Studies on Input Interface of Asian Characters

Based on Common Syllabic Writing Systems

B REOHEHEICED
FOTXFANA B T —RICEAT HHR

October 2011

Graduate School of Global Information and Telecommuication Studies
Waseda University

Information Network System Il

Ye Kyaw Thu



Keywords: Text entry, text input, Positional Mapping, Pusial Gesture, Positional Prediction,
Characters Per Minute (CPM), KSPC (Keystrokes Parécter), Myanmar, Bengali, Khmer,
Nepali and Thai



ABSTRACT

This dissertation presents studies on input interfsf Asian characters based on common syllabiingri
systems. Keyboard mapping, gesture text input aedigtive text input are considered for designiex t
input interfaces. Positional Mapping, Positionalsteee and Positional Prediction are the three qutsce

discussed in this dissertation.

Positional Mapping (PM) is a concept of keyboardkeypad mapping for mobile devices based on
characters writing position of Asian syllabic laages. Its concept is dividing a mobile phone keypad
into three levels, e.g. 1, 2 and 3 keys are uppées,and 6 keys are normal or middle and 7, 8 akely3
are lower. In the normal level, 4 key is deemed &®nt part (Left), 5 key as a central part ariceg as a

rear part (Right).

Positional Gesture (PG) is a concept of gestureitgt for mobile devices based on charactersimgit
position of Asian syllabic languages. Its concepbtally based on four simple gesture commandsgtwh
are “Left”, “Right”, “Up” and “Down”. “Left gesturecommand” is for left characters or symbols, “Right
gesture command” is for right characters or symbtie gesture command” is for upper characters or

symbols and “Down gesture command” is for lowerrabters or symbols.

Positional Prediction (PP) is a concept of predigtpossible combinations of vowels with a consoment
a syllable based on the positional information. (Left, Right, Upper and Lower) of vowels, medials

consonant signs etc.

As part of the ongoing evaluation of PM, PG and ®®ious text input prototypes were developed. An
emphasis was placed on users’ typing speed, aterand feedbacks in user study in order to rezegni
the feasibility and user-friendliness. PM and PGtqiypes were developed for Myanmar (Burmese),
Bengali and Khmer, and PP prototypes were develdjpedMyanmar, Khmer, Nepali and Thai
respectively. These three approaches will conteittot find out common and user-friendly text input

interfaces of Asian syllabic languages especiatyniobile computing.
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Chapterl: Introduction

CHAPTER 1
Introduction

1.1 Motivation

This dissertation is motivated by two primary camse the need for mobile phone text input in
Myanmar language (Burmese) and common text inpetfacces applicable for Asian syllabic
languages based on character writing position. grireary goal of this research is to develop
user-friendly and common text input interfaces edtble for multiple Asian syllabic
languages.

1.1.1 The Need for Mobile Phone Text Input in Myanmar Language

Over the past few decades, wireless devices haxgutnized the communication industry,
and text messaging services like Short Messagimgicee(SMS) and Multimedia Messaging
Service (MMS) have become necessary service inaglolireless market today. A mobile
phone is not only for voice communication but dsoubiquitous communication in developed
countries. However, no text input method in Myannerguage was proposed for mobile
phones in 2004 yet, and this situation led to nsgaech.

In these years, information networking (e.g. twijttaunched in July 2006) [1][2] and
social networking (e.g. facebook, launched in Fakyru2004) [3][4] services are getting more
and more popular and daily accessible even via lendiriowsers. User-friendly text input
method in Myanmar language on mobile devices hasrrigeen more important than today for
its native users.
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1.1.2 The Common Text Input Interface for Asian Syllabic Languages

South and South-East Asian languages are syllabgubges and derived from Indic script or
Brahmi around B.C. 3rd century. Due to this histoNepali, Bhutan, Tibetan, Bengali,
Myanmar, Lao, Thai, Khmer, etc. have common writmgjures with Indian languages (e.g.
Hindi, Marathi, Punjabi, Tamil). However, shapescbiracters are different such as circular
(e.g. Myanmar characters), distinctive horizonitaé¢ Irunning along the top of characters (e.g.
Devanagari characters) and Curlicues (Sinhala cteaxs). Although shapes or glyphs of
characters are different, structure of the consoolusters or syllables are based on the same
rule. Here, the common writing nature of Asian alyit languages is explained with Myanmar,
Khmer, Nepali and Bengali languages.

Myanmar is the official language in Myanmar thatswarmally known as Burma. It is a
tonal and syllable-based language. Myanmar scaigs®dopted from the Mon script (one of the
main national races of Myanmar) that derived froxian Brahmi script [5]. There are 34 basic
consonantscéh”, “8”, “0”, "w0”, “c”, etc. (U+1000 to U+1021), 8 basic voweld™ “on”, “ 87
“gn L n “e” and ‘%" (U+102B to U+1032), 4 basic medial consonantsdlependent
consonant signsy”, [: ‘2" and %" (U+103B to U+103E), dependent various sigh$ “«",
“o8”, "o and € (U+1036 to U+103A) and independent various Sitgis “q)”, “g”", “e”, etc.
(U+104C to U+104F), 2 punctuation marks and “” (U+104A and U+104B) and 10 digits
“o”, "o, M7, MR, 6T, Mg, Y67, Mg, e and ‘" (U+1040 to U+1049) [6]. Vowels can be
divided into independent and dependent vowels.deddent vowelsgy”, “oj)”, “p”, “[03”, etc.
(U+1023 to U+1027, U+1029 and U+102A) can standal@and dependent vowels (U+102B to
U+1032) are written with a consonant. “U+” followéy hexadecimal numbers are Unicode
code point of Myanmar characters [6].
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Sign Visaga X
(Right) Vowel Sign AA

Vowel Sign AA (Right)
Vowel Sign (Right) Vowel E
(Uppen) Consonant Sa (Left)

\ (Center) |
\ L

Row 3 L
_________________________________________________ o e
Consonant Nga
(Center) Sign Visaga
Vowel E Consonant Ma g(Right)g
(Left) Vowel E Consonant Ka (Center)
: (Left)
Vowel Sign U (Center) Consonant La Consonant Sign
(Lower) Consonant Na (Center) Medial Ya
(Center) (Right)

Figure 1-1. Character combination in Myanmar lamgua
(Myanmar phrase "Ngo Nay Thaw Ka Lay Myaa" mearigrging children”)
Image taken from my published paper [120]

Overall writing direction is from left to right, dnthe word order is SOV
(Subject+Object+Verb). In Myanmar sentences, spacesised to mark phrases, not to divide
words. Making an analysis of Myanmar sentencesritbe basically considered that Myanmar
characters are written in three levels (upper, midthd lower). Most characters have their
defined positions compared to the base consonanighusually written in the middle row and
center (see Figure 1-1). For example, dependentiv&wor Tha Way Thouet” (U+1031)
should be written at the left side of the consondependent various sign Dot Below or Auk Ka
Myit “¢” (U+1037) should be written at the lower side loé tonsonant, dependent vowel Il or
Lone Gyi Tin San Khat®' (U+102E) should be written at the upper side I tonsonant,
stacked consonant Ka or Ka Gyb" (U+1039 U+1000) should be written at the lowetesof
the consonant, medial consonanj”“(U+103B) should be written at the right side dlet
consonant, etc. In Figure 1-1, a Myanmar phraseo"Ng@y Thaw Ka Lay Myaa" meaning
“crying children” is formed by the combinationsleft, right, upper and lower characters and it
takes three rows. Six vertical lines indicate thenpnciation breaks of "Ngo", "Nay", "Thaw",
"Ka", "Lay" and "Myaa".

The language of one of Southeast Asian countriasiidia, called Khmer belongs to
the Mon-Khmer family of languages. Khmer alphalottsely resemble Thai and Lao alphabets,
but Khmer is not a tonal language. Some vocabuanie borrowed from Sanskrit, Pali, French
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LI TP S 1]

and Chinese in Khmer. Khmer uses a phonetic alphgitie 33 consonants (e.gi”, “ 8", “ &”,

“gT, 8T, C6T, YT, N, AT, “m?, etc.(U+1780 to U+17A2), 24 dependent vowels™

>

Ij ! [j “por cFon, “fer “ra”, “ial”, ete. (U+17B6 to U+17C5), 12 independent vowels

“8”, “nj”, “8”, “8”, e, 87, “y”, etc.(U+ 17A5 to U+17B3), and some other diacriigns
wim e wmn wie win o« e ate (U+17C6, U+17C7, U+17C8, etc.) [7]. Most sonants have

reduced or modified forms, called subscripts (&, “2", “2”, “ " 5", etc.), when they

s @A

occur as the second member of a consonant clugmrels may follow or precede the
consonants, or they may go above or below, or sconebination of before, after, above, or
below. 12 independent vowels can exist withoutec@ding consonant. Khmer writing begins
on the top left of the page, and proceeds downtaritde right. The word order follows SVO
(Subject + Verb + Object) pattern as in EnglishmBadian writing does not use spaces
between individual words; instead, spaces are tsenote the end of phrases or sentences.

Figure 1-2 shows an example of Khmer writing system

Making an analysis of Khmer sentences, it can b&ichdy considered that Khmer
characters are written in three levels (upper, teiddd lower) like in Myanmar language.

Up Dependent Vowel Left-Right Dependent Vowel Right Dependent
Chonsona:nt Shifters sign| Sign AU CHRSERETE Coisonant \./owe1
(Khmer Sign TRIISAP) _ \ KA MO Sign AA
Row 1

{Qjﬁ ﬁﬂ‘}ﬁ [81 “ﬁ%iﬁ’]

Row 4

Row 5

T
Consonant Subscripted Consonant Consonant

TA
Consonant Consonant (COENG) PO \ o

LO NO

Consonant Ceonsonant
BA PHA

Down Dependent
Vowel SignU

Figure 1-2. Character combination in Khmer language
(Khmer phrase “Bic Phalit Nau Campucha” meaningéa made in Cambodia”)

Image taken from my published paper [121]
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Nepali is the official language in Nepal [8]. Itas Indo-Aryan language spoken in Nepal,
Bhutan and some parts of India and Myanmar. Ilosaty related to Hindi and is commonly

written in the Devanagari script [9] [10] [11] [12h Nepali consonants, last three cosongnts

(khsya),¥ (tra) and<T gyna are ligatures (i.8& + ¥ = &7, d + ¥ = anddl + 31 = 7). Nepali
language is written from left to right, and theseno case distinction. In Nepali, word order is

Subject + Object + Verb (SOV). Nepali uses independowels (e.g.31" (a), “3T" (aa) ‘" (i),
“3” (i), etc.) and dependent vowels (e.gT™ (aa), ‘T (i), “ < (ii) , %" (u), etc.), consonants
(e.g. ‘& (ka), “@” (kha), ‘91" (ga), “g” (gha). " (nga), etc.), half consonants (e.g&™(ka),
“&” (kha), 9T’ (ga), “&” (gha), “§" (nga), etc.), diacritics symbols " (anuswar), e
(chandrabindu) and “:” (visarga)), punctuationg”({viraam or halanta), [* (purnaviram) and
“1” (double danda)), special charactersi{{re), “3%” (om) and ‘¥ (rupee)), conjunct
consonants or ligatures (e.@®” () (katka), € (tta+tta), ‘9’ (ta+ta), ‘=1’ (1) (Natna),

etc.) and Nepali numbers (efg(1)R (2) 3 (3)¥ (4),9 (5), etc.).

