V\I DN 1N NY DY 8N N1 ad @9 VIN BDY al 1e

2 Y A a @ D s O P = & "o '
PM N UAINIUDN BU N LDTA L'E‘J‘V‘I 9N A LONY 31N Q;H I UUN Wl"lﬂlll‘l/ﬂslﬂ

Figure 8.4 Incorrectly pronouncing words.

However, some generations ieMath are incorrectly pronounced (INO2,
INO5, and IN35, Figure 8.4), for example, the wondifins (/sa-ma-gaan/, equation)”
is pronounced asau-uz-nu (/sOmma-gaan/) in INO3 and this word also appears in
seven math problems input shown in Appendix G.2. The syllaslg/foh/)” in the
word “Alansu (/gi-loh gram/, kilogram)” appears two times in INO5.the first time,
i-Math incorrectly pronounces asld (/I6h/)” but in the second time, it correctly
pronounces as 14 (/loh/)”. Another example, IN35, three words are incorrectly
pronounced: the worditarid (/fang-chm/, function)” as fls-%u (/fang-chan/), the
word “wriuiy (/pa-hu-naam/, polimomial)” as #e-viu-wm (/pa-hon-naam/jand the

word “nils (/néung/, one)” as fre-ils (/ha-néung/). The word il (/néung/, one)” is
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the same as the syllablda" (/loh/)” that isi-Math incorrectly produces in the first

time but correctly produced in the second time.

In example INO4 and IN33 (Figure 8.%)Math generated the incomplete

speech, some words are missing as shown in [ ].

4 [
Y Y Y Y Y Y
INO4  Sumiethnmaimas 30 1M AU 25%smmamu%mﬂmﬂma:ﬁum

) v S a4 a9 ¢ SY Y & v dl

OM  Fwdwiethnmdwag e &0 v ey 8 Ju 7 wesiwud Sudaimuaeiinmdwagh
M

A < f 4

PM  $wusnethamdwag e du 1 nanu [ Tule iy $udasmuieinmdwazn

UM

IN33 WMDY lim,, . (5 + E)

4

OM 2318 AllA Y94 ¥ U2 191y a09 w181 7 151 19110 Suiliia

Y
PM  qa1A1v04 8 wila v09 1 190 e a09 dan 18U 7t 18u [ Toudlua

Figure 8.5 Missing words.

i-Math generates the pronounced words and transliterated words instead of
their writing forms because it is aimed to increase the correct speech output. The
pronunciation patterns would be easy to be processed in the speech synthesis step (see
chapter 6). Both pronounced words and transliterated words are counted as the correct
words because those words are correctly pronounced and do not affect the meaning of
the math problem. According to the evaluation result shown in Table 8.4: 23 math
texts are correct which contain five pronounced words and 26 transliterated words.
The number of incorrectly pronouncing words is six words and the number of missing

words is three words.

Table 8.4 The evaluation results on 35 math problems.

Measurement Number of sentences / words
All correctly pronunciations 23 Sentences

Pronounced words 5 Words

Transliterated words 26 Words
Some incorrectly pronunciations 12 Sentences

Incorrectly pronouncing words 6 Words

Missing words 3 Words




Fac. Grad. Studies, Mahidol Univ. Ph.D.(Science and Technology Education) / 89

The correctness of pronunciations was measured by using the standard
measures including precision (P), recall (R) and F-score. The intelligibilitieslath
in each expression type are shown in Table 8.5: the results of each measurement with
the 90 — 100 %The logarithm, summation, and vector categoriesgmtethe best
correct pronunciation in row 6, row 8, and row 9, respectively. Total percentages of
Math performance are shown in row 12 with the 97.84% precision, 97.51% recall, and
97.67% F-score.

Table 8.5 Precision (P), recall (R) and F-score of i-Matbronunciations.

Expression types Precision (%) Recall (%) F-score (%)
Basics 96.43 94.19 95.29
Fractions 97.09 97.09 97.09
Powers 98.00 98.00 98.00
Trigonometry 95.51 95.51 95.51
Logarithms 100.00 100.00 100.00
Radicals 98.04 98.04 98.04
Summations 100.00 100.00 100.00
Vectors 100.00 100.00 100.00
Limits 98.25 96.55 97.39
Integrals 90.32 90.32 90.32
Total 97.84 97.51 97.67

Listeners’ Transcription

The utterance of each problem was played to the participants so that they
can transcribe what they have heard. To score results, the listener’s transcriptions were
compared with the original math problems in text forms. Descriptive statistics (mean
and standard deviation) of the missing, incorrect and correct word of each transcription
were calculated. Part of the calculations reported in Table 8.6. The number of missing
words of IN30 is very high since the speech of math problems is very long; therefore
the students were uncertain what should be written. The total in row 11 presents the
descriptive statistics of all 35 transcriptions. It indicatesitivath is able to produce
an acceptable speech output since the number of missing and incorrect words is low
(5.14%, sd = 2.00) while the number of correct word is high (93.92%, sd = 2.15).
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Table 8.6 Descriptive statistics of missing words, incorrect words and correct

words of some transcriptions.

_ Mean (n* = 14) Standard deviation (n = 14)
Variable
IN17 IN20 IN30 Total IN17 IN20 IN30 Total
Missing words (%) 0 2.08 31.11 5.14 0 5.10 17.80 2.00
Incorrect words (%) 0 0 6.67 1.67 0 0 8.17 1.58
Correct words (%) 100 9792 68.89 93.92 0 5.10 18.43 2.15

* n = number of participants

The number of correct words and correct position in the sentence was
directly counted and calculated in terms of precision (P), recall (R) and F-score (Table
8.7) as well. The highest intelligibility is found in the logarithm categories with
99.36% precision, 97.33% recall, and 98.33% F-score (row-Math can readily
recognize the logarithms, witHog, b” denoting “log b to base a”. All participants
correctly transcribed the simple logarithm (elggs; 8 =b in IN18). The more
complicated forms of the logarithms are recognized the element arizhsleeEven
though IN17 and IN19 contain the complicated logarithms, most participants can

correctly identify the element and the base.

Table 8.7 Precision (P), recall (R) and F-score of listeners’ transcriptions.

Expression types Precision (%) Recall (%) F-score (%)
Basics 96.69 90.50 93.49
Fractions 99.66 95.31 97.44
Powers 98.95 94.67 96.76
Trigonometry 98.42 93.45 95.87
Logarithms 99.36 97.33 98.33
Roots 98.81 91.46 94.99
Summations 98.47 92.80 95.55
Vectors 95.69 89.65 92.57
Limits 99.39 94.25 96.76
Integrals 100.00 92.59 96.15
Total 98.49 93.25 95.80

The vector category presents the lowest intelligibility with 95.69%

precision, 89.65% recall, and 92.57% F-score. All “vectors” were repeatedly read as
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“names (/wayk-dter/, vector)”, for example ten times in IN30. Thesentnos”

sounds distracted listeners from their attention. Moreover, IN30 is very long utterance
containing totally 45 words. In basic category, simple expressions (etglZyx= 220

and the decimals) can be correctly recognized by listeners, however, it could not reach
the topmost score intelligibility (96.69% precision, 90.50% recall, and 93.49% F-
score) since the utterances are too fast in Thai text parts. Thus, the listener can hardly
transcribe these utterances. Moreover, a few incorrect pronunciations in the Thai text
parts are caused the reduction of the intelligibility score. In overall intelligibility
results of the transcriptions, the listeners clearly understood the utterances produced by
i-Math with 98.49% precision, 93.25% recall, and 95.80% F-score as shown in the last

row of Table 8.7.

IN23 (a)
~ P ~
Generated speech: FIN-N-283 V94 19 AL IAE UG dIU 1N-V-893 V9l 19

(Squared root a minus one over the squared root a.)

“ G 1 i
Possible expressions: a = or e
IN26 (b)
@ 4 =& [ < o w o ] o @ =]
Generated speech: FU=1=TH VB IAH WU U 10U 9nN-N1-09 & aU 10U 8n=n1-a3 @04 1IN 10U

o 2 2 a a oaa
=AU W9 D9 DU-W-11-R
(Summation of one over # to the power four minus # squared form »

equal one to infinity.)
1

. : ; gl

Possible expressions: ;zlm or Z;zlg —n?

IN27 (c)
i ) \ g o Yy o 5. B g

Generated speech: SU=I3=FUW VB IAY TN AIY ADI 100U AU W NI-HUA g-N1-ad T8 9110 191

r Y =& 2 a a oa A
INT=NY WU 93 ﬂu-w-u-m
(Summation of three over two x minus five to the power / from i equal

one to infinity.)

Possible expressions:  Y,;_, ( < )ior e (ix - S)i or Mg (% - S)i

2X-5 2

Figure 8.6 Ambiguity of utterances.

However,i-Math can recognize the signs of radicals, with “” denoting
the square root, ¥ " denoting the cube root ¥ " denoting the fourth root, and so
on. All participants correctly transcribed the simple radicals (1.2 + V343 —
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V448 in IN20). The more complicateforms of radicalsare recognized the boundz
of roots. Even though IN23 and IN24 contain the complicated roots, most partic
can correctly indentify where thadicalends. However, in IN523 the transcriptic
show two different expressions carrying two meanings the same utteranc
illustrated in Figure 8.6a. It caused an ambiguoterance itself. Similar ambiguiti

appear in IN2@&nd IN27 questics as well (Figure 8.6b and 8.6c¢).

99 ~ 98.49
97.84 97.68

98 -
97 -
96 -
95 A

M i-Math pronunciations

94 - . -
Listeners' transcrlptlons

Percentage

93 A
92 -
91 -

90 -

Precision Recall F-score

Figure 8.7 Comparison of-Math pronunciationgnd listeners’ transcriptio

Comparing the intelligibility scores cthe i-Math pronunciation result
(Table 8.5) and listeners’ transcripts (Table 8.6) reveal in Figure 8.7. The precis
of listeners’ transcription (98.49%) is slightly higher tkithe i-Math speech output
(97.84%) It indicated that the listeners more exactly understand math problemr
by i-Math thani-Math performs because listeners have their math knowledge.
therefore can guess unfamiliar pronunciations or incorrect pronunciations |
surrounding contextOn the contrary, listeners’ transcription (93.25%) is lower
speech output (97.51%) in recall which means listeners less completely or pt
transcribe thani-Math performs. The reason is thdhe listeners particularl
concentrated on conveying the meaning of the utterances especially math expt
so they usually neglected linking words, e“ii (/téel, that, which, whc’, “a®84
(/kong/, of)”, and 910 (/jaak/, from)”. Based on the ietligibility results, we car

conclude thathe listeners can understand math problems reai-Math with their
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math knowledge and the context surrounding the math problems, altivddain

produces some incorrect pronunciations.

8.2.2 Overall Speech Quality Results

The subject tests of MOS and LES were carried out to measure the
perceived quality and the effort required to understand the meaning of speech
generated by-Math, respectively. The average scores of all rating in MOS and LES
are shown in Table 8.8. While each row presents the MOS and LES scores of math
problems in each concept (i.e. basics, fractions, and powers) separately, the last row
represents the total MOS and LES scores of all problems. The second column presents
the MOS scores while the LES is in the third column.

Table 8.8 MOS ofi-Math (1 = bad, and 5 = excellent) and LESi-@flath (1 = no

meaning understood with any effort, and 5 = no effort required)

Expression types MOS Score LES
Basics 3.40 3.29
Fractions 4.55 4.44
Powers 4.76 4.57
Trigonometry 453 3.94
Logarithms 3.87 3.75
Radicals 4.54 4.23
Summations 4.07 3.97
Vectors 2.87 2.94
Limits 3.93 4.28
Integrals 3.70 3.67
Total 4.02 3.91

The total MOS score (4.02 out of 5) indicates that the utterancedath
are good qualityHuang, et al., 2001). However, the MOS score otareguestions
are 2.87 because of the similar manner discussed in the previous section. Most LES
scores are in level 3 or 4 which mean that the listeners are able to understand the
utterances read byMath with slightly effort. Certainly, LES score of the vector items
is lowest value (2.94) which shows that the listeners required effort in listening to the

vector questions because of their very long utterances.
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8.2.3 User Satisfaction Results

We determined the blind and VI people’ perception on usefulness and ease
of use ofi-Math in a facility for their access to math materials as explained in section
8.1.3. Table 8.9 shows frequencies calculated on some questionnaire items responded
by teachers. It shows that the teachers had positive perception toward thei-use of
Math. All teachers agreed thaMath helped their students in reading math documents
sincei-Math allows a user to input the math documents in widely available forms.
Four teachers affirmed thatMath helped their students to pay more attentions in
studying mathematics. Most teachers will uddath in their classes and certainly

recommend it to others. The following are some of their remarks.

Table 8.9 Frequencies of questionnaire items responded by teachers.

Questions Strongly Agree Neutral Disagree Strongly
agree disagree
I would find thati-Math helped my students in3 3 0 0 0
reading math handouts, exercises and tests.
I would find thati-Math helped my students t 1 3 1 1 0
pay more attentions in  studyir
mathematics.
I would find thati-Math was helpful to useO 4 2 0 0
with the effective available math CAI.
| would find thati-Math could enhance th 1 3 2 0 0
ability of my students in studying on the
own.
I would find thati-Math was easy to use. 3 2 1 0 0
| am willing to usa-Math in my class. 5 0 1 0 0
| will recommend-Math to others. 6 0 0 0 0

“I do not know Braille for mathematics well seMath is good for me
because | can prepare the math lessons easily.”

“I can type all math expressions on a regular editor and my students can
usei-Math to read them. My students can practice exercises on their own. However, it
is new to me. If | have more time to work on this tool | should be able to make it do

whatever | want to do easier.”

Table 8.10 summarized the frequencies calculated on some questionnaire
items responded by students as percentages of the totals. It indicates that 79 % of the
students agreed thatMath helped them in reading math expressions. 66 % reported
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that i-Math reduced time consuming in doing their homework and exercises. The
majority of the students found theMath is a usable tool and will recommend it to

others. Some suggestions from the students for further improvement are following.

Table 8.10 Frequencies of questionnaire items responded by fourteen students.

Questions Strongly Agree Neutral Disagree Strongly
agree (%) (%) (%) disagree
(%) (%)
I would find that i-Math helped me to rea@1 58 16 5 0
math expressions.
| would find thati-Math helped me to pa 29 27 30 14 0
more attention in studying.
| would find that i-Math reduced time 22 44 13 15 6
consumed in practicing mathematics.
| would find thati-Math was useful. 35 50 15 0 0
| would find thati-Math was easy to use. 27 44 10 18 1
| am willing to usei-Math in studying 36 24 28 12 0
mathematics.
I will recommend i-Math to my friends. 54 19 21 5 1

“I do not like mathematics, butMath is good for me. | felt comfortable
when using i-Math to read math problems, it made distorted voice sometimes though.
If i-Math can produce a better Thai pronunciation, it will be good for any blind people

in learning mathematics.”

“It is difficult for me to try to remember whatMath says and | felt a little
bit uncomfortable using it. However, | thimdVath is a very good system in helping

me to learn mathematics.”

“I am low vision.i-Math is an interesting system that can help my friends
who are blind to learn mathematics. HowevieMath should produce the better
pronunciations. For complicated math expressions, the system should allow us go

backward and go forward | need re-listening to understand and take a note.”
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CHAPTER IX
CONCULSIONS

We propose an intelligent mathematic$/@th) approach to read the math
expressions in Thai. We implemented the automatic mathematics accessibility system
based on our approach, intended for being a mathematics educational tool for the blind
and visually impaired (VI) students. The summary ofithath approach is given in
section 9.1. The possible further works are discussed in section 9.2

9.1 Conclusions

Blind and VI students have difficulties in learning mathematics not
excluding the Thai blind and VI students. One alternative way to assist them is the
text-to-speech (TTS) technologies with the capability to read the math expressions out
loud. However, none of available TTS can read the math expressions in Thai. We also
surveyed the requirements in using TTS with the capability to read the math
expressions in Thai as discussed in chapter 3. This survey can be concluded that the
Thai blind and VI students needed a tool to help them in learning mathematics,
especially in reading the math handouts, exercises, and assignments. Therefore, we
proposed-Math, a tool to enable the Thai blind and VI students independently and

comfortably study and practice mathematics.

To implementi-Math, we have investigated the structure of math
expressions in terms of syntax and semantics to produce the correct, concise, and clear
Thai speech. Our investigation leaded to the set of rules to complete reading and to
convey the same meaning of the original math expressions in Thai. The reading rules
are composed of the addition of the necessary words in the correct position and the
rearrangement of the element orders of the expression. The math expressions and their

reading rules are introduced in chapter 4. We have introduced an eXtentensible
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Markup Language (XML) and its applications in chapter 5. These markup languages
were used to transform the non-linear expressions into the linear forms for easily

processing.

The implementation of theMath systems is demonstrated in chapteir 6,
Math is comprised of four major components: XML Extraction, MathEx Structure
Analysis, Math-Thai Mapping and Speech Synthesis. The XML Extraction separates
out an XML file from an input document. The MathEx Structure Analysis adds the
necessary words required in reading the math expressions. The Math-Thai Mapping
replaces all non-Thai alphabets with their Thai pronunciation patterns. The Speech

synthesis generates the corresponding Thai speech for all Thai pronunciation patterns.

The evaluation results are concluded in chapter 8. The evaluations of
Math were conducted with sighted, blind, and VI students and their teadliners.
Math system was tested and evaluated in three aspects: intelligibility, overall speech
quality, and user satisfaction. The intelligibility results indicated tHdath can
generate the understandable pronunciations for Thai math text. In overall speech
quality results, the utterances readi{ath are good quality and understandable with
slight effort rating by the students. The user satisfaction questionnaire indicated that
the teachers and the students had positive perceptions toward the ubatbf
because math materials could be easily accessible for the blind and VI students
through i-Math. Then, the students can independently and comfortably study and

practice their mathematics.

With the capability to access math materialglath can help the blind and
VI students in learning mathematics better since the students can conveniently and
individually practice and study mathematics on their own. MeanwhkN&gth can be
applied to promote educational technology in a mathematics classroom.

9.2 Discussion and Further Works

Several issues presented in this thesis require further works. The MathEx

Structure Analysis module can be extended to resolve the reading ambiguity of some



Wararat Wongkia Conclusions/ 98

expressions, e.g2**> and 2* + 5. In doing so, the extra word additions must be
revised, and the prosody information must be considered. To produce the concise and
clear Thai speech we carefully select the extra words to add in the complete reading.
To solve a kind of this problen2**> and2* + 5, if we add the more extra words to
identify the end of the expression. Either the watd {/bpit/, close)” or the word #u

(/jop/, end)” is the choices. However, we need reseanet which the word is
appreciate and where the word should be placed because these words do not normally
use in reading a math expression. Otherwise, if we use the prosody, the pitch change
alone does not help in clarifying the meaning of the math expressions in Thai because
Thai language is a tonal language. Different tones result in different words with
different meanings. Once, more researches are needed on what and which prosodic

parameters are required to read these expressions.