Independent vowels are such & *“31", “3” and “3”, which can be written alone.
Dependent vowels are such ag™ “f>",” <¥" and “3”, which have to be written together with a
consonant (e.g. &1, “f&”, “&r and T) Nepali or Devanagari consonants have implied
vowels like ‘&" (ka), which is a combination of#” (k) and “31” (a). Therefore, a pure
consonant is written agg”, which means that31” (a) vowel is not contained. Pure consonants

such as&”, “@”’, “9r", “¥” and “g§” are written contacting other consonants, and nadad
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consonants or half consonants. For example, a Nemah ‘F#aEd” (“Namaste” meaning

“hello”) contains half consonant o8 (sa) (see Figure 1-3).

Consonants can be combined with one or more consoaad make a ligature. In most

cases, ligatures formation can be easily recogrémeti ash + {=%h, ¥ + T =T and3[ + T =7].

But it is difficult to recognize some ligatures'rabinations of consonants because of their new

glyph or shape (e.& +¥ =&, T +I =T, A +F=A, 7 +T=,+& =T andd +d =F).

Vowel E
(Upper)

Consonant Na
(Center)

Consonant
Ta
(Center)
Consonant Ma

(Center) Consonant Sa

(Center)

Figure 1-3. Character combination in Nepali languag

(Nepali word “Namaste” meaning “hello”)

Bengali is the official language of Bangladesh ané of 18 enlisted languages in the
Indian constitution. It is the administrative laage of the Indian states of Tripura and West
Bengal and also one of the administrative languafd&char district, Assam. Bengali scripts
consist of vowels, consonants and vowel-signs. &lage total 60 symbols. Moreover many
ligatures (conjuncts), few consonant symbols, amdesspecial signs are also used in Bengali
scripts. In the Bengali scripts, there are 11 vewAll the vowels in Bengali are independent
and in the initial position of a word retain theiriginal shape. There are 39 consonants in

6
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Bengali alphabets. The first vowel ‘a’ is implicit in all consonants. Each vowel ept&v ‘a’
has another shape called vowel-sign to use witthaanant. There are 10 vowel signs.

Making an analysis of Bengali sentences, it carbasically considered that Bengali
characters are written in three levels (upper, feidibwer) like in Myanmar language. And
most of them have their defined positions (e.g. elosigns 2", "(=:", "¥:" have to be written in
the left side of consonants, vowel signg"; 3", " and consonant symbo*" %) should
be written in the right side of the consonants, ebsigns %", "%", sign hashant<" and
consonant symbolst' %), "¢" should be written as a lower characters and aurstosymbol
nn (3) and consonant®" should be written as an upper characters). AmdHe ligatures or
(combine consonants) such &,"" %", "', "F", "¥", "®" and "B" are written in the middle
like consonants. In Figure 6-8, a Bengali word Ysikaarza" (agriculture) is formed by the
combinations of left, right, upper and lower chéees and it takes three rows. Here, two

vertical lines indicate the pronunciation break$kyi" and "Ssikaarza".

Vowel
Sign Consonant
Aa Symbol
(Right) R

(Upper)

Consonant

(Ceﬁier) Consonant Gonsonant
Consonant Ka Za
i (Center)
S'I:\,gin Vowel Sign (Center)
(Lower) I Consonant
(Left) Ss
(Center)

Figure 1-4. Character combination in Bengali Larggua
Image taken from my published papers [69, 127, 129]

As mentioned above, there are similarities in Asglabic languages for their writing,
and thus, a common text input interface is appledbr Asian syllabic languages, and this
finding motivated me to start my research.
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1.1.3 The Challenge in Asian Syllabic Languages Text Entry

As we all know, QWERTY is the most common PC keyHokayout today. Although it is
designed for English language, keyboard mappingshar languages including Asian syllabic
languages are based on it. Asian syllabic languddies from an alphabetic writing system not
only in their shapes or glyphs but also in theigher number of characters than English,
organizing and writing principles. Therefore, texitry with a PC keyboard in Asian syllabic
languages is a challenge (see Chapter 2, Seciipn 2.

Obviously, text entry on a mobile phone in Asialiadic language is more challenging.
Basically, keyboard mapping on 12-key keypad ledsan overloading even for English
language (i.e. 26 characters). Text entry withtiainumber of keys and small screen involves
a complex combination of mental and physical cowtion.

All Asian syllabic languages derived from Brahmidathey are known as abugidas.
Although Brahmi is no longer in use, it is a roéttlwe scripts used today in South Asian and
Southeast Asian syllabic languages such as Myanirtzai, Khmer and Hindi. A typical
character in abugidas is formed by a combinatiomosfels with a consonant (see Chapter 1,
Section 1.1.2). Moreover, differences in order oftimg and typing, no support for some
languages by mobile phone companies and luck ofedddd fonts make a big challenge for
text entry on mobile devices in Asian syllabic laages (See Chapter 2, Section 2.2 and 2.3).

1.1.4 Research Approach

This research is based on a highly iterative “degigtotype development-user study” cycle.
All the developed text input interfaces in this @axh is based on the characters writing
position or vowel combinations with a consonant.

To begin with, a possible text input interface wasigned for Asian syllabic languages,
and then, a prototype was developed rapidly for iviyar language followed by user study.
After making an analysis of the user study resulssions of that prototype was developed for
other Asian syllabic languages. And thus, all prgies were developed for Myanmar language
and different versions were developed for some rAsiglabic languages. Bengali, Khmer,
Nepali and Thai languages were studied to proveteh input interface based on characters
writing position is user-friendly and applicable fdl Asian syllabic languages.

Most of the text input interfaces in this reseaech designed for running on mobile
devices such as a mobile phone, a Personal Diggaistance (PDA), a MP3 player and a
portable game player. The main design factor i ey are applicable to run with a limited
numbers of button and small screen.



Chapterl: Introduction

In the prototyping step, two methods were mainkduOne is “high-fidelity prototyping”
and the other is a new approach called “PicMobid®yping”. High-fidelity prototyping was
done by using Visual Basic, “QC Sharp) or J2ME (Java 2 Platform, Micro Edition)
programming for testing with native users. PicMBIbototyping is an intermediate solution of
paper prototyping with mobile devices, which wa®pmsed in 2009 (see Appendix G,
Appendix H). It is an innovative prototyping techué with pictures and mobile devices that |
learned from prototyping experiences of this redear

User study designed to evaluate typing speed, eatw and users’ feedbacks was
conducted for all prototypes with real users inokalbories or in their native countries. Texts
used for typing experiments consisted of varioumhioations of a consonant and vowels of
Asian syllabic languages. Extensive log files wawatinuously written and video data of users’
typing behaviors were also taken for making a fdrevaluation of each text input prototype.
User study experiments were designed within-subjtastt, where dependent variables were the
completion time, number of errors and their feetbatndependent variables were the types of
prototype (e.g. prototype for a mobile phone, psgie for a PDA, prototype for a PC
keyboard). Each participant completed a pre-tesi post-test questionnaire to collect
demographic and subjective data about the useriexge with prototypes.

1.2 Dissertation Organization

This chapter has illustrated the potential valueaotommon and user-friendly text input
interfaces for Asian syllabic languages based @madters writing position. Here is a roadmap
to subsequent chapters:

Chapter 2 describes background work that relatethisoresearch in general, such as
keyboard mappings and text input methods of sev&sin syllabic languages for both a PC
and mobile devices. A formal evaluation of textrgmechniques is also mentioned briefly.

Chapter 3 introduces the concept of Positional MapgPM). This concept uses
keyboard or keypad mapping based on the charaeteiting position. Developed PM
prototypes for a mobile phone, a numeric keypa@D4a, the Ergodex DX1, a game pad and an
electronic whiteboard are described in detail. Resif user studies prove user-friendliness and
applicability of PM for Asian syllabic languages.
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Chapter 4 presents comparison results of the pgiQMWERTY based software keyboard
and the software keyboard version of PM. This alaplearly shows users’ feedbacks on the
developed Bengali and Khmer prototypes.

Chapter 5 presents comparison results of the Piadé keyboard layout with two other
possible keyboard layouts. Although there was micant difference in text entry speed,
Characters per Minute (CPM) of PM was the highdsireover, users rated the typing layout of
PM the easiest.

Chapter 6 introduces the concept of Positional @egPG). This concept uses left, right,
up, down and center gestures or strokes commamdsXbinput in Asian syllabic languages.
Developed prototypes for Myanmar, Khmer and Benlgalguages are described in detail. The
user study results prove user-friendliness andegplity of PG for Asian syllabic languages.

Chapter 7 introduces the concept of Positional iBtied (PP). This concept uses four
directional arrow keys, i.e., left, right, up andwh arrow keys, for predicting possible
combinations of consonant and vowels. Developedirai PP prototypes for Myanmar and
Khmer are described in detail. The user study tegubve user-friendliness and applicability of
PP for Asian syllabic languages.

Chapter 8 introduces how PP text input concepteaeixtended for small mobile devices.
This chapter proposes new text input interface tPosil Prediction Clickwheel
(PP_Clickwheel) for mobile devices using clickwhdéike the Apple iPod. Typing speed of
novice users with PP_Clickwheel prototype was aed#e and positive feedbacks were
received from them.

Chapter 9 begins with an introduction to the wgtisystem and existing Romanization
methods of Myanmar language, and then, a detadpldueation of Romanized handwriting text
input interface is followed by a report of the usardy results with my developed prototype.
Finally, a discussion on my findings and suggestarfurther text input interface research are
made.

Chapter 10 presents font development, Direct Kegtbbdéapping (DKM) and Romanized

Positional Prediction (RomanPP_Fingerspelling) keyd prototype for Myanmar language
10
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fingerspelling characters. Moreover, usability of approach is discussed based on the user
study results with the current fingerspelling saftevkeyboard prototype.