Moreover, the ability of-Math should be enhanced to indentify brackets
(e.g., (), {} and [ ]). For example, the notatiofa,“b)” in the mathematics meaning
can represent “an interval of numbers betweandb” and is often used to denote “an

ordered pair’ depended on its surrounding context.

To enhance the capability of Math-Thai Mapping rules, the mapping
algorithm should be revised especially for the multiple characters since the mapping
rules currently map one by one character. Further research is needed to determine
when and which the multiple characters are required for the word mapping. For

degree°C +32

example, x = , the multiple character dégree’” should map to its

pronunciation §-n3 (/dee-gree/, degree)”.

The sound unit database coverage is currently limited, especially for
transliterated words or loan words. When those sound units are fulfilled the database,

the more correct pronunciations are increase.

Additional research is also required to explore the math expressions format
on Webpage e.g., MathML. It is possible to extend i-Math to read the math expressions
in MathML format since the structure of XML for an MS Word format and MathML

are similar.
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APPENDIX A
RESEARCHERS, TASKS, APPROACHES, AND TECHNIQUES
OF TEXT-TO-SPEECH SYSTEMS

This appendix illustrates the researchers, tasks, approaches, and techniques
applying for the TTS system, discussed in section 2.2. Groups of researchers and
publication years are shown in the first column. Types of tasks are shown in the

second column, and approaches or techniques are shown in the third column.

Researchers Approaches/techniques

Saravari & Imai (1983)

Text-to-speech Tasks
Prosody analysis

Pitch contour, Polynomial of 3rd order
Duration, Rules
Stress level Power of the spectral envelop component

Concatenate rules {demisyllable} &

Reyes (1987)
Nuntoyakul (1990)

Kiat-arpakul, et al. (1995)

Luksaneeyanawin (1995)
Narupiyakul, et al. (1999)
Chotimongkol & Black

(2000)

Khumya, et al. (2000a,

2000b)
Meknavin & Kijsirikul
(2000)

Mittrapiyanuruk et al.

(2000a)

Speech synthesis
Speech synthesis

Speech synthesis

Speech synthesis

Speech synthesis
Phonetic analysis

Phonetic analysis

Phonetic analysis

Text analysis &
Phonetic analysis

Prosody analysis
Tone

Duration

LMA digital filter
Concatenate rules {word} & LPC
Concatenate rules {word} & LPC
Concatenate rules {demisyllable,
phoneme}
POSLA
Rules
CART, N-gram model & Rules

Rules

Confusion set, WINNOW & Collocation
strength

FO Downdrift and Coarticulation

Rules
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Researchers Text-to-speech Tasks Approaches/techniques

Mittrapiyanuruk & Text analysis

Sornlertlamvanich (2000) Sentence POS trigram
segmentation

Charoenpornsawat & Text analysis

Sornlertlamvanich (2001) Sentence WINNOW & POS trigram
segmentation

Tarsaku, et al. (2001) Phonetic analysis PGLR parser

Aroonmanakun (2002) Text analysis

Word segmentation Dictionary, Trigram model & Collocation

strength
Pansombat, et al. (2002) Speech synthesis Concatenate rules {demisyllable} & TD—
POSLA
Seresangkul & Takara Prosody analysis
(2002) Pitch contour Fujisaki’'s model
Duration Linear interpolation
Khruahong, et al. (2003) Text analysis
Syllable Rules
segmentation
Seresangkul & Takara Prosody analysis
(2003) Pitch contour Fujisaki’'s model
Duration Non linear least square error fitting curve
Mixdroff, et al. (2003) Prosody analysis Fujisaki’'s model & Corpus — based FO

Tesprasit, et al. (2003a) Text analysis & Phonetic POS tagging & WINNOW

analysis
Tesprasit, et al. (2003b) Text analysis
Phrase, Word POS tagging, Trigram model & C4.5/
segmentation RIPPER
Aroonmanakun, et al., Phonetic analysis Dictionary & Rules
(2004)
Aroonmanakun & Text analysis Trigram model & Viterbi algorithm
Rivepiboon (2004) Phonetic analysis Dictionary + Rules
Inthavisas, et al. (2004a,  Speech synthesis Articulatory model
2004b)
Hansakunbuntheung & Prosody analysis

Sagisaka (2004) Duration Linear regression
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Researchers

Text-to-speech Tasks

Approaches/techniques

Seresangkul & Takara
(2004)

Narupiyakul, et al. (2005)

Saiyod, et al. (2005)
Charoenpornsawat &
Schultz (2006)
Tumtavitikul &
Thitikannara (2006)
Thangthai, et al. (2006)

Rugchatjaroen et al. (2007)

Thangthai, et al. (2007)

Chomphan & Kobayashi
(2008)

Prosody analysis
Pitch contour

Speech synthesis

Phonetic analysis

Speech synthesis

Speech synthesis

Phonetic analysis
Prosody analysis
Phonetic analysis
Prosody analysis
Text analysis
Word segmentation
Prosody analysis

Prosody analysis

Speech synthesis

Fujisaki's model

Rules

Rules

Concatenate rules {demisyllable, phoneme,
diphones} & TD—PSOLA

Formant model

Example — based approach

Rules & ToBI

Statistical approach, N — gram model &
Rules

CART & Linear regression

POS tagging & CART

Linear regression

Decision tree based context clustering
technique

HMM model
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APPENDIX B
AN INTERVIEW FOR SURVEYING BLIND AND VISUALLY
IMPAIRED STUDENTS’ REQUIREMENT FOR THE TEXT-
TO-SPEECH ACCESS TO MATHEMATICS

This appendix illustrates the verbal interview items to determine blind and
visually impaired (VI) students’ requirements for the text-to-speech (TTS) access to
mathematics, discussed in section 3.1. This interview consists of two parts: (1)
students’ background characteristics and (2) students’ experiences of using existing
TTS systems to access mathematics and students’ requirements for using TTS with the

capability to read math expressions in Thai in their mathematics study.

Interview
Part 1 Students’ background characteristics
1. Personal information (sex, age, educational level and visual
impairment)
Do you have a personal computer to use at home?
What platform do you use?
What computer software and supporting devices do you use with the
computer?
5. What programs can you use? (Word, PowerPoint, Excel, Equation,
PDF, Internet Explorer (IE), PPA TATIP, VAJA, Winam, Media
Player, and Others)
6. Do you have experience using the Internet? If you have
6.1 How long have you used the Internet?

6.2 For what purposes do you use the Internet?
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Part 2 Students’ opinions toward TTS to read the math expressions.

7.

10.

11.
12.

13.

14.

15.

16.

17.

Do you ever use a screen reader or text-to-speech (TTS) system? If
yes, what software do you use?

Do you ever use an automatic mathematics reader system to read math
expressions? If yes, what software do you use?

What languages of that system do you ever use to read math
expressions?

What do you think of the contributions of the system that read math
expressions in Thai?

What do you think of the contributions of such system for you?

In studying mathematics, what do you want from the instructional
media?

How dose such system help you to study mathematics?

Do you need such system in your stdynathematics? If yes, why?
What do you think of using such system in your study of
mathematics?

If i-Math, an automatic mathematics reader system to read math
expressions in Thai, is developed, do you want to use such system?

What suggestions have you to produce and promote such a system?
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APPENDIX C
THAI PRONUNCIATION PATTERNS OF ENGLISH AND GREEK
ALPHABETS AND SOME MATHEMATICAL NOTATIONS

This appendix contains Thai pronunciation patterns of English and Greek
alphabets, and some math notations discussed in section 4.2. The alphabets and
notations are shown in the first and fourth column. Each transcription pattern is shown
in the second and fifth column, and their descriptions are shown in the third and sixth

column, respectively.

Notations Thai Description Notations Thai Description
a 10 A 10 1vq) -
b i1 - B 11ng) -
c a - C ¥ 1vig) -
d A - D Alng -
e 9 - E o lng -
f oWl - F o 1vigy -
g D - G Vg -
h 10% - H SRR -
i o - I lolwnqj -
j 19 - J wlng -
k 0 - K YT -
I 1oa - L uoalng -
m 1B - N Bulva) -
n U - M Bulvia) -
o To - o) Tolvgy -
p # - P Wlngy -
q i - Q A lna -
r 015 - R 919 1nq) -
s rod - S tod ng -
t i - T gy -
u 7 - U glvig) -
v B - % g -
w auiiag - w autiaglng -
X 1B - X 1N g -
y M0 - Y PRCANTY -
z 1y - z tesa 1vay -
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Notations Thai Description Notations Thai Description
A« woavh Alpha B, B Wd Beta
T,y UM Gamma A, S 1nad Delta
E ¢ lFaou Epsilon Z.C F& Zeta
H, n 6Ly Eta 0, 0 i Theta
I ToTod lota K« nih Kappa
AL waum Lambda M i Mu
Nv i Nu ¢  lw Xi
0,0 Toiinsou Omicron Nn W Pi
P,p 13 Rho ¥,¢06 @ Sigma
T,t nn Tau Y, v SFaou Upsilon
(D, (0] W Phi X' X Ilﬂ Chi
Y, vy vl"lf Psi Qo I'EJHJT?])'] Omega
7 1IN Plus - a1, i1 Minus, to
t 170 Al Plus or minus T av vIn Minus or plus
X e Time, * ADN-IU Star
i multiplied by
aal Time = WS-8 Divided by
/ T Over, slash = W-f Equals, equal to
# Ty Not equal to ~ ) Be asymptotic
to
W ua)3-Au-a39 ?e proportional = im1-fu-yn-ilse-  Be congruent to
0
13
= Au-ya Equivalent to, ~ e Nearly equal to
N identical with
> 1A-n1 Greater than < TN Less than
2 n-nn-  Much greater « o1 fles-  Much smaller
than than
N N
> 1I-A11 15 e Greater than or < Jou-nn nie Less than or
equal to equal to
-N M-
% nlos-1dud FErCE ° 99-AN Degree
°F 09-A-W-15U- Degree °C o-f-wadeg  Dedree Celsius
Fahrenheit
g
) to 1,11 VUL Parallel to
NT1Z-RTiUY Therefore li-50u-1500 Soon
L -an Be % ST Infinity
perpendicular tg
DU-LAD -1 Intersect U eilon Union
Voiafly-syage  NOt contained c Gk Be a subset of

In
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Notations Thai Description Notations Thai Description
c il u-F - Be not a subset E Fheauidn Be an element
) of or equal to of
139 1N1-NY
2 li-tu-aangn  Benotan a 1 Angle
element of
%) 150 19 Null set




Fac. Grad. Studies, Mahidol Univ. Ph.D.(Science and Technology Education) / 117

APPENDIX D
XML REPRESENTATIONS OF MATHEMATICAL ELEMENTS
AND THEIR SYNTAX

This appendix contains math elements and their syntax in an XML format,
discussed in section 5.1 and 6.2. The following elements used in this research are
provided (see full details at Paoli et al., 2006). Their features are shown in the first
column. Each description is shown in the second column, and their parent elements

and child element are shown in the third and forth column, respectively.

Features Description parent elements  **Child elements

Ym:acc Specify the accent function, consisting of:deg, m:den, m:accPr, m:e
a base and a combining diacritical mark:e, m:fName,
(e.g.,a,d anda). m:lim, m:num,

m:oMath, m:sub,

m:sup
m:accPr Specify the properties of the Acce m:acc m:chr
function (m:acc).
m:begChr Specify the beginning or openingn:dPr m:val
delimiter character (e.g., ‘C, T, { and
1)
m:chr Specify the character to be attached m:accPr, m:val

the base of and accent objeet:{cc), m:naryPr
and an n-ary operatom(nary). When

the parent element is:accPr, the m:chr

value should be the specific codes
diacritical marks such as, - and
When the parent element ia:naryPr,
the m:chr value should be an n-ai

operator such dsY. and[].

2 parent and child elements used in this research are provided in this appendix (see Baallsestal., (2006)

13 Elements in XML which begin withm:" are math elements while arbitrary or literal text start witH.*
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Features Description parent elements  **Child elements

m:d Specify the delimiter object, consistingn:deg, m:den, m:dPr, m:e
of opening and closing delimiters and am:e, m:fName,
element contained inside. The delimitem:lim, m:num,
may have more than one element, with @:oMath, m:sub,
designated separator character betweensup
each element.

m:deg Specify the degree in the math radic m:rad m:acc, m:d,

This element is optional. When deg is m:egArr, m: f,

omitted, the square root function m:func,

assumed. m:limLow,
m:nary, m:oMath,
m:r, m:rad,
m:sSub, m:sSup

m:den Specify the denominator of a fraction. m:f m:acc, m:d,

m:eqArr, m:f,
m:func,
m:limLow,
m:nary, m:oMath,
m:r, m:rad,
m:sSub, m:sSup
m:dPr Specify the properties ah:d, including m:d m:begChr

the enclosing and separating charact

and the properties that affect the shape

the delimiters.

m:e Specify the element of several functions:acc, m:d, m:acc, m:d,
including the base of math object, then:eqArr, m:func,  m:eqArr, m:f,
elements in an array. m:lomLow, m:func,

m:nary, m:rad, m:limLow,

m:sSub, m:sSup m:nary, m:oMath,
m:r, m:rad,
m:sSub, m:sSup

m:eqArr Specify the Array object, an obje m:deg, m:den, m:e

consisting of one or more equatior m:e, m:fName,
expressions, and other math text rt m:lim, m:num,
(m:r) that can be vertically justified as m:oMath, m:sub,
unit with respect to surrounding text ¢ m:sup

the line.
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Features Description parent elements  **Child elements

m:f Specify the fraction object, consisting ofn:deg, m:den, m:den, m:num
a numerator and denominator separateae, m:fName,
by a fraction bar. The fraction bar can be:lim, m:num,

horizontal or diagonal. m:oMath, m:sub,
m:isup
m:fName Specify the name of the function in tt m:func m:acc, m:d,
Function-Apply objectr:func). m:eqArr, m:f,
m:func,
m:limLow,
m:nary, m:oMath,
m:r, m:rad,
m:sSub, m:sSup
m:fPr Specify the properties of the fractiomm:f -

object. Properties of the Fraction object
include the type or style of the fraction.
m:func Specify the Function-Apply objec m:deg, m:den, m:e, m:fMane
which consisting of a function name ai m:e, m:fName,
an argument element (m:e) acted upon m:lim, m:num,

m:oMath, m:sub,

m:sup
m:lim Specify the lower limit of then:limLow m:limLow m:acc, m:d,
object and the wupper limit of the m:eqArr, m:f,
m:limUpp function. m:func,
m:limLow,
m:nary, m:oMath,
m:r, m:rad,
m:sSub, m:sSup
m:limLoc Specify the location of limits in n-ar m:naryPr m:val
operators. Limits can be either cent
above and below.
m: limLow Specify the  Lower-Limit  object, m:deg, m:den, m:e, m:lim

consisting of text on the baseline aneh:e, m:fName,
reduced-size text immediately below it. m:lim, m:num,
m:oMath, m:sub,

m:sup
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Features Description parent elements  **Child elements
m:nary Specify an n-ary object, consisting of am:deg, m:den, m:e, m:naryPr,
n-ary object, a base or operand, and:e, m:fName, m:sub, m:sup
optional upper and lower limits. m:lim, m:num,
m:oMath, m:sub,
m:isup
m:naryPr Specify the properties of the n-ary obje m:nary m:chr, m:limLoc
including the n-ary operator charact
(e.g.,], X and[l), and the location o
limits.
m:num Specify the numerator of the Fractiomn:f m:acc, m:d,
object n:f). m:eqArr, m:f,
m:func,
m:limLow,
m:nary, m:oMath,
m:r, m:rad,
m:sSub, m:sSup
m:oMath Specify an instance of math text. / m:deg, m:den, m:acc, m:d,
math text include equations, expressio m:e, m:fName, m:eqgArr, m:f,
arrays of equations and formuli m:lim, m:num, m:func,
represented by:oMath blocks. m:oMath, m:sub,  m:limLow,
m:sup m:nary, m:oMath,
m:r, m:rad,
m:sSub, m:sSup
m:r Specify a run of math text. m:deg, m:den, m:t
m:e, m:fName,
m:lim, m:num,
m:oMath, m:sub,
m:sup
m:rad Specify the radical object, consisting ol m:deg, m:den, m:deg, m:e
radical, a basen{:e), and an optiona m:e, m:fName,
degree ifn:deg). m:lim, m:num,
m:oMath, m:sub,
m:sup
m:sSub Specify the subscript object whichm:deg, m:den, m:e, m:sub

consists of a basenfe) and a reduced- m:e, m:fName,
size (n:sub) placed below and to them:lim, m:num,
right. m:oMath, m:sub,

m:sup
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Features Description parent elements  **Child elements
m:sSup Specify the superscript object, whichn:deg, m:den, m:e, m:sup
consists of a base (m:e) and a reducegte, m:fName,
size (n:sup) placed above and to them:lim, m:num,
right. m:oMath, m:sub,
m:isup
m:sub Specify the subscript of subscript objec m:nary, m:sSub m:acc, m:d,
m:eqArr, m:f,
m:func,
m:limLow,
m:nary, m:oMath,
m:r, m:rad,
m:sSub, m:sSup
m:sup Specify the superscript of superscripi:nary, m:sSub m:acc, m:d,
object. m:eqgArr, m:f,
m:func,
m:limLow,
m:nary, m:oMath,
m:r, m:rad,
m:sSub, m:sSup
m:t Specify the arbitrary text includink m:r -
English alphabets, numbers, me
operation sign (e.g., +, —, #,), Greek
alphabets and so on.
m:val Specify a value used by the parent:begChr, m:chr,
element such as delimiter characters:limLoc
fraction bar, and limit positions.
w:body Specify the contents of the body of t w:document m:oMath
document.
w:char Specify the hexadecimal code for t w:sym -
Unicode character value of the symk
(w:sym).
w:document Specify the contents of a main docum - w:body

w:p

part in a WordprocessingML document

Specify a paragraph of content in t w:body
document.

Specify a run of content in the paragraj w:p

m:oMath, w:r

w:rPr, w:t
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Features

Description 2parent elements

12Child elements

w:rPr

w:sym

w:val

w:vertAlign

Specify a set of run properties which isv:r
applied to the contents of the parent run
after all style formatting has been applied
to the text.

Specify the presence of a symkt w:r
character at the current location in t

run’s content. A symbol character is
special character within a run’s conte
which does not use any of run fonts.

Specify literal text displaying in thew:r
document.

Specify the types of vertical alignme w:vertAlign
applied to the contents of the run te
(w:r). The value of w:val can be
subscript or superscript.

Specify the alignment which is applied tav:rPr
the contents of this run in relation to the
appearance of the run’s text. It allows the
text to be repositioned as subscript and
superscript without altering the font size

of the run properties.

m:oMath,

w:vertAllign

w:char
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APPENDIX E
MATHEX RULES

This appendix illustrates a fragment of MathEx Rules, discussed in section

6.2 in the XSLT representation style. The different expressions have different rules to

add necessary words and place in the right locations.

E.1 A fraction

Three words, iy (/sayt/, numeratoy’ or it pronunciation laa (/sayt/,

numeratoy’, “ a2y (/suan/, denominatof, and “Navua (/tang-mot/, all)”, are required

to clarify a fraction meaning.