Chapter 11 presents analysis results of NepaliTdnad syllables or vowels combinations
with a consonant. There is also a discussion on wamyanalysis was made of possible
combinations of vowels and a consonant, their patand maximum length in the current
Nepali and Thai languages.

Chapter 12 introduces grapheme cluster segment&tiols developed for Myanmar
language. Distributions of PP patterns of Myanmad &hmer languages are described.
Example usages of this tool for statistical analysi distributions of Myanmar characters are
presented in detail, and tool development for Khiaeguage is also introduced.

Chapter 13 concludes with prototypes design, maompirical results, a list of
contributions, future work and closing remarks.

Figure 1-5 shows organization structure of maimpbds of this dissertation.

Text Input Interfaces
Based on Characters Writing Position

Chapter: 3 Chapter. 6 Chapter. 7
Positional Mapping Positional Gesture Positional Prediction
(PM) A (PG) ANLPP)

,-————n-\}’ -~ — — — — r-T T [_//'____‘\
[ \ Chapter: 8 |

| Chapter: 4 | Positional Prediction for Clickwheel Mobile
Positional Mapping Software Keyboard | | Devices :
| Chapter: 5 I | Chapter: 9 |
| Positional Mapping and Other Layouts for Myanmar | | Romanized Handwriting Positional Prediction |
\ ) | (Roman_HW_PP) |
l Chapter: 10 I
| Positional Prediction for Fingerspelling I
\ /

Figure 1-5. Organization structure of main chapters

11



Chapter2: Related Works

CHAPTER 2
Related Works

2.1 Text Entry in Asian Syllabic Languages

In this chapter, existing keyboard layouts and tegtt methods of a PC and a mobile phone is
presented. The focus is on text input methods efathugidas such as Indian scripts, Khmer,
Thai, Myanmar and Nepali languages [13].

As with alphabetic scripts, abugidas are writtamfrleft to right, but there is no explicit
use of spaces or full stops to determine word otesee boundaries. There are too many
possible combinations of base consonants and vpomeldks in abugidas. In order to understand
the common text entry issues of abugidas, five alasgscripts are introduced briefly and
explain their text input methods with standard efatto standard keyboard layouts.

2.1.1 Indian Scripts PC Keyboard Layout

India is a highly multilingual country and aroundnldreds of languages are used. The principal
official language is Hindi, the secondary officiahguage is English and other languages such
as Marathi, Bengali, Gujarati, Punjabi, Oriya, $indNepali, Assamese, Urdu, Tamil, Telugu,
Kannada, Malayalam, Sanskrit, Kashmiri, Manipurgrikani, Maithali and Santhali are also
officially recognized. Indian languages belong e thdo-European family of languages [14].
Languages of the north and western part of Indiangeto the Indo-Aryan family (spoken by
about 74% of India’s speakers) while the languadebhe south belong to the Dravidian family
(about 24% of India’s speakers) [14]. Here, primaoycentration is put on the most popular
Indian scripts Devanagari. Devanagari consonantslysives), consonants (sonorants and

12
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fricatives), vowels (independent form), vowels dascritic with “4”) can be seen in Figure 2-1,

Figure 2-2, Figure 2-3 and Figure 2-4 respectivBlgvanagari language is written from left to
right, and there is no case distinction. Consonamss be combined with one or more

consonants and make a ligature (e.g. ligature $@thha: &@ mha,og nha,Ug nha,<g vha,

8 Iha,@F ha,§ rha.).

& @ T T 3T
(ka)  (kha) (ga) (gha) ng)
g & F ;T A
(ca) (cha) (a) (ha) (Aa)
T & T T U
(ta) ¢ha) da) @dha) fa)

d g9 <@ 9 o

(ta) (tha) (da) (dha) (na)

g % d H #H

(pa) (pha) (ba) (bha) (ma)

Figure 2-1. Devanagari consonants (occlusives)

13
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g I o d

ya) (a) (a) (va)
M ¥ H
(Sa) 6a) (sa)

g &
(ha) (a) (halant)

~

Figure 2-2. Devanagari consonants (sonorants &atiffes) and halant symbol

a3

(0 (au)

Figure 2-3. Devanagari vowel (independent form)

14
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g g O @

(@ & 0 0

g Y g |
cC ¢

o N

W @ o )

T % 9 9

0) O (@ (@

or o

(0  (au)

Figure 2-4. Devanagari vowel (as diacritic witli')’

There are two possible way to type text in an Irglidpt, one is input the text using
English (called transliteration or phonetic) orunjit directly through an Indic script. Program
such as Baraha and AAA+ (triple-A-plus) allow ustrgype in the Roman script and convert

the output into an assigned Indian script [15][F&}r example, type ka foh”, kra for “ch”,

KA for “chI”, etc. in Baraha software, and type ka feb™ kha for “E”, ga for “dI”, etc. in

AAA+ software. Transliteration or phonetic typingethod is simple for users who already
know English and foreigner who already have sonsickaowledge of an Indic script. Another
input method is a keyboard that maps charactersafotndic script on the keyboard (e.g.
InScript (standing for Indian script) keyboard)Stript keyboard is the most commonly used
for typing Indic scripts, and it was designed farm Indian abugidas [14]. It has been adapted
by Microsoft and the keyboard layouts are showRigure 2-5 and Figure 2-6.

15
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T|1]2|3|4|s|e|7]s]9]0]-

G 2 et X o|lFg|Eg|T |G| F

& ela| 3| |alT

A|lA|a|a|F]|,

i

Control

[ Control

Figure 2-6. InScript keyboard for Devanagari (gdjt

In the InScript keyboard, vowels are placed on lgfe side of the keyboard while
consonants are on the right. Similar sounds aradeglIcharacters are mapped on the same key

for easy to memorize the keyboard layout. For exanigh” (ka) is mapped on “k” key and

“” (kha) is mapped on “K” (shift + k) key, 31" (ja) is mapped on “p” key and51” (jha) is

mapped on “P” (shift+p) key, etc. This keyboardiseful to type several Indic scripts because
the key mappings are almost identical across Isclipts.

2.1.2  Khmer PC Keyboard Layout

Khmer (also known as Cambodian) is the officialglaage of the kingdom of Cambodia. It is

belongs to the Mon-Khmer group of Austro-Asiatindaages and has been considerably
influenced by Sanskrit and Pali [17]. It is not @ndl language and that is differs from

neighboring languages such as Thai, Lao and Vietnidhmer language consists of 33

consonants, 32 subscript consonants with a paidupflicates, 24 dependent vowels, 12

16
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independent vowels, 2 consonant shifters and andalzacritic signs and other symbols
including number signs [18] (see Figure 2-7, Fige#®, Figure 2-9). Almost all of the Khmer
consonants have reduced or modified forms, calldsbaipts, when they combined as the
second member of a consonant cluster (see FigdjeKhmer is written from left to right, and
there is no case distinction, using a space asietyation sign (i.e. used somewhat analogously
to commas in Western languages) [19].

Ag g uyd
§F§ A
Y g oagoag
8% 0 §

W oHga Y

pur

=

W g g i adj

S

AR
Figure 2-7. Khmer consonant and subscript consenant

Image adapted from [123]

A 88 8 H § g

9

TR ST I ¢ I S S e TR ¢ T ¢ 2 I 20

HoH OH1 OHD OHD OHD O

Figure 2-8. Khmer dependent vowels with conson&dit

Image adapted from [123]
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Khmer independent vowels
G

y g ooy g g

9 3

003
=

Two Khmer consonant shifters (left side), Khmercdiics (right side)

an [ < ) c o~ +

Khmer numerals

0 9 b mce & v N § &

Figure 2-9. Khmer independent vowels, two consoagahifters, diacritics (right side) and
numerals

Image adapted from [123]

Typing Khmer word on Old Khmer typewriters and a B&/board is handwriting order
(i.e. left to right). All subscripted consonant® also mapped on the keys. Today Khmer PC
keyboards are designed based on Unicode encodiegHigure 2-10, Figure 2-11 and Figure
2-12). And thus, the typing order is the same a&dling order (i.e. not handwriting order) and
no need to consider keyboard mapping for subscriptnsonants. For example, KhmerOS

Unicode keyboard layout uses a subscript sigfi for combining two consonants [20].

Although keyboard mapping for subscripted characiesue is solved by using Unicode

subscript sign %", keyboard mapping for other characters are at#b challenge. This is

because of the large character sets of Khmer ghttalter mode is used (e.g. right-Alter + t for

typing gj independent vowel) (see Figure 2-12).

18
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hal

=

=1

Figure 2-10. Khmer Unicode keyboard layout (unsiift

—

[V

b

Q1

g

f

2

Figure 2-12. Khmer Unicode keyboard layout (Alt+@ir Right Ctrl)
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2.1.3 Thai PC Keyboard Layout
Thai is the official language of Thailand [21]. Trsript has been used for Thai, Pali, and

Sanskrit languages in Buddhist text all over thanty. Most of the dialects of Thai use the

same script.

In 1283, King Ramkhamhaeng of Sukhothai createditbeThai alphabet by borrowing

and adapting certain Mon and old Khmer words adi@addSukhothai Script”. In 1357, in the

reign of King Li Thai, a new script called "King Hihai script" came to be used. The shapes of

the letters in the King Li Thai script are basedtlo®m ones of Sukhothai although some of them

were modified. In 1680, during the reign of Kingrilia a script called "King Narai script" was

brought into use, and it has been developed anskpred as Thai national script up to now

[22].