10 «!-- ======= Fraction: add thsound tags into the math fraction == ==
11 <xsl:template match="m: ">

1z <xsl:copys

13 <xsl:choosex

14 <xzl:when test="./ m:flr/m: typel@n: val="noBar"] ">

15 <xzl:for-each select=", ‘m:num™:>

16 <xsl:apply-templates match="m:&"/ >

17 </xsl:for-eachs>

15

19 <xzl:for-each select=", ‘m:den":>

z0 <thsound> Wen </ thasounds>

Z1 <xsl:apply-templates match="m:&"/ >

z2z <fxsl:for-eachs>

23 </x=l:when>

24

25 <xsl:otherwises>

Z6 <xsl:for-each select="./m:num">

z7 <!—— starting word for a m:num —->

25 <thsound> @A </ thsound>

29 <xsl:apply-templates match="m:&"/ >

3a

31 <!—— boundary word for a m:muon——>

3z <xsl:choozsesr

33 <wsl:when test="chkild::m:rfpositiony)=1]">
34 <xsl:ivariable name="level "

35 select="count (. mrr)"/ >
36 <!—— count mir -->

37 <xZliif test=s "flevel r dgt/=2"s

38 <thsound> 4 %R </ theounds

39 <fualiifs

40 <xzlirif test="following-sibling!:m:f
41 of following-sibling: :m:oMath
42 of following-sikling::mirad
43 or Ffollowing-sibling: :m:sSup
44 or following-sibling: :m:sSub

45 op following-sibling: 'm:func
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45 or following-sibling: !m!nary
47 or following-sikling: :m:d™
45 <thsounds> H4wIR </ thsounds

49 <fuslrifs

50 </®sl:iwhens

51= <xsl:otherwisex

52 <thsound> 1 ¥R </ thsounds>

53 </xsl:othervises

54 </xsl:chooses

55 <fxsl:for-sachsr

=1

57 <xsl:for-esach select=",  ‘m:den">

ats] <!-- starting word for a den =-->

59 <thsound> dm </ thsounds

&0 <usl:iapply-templates match="m: t"/ >

61 </xzlifor-sachs>

62 </u=zliotherwiser

63 </x=l:chooser

64

65 <thaound:># </thsound:>

66 </xslicopy>

&7 </xsl:templates

65 «!-— ========= End Fraction ==== === ——&

E.2 A radical

Two words, 10 (/raak-tee/, roo)” and “veq (/kong/, of)”, are required to
clarify the " root meaning. Otherwise, the phrasem‘ﬁ (/réak-tee sag kang/,

squared root is required to clarify the squared root.

70 «!-— ======= Radical: add thsound tags into the math Radical == == ==== -
719 <xzl:template match="m:rad™

7z <xzl:icopy>

k= <usl:for-each select=". /mrdeg™s

e <¥sl:choose:r

- <¥zliwhen test="#M-ol-—'node'elewment has child elements—->
TE “<l——bheginning m:deg word for a root-—->

77 <thsound> 10§ </thsounds>

=] <xsl:apply-templates match="m:t"/>

79 <thsound> v84 </thsound>

s0 </x=l:vhen>

g1

Sz <xsl:iotherwise: <!-— doesn't have child elements——>
53 < !——heginning w:deg word for & sSguare root-->

=51 <thsounds 97 d84v84 </ thsounds>

g5 <Hsliapply-templates match="m:t"/>

g6 </xsl:iothervisesr

g7 </xslichooses

=1 <fxslifor-eachs

g9

0= <xsl:for-each select=". /mre">

91 <xal:apply-templates match="m:t"/ >

oz <fxsl:for-sachs>

93 <thsound># «</thsound:>

o4 <fualicopyr

=11 <f®slitemplates

96 «!-— ========= End BRadical ===== == == == == ==== ——x
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E.3 A superscript or a power

Three words, #nnas (lyok-gam-lang/, to the power)” andi$nua (/tang-

mot/, all)”, are required to clarify an exponentiatimeaning.

a9 <xslitemplate match="m:sSup ™=
R u ] <xslicopys
101 <xsl:ifor-each select=". /m:e">
10z <usl:apply-templates match="m:t"/ >
103
104 <!—— boundary word for a base of sSup-—->
105 <xzl:choose:x
106 <uzl:vhen test="child:!:m:rfposition()=1]">
107 <®zl:variable name="lerel a"
108 select="count (. mr)"/ >
109 <!—— ocount mir --x
110 <xsl:if test= "§level e &gt ,=2"r
111 <thsound> 14 ¥#A </ thsound>
11z </xsliif>
1137 <xsl:if tesc="following-sibling::m:f
114 or following-sibling::m:oMath
115 or following-sibling: rm:rad
116 or Ffollowing-sibkling: :m:sSup"s
117 <thsound> #14 %P </ thsounds>
118 <fxzl:if>
119 </x=3l:vwhen>
1z20% <¥sl:otherwize>
121 <thsound> ¥4 ¥ </ thsound>
12z </xsl:otherwvise:>
123 <fxsl:choosesr
124 <fxsl:for-eachs
1z5
126 <xzl:for-each select=". /m:aup =
127 <!-— starting word for a index of superscript —->
128 <thsound> #1843 </ thsound>
129 <uzlrapply-templates match="m: "/ >
130 <fxzl:for-eachs>
131 <thsound># </ thsound:>
13z <fHslicopys
133 <fHslitemplates

E.4 A subscript

One word §1u (/tdan /, base)” or its pronunciatiomfu (/téan /, base)”
which means a base are required to clarify the meaning of base number (e4., 4302
7006%). However, no word is required to clarify a subscript meaning if the base is not

a number.
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1357
13a8%
137
133
139
140
141%
142%
143
144
145%
1468%
147
145
149%
150
151
152
153
154
155
156
157

<Hzl:template match="m:sSub™
<xsl:copy>
<xsl:for-each select="./m:e">
<xal:apply-templates match="m:t"/ >
</x=sl:for-eachs>

<xsl:for-esach select="./m:sub"™>
<!—-- starting word for subscript, then have to check whether the content inside
mig/mit is number (if yes substitute '’ for 'sub', if no delete 'sub' -->
<xzlivariable name="hase" select = "preceding-sibling: rmeeldescendant:imit” >
<xsl:choose:>
<¥zliwhen test=s "stringinumber(fhase)) = "NaN'"s

<thsound> <«/thsound:>
<fu=sliwhen>
<xsl:otherwisex
<thaound:> a1 </ thsound:>
</wzl:otherwises
</u=lichooses
<xsl:apply-templates match="m:t"/>
<fx=zl:for-eachs>
<thsounds# </thsound:>
</xsl:icopys>
</xslitemplates

E.5 Other function names

Functions such as “lim”, “min”, “max”, “log”, “In”, and trigonometric

functions requires special words to complete reading as discussed in section 4.2.

161 <!--

1627
1637
1647
1657
1667
1677
1657
1697
170%
171
17z
173
174
175
17a
177
17a
1i7a
150
151
1gz
1537
154
185
156
187
153
189
190
191=
19z%
193=
194%

= Function name ==
<xsl:template match="m:func">
<xsl:copys
<xzl:for-sach select=". /m:FfName">
<xzl:choosex
<x3l:when test="child: m:linLow">

<xzl:for-sach select=". /m:limlow™>
<x3l:for-each select="./m:e">
<thsound>

<xsl:choosex
<xzl:when test="_/ m:r/m:t[.='1im"]"> &wia </ x=l:when>
cxsl:vhen test="./ mrr/metl.='mint] " Sudd </xsl:vhens
<x=zl:vhen test="./m:r/m:t[.="max"]"> uﬂﬂﬁﬁm<£xsl:when>
</x=sl:chooses
</ thsound>

<xzl:for-each select="./ ancestor: m: fName/following-sibling: 'me>
<thsound> w84 </thsound:>
<xzliapply-templates match="m: "/ >
</x=sl:for-each>
</uzl:for-sachs>

<x3l:for-each select="./m:lim">
<thsound> i </ thsounds>
<xzliapply-templates match="m: "/ >
<fx=sl:for-sachs>

<fxsl:for-eachs
</u=sl:when>

<xzliwhen test="child::m:r">
<xslifor-each select=", / m:r">
<thsounds>
<xzlichoozes
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195 <xzlivhen test="./mrt[.="log']™ 880 </usl:vhens

198 <uzl:when test="./ m:t[.="1n']" wi W4 Ban </ ®=l:when>
197

195 <xsliwhen test=",/m:t[.='sin']" wwi</xsl:vhens

199 <xsl:when test="./m:t[.="cos']"™ fad </xsl:vhen>

200 <xsl:when test="./m:t[.="tan']"™ wnu </ xsl:uhens

z01 <xsliwhen test="./m:t[.='csc']" lawn </xsl:when>

z0z <x=liwhen test=",/m:t[.='sec']" \@1</xsl:vhens

2035 <xsl:when test="./ /m:t[.="cot']"> von </xsl:when>

204 </u=sl:chooses

205 </ thsounds

208

2079 <xal:for-each select=". /ancestor::m:fName/following-sibling: e
Z08 <xzl:apply-tenplates match="m:t"/ >

z0e </mslifor-eachs

210 <fx=zl:for-eachs>

211 </wal:when>

21z

213%= <msl:when test="ckild::m:sSub™

214% <x3l:for-each select=",  m:raSub">

215% <xsl:for-each select="./m:e">

2165 <thsound:>

Z217= <xsl:choosexr

218 <xsliwhen test=", /m:esm:t[.='log']™ Ho </x=l:whens>
219 </®sl:ichoosex

zz0 </ thsound:>

221%= <xzl:for-each select=". ancestor: :m:fName/Ffollowing-sibling: im:e™>
ZZ2 <x3l:apply-templates match="m: t"/>

223 </xsl:for-each>

224 <fuslifor-eachs

225

zzg”= <xslifor-each select="./ /misub">

227 <thsound> am </ thsound>

225 <xsliapply-templates match=". /miz/m:t"/ >

229 </xsl:for-eachs>

230 </uslifor-each>

231 </ xzl:vhens

23z </xslichooses

233 <fxslifor-eachs

234 <thsound># </thsounds>

235 <fxsl:icopyr

236 </®sl:templates

237 «!-- ========= End Function ==== == == == == === —=x

E.6 An accent

Particular alphabets appear above characters to

indicate a vector, a ray, an

angle, and a straight line, discussed in section 4.2.