In Thai language, there are 44 consonants, 15 wwealonsonant-vowels, 4 Tone marks,

5 Diacritic symbols (3 are not used presently)Th@i numbers and 2 Special symbols.

Consonant 44 consonants that represent 21 consonant s@redshown in Figure 2-1

and Figure 2-2. The extra letters represent sotiradsare not distinguished anymore in modern

pronunciation, but still carry etymological infortian and are used to distinguish tone [23].

f 1 al A

(Ko Kai) (Kho Khai) (Kho Khuat)  (Kho Khwa

A A \ q

(Kho Khon) (Kho Rakhang) (Ngo Ngu) (Cho Chan

D) ¥ | N
(Cho Ching) (Cho Chang) (So So) (Cho&h
! 1 1 3
(Yo Ying) (Do Chada) (To Patak) (Thoani
N 2N tu a2

(Tho Nangmontho) (Tho Phuthao) (No Nen) o ([@xk)
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2 0 N f
(To Tao) (Tho Thung)  (Tho Thahan)  (Tho figp
U 1 1 B
(No Nu) (Bo Baimai) (Po Pla) (Pho Pgun
A W W n
(Fo Fa) (Pho Phan) (Fo Fan) (Pho $eop
X ¢| 7 A
(Mo Ma) (Yo Yak) (Ro Rua) (Lo Ling)
0 A hug A
(Wo Waen) (So Sala) (So Rusi) (Sa)Su
U W f a
(Ho Hip) (Lo Chula) (O Ang) (Ho Nokku

Figure 2-13. Thai consonants (alphabetical order)

Image adapted from [122]

[nl: n ful: v
R ETLX! [/ 4]
[al: 4 Ml wwa
[al: a R
/m/ Q% o [l w
afl o f @ sl 5
Jal’ oy e [al: 7 a
[ol: g'm Il
ol g m fal: wa
I gamans al: &
[ul: s

Figure 2-14. Thai consonants (ordered by pronuiocipt
Image adapted from [122]
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Vowel: There are 15 dependent vowels in Thai languadetlsay can be categorized into
4 groups based on their position in combinatiomise consonant as follows:

Leading Vowels or Left Vowelg;, Li, I, 1, !
Following Vowels or Right Vowelsz, 1, 1
Upper Vowels:, T:, o, o, o

Lower Vowels::,

Tone Mark: There are 4 marks", " ", " &" " & " (5 tones) in Thai language. All of

them are written above their related consonant®wels.

Consonant-vowel There are 4 Consonant-Vowé]" "g2" "a" "m" that are normally
used in Pali, Sanskrit and old Thai words. But ¢hé<Consonant-vowels are rarely used today
except in old style poetry. Especially in textitiigse 4 consonant-vowels are never used.

noenon

Diacritic symbol: There are 4 upper diacritic symbdI§ ", " <", " &" and“<”. All of
them are written above their associated consonantsis a lower diacritic symbol. It is written

noen

below its associated consonants. But the curreat l[ahguage usés®" and" =" only.

Thai number: "s" "&" "a" "&" "&" "" "a" """ "&" "o". These 10 Thai numbers are

used in some formal documents but not in daily life

Special symbols"-" is a symbol used for word repetition ahd is a symbol used for

word abbreviation.

Although Thai script derived from the Khmer alphabehich is modeled after the
Brahmi script from the Indic family, Thai doesnave independent vowel signs or conjunct
consonants like other Indic scripts [24].

In Thai writing system, there are no capital letter spaces between words. In order to
compose a syllable or a word, at least one basesddamt is required. Then adding other
Consonant, Vowels, Diacritic Symbols and Tone matks the base Consonant. The
combinations can be Consonants without vowel ahdranarks, one Consonant or more with
Vowels, one Consonant or more with Diacritic symiosle Consonant or more with Tone mark,
one Consonant or more with vowels and tone mark, Gonsonant or more with vowels,
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diacritic symbol and tone mark. When a consonastupger vowel and a tone mark together on
it, the tone mark moves up and becomes smalleat@nmoom for the vowel

Like in other Asian syllabic languages, there amany possible combinations of base
consonants and combining marks in Thai. And thasglzonsonants and combining characters
are encoded separately, rather than pre-combingai. combining marks can be divided into
upper or lower vowels, tone marks, and diacritidereover, a Thai base consonant can be
combined with up to two combining marks, that israzor one upper or lower vowel and zero
or one tone mark or diacritic [14]. The vowel§ “v”, “1", “1”, “1” that are written to the left of
the preceding consonant are in visual order instfaghonetic order, unlike the Unicode
representations of other Indic scripts [25]. Thidbécause, since Thai localization had begun in
1968, by 1990 the Thai computer industry had eqdpitself with libraries and tools to use
visual order without a problem [14]. The visual @rdvas formally announced as a national
standard in TIS 1566-2541 (1998) [14]. Therefoygpirtg Thai words on a PC keyboard is
visual order (i.e. not phonetic order). Figure 2atisl Figure 2-16 show Thai Unicode keyboard
layout.

Return

Control

Control

Figure 2-16. Thai Unicode keyboard layout (shifted)
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2.1.4 Myanmar PC Keyboard Layout

Myanmar language is spoken by 32 million as a fasguage, and as a second language by
minorities in Myanmar. It is a tonal and analytinjuage, which has five tones. There are three
main (high, low, creaky) and two substandard (stédppnd reduced) tones. The Myanmar
writing system derives from the Brahmi-related gtrithat flourished in India from about 500
B.C to over 300 A.D. Myanmar script is a systemwofting constructed from consonants,
consonant combination symbols (i.e. Medials), vovggimbols related to the relevant
consonants, and diacritic marks indicating tonesllgwniggahita, visajjaniya). Despite great
differences in appearance and detail, the Myanmaptsfollows the same basic principle as
Devanagari.

There are 33 consonants fromn™ (ka) to “»” (a) (if “p” and “oo0” is added, 35
consonants) in Myanmar language ‘ThinBonGyi’, 1Xibavowels and some conjunction
alphabets such &9, ), , & andaj). Nearly all syllables end with vowels. Unlike athe
Southeast Asian languages (e.g. Thai, Khmer), Myanlanguage adopted words primarily
from Pali rather than from Sanskrit. Verbs are pthat the end of the sentence in Myanmar
language grammar. Overall writing direction is fréeft to right. The followings are Myanmar
consonant, independent vowel, dependent vowebwaisign, consonant sign and numeral:

o 9 0 2O C

ka kha ga gha nga
o s0 @ 9 2. 2o

ca cha ja jha nya nnya

g S Q2 0 @
tta ttha dda ddha nna

o o 3 =) $
ta ttha da dha na
0 ® o fop) 2

pa pha ba bha ma

o%) 9 fab) o 0 200

ya ra la wa sa great sa
€5} c cr)
ha lla a

Figure 2-17. Myanmar consonant

24



Chapter2: Related Works

Dependent Vowel Sign

O '] 0 O ') ') S
o 3 ; . o
a tall aa I ii u uu e ai
Various Sign
.'e’. ] e O 'C"
Anusvara dot below visarga virama asat

§ ¢ &

Dependent Consonant Sign

Ya Ra wa ha

Punctuation

Little section section
Number
o o J el S 9 6 ? © G ©

zero one two three four five six seveneightnine ten

Figure 2-18. Dependent vowel, various sign, depeincensonant sign, punctuation and number

Basically, there are three types of typing order ldyanmar language, which are
handwriting order, traditional typewriter order (Ma Tytell) and PC keyboard order [2].

General Handwriting order is 1) left vowel (i.e:"), 2) consonants (e.go5”, “s”, “0”, “20”,
“c”, etc.), 3) medials €, [: “=" and "), 4) upper vowels (e.g.2", “&”, “2", etc.) and
lower vowels (e.g.:", “”, “4”, etc) 5) killers (e.g.&5", “6”, “C”, “§”, “&” etc) and 6) right
vowels (e.g. #20”, “ 1 “o8", “ons”, etc.). Handwriting order for Myanmar wor@"'(uty) is as
follows:

(o] (o]
e+[§ + 24 -:'l:-+-:;:-=@L

25




Chapter2: Related Works

Traditional typewriter typing order depends on ¢$¢piand there are various typing orders.
According to the results of my survey with ten 8tpj there are four types of typing orders for
Myanmar word '[§L "(city), but it is common that all of the typidige the consonané” at the

end as follows:

@+8+?+?+9=@L

8+@ +?+?+9=@L

S+ o+ls +p+0=(g

1+°+ +[: +6=L’8L’

PC keyboard typing order can be divided into twougs; one is "typewriter based typing
order" and the other is "Unicode encoding basedntymrder'. The former is similar to
typewriter order, which is 1) left vowel (i.esc#”) and left medial ([:) 2) consonants (e.g.

“m", “8", “a”, “a0”, “c”, etc.), 3) other medials{ C “o” and "), 4) upper vowels (e.g. e,
“&, “a", etc.) and lower vowels (e.gg™ “o”, “o:” etc) 5) killers (e.g.&5", “8”, “&”, “§”,
$ etc. ) and 6) right vowels(e.g:5", * ::]", “ :::-.”, “oo:”, etc.)

(o) [0}
E +e+a+<yw;=@L

The latter is almost the same as handwriting cegeept that consonants are typed at first
for “e + consonant” combination. It is totally based anrect grammatical combination order
of consonant and vowels or consonant and medidie fhain difference is that typing
"subscript or stack characters" needs a signalirama sign (U+1039) as follows:

O+ +0 =@
+ ©
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According to my informal survey (i.e. visited arau@5 desktop publishing shops in
Yangon city and asked questions to the people afiddky city), there are three main PC
keyboard layouts of Myanmar languages. They arenMyanmar”, “Zawgyi Myanmar” and
“Myanmar3” keyboard layouts [27] [28] [29] (see Hig 2-19, Figure 2-20 and Figure 2-21).

WinMyanmar Systems for Windows

WinMyanmar Systems

3R-1, Myanmar ICT Park, Hlaing Campus,

11052, Yangon, Myanmar.