239 «!-- ======= hpcent == == ==== ==
Z40= <xslitemplate match="m:acc™>

241= <x3l:copy>

2425 <xzl:for-each select=" "

243 <xsl:chooses

2447 <xsl:when test=",/m:accPr/m: chel@a: val="}]"

245 <usliapply-templates match="m:t " >

246 <thsound> #1 </thsounds

247 </x=l:whens>

245

249 <xzl:otherwisex

z250% <xzl:for-each select=".  mraccbr™

251% <xzl:chooses

252 <xzl:when test="child::m:chrl[position()=1]">
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2583 <!—-test thiz node has m:chr has the first element-->
254% <xzl:for-each select="./m:chr">
2557 <thsound:>
2587 <xzlichoose>
2578 <xsl:yhen test="@m:yal="":
258 <xsl:ivarishle name="bhar"
ZE59 select = "./parent:!:m:acclr/
Z60 Following-sikling: imie/
zel descendant: imrt"/ >
2625 <xzl:choozex
Z63F <xsl:vhen test="string-lengthiFbar)=1">
2647 <xs3l:for-each select="./
Z65 parent:im:acclr/
Z66 Ffollowing-sibling: :m:e™s
Z67 <xslrapply-templates match="m: "/ >
268 </xsl:for-eachx>
269 <thsound:> 11§ </ thsounds>
270 </ xsl:whens
271 <xsl:vhen test="string-lengthifbar)=2">
z72 <thsounds #79 v84LHUNse </ thsound>
2739 <x=l:for-each select="./
274 parent:im:acclr/
Z75 following-siblingrimie™s
278 <xsl:apply-templates match="m:t"/ >
277 <fx=sl:for-eachs
278 </ x=l:when>
Z279= <xsl:otherwizse>
280 <thsounds bar </thsounds
251 </xsl:otherwise>
2@z </x=sl:choosex>
283 </®=zl:when>
84
Z857 <¥sl:when test="@mrwal='0""
ZaE6 <thsound> ¥ # </thsounds
2879 <xzl:for-each select=", / parent::m:acchbr/
ZE8 Ffollowing-sibling: :m:e™s
Z89 <xzliapply-templates match="m: "/ >
290 <fxslifor-eachs>
291 </®=zl:vwhen>
z9z= <xsl:when test="Fm:wval='0"">
z93 <thzound> @u$ </ chsound>
Z04= <xslifor-each select="./parent:miacclr/
Z95 Ffollowing-sibling:im:e™s
296 <xsl:apply-templates match="m:&"/ >
297 <fxzl:for-each>
298 </xslivhens
2999 <®sl:when test="@m:wral="0"">
300 <thzounds Bn e </ thsounds>
3017 <xzl:for-each select="./ parent::m:accle/s
302 Ffollowing-sibling:imie™s
303 <xsl:apply-templates match="m: "/ >
304 <fx=l:for-each>
308 </xzl:wvhen>
306 </xslichooses
307 </ thsound:>
308 </x=l: for-each>
309 </x=l:when>
310% <xzl:vhen test="child: :m:ctrlPrlposition()=1]">
311 <thsound> # </ thsounds>
31z </x=l:when>
313 </x=l:choosesx
314 <fx=l:for-each>
315 <fxsl:otherwisex
3la </®sl:ichooses
317 <thaound:># </thsound:>
318 <fxsl:for-eachs
319 <fusl:icopys
320 </usl:templates

— ========= End ACocent ================ ==== —============================ __
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E.7 N-array functions

N-array functions such as ‘summation’, ‘product’, ‘union’, and ‘integral’,
comprised of two or more components around the main function notations, for
example, Y. i-,i. Once, these functions require special words to complete reading as

discussed in section 4.2.

323 4l—— == nary = = -
FZ2 4% <xsl:template match="m:nary">

3257 <xsl:copys

3267 <xsl:for-each select="./m:naryPr">

a7 <¥zl:choozex

3287 <xsl:when test="child::m:ckhrlposition¢)=1]">

3299 <x=zl:for-each select="./m:chr">

3307 <thsound:>

3317 <xzl:choozex

332 <usliwhen test="@m:val='E"'"> ﬁmu4§u<fxsl:when>
333 <xzl:when test="@m:val="I1""> HUQU </ %=sl:when>
334 <xsl:when test="@m:wal='f" g Wi </ %51 whens
3358 <fxgl:choose>

336 </ thzound>

3379 <xsl:for-each select="./parent::r:uaryPr/following-sibling: im:e™s
338 <thsound> ¥4 </thsound:>

339 <xsl:apply-templates match="m:t"/>

340 </xsl:for-each>

341 <fx=3l:for-each>

34z <fxsl:when>

343

3449 <xsl:when test="child::m:limLoc[position()=1]">

345 <thsound> 4w </ chsound:>

346

347 <x2l:for-sach select=".//following-sibling: :m:e">
343 <xsl:apply-templates match="m:t"/>

3492 </xslifor-eachs

350 </x=sl:when>

351

352 </xslichooses

353 <fxsl:for-each:

354

3557 <uzl:for-each select="./m:aub™>

3567 <xsl:chooses

357 <xsl:when test="*"x

358 <thsound> 3 </ thsound:>

359 <xsl:apply-templates match=". m:t"/ >

360 <f/x=l:when>

36l

362 <xsl:otherwiser<thsound:> </thsound-</xsl:otherwises
363 <f/xsl:chooser

364 <fuzlifor-each>

365

3EET <xsl:for-each select="./m:sup">

36T <xzlichoosexr

J6ET <xzl:when test="#"-

369 <thsounds> s </ thsound>

370 <xsl:apply-templates match=". m:t"/ >

371 </®sl:vhens

i <xsl:otherwiser<thsound: </thsounds</xsl:otherwiser
373 </u=lichooser

374 </usl:for-each>

375

376 <thsound=# </thsoundsz

377 </uslicopys

375 </®al:templates

379 «!-- ========= End nary = = -
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APPENDIX F
FULL FORMS OF ABBREVIATIONS

This appendix contains full forms of abbreviations including math terms,
measurement units, and some Thai abbreviations, described in section 6.3. The
abbreviations are shown in the first column. Their full forms are in the second column

while their descriptions show in the third column.

Abbreviation Full form Description | Abbreviation Full form Description
*N.9.0. 10 30 UD Greatest *A.3.4 D 30 UD Least
(113 370 1) Common (aas 52w vlew)  Common
Divisor Multiply
(GCD) (LCM)
f.1.9. auyu e Side-angle- TR TR RITRY Angle-side-
side (SAS) angle (ASA)
A.9.9. A A Side-side-side]  n.a.9. N AU A Right angle-
(SSS) side-side
(RASS)
A3.0U. m3nnlawas  Square CERY AINNAT Square meter
kilometer
9.6, AT N Square ** 099 ATNN Square Wah
FUANAT centimeter
IERTH M1319M1U2Y Square unit .Y gﬂmﬁﬁ Cubic
IFUANAT centimeter
av.u. gﬂmﬁﬁmm Cubic meter afn. PAINTY Decagram
aAnd. IANUNAT Decameter aAng. 1ANAAT Decaliter
nn. Alansuy Kilogram . nlawas Kilometer
na. nladns Kilolitre 1, IFUANTY Centigram
3. FUANAT Centimeter ¥Q. IFUAANT Centiliter
an. IATFNTY Decigram au. IAFIUAT Decimeter
Aa. ATAAT Deciliter un. Haaniu Milligram
. Haawas Millimeter ua. Haaans Milliliter
an. 1@ lansuy Hectogram . 130 laas Hectometer
aa. 1an 1nans Hectolitrer ﬂ n5u Gram
. EFUALNTA Centigrade Yl ng Meter
f. ATNAY Metric ton a. ans Liter
), 7N Wah u WM a.m. or p.m.
u.A. unIINY January .. f]umﬁ'uﬁ February
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Abbreviation Full form Description | Abbreviation Full form Description
.. TRGHY March 190.9. SR April
n.A. NOHAAY May .. e June
.. NINGIAY July a.a. GAVAGH August
n.8. AueeU September a.9. GRNIEY October
n.4g. LGERRET November 5.9. FUNAY December
WA "o Ao Buddhist era *Q.91. Ao 79 Anno Domini

(WNBANIIY) (ASAAANI1Y)
a.%. 1ANY Boy A0, AN Girl
ua. UNaN Miss u.e unfAnwN University
student

* Some abbreviations are read by spelling the term.
** The word “1 /wah/” means a Thai of measurement which equal to two meters.
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APPENDIX G
INTELLIGIBILITY EVALUATION

This appendix contains the evaluation ie¥lath with respect to the
intelligibility as outlined in chapter 8. A sample test used in the evaluation presents in
the next section. The comparison of original math text in the text form against the
pronunciation generated by i-Math is shown in section G.2.

G.1 A Sample Test

Category No Mathematical questions
Basic 01. 9MIMV09 72 x 144 + 27
(Find the value of 72 x 144 + 27.)
02. WIMVOI X LA Y fidIdaums 7x + 12y =220
(F|nd X andy, so that X + 12y 220.)
03. LLWi%ﬂNWIﬂL’dﬂ 1.7585 %ﬂNW]ﬂﬂi“’IﬂN 2.251195 uwwamﬂmm

(Prea buys 1.75 meters of cloth for her shirt and 2.25 meters for her skirt, how
many meters of cloth Prea does buy?)

Y v
Y Y Y Y Y Y
04. swmviwinmawaz 30 UM VAN 25%immamu%ﬂmmmuazﬁmw

(A shop sells each pen for 30 Bath that makes 25% loss. How much does the
shop invest with each pen?)

Fraction 05. ifiiawa1o-ATansumisldns geas < Alansy szidldgeldianuaing
(A seller have dried fish 10% kilograms, divided into bags each bags wei?hs
kilograms. How many bags of dried fish does the seller have?
06. mmmmm— + % X z

(Find the value of + = x 2)
7 14 2

' 3 3
07. 93MIAVOI X NNAUMT = — == 4 =
2 5 5 10

(Find x from an equatioﬁ - % = §+ %.)

3 1 3x—-2
08. 93¥1A1 X MNAUMS x+2 = ;1

3x+1 3x-2
(Find x from an equat|0Hx— =2

x-1"
Exponent 09. 3MIAv0I 32 x 52 X 7
(Find the value 08% x 52 x 7.)
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Category No Mathematical questions
10. & x=2uaz y=-3ud1 (x + ¥)3 laumla
(If x=2 andy = -3, what is the value @f + v)3.)
11. # auag biiudneuvesaums 6x2 — 2x — 8 = 0 udr a+biawmla
(If a andb are solutions of an equati@x? — 2x — 8 = 0, what is the value
of a+b?)
12 ' a?+5a+6
C WU ————
a+3
2
(Find the value of =2
13, RN UFAMNDVYBIANNT 851 . 272X = 4X+2
(Find a solution set of an equati@¥™! - 272X = 4x+2))
Trigonometric 14. #1sind = guﬁa tan A Iaunla
(If sind = %, what istan 4?)
15. sinA+ cosdA = guaz sind — cosA = % 1137 tan A Hawmla
(sind + cosA = g andsinA4 — cos A = %, what istan 4 ?)
16. $17tan4 = 6 1 mveq 21547854 Jovila
COos A+ ZsmA_
(If 7tan A = 6, then what i§-224-8504 o)
COsA+ 2sinA
Logarithm 17. 2amAved logs V125
(Find the value ofogs v125.)
18. 1 log,, 5 = a t1ag logs 8 = b 2311A1UB4 logs, 2
(Letlog,; 5 = a andlogs 8 = b, what islog; 27?)
19. fmualii log2 = 0.3010 tay log5 = 0.6990 IHIAVES 1og\/§
(Letlog2 = 0.3010 andlog5 = 0.6990, what islog\/%?)
Root 20. wWIAved V112 + /343 — /448
(Find the value of/112 + /343 — /448.)
21, waUINUBIIINURIANMT VX — 1 = x — 1 Haumls
(What is a summation of solutions of an equatibn— 1 = x — 1?)
22, PN UAFAANDUYBIDAUMNT VX2 — 6x+9 < 4
(What is a solutions set of an inequaify? — 6x + 9 < 4?)
23. fva- == V3udiva+ —inwnla
Va Va
1 - 1
— — = —2
(f Va— == V3, whatisVa + ?)
24.  HaUINYDINADUVOIANNT /ﬁ + /% = 2§ﬁﬁ11ﬁ11ﬂ
(What is a summation of solutions of an equat\i% + /% =2 %’?)
Summation  25. wMIA0I X5, i
(Find the value oF?°; i.)
26. fye,—

Y 1 1 ]
=AU Yo, Haumla

n=2 n4—n2

0 1 . ® 1
(f ZFZW = A, what |sZn=2m =A?)
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Category No Mathematical questions

3\l v
27. Y2, (zy—_s) gduday iawmla

w (3 :
(If ¥724 (Zy—_s) converts, what ig?)
Vector 28. & 7 unuszezna 50 nu. Tudia 170° 921891 —7 Aeeyls
(If w is 50 km. in length anti70° in direction, what is-u ?)
29. u=2i-3jmazda=1+jumi—a
(Letu = 21— 3janda =1+7, what isu — a?)
30. W a=31—47+2k uaz b =1—-7+ 2k 4y dhwmsening a uaz b uds
siny 1flumla
(Let @ = 31— 4j + 2k andb =7 —7 + 2k. If y is an angle betweei andb,
what issin y?)
Limit 31. aymAvedlim, o vV2x + 3
(Find the value ofim, _, ,vV2x + 3.)

1 . 2—1 s 1
32. awedlim, ’;Xﬁ faumla

(What islim, _, ; =—12)
33, wAved lim,, 0 (5 + %)
(Find the value ofim,_ (5 + %).)
Integral 34. aamves [(x? — 2x)dx
(Find the value of (x? — 2x)dx.)
35. dmuald £ HuiledFummuii £G) = x* + 223 —x2 +x — 1 udarves
folf(x)dx minumla

(Letfis a function thaf (x) = x% + x — 1, what isfolf(x)dx?)

G.2 i-Math Pronunciations

Each problem (INO1 — IN35) is compared between original math text in
the text form (OM) and the pronunciations generated by i-Math (PM).

e A missing word refers to the word thd¥lath do not generate, denoting
by []. It causes the problem to be meaningless or the problem conveys
a different meaning from the original.

e An incorrect word refers to the word thatlath differently from what
the original math text refers indicating Wyghlight, it affects the
meaning of the problem.

e Underline typefacedenotes the word or phrase is missing, incorrect or

wrongly placed but it does not affect the meaning of the problem.
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No Compare Mathematical questions
01. IN 991910049 72 x 144 = 27
OM  aawisued 13a Fu a0 gu wila fou & Fu & ms A0 du iTa
PM 29110413 AU @09 qu wils Jou & Fu & vau dae ' du i3
02. IN  99M1A1ves x wag y i liaums 7x + 12y = 220
1 A o < a (Y
OM  wMfwes 18nd uag No ik ldaums  19a 1804 uIn dU @09 No 1AL d09
Y A A
SRNIRY
1 [ 4 o
PM  9MIA1U04 1804 g 1o fvh1vew ug mu e 18 1In FU de9 218 11 (U dos
o0 du
03 IN A 9 o & 4 9o R
: unserAaide 1.75ma3 ¥oraansz 1139 2.25ma5 unswefniuas
Y o v 1 < Y o 4
OM uns¥efndaide nila 9a 19 11 A3 Fordansz 1159 @09 9a @09 11 AT UNTTD
Y
AIA S
A 9o X 2 9 9 & 9o Y v &
PM uwsderdaide wile g0 e i wia defdanse i doq 9a aea i wia unsde
y 4 g
Anuda
9 1
04. N $wfdnethnmdwas 30 1m U 25% 5 umamuageiinmawazium
a A o J 4 §
OM fufnethnmawas aw &0 v U 8 Ju 1 nlesisud 3 umanuie
Tnmdwazium
) v = s Y v &
PM  umnethnmawas a1 du v vianu [ Tulo 15U SruM@IUTe
hnmawagium
1 =\ 1a o 1 1 1 a % [ 1 05/‘ =
05. IN  uidfidawtet1o S lanSuuialdge geaz - nlandy wutisldgaldianuanga
OM widfiJawste Fu et wils dau aes Alansuutieldns geas 1wy nila daw @
4 1
alansy vzinialdge laianuangs
PM  miffiawda du e wils dau aes Aldniu utaldge geas e wils dau d
nlansuy ﬂmmﬂﬁqﬂﬂﬁwmﬂqq
1 3 9 3
06. IN  WHINVBI= + — X =
7 14 2
' ' 2 ' a A '
OM  9aMf1ued 1Aty @11 @91 199 115 A28 1A 1M dIu dU @ ot ey a1 dIu aeq
' ' a3 ' A A '
PM 9311904 tda ey 89U 199 11U A28 1da 1t dau du @ gu tda a1 89 dod
' 3 3
07. IN  WWIAIOI X INANMT = — - = ~+ —
2 5 5 10
OM  WIAUDY IBNF MINAUMS 1Y 1B AU @D AL 1AY a1 dIU ¥ WAL ey
iBne dau w1 N Ay @ dau Ju
1 [ 4 @ 1 1 [ %
PM  9311A04 180 9INEN UZ N LEA 1605 IV 09 AU Lda a1y §I1 11 191 11 1aa