Tel: (+95-1) 65 22 50, 65 23 23, (+95-9) B0 23216 . N

E-mail: winmyanmar@myanmars.net For more information on Myanmar (f_crmeny Burma)
Purely cultural, travel and business resources

http://www.myanmars.net

Internet:  http:f/www.myanmars.netiwinmyanmar/

http://www.myanmars.net/winmyanmar
C |2 =® |= b % [/ a e ) x + +s . |
' 2 s . B o ' “ B . E . )
f G 5 Space
L2 T wIR e AF SN AR AT P WAB A° AT SA R X
> —— ——= " - 2 S = - =
d *ld ew|s afa ° © Bla Ple 2|® «le e
Tab. a w e T u ' o 3 ) '8
L = e Wt o e gile Ele wle dle msls e 10 £
: g . 3 , e we 1 'D g Y -L ".Il o) T ° =i §
Caps Lock B [ 3 4 K L . Enter | =
s ) Sl 1 LC . e " ) el 2
f ¢ g oo =g (Y L o« La I ' E
Shift x © v 3 n " - > Il Shift %
lo o oo wls e]lo wfm =i 22 o oS} w7 =
- NES . L &
) e Vi @ g
5
Ctrl ‘ Windows Alt Alt V Windows H Cr >
Q: How can i get a free Myanmar Font? A: Go lo hiip:/Avww.myanmars.newinmyanmar to download.
Q&A Q: How can i type Myanmar? A: See “how to type” page in help file.
Q: How could i press these keys? A: This is how...Let's see the '1' key for example....
Shift+(key) (& . | — CtisAltsShift(key)
z
(key alone) W e Ctri+Alt+(key)

Figure 2-19. WinMyanmar keyboard layout (ASCII kd)se
Image from http://img458.imageshack.us/img458/9@@fhyanmarkeyboardbig9sx.jpg

PLANET

m ¥ 2 B m ar -
Zawgyi Myanmar
Unicode Keyboard Layout

39 P § B |l 2=/ 9 o ( ) * + g S
o ofl gt et ll st ellam lle® [la7alletolle )l ool - aff.-alfa [[ereee

d ool o & gl o o — o ll 2 2|l 2 ™. e
Tab Q w E R T Yo u | o P 1 1
© = o ® § s e ¢ @ gdillo illm®lc §loa™ o °olel 1
o I . o ~ | L ollT +lle =
Caps Lock A ° s D F 1@ H 4 C K L i S Enter q_l
a 944 e o ¢ . Grfl . ol "7 <=
@ . § ¢ W g () L UG clle 5
<> shift z X e v B N M 7 4> shift
o ®“lloow “lla “llew ©lm Pl@ & 2 [l w r
N
ctrl - At Alt ¥ E\ cl
ZawgyiMyanmar Unicode Keyboard LayautMap - Version 0.4/Nav 30, 2005
Cirl+ Alt + St + key
Dead-key sfgbajtoontaam Tilde (s§) Shift+Tilde key ($055- 5 8o205) o3§cbgst uplaod enafugadioonupb vogeht Shitt+ key {or)
sefgprticnbeodifcgonn gy BeonmangS e oxagaprodiocs (shit o3 ogdosefEbiecycs) C P
pow - Tilde §eiffe y §o50g8 "5 adlupSi Shift+ Tilde §3F: y §odogé ™ ;" adkupb i ‘
wiw.zawgyl.net | www.alpha.com.mm | wiwnw.planet.com.mm o308 B8qpreu§fanpt key alone Ctrl + Alt + kay

{or)
Tilde -> key
Zawgyi Myanmar Unicode System off Zawgyl.net $& Alpha Info-Tech (Mandalay) oprediéicndSeoond

Figure 2-20. Zawgyi Myanmar keyboard layout (pattlaicode)
Image from http://sites.google.com/site/lynnseckigy_keyboard_map0.4.gif
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Unicode: Unshifted
1 2 3 4 5 B G 7 8 9 0 - =

[~19] ({I 0 ? ‘I-E : o8
S hift Z % W N | M ! Shift
(4] co =] o 20| E o0
Ctrl Al Alt Chil
Unicode; Shift

i 1 2 3 4 5 B 7 8 3 0 : =

(& q G q (] L [ Gl
a |w |E Y U
9 o o § o & oo w @GE&m
A |s b JF H v Jr L
[w) ? 8 5 (6-‘ 2 O 3 & 9]
Shift % B[N |M /| Shift
|} @ 5 20 E Qo a 8 | ] .
Ctil Al Al Ctl

Figure 2-21. Myanmar3 keyboard layout (Unicode)

Image fromhttp://www.myanmarnlp.net.mm/

The Myanmar3 keyboard layout and typing order fallyp based on Unicode encoding.
WinMyanmar keyboard has the older layout, but istil used in desktop publishing shops
(DTP shops) as well as most publishers in Myan@awgyi Myanmar is also widely used and
especially for chatting, creating webpage, etcfebgnt glyphs of &” and [: are considered
as different characters in WinMyanmar and Zawgybieards and mapping them on several
keys.

2.1.5 Nepali PC Keyboard Layout

Nepali language is the official language in Ne@l]] It is an Indo-Aryan language spoken in
Nepal, Bhutan, and some parts of India and Myar(Barma). It is closely related to Hindi and
is commonly written in the Devanagari script [91]332] [33]. In Nepali consonants, last three
cosonant$l (khsya),7 (tra) andxl gyna are ligatures (i.&f + ¥ =&, d +X =T andsl + 3 = 7).
Nepali language is written from left to right, atigere is no case distinction. In Nepali, word
order is Subject + Object + Verb (SOV). Nepali usetependent vowels (e.g3" (a), “3”
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(aa) 7" (i), “g (ii), etc.) and dependent vowels (e.gI™ (aa), ‘F= (i), “ < (ii), 3" (u), etc.),
consonants (e.g®” (ka), T (kha), °T" (ga), “¥” (gha), “$” (nga), etc.), half consonants (e.g.

“%” (ka), ‘" (kha), °T" (ga), “&" (gha), “$” (hga), etc.), diacritics symbols#" (anuswar),
“s (chandrabindu) and “” (visarga)), punctuatiofig’( (viraam or halanta), I (purnaviram)
and “lI” (double danda)), special characterg¥((re), “ 3 ” (om) and %" (rupee)), conjunct

consonants or ligatures (e.ge<” () (katka), T” (tta+tta), " (ta+ta), <" (H) (na+na),

etc.) and Nepali numbers (e(1)R (2) 2 (3) ¥ (4),¥ (5), etc.).

Independent vowels are such &' ““ 3", “§" and 3", which can be written by
themselves. Dependent vowels are suchzas “T3",” <1 and “3”, which have to be written

together with a consonant (e.g6F, “T%”, “hI" and “$"). Nepali or Devanagari consonants
have implied vowels like®” (ka), which is a combination of5” (k) and “3” (a). Therefore, a
pure consonant is written ash”, which means that 31" (a) vowel is not contained. Pure
consonants such a%", “Xq’, “37", “¥” and “g" are written contacting other consonants, and
make dead consonants or half consonants. For egarapNepali word T (namaste)

contains half consonant off* (sa).

Consonants can be combined with one or more camé®rand make a ligature. In
most cases, ligatures formation can be easily rézed such a® +X =%, +Y =39 and’ +
X =7]. But it is difficult to recognize some ligaturesdmbinations of consonants because of
their new glyph or shape (e@+ﬂ=&1,?[+?=3[,5[+3{=§[,T+“‘(=§',E+E=€ and® +d
=H).
Independent and dependent vowels, consonants,yatiocts and numbers of Nepali are
as follows:
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=g q 3 Y g
(ka)  (kha) (ga) (gha) (nga)
o ' o1 AN
(cha) (chha) (ja) (ha) (nya)
T 3 B T T
(ta) (tha) (dda) (ddha) (nna)
d g [} g9 -
(ta) (tha) (da) (dha) (na)
g % § 9 9
(pa) (pha) (ba) (bha) (ma)
B2 ] o i
(ya) (ra) (la) (va)
q | kSl i
(sha) (ssa) (sa) (ha)
a = B

(khsya) (tra) (gyna)

Figure 2-22. Nepali consonant

Image adapted from my published paper [97]
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Vowels:

A oW g T I F T W oA M o
@ @ @O (@@ (U (uw) (e (a) (o) (auyy @ @
of =N o o 3 3 o o o &

o) N

Punctuations:
o
Numbers:

E(DR@)3 (¥ (43 (58 (B)b (7)< (8)R(9)° (0)

Figure 2-23. Nepali vowel, punctuation and number

Image adapted from my published paper [97]

Three major Unicode keyboard layouts exist for Niepahich are “Traditional Layout”,
“Romanized Layout” and “Devanagari Keyboard”. Theditional Keyboard Layout derived
from the layout of mechanical typewriters and Udeweersion of this was developed by Madan
Puraskar Pustakalaya (MPP) [34] [35] (see FiguRdR-t might be easier for the user already
familiar with the old traditional layout. Howevaet js not fully Unicode compatible and difficult
to port to other OSs. The Romanized Layout has baéeveloped by Madan Puraskar
Pustakalaya (MPP) and has been designed to eassi Mgpng for those who are already
familiar with English keyboard layout [34]. Howeyet is not proper arrangement of Nepali
alphabets and not statistically optimized. As nwed above, Nepali is closely related to
written system of the Devanagari script and it asgible to type with Devanagari keyboard
layout. The Devanagari Keyboard Layout has beerldped by Dhak Prasad Upreti (Bishnu)
[34]. Although it has been statistically modeledd asorresponds to the frequency of single
letters (monograph) in Nepali, it is not popularcam native users.
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Nepali Unicode Keyboard Layout (Traditional)

) ) s N —\ N e
~i e [ef || 4w | [sg | (=3[ 2] |as|[3|[(z][)m|[20
| N N : - =
vl )z [gl[=|[a][z][z]|[{e][rs
w (= ‘ 233
Kl gl esw| | rT][tT] (va||uT||iT a||p3||[[T||13 | |ENTER
\ / \ J N J \ J \ J \ J \ )
T S S LB SRS ]| caps
q| |s® w ot | |9 ™ S| = T B ;| g
-/ ___J J \ J )
zl(a|(=|[)[a)[=][z )<= [>= 2% [smFrT
z ¥ € c ¥ g T na o S | T
~— N— | . J

Figure 2-24. Nepali Unicode keyboard layout (triadial)

Image taken from
http://mpp.org.np/index.php?option=com_content&tadbw&id=12&Itemid=81

2.2 Comparison on Thai Mobile Phone Keypad Layout

Unlike English and other Roman Character basedulages; Thai language with 72 characters
(Consonant, Vowel, Tone-mark and Special symbothallenge for designing the easy-to-use
and user-friendly keypad mapping method. Currerithgre are many methods of mobile
keypad mapping which depend on brand and modelobilsmhandset. These keypad mapping
methods also apply with Multi-tap and predictivetioel (T9, iTap). In the past there were
other methods such as Thai SMS2 of TAOrange and WMadrix of Hutchison which are
developed by local mobile operator, but those 2hods are already obsolete from the market.
This study focuses on 4 methods of well-known nelghone manufacturers; Nokia, Sony
Ericsson (SE), Samsung and Motorola which coveurato80% of mobile in Thai market.
Though there are many methods of keypad mappingi fExt input method is unable to gain
good feedbacks from users because of its difficulty

2.2.1 Keypad Mapping

Each leading mobile handset manufacturers (Nolta Samsung, Motorola, etc.) has their own
keypad mapping methods while most of China-madelacal mobile handset duplicated the
keypad mapping and input method from leading gldisahd. Therefore, in this study, only 4
main brands covering around 80% of market shareaisidered.

Nokia, around 40% market share [36], the dominamind in Thai mobile market,
introduces their own keypad mapping by mapped cmargs into “1"-“9”, upper and lower
position vowel, special symbol and tone mark argigagd to “*”, “0” is for left and right
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position vowels, “#” is for changing input methden@lish multi-tap, English multi-tap capital
letter, English T9, Thai multi-tap, Thai T9, numpas shown in Figure 2-25.