B AU 11 VIN @A Y a4 AU
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No Compare Mathematical questions
v 3 1 3x-2
08. IN  99%1A1 X DINEUMT ot = 2
xX+2 x—1
L w2 @ o & 2 \ @ o
OM  411A1 19N NATUNT LAY @13 1N UIN WA NIWNA dIU 1ONF VIN d09
' o @ 7 2 : @ o ;
MY @Y A BNF a1 @09 NINUA AU DAY Al Wil
4 w 4 o ' o 7
PM  99%1A1 DN 91NEY U DY 1@ §13 100 1IN Y9 N9 HUA U BN VIN a4
Vo o ¢ o ' o 7 &
911 N1 LEA 13 1ONT a1 799 NI HUA §IU BN a1 W4
09. IN  99M19109 32 X 52 x 7
1 o W o w <
OM  2311A1UBI @1 enMIAY @09 AR 111 onMAY @09 gt 199
1 o @ o [ <
PM  99%181904 81 80 11 89 809 AU ¥ on 11 89 @03 gu 199
10. IN 81 x=2uag y=-3ua1 (x + y)3 liaumla
Yy @ ¢ 1w 0 & Yy o ¢ A o o
OM 81190 191111 @04 AL 18 [9INY Al 11 AL BN VI 118 NIKVA 8nH1aa
a1 Uaumla
Yy @ ¢ 1w i\ w Yy o ¢ o o o
PM  01100% 411 N @04 1ag 218 1911 N a1 813 137 190 190 218 N9 HUA 8n 71 84
a1y Jaunla
I o s 1
11. IN 91 auaz bilufmaeuvesaums 6x2 — 2x — 8 = 0 ud1 a+b uaumla
OM #e uaz U Wufeouvesaums W0 190G onfds @09 all dod o0 av uila
iy gud ud 1o uan 4 fisuila
9 =) o [} 4 o [ (2] 4
PM 8110 taz 1 Wufmaouvedey ¥ My 10 B on 11 89 @09 a1 4049 B av uila
11 i gu uda e van 3 Tawila
. 2
12. IN  gemimveq L5246
a+3 Y
OM  9am1A1Ued 1AY 19 #AMAY @09 VI W1 19 VIN 1N TIMUA 81U 18 VIN a1
Ea
PM  99%1A1984 (@@ 10 80 11 89 404 1IN 1110 VIN WA N9 HUA 891 19 1IN a1
13. IN  WHUGAMNDUVDITUNF 8¥ L. 272X = 4x+2
° o o o 7 % o w
OM asnuwadmouvesaums  uwila enhas 19nd au wil Ao @09 enH1as oy dod
o ¢ 1o A o w A
OAF ININY & 8AMAT 1BNS UIN a9
PM  dinusasiaeuvesay ug MU tila on §1 89 180 au vile gu @09 on $1 89 AU d09
o ¢ 1w A o v o &
DA 1M1 N & 80 711 84 18N UIN a09
. 4 “r
14. IN 81sind = =ud1tan 4 iinunla
5
o 1 " W A [P=] 1
OM 1 aneil tolwva) Ay ey & dau v uda unu ol Tauviila
Y] P Vo o A 9 9 VA '
PM 01 a8u 1o Tvig) N1 A e @ v 111 1ad unu e Tvg) taumla
) 23 . 7 “r
15. IN sind + cosd = ;e Ssind — cosAd = Eué’:} tan A daumla
o ' ' " o A a ' a 2 o '
OM  @eiitolney uan Aod 0 1Wa) L MIAY 1e1H 8 FU a1 G AU 199 tag e 1o 1ng
] 1w < 1 a < =" | 1
au aod lva) Wiy ey Ba @1 Ju e 1dl unu wlua Hawila
P ' o o A A ' A & P '
PM e 1o Tva) Un poa o T 111 1 1ae 8 du a1 8 JU 199 1ag 1o 1o 1na

D

] " o 1 a < ] J 1
au o 10 lua) 1 7 e 9 dau 70 19a udr unu e Tng) Jaumla




Fac. Grad. Studies, Mahidol Univ. Ph.D.(Science and Technology Education) / 137

No Compare Mathematical questions
21cosA—8sinAd a_

16. IN 7tan4 = 6811w ——=—"12 Janla
COSA+ 2sinA

Yy I ' Aa & ' '
OM 071139 UNY L@Glmy NNY U ANVON LAY 8 U LOA ABDE !?Jcl“l’ifg ay Lll]ﬂ K1Y

9
] LY 1 ] o ] 1
lvn Mavua diu aed wlvg U ao3 el ol Aola
P I ' Aa & ' ¢
PM 61130 unu 1o vy 11 AU w0 A0 taa 8 du 109 Aoa 10 1a) au uila seu

4
LY 1 1 o ] 1
10 lvia) M9 e d@2u nea 1o lva) 1In aos el 1o Tua) Aewila

17. IN 99110104 logs V125

Y a A Y

' o ~ =<
OM %194 29N 31N a9 VDI YU 998 8 U 111 31U

e
-

B

' © ~ £ ¥y dAa 9 v
PM  23%1A19949 890 510 N d93 U9 U 598 8 97U 111 DU ¥

18. IN 1 log,, 5 = aag logs 8 = b 23¥1A1U84 log, 2
v o ] A a 4 " o Y] oA ' 1
OM 1+ don 1 311 B U 19a 110D 10 taz aon wila 31w ¥ ny 3 wiaves aon

a3 91U a1

Y 44

v & ] A a 4 Vo o B ~ '
PM 11’7 9N Y1 DIU 8 FU 1A N NULD LY avn !.!ﬂﬂ DU N DU U WHINIVUDI adn

aed DU 91U

19. IN' Swiual¥ log2 = 0.3010 t1ae log 5 = 0.6990 V4¥1AUD log

4
5

S

-4

OM il Gon doq iy qud 90 a1 qud il gué uaz don ¥1vhdy qud 9a
w1371 180 gud 99vAee §on 510 doe ved ieH F dau ¥
PM  fmuald Gon doe i fUqu 99 aw gy wiliqu waz Sen v fu qu 99
wniff gu vemnAwes den 310 i aes ves taq & dau 1
20. IN 99111903 V112 + V343 — /448
OM  aa¥IA1v04 310 A0 Vo4 nila Fou Fu doe 1IN 5I0R @ ves aw Fou & Fu e
au 307l a0 ves & Sou i Au ua
PM 99111984 310 7} 04 ved wils Jo8 AU a0e 10 510 7t a1 ves aw Fou & Fu d1u
au 5 71 dfeq vea  Jou d du uila
21. IN  HAUINVBIRIAOUVRIANMS Va — 1 = x — 1 fiaum s
OM WAl INUOIRIMDLYBANAT 5101 03 V04 1N au wils iy 1804 au nila
faumls

o { A % T A 4
PM  HAUINUDIANDUUDITN UE NIU 510 ﬁ BRNERNERILEGH] Wﬁ\i N7 DY BN A Wﬁ\?

e ls
22. IN M UGAAIADUUDIDANMT VX2 — 6x+9 < 4
° A S A o o »
OM RN UFAANDUUDIDAUMNST 319N @99 VDY LONY #NNIAY T3 AU 1N oY

) ' A Vo oA
VIN N UBYNIT UID ININY o
o = o & o w ¢
PM Y500 UUDIDS TN WS NIU 310 N 993 DY LBNY &N N1 a3 9493 Al 1N BN

Y 9 ' A Voo oA
UIN DT UBY NI HID N NU &
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No Compare Mathematical questions
23. IN va— == V3udiva+ —iiaumla
Va Va

OM &1 351nNa0d Y94 10 Al IAY W14 a1 510N @99 V94 19 (MAL 510N a99 U ey
A7 31NN @99 U9 10 UIN A Hil4 aIU 510N a9 vod 1o daumla
PM 1910 91 a/99 494 18 a1 ke Wild a21 310 7 909 V04 10 1911 7 310 1 909 Vol ey

(A7 310 N A4 VD4 18 VIN LEA Wild aIU 310 N @93 o4 o Haunila

o X x-1 1a '
24. IN WA UIN UBI AIADL UBN UNIT /; al /T =2 giJ?ﬂW]ﬂﬂ

OM ° A SR A £
NAUINUDIAINDUUBDITNNIT 10N 9 VB LAY 1N FIU LONY Al YUY VIN
] ¥ Vv I
i"lﬂﬁ BRNEGRNEGN lgﬂ"];’ ay ‘I’iﬁﬂ 'ﬁ\i‘l’illﬂ 350! LgﬂGI?WHﬁU o4 LAY Wﬁ\i aIU YN ﬁ
A la

[

o ~ 7 1 o o 4
PM  waul1nuesnIaouusday g A1 510 N 909 Y04 LA LN I BN Al Wﬁ\? UIN

1
1 o =

A @ 8 ' @ \ a
510 1 @99 YDA LAA (BNF a1 119 NI WA FIY BN (M1 AU A9 LA WA U 1A &
A la
25. IN  2amaved 350, i

i=

=2 Y

OM  aamived Fumdu ¥e4 lo 910 lo iy wite 89 v dv

D

= Y A

PM  231A1984 1 %1 ve4 1o 910 1o v Au vl 99 v du

v 1 v 1 a2 [

26. IN N Xi =AU Y3, — Iaumla

Y o ) & 3 o w A = o w 3 "W

OM 01 UUTU VO LAH WU @IU 1OU gNA1AY & Al DU #nNA1aY  d09 910 1BU NN
a A Qdy (Y [ @ @ % ] I o w
#04 09 duTlUA vy 1o lva) uda duwdu Yo ety ils @ 1BU onf1d  doq
I (Y =KX a Ao Qdy a 1
910 19U 1WNNY @99 09 ouWUA  Uaumla
) ) 2 ' 2 o o A ! o w 3 o
PM &1 1 13 93 404 (@0 19 a9 19U o0 1 89 7 a1 DU &0 /1 69 99 910 1BU 1911 7
a A ad’l (Y [ @ o 8 1 < o @
@04 019 duHUA i 1o lvia) 1d2 1w Fu ¥4 1aa Wile @Iu 1BY oA M 89 T4
< 1 1% KX a al Aa Liyd 1 1
910 OU 1M1 N 99 09 oUW U @ Uaunmla
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APPENDIX H
USER SATISFACTION

This appendix contains the evaluation ieflath with respect to user
satisfaction as described in chapter 8. A questionnaire items used in the evaluation
presents in the next section and section H.2.

H.1 Questionnaire for Teachers (Thai)
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VorauoLu

H.2 Questionnaire for Students (Thai)
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