3 4
b

o

4

(o
(

() (s
DI
)

8'!.

=l
5=y -

7 o
W=

9
=g

Wi,
Wil
NN N

b
Vowels & Diacritic, Vnwels 9 Vioae
Marks characters

16 characters

LITTT O L

IR R R

9100

Figure 2-25. Nokia keypad layout

Image taken from my published paper [124]

The second ranking with 20% market share [36], S@g$as exactly the same keypad
mapping method as Nokia but “#” is for space andgusther buttons (not a 12-key keypad) for

changing input method as shown in Figure 2-26.

(D)
‘ub(ﬁ)(MD
o) ()
5 ()

Figure 2-26. Samsung keypad layout

Image taken from my published paper [124]
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SE, around 10% market share uses “1” for spacerampbed consonants to “2” to “9”. “*”
is for left and right position vowel, “0” is for yer and lower position vowel and “#” is for tone
mark and special symbol and using other buttongHanging input method as shown in Figure

(o) () (5D
Con ) (o) o)
o) o) ()
Ca) ( : ) ( )

Vowel 9 Vowel 7 Diacritic Marks
Characters characters PR P 4
a e = a
vl > 7
g
21 oA 1 e

Figure 2-27. Sony Ericsson keypad layout
Image taken from my published paper [124]

Motorola with more than 5% market share has a wiffe mapping method; consonants
are mapped into “1” to “6”. And “7” is for left pdagon vowel, “8” is for upper and lower
position vowel, “9” is for right vowel and right pition special symbol, “0” is for tone mark
and upper position special symbol , “*” is for spaand “#" is for changing input method

() () ()
Con ) (i) ()
() )L)

Diacritic Marks
NP

as shown in Figure 2-28.

Figure 2-28. Motorola keypad layout
Image taken from my published paper [124]
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Nokia and SE show the list of characters (voweletmark and special symbol) on screen
when pressing “*” and “0” buttons. For Nokia, aftesers press “*” and “0”, a list of characters
will be shown on the screen and users will be &bkelect the desired character from the list by
using arrow keys. While Sony Ericsson just showvesligt of characters on screen, users have to
use normal multi-tap way to get the desired charaainable to select desired character by
arrow keys. Moreover, Nokia shows only possible #band mark which help reducing the
total keystroke while SE shows the entire list. Egzample, Nokia, when pressing “*” after
main consonant all of the vowel, tone mark and ispeymbol will be shown but if there is no
main consonant only special symbol will be showaeimSung and Motorola do not show the list
of characters on the screen.

2.2.2  Text Input Method

All of these keypad mapping methods are appliedboth multi-tap and predictive input
method. For multi-tap, users have to press the skayeseveral times to get the desired
character and it will be more difficult to get vawand tone mark. For some characters, users
have to press the button for more than 10 timestamifl be much more annoying if they fail to
press the correct keystroke which tends to occtin wdwel and tone mark. For example, if
users want to get the tone matkhey need to press # button 10 times, but if thistype, they

have to delete the mistyped character and staoival again.

Predictive input method seems to be easier to hese tulti-tap, but practically users
always face a difficulty at the very first time o$ing T9 or iTap and don't even try using it
again. The first reason is that it's difficult todw exactly which button is for which character.
It's not like English that there are only 3 chagegtin one button and all of those characters
were printed on the button. Thai has only the fursdl last character printed on the button dike
5 printed on 5-button while there are 5 charactarthis button. Users have to memorize the
position of characters (layout). Another reasothét users do not always get the desired word
even if they press the right sequence and combimaii buttons. It is because of the predictive
algorithm that shows the frequently used word an gbreen which is sometimes not the one
that users want, and most of them do not know lwoget the desired word. For these 2 reasons,
users are not comfortable with predictive method prefer multi-tap method. Comparing the
text input method of Thai and English, Thai usef®vinave English capability prefer English
text input method because of its easiness.
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2.2.3 Test Word/Phrase and Sentence

Nokia 5220, Samsung J700, SE K330 and Motorola RAZRare used for a Keystroke per
character (KSPC) test. KSPC is the number of kelyst required, on average, to generate a
character of text for a given text entry techniguea given language [37]. Frequently used
words/phrases in Thai texting were chosen and $esees were composed to be used in
evaluating KSPC. For words/phrases, those wordsphrakses were grouped into 4 categories;
"sentence ending and greeting”, "normal place nahdaily verb" and "person and pronoun" as
shown in Table 2-1. For sentences, 5 sentencesicgwnsonant, vowel, tone mark, special
symbol and number were composed as shown in Table 2

Table 2-1. Thai words/phrases for KSPC evaluation

Table taken from my published paper [124]

Category Words/Phrases
_ AFU Az Ay NB e ar 1 ey tu T 1he esnn ezls Tas Aluu Walus dals
Ending and
Greeting o e e
addn fun AR
agnd AaN A1ANE1 WAt [unia wisneu Wiyases tasa Ind
Place
TsaBau i aanila Tineu 19991 e
T 11 ndL Andng wew Wen 119w 1Bl 1wy A e fuane Tu a9 g
Daily Verb
BN
Person and T Y T 2 de s
un ve u A fas e in 44 un 150 190 Je ) 15 18
Pronoun
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Table 2-2. Thai sentences for KSPC evaluation

Table taken from my publishegber [124]

Sentence

o a o R
ATARATY ALNYATLNG

(Hi, How are you doing?)

narlsey Antann

(What are you doing? | miss you so much.)

=3 d’/ 4‘ o d‘ :/I
il 6 Tuarsameiunnsneudi 4 uy

(See you at 6:30 p.m. at the 4th floor of Paragon.)

iaztlasuwefluify 0890304200

(I'will change my phone number to 0890304200.)

NAUEUAUY

(Good night.)

Both Thai text input methods; multi-tap and pregetmethods will be tested for KSPC.
KSPC was calculated by counting the total keystrakpiired to get the specified word/phrase
or sentence and divide by total character of thedi{pbrase or sentence. In case of sentence, the
keystroke of spacing and text input mode changings valso counted. Contradictory,
word/phrase case is regardless of spacing andhjgxt mode changing.

2.2.4  Analysis on Results

For word/phrase test with 287 total characterspiti-tap mode SE has the least KSPC of 3.39
then Motorola, Samsung and Nokia with 3.51, 3.58 2163 KSPC respectively. In predictive
mode, Nokia and Samsung have same KSPC of 1.9&dkeamong these 4 methods then SE
and Motorola with 1.55 and 1.66 KSPC as shown gufé 2-29.

For sentence test with 134 total characters inotydteystroke of spacing and changing

text input mode, in multi-tap mode the least KSBRCSE of 2.86 then Motorola, Nokia and
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Samsung with 3.22, 3.28 and 3.31 KSPC respectiwelpredictive mode, Nokia is the least
KSPC method of 1.38 then Samsung, SE and Motordia W43, 1.51 and 1.60 KSPC as
shown in Figure 2-30.

4.00

3.50

3.00

2.50 4

2.00 +

u Multi-tap
1.50
B Predictive

1.00

0.50

0.00 -
Nokia Samsung Sony Ericsson Motorola

Figure 2-29. KSPC comparison of typing Thai wordd phrases
Image taken from my published paper [124]

EMulti-tap

®Predictive

Nokia Samsung Sony Ericsson Motorola

Figure 2-30. KSPC comparison of typing Thai sergenc
Image taken from my published paper [124]

38



Chapter2: Related Works

For multi-tap mode, in both word and sentence t&fsand Motorola’s keypad mapping
which map vowel, tone mark and special symbol Bitand 4 buttons have lower KSPC than
Nokia and Samsung that use 2 buttons. Though Miatarses 4 buttons for vowel and tone
mark, Motorola’s KSPC is higher than SE becauseokédd maps all consonants into 6 buttons
while SE uses 8 buttons. Therefore, Motorola neecle KSPC for consonant part.

Though Nokia and Samsung have the same keypad ntgfamsung has lower KSPC
than Nokia in multi-tap mode because Nokia showdi#t and users have to select by pressing
“select” button that requires one more extra keysr

But as mentioned in the previous section that Ndkia a feature to show the list and
users are able to select by arrow key, this fedtehgs reducing the KSPC of Nokia from 3.63
to 2.99 in the case of word and from 3.28 to 2174hie case of sentence. With this feature,
Nokia turned to be the least KSPC text input metmodulti-tap. In order to show the list,
however, it takes around 2-3 seconds after presbhimdputton that is not concerned in terms of
KSPC. Considering the typing speed, however, itlvglaffected by this time lag.

For predictive mode, in both word and sentencesteaethods of Nokia and Samsung
have lower KSPC than the ones of SE and Motoralavdrd test, Nokia and Samsung have the
same KSCP because Nokia and Samsung have the ssypadkmapping and predictive
algorithm. But in sentence test including numbéiskia’s KSPC is lower than the one of
Samsung because users can press and hold the bottgpe numbers for Nokia, but for
Samsung if they press and hold the button, numdrershown in Thai language that are rarely
used in daily writing. Therefore, input mode netxlbe changed to number mode before typing,
which requires 5 keystrokes while Nokia requirely dnkeystroke.

2.25 Summary

In Thai text input method, all of the 4 methodsidiv characters into 2 groups; one is 44
consonants and the other is other characters iimgjudwel, tone mark, consonant-vowel and
special symbol. Normally, if the number of averadmracters mapped onto a key is small,
KSPC is low, but this is not always true as seemfiMotorola’s method. Motorola tried to
spare more buttons for the second group in ordeedace average number of characters per
key, but this caused more average number of clemsager key in consonant group. Since
consonant is a major composition of Thai word, mawyds are the composition of consonant
only. Therefore, average number of characters @giok consonant group should be kept as low
as possible. | agree that 8 or 9 buttons shoulasbiggned for consonant as Nokia, Samsung and
SE did, but some obsolete consonants and rarelgarsgnants can be omitted to reduce the
average number of characters per key.
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As only 2 or 3 buttons are left for 23 charactershe second group, it is impossible to
reduce the average number of characters per keyhdosecond group, but there are still other
keys available. | propose that arrow keys are tsedduce KSPC of Thai text input method by
using Positional Prediction [38] [39].

2.3 Comparison on Myanmar Mobile Phone Keypad Layou t

Today, a mobile phone is popular and SMS is alsdlade in Myanmar, however, text input

method for Myanmar language in a mobile phoneiisasthallenge research topic. There are
only two keypad layouts or text input methods ie tyanmar mobile market, which are

MyTap and M9. This section presents the resulteypEomparison between them.

2.3.1 Keypad Layout and Text Entry Method for Myanmar

Two keypad layouts of MyTap and M9 are presenteavels as their text entry methods for
Myanmar. Although those two keypad layouts aregiesi on the 12-key mobile phone keypad,
their keyboard mappings differ largely from eacheot(see Figure 2-31 and Figure 2-32) but
have a common approach for text entry process.

MyTap (Technomation Studios, Myanmar) is the Myanmat ieput method run on
MySM (Myanmar language Short Messaging Systemswé [40]. To my knowledge, it is the
first text input method that came out as a prodtu2006.
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Figure 2-31. MyTap keypad layout
(a) consonant mode (b) vowel mode
(c) consonant character with Asat mode and (d)pdeddent vowel mode

Image taken from my published paper [125]

MyTap keyboard mapping basically has three layky£gnsonant character mapping (
mode), (2) vowel character mapping (mode) and (3) consonant character with Asat mappin
(& mode) (see Figure 2-31). If keyboard mapping fatependent vowels is counted as one,
there exist four keypad layouts in total (see (dyigure 2-31). Consonant character mapping is
mainly to map the Myanmar consonants™'(Ka) to "»" (A) to key 1 to key 9, ande®:" (E)
vowel and [: (Ra) Medial to key 0. It does not adopt alphatstorder of consonant (e @p,

8, 0, w0, c) but use frequency order (e@, s, c, 0, ) (see (a) of Figure 2-31). Vowel
character mapping is based on the writing positionombination of vowels with a consonant,
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e.g. upper vowels &" (Anusvara), &" (1), "&" (Ii), "3" (Ai) and 'S" (Asat or killer) are mapped
to key 1, key 2 and key 3 (upper row keys on a tegbinone keypad), and lower vowels or
medials 3" (Ha), ;" (Wa), =" (U) and %" (Uu) are mapped to key 7, key 8 and key 9 (lower
row keys). But character mapping to key 5 is natelolaon the writing position of vowels
because&" (kinzi) is always written on the upper part of@sonant. Consonant character with
Asat mapping orf( mode) is for typing the combination of Asat ch&gaevith a consonant (e.g.
§=s +&). The keypad layout for Myanmar independent veveeich asgh” (1), "or)" (li) and

"o" (U) and Myanmar punctuation symbols$ (little section) and i (section) can be seen in
(d) of Figure 2-31.

MyTap is a phase predictive text input method, Widoes not predict Myanmar syllable,
word or phrase. It predicts a next typing step change from one mode to another especially
from vowel mode to consonant mode, and the keyblzmut always pops up. For example,
after a vowel #:" (Visarga) is typed, the mode will automaticallyange to consonant mode.
Typing step of MyTap is the same as handwritingeor@.g. left vowel + consonant) and not
Unicode typing order (e.g. consonant + left vowll)MyTap keypad layout, key "*" and "#"
are used for changing from one mode to anothertheutunction varies depending on the active
layer. For example, key "*" is used to change megitmode to consonant mode (mode),
vowel mode o> mode) and Paiksint or subscript mogenjode). Myanmar numbers can be
typed with "Input Number" menu, and English letteasm be typed with "Input English" menu.
Space can be placed by pressing key 0 longer, iated ean be typed by pressing key "#". The
following is the typing steps obl{,em&m:u" (How are you?) with MyTap text entry method,

which requires 18 keystrokes for 12 characters.

Table 2-3. Typing steps of Myanmar phras@e‘booé:coo:u" (How are you?) with
MyTap
Table taken from my published paper [125]

QO | mode| D mode| I

. . . I\
G c? G | OO | mode| < | mode| C

O (5021 |* |6 |# 1/ 00| 8 * | 6/ 0O * | D

M9 (Myanmar9) is the Myanmar text input method (R & S Softwavlyjanmar), which
is distributed with SM3 (Simple Myanmar Messageffvgare. As far as | am concerned, it is
the second text input method that came out as @uptan 2007. Its keypad layout is based on
the glyph or shape of Myanmar characters as follows
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Figure 2-32. M9 keypad layout

(a) consonant mode (b) vowel mode

Image taken from my published paper [125]

Most Myanmar character glyphs or shapes consigaidbus combinations of circle or
Landolt C structure such as consonants' '(Ka), "s" (Kha), 'o" (Ga), " (Gha) and &"
(Nga), vowels #5" (Aa), "=" (Visarga), %" (1) and '&" (Ii), independent vowelsp™ (U) and
§ (Uu), and numberso™ (1), 2" (3), 5" (4), "o" (8) and " (0) [6] [41]. And thus, they can

nun n_n

be grouped as circle shaped characters (g'g.'¢" and 'o>"), left gap shaped characters (e.qg.

o nom_n

"s", "so" and '3"), right gap shaped characters (eg’,"™s" and '§"), bottom gap shaped
characters (e.go", "q" and &") and up gap shaped characters (e, "¢" and '"). It has
been found that M9 keypad layout for Myanmar coasts are mapped based on the glyph or
shape (see (a) of Figure 2-32), and its vowel nmappé based on the writing position or
combination of vowels with a consonant (see (bfriglire 2-32). English symbols such as "!I",
meomeme ?"and (" and M) are assigned tey ", and mode can be changed by pressing

button "#".

M9 is also a phase predictive text input method NkyTap. The main difference is that
users can turn on or off this feature (i.e. i-magiesr i-mode=off option in the M9 setting). The
system predicts a next possible phase with "i-modé<i-mode is assumed as interactive or
intelligent mode) setting, and it does not workhwitmode=off" setting. Users can control the
mode manually with "i-mode=off" setting (e.g. swiitcg from consonant to vowel mode).
There are five modes in total, which areso" (Myanmar consonant)gt, <z, " (Myanmar
vowel), "ABC" (English capital letter), "abc" (Ength small letter) and "123" (English number)
mode. Key 5 works as "go back button" to Myanmansomant mode while vowel mode is

active. button Myanmar numbers 0 to 9 can be typgdressing keys 0 to 9 longer (e.g.
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Myanmar number 66" can be typed by pressing "key 6" longer). Paiksin subscript

characters can be typed by pressing key 0 whilesiavade is active.

"I-mode=on" setting works as Unicode typing orderg( consonant + left vowel) and
timing on, and "i-mode=off" setting is handwritirgder (e.g. left vowel + consonant) and
timing off. The following is the typing steps O:fﬁi'c;mc?:m:u" (How are you?) with M9 text
entry method, which requires 18 keystrokes for H&acters. One of my findings here is that it
is difficult for novice users to type with 18 kegaltes due to time limitation.

Table 2-4. Typing steps of Myanmar phra@@s'('noé:coo:n " (How are you?)
with M9 (i-mode = on)

Table taken from my published paper [125]

QO | D

. . : C
§ G| N |6 | D | mode| C

664 |9 |4 |6 | 33 | 6] 6699 |6 |66|11

2.3.2  Methodology
Here, the information of participants, apparatud procedures is presented for text input user
study with MyTap and M9 text input methods.

Participants 5 volunteer participants (3 males and 2 femahe=e recruited in Yangon
city, Myanmar. Participants ranged from 24 to 34rgeg(mean = 29.8, sd = 3.4). One of them
was familiar with a mobile phone and had prior eigees of Myanmar text typing with
MyTap and M9, and for the rest of them, it was fingt time to type Myanmar text with a
mobile phone.

Apparatus MySM Release 1.9.2 (MyTap version 1.5) and SM&gfversion) were
installed on a Nokia mobile phone. A Nokia mobileope (Model: 3110c) was used for user
study with MyTap and M9 text input methods. A Nokiamulator of "Series 40 6th Edition
SDK" was also used for counting required keystrot@edype a Myanmar character [42].
Myanmar text for user study consisted of 107 charadncluding 41 consonants, 52 vowels, 7
numbers, 6 symbols and 1 space, as shown below.
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oﬁcogqlézl (Hi, friend!)

060,607(030(8esdi (Long time no see.)

c560008:¢, 0008 (How are you?)

clos:é0lodSmardm ooasaeal (My new phone number is 5007459.)
320:0%3510:(08 50050301 (Call me back when you have time.)
sloesdi (Bye for now.)

Procedures The procedures for user study are (1) explaitiwgkeypad layout and text
input method of MyTap and M9, (2) making demons#ratof typing Myanmar text with a
Nokia mobile phone, (3) allowing practice time tmigsh each model, (4) recording the
participants' typing speed of short Myanmar mesgagentences) for 10 times (including error
correction time) (Note: M9 setting is imode=on argpeed=6x) and (5) discussing with them
and getting their evaluation.

2.3.3  Results and Discussion

Speed (Characters per Minutéjigure 3 shows the users' typing speed to fisistrt Myanmar
message (see section 2.3.2) with MyTap and M9. §jjeed was calculated based on the
Characters per Minute (CPM), which is generallycakdted as [characters per second] x 60.
Typing speed was evaluated with CPM instead of Waqudr Minute (WPM) [43]. This is
because there is no standard definition for a wortlyanmar like in English (i.e. common
definition of a word = 5 characters, including sp&c[44]. In order to know whether there
exists significant difference between MyTap and M8, analysis of variance (ANOVA) was
used. The results are not statistically signifiq&it,4 = 0.144, ns) (see Figure 2-33).
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0 MyTap
B M9

Characters per Minute (CPM)

Userl User2 User3 User4 User5 Average

Figure 2-33. Characters per Minute (CPM) of fivengswith MyTap and M9
Image taken from my published paper [125]

Keystrokes Keystrokes per Character (KSPC) is the numbekeyfstrokes or stylus
strokes required, on average, to generate eaclaatbarof text using a given interaction
technique in a given language [43] [37]. Here, hoave KSPC formula was not used but
keystrokes were counted manually to make comparidokeystroke requirements only (i.e.
typing error and text editing process is excludedinish Myanmar text. Required keystrokes
to type "frequently used Myanmar syllables" (seblg@£-5), "Myanmar words formed by two
identical syllables" (see Table 2-6), "Pali andcipevords” (see Table 2-7) and "Myanmar text
for user study" (see section 4.2) were counted.

To count keystrokes, MyTap needs to be countecktand M9 needs to be counted four
times. This is because the number of keystrokesritgpon combination methods of consonant
and Asat (e.g. "consonant + Asat" method &) "¢ consonant" method), "i-mode=on" (i.e.
Unicode writing order and mode is changed autorallyidy timing) or "i-mode=off" (i.e.
handwriting order and mode is not controlled byinigh. And thus, keystrokes counting was
implemented for "consonant + Asat" and®)'(+ consonant" methods for MyTap and
"i-mode=off", "i-mode=on" and "consonant + Asat';mode=on" and "&) + consonant"
methods and "in case of time out". The resultsrifleshowed that M9 required higher number
of keystrokes than MyTap in the typing process gilmar text (see Table 2-5, Table 2-6 and
Table 2-7). User study has presented that alleptrticipants used "consonant + Asat" method
mostly, and '%) + consonant” and ") + consonant” methods sometimes.
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Table 2-5. Keystroke comparison of frequently us@nmar syllables

Table taken from my published paper [125]

MyTap M9
No. | Frequently Used
Myanmar C+Asat | (o) +C i-mode i-mode | 8 mod | Time Out
Syllables * e
(off) (on) on)
C + Asat (*.:;)+C

1 N

) 3 3 4 4 4 N/A
2 |3 4 4 6 5 5 6
3 | oops 7 4 5 5 5 N/A
4 oo 7 4 6 6 6 N/A
5

s 2 5 5 3 3 N/A
6

ol 4 4 5 4 4 N/A
7

e 4 4 8 5 5 6
8 (6o 7 5 11 8 9 N/A
9 3 5 5 7 6 6 7
10

e 4 4 5 4 4 5
1 com 5 5 10 7 7 8 or9
12 10 4 4 8 8 8 9
B ow 3 3 5 4 4 N/A
14

™ 5 5 7 6 6 N/A
15 6 6 7 6 6| 7ors

Total 70 62 99 81 82

Many Myanmar words and names are formed by repgdtie same character or
syllable, e.g. common namess$>Ceaané” (Aung Aung), (8¢ (¢ " (Myint Myint), "o303 " (Ko
Ko), etc., and wordsolol" (dad), ‘sece” (mom), etc. 10 Myanmar common words have been
chosen for counting the number of keystrokes requio type with MyTap and M9 (see Table
2-6).
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Table 2-6. Keystroke comparison of Myanmar wordsied by two identical syllables

Table taken from my published paper [125]

MyTap M9

No. Myanmar Words

Fo_r(rjned by 'Iiwo C+Asat| (0)+C i-mode i-mode i-mode | Time Out
Identica
Syllables (off) (on) (on)
C+Asat | (*¢)+C
b e&eé 18 10 15 14 14| 15 or 16
2 B33 11 11 13 10 10| 11 or 12
3 §8&é 22 12 23 16 18] 18 oc:r1290
4ol 11 11 1 8 8 N/A
5 | cvee 4 4 10 6 6 N/A
6 2= 4 4 12 8 8 N/A
7 < <
N$:N$: 24 18 27 20 22| 23 or 24
8 GC3:63: 10 10 13 8 8 9 or 10
9 o 17 or 18
B 20 12 21 16 18 | or 21 or
22
10 o o 11 or 12
G320CE3IC 22 14 19 10 12| or 15 or
16
Total 146 106 164 116 124

Myanmar has borrowed words from Pali and Sanskmitesthe advent of contact with

those languages. Some words have been borrowestair(e.g. 31", "o8co", "=8g", "3cp",

Oun n n0 _Cun

":§x"), and others have been adapted to suit Myannrague and ear (e.gogy" to "005",

"QOU?" tO ||G

Cn n

5", 0810)" tO llwé)]()gu, n

e[;s; 10 "og¢
consonants, keystroke comparison was made forvRatis such as&ggo%

Cn

On

"oogo" (truth, veracity), gegy” (kindness, affection) andgéo
MyTap and M9 (see Table 2-7).
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Table 2-7. Keystroke comparison of Pali or spewiaids

Table taken from my published paper [125]

MyTap M9
No. | Myanmar Words
(Pali or C+Asat | (0)+C i-mode i-mode i-mode | Time Out
Special Words) (off) (on) (on)
C+Asat | (*3)+C

L SaS 15 22 18 19| 190r21

ealoalovles) 12 or
2| egeco: 1 1 19 18 18 18
3 o 11 or 12

[26%0)] : 15 14 14 9 10 or 13 or

i 14 or 15

4

mels 11 11 19 16 16 17
5 [Slelavs) 11 11 15 13 13 N/A
6

20 7 7 10 10 10 11
’ GO 8 8 17 15 15 15
8 | ogm 9 9 15 14 14 N/A
9 LA eleles 14 14 20 19 19 N/A
10 o,

$9°% 17 14 22 17 18 18 and 20

Total 11¢& 111 172 14¢ 152
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Table 2-8. Keystroke comparison of Myanmar textuser study

Table taken from my published paper [125]

MyTap M9
. i-mode i-mode
i-mode
No. Myanmar Text for User Study C+Asa (0)+C (off) (on) (on)
0
C + Asat (*g)+C
e _ <
1 ORCOOQJC:I 29 21 23 16 17
Q ¢
2 860@51000@0[96@0" 34 34 43 33 33
N
3 G§>G C“\lu " 28 23 33 23 24
Q. . Q Q
4 C](?§:§0’]OOGQOD®OO 3()()793@ 51 43 61 48 51
S Mme <
5 3’3’):0\9398'](?§:@§90m('{5>0|l 45 39 59 45 47
I
6 3']5&?0" 18 18 23 17 17
Total 20t 17¢ 24z 182 18¢
Total (including Enter key) 21C 182 252 192 19¢

Questionnaire for ParticipanisA post-test questionnaire was completed by each
participant. In it, MyTap was rated as easier tong2:3), quicker (2:3) and less typing mistake
(2:3). As for the M9, it was rated as easier tarlg2:3), quicker (3:2) and less typing mistake
(1:4).

Their comments or suggestions on MyTap and M9 va¢se requested and received as

follows:
» Prefer MyTap because it is displaying keypad layout
* Both methods are annoying with timing
M9 keypad layout is creative idea but difficultrt@morize
*  Prefer M9 with "i-mode=off" setting

*  Why consonants are sorted by usage frequency oRtef@r alphabetical order and
it is the best for the native people

» Both of the keypad layout are difficult to memorize

»  Traditional handwriting order is better than Uniedgiping order
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Discussion In user study, "i-mode=on" setting was used f@ tdxt input system. One
reason for this is that MyTap changes mode autaadtifrom vowel mode to consonant mode
and it has no timing off function, and another oeass similar platform should be prepared for
comparison. From the user study results as welisass' comments and suggestions, it was
found that almost all of the users faced with tignproblem. The number of required keystrokes
can be increased because of time out when useaistgng and typing two consonants or more
than one vowel continuously. Typing process of Mthwi-mode=off" is better than that of M9
with "i-mode=on" for the users. On the other hatchode=off" setting requires the highest
number of keystrokes than other typing methodsptions (see Table 2-5, Table 2-6, Table 2-7
and Table 2-8). MyTap keypad layout makes it eaefind desired consonants than M9,
because M9 keypad layout is based on the glyphapesof the consonant, which is difficult to
memorize for first-time users. It is assumed thagahmar consonants keypad layout by
alphabetical order is suitable for native usersThfy has an annoying keypad layout displaying
feature for them, because it covers a text edgorgen and therefore users cannot see the typing
text (see Figure 2-34). Another user interface lemmbof MyTap is that users need to type
number in English first and then convert it to Myaar number. What MyTap and M9 have in
common is that they try to predict next typing stefpor the most participants, typing speed or
CPM of MyTap was slightly higher than that of M9fode =on), but the results of an analysis
of variance (ANOVA) are not statistically signifita(F1,4 = 0.144, ns).

(6260000) Canvas - Series 40 Gth Edition SDK |.,;_;,| (6260000) Canvas - Series 40 Gth Edition SDK |a

[ /Compose /Compose

[ . o e T
macony esopomg magea Z ? ¢ T E
or03e §o Yo - L lom R

wgad 20000 =g

[- =] < - 8] [en] oo (6]

Menu @ Menu =iy

(@) (b)
Figure 2-34. Nokia mobile phone emulator screelytap
(a) consonant mode (b) vowel mode

Image taken from my published paper [125]
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2.3.4 Summary

Two methods for Myanmar text entry on mobile desinamely MyTap and M9 were evaluated.
This research is in progress, and the results otumgent analysis have been just reported in
terms of number of keystrokes, CPM and feedbaai® fusers. From this study, it has been
found that both MyTap and M9 predict or prepareslseext typing step. Although M9 keypad
mapping is interesting, it is difficult for firstbe users to memorize. On the other hand, CPM
of MyTap is slightly higher than that of M9 (i-moden) (14.9 CPM: 14.5 CPM), but MyTap
has a complicated keypad layout displaying featorayping and text editing process. It was
also found that most users feel uncomfortable wwitie out problem. Follow-up analysis is to
be made in detail and positional prediction textuininterface is to be proposed for a mobile
phone in the near future.

2.4 Evaluation of Text Entry Techniques

In chapters 3 to 10 of this dissertation, numertaxs$ entry studies are conducted for Asian
syllabic languages. Although different evaluatioethods exist, the evaluation of Positional
Mapping, Positional Gesture and Positional Prealictieported in this dissertation use the
“unconstrained text entry user study”. The uncaiged paradigm presents several words or
sentences to native users (i.e. subjects) for drgpt®n or copying. Depending on the
experiments, physical document or text file is u$ed presenting words or sentences (see

Figure 2-35).
t

Parabaik 20115748 2% 15684168... fontforge-

Wit o T ElFEh (o] r...

H°-700 =0 sm0) )~z s P
-8, 2, E I o

E OPPEGEOBD:

0 E) % [ TR Doctlinc s | [Ee

B N cx . (S
G(ﬂ,o?,muuuoi Q—}O{J,&?aC\)H[(_GDU\):?°

L —— T M- TS

Figure 2-35. Example usages of text file for unti@ised text entry user study

| = ™ = =

(Here, three Myanmar sentences are presenteddimigtyvith text entry prototypes.)
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During text typing or transcription, subjects act allowed to use cursor control keys or
a mouse for moving the cursor. In my prototypegkbpace software button is the only mean
for error correction. Subjects are encourageddnstript correctly as fast as they can. Speed
and error measurements are done based on thedi@siogs. Evaluation is made mainly by
Characters per Minute, Keystrokes per Charactderiiscale and native users’ feedbacks in
this dissertation, and these are considered foandl reliable methods for evaluation of my
proposed text input prototypes.

241 Speed

In the unconstrained paradigm, the calculatioryping speed for evaluation is straightforward.
The length of the transcribed strimginus oneis used for calculating typing speed in this
research [43]. This is because recording time feasuaring typing speed begins with the entry
of the first character and ends with the final elcéer.

Borrowing MacKenzie's example [43, page no. 49]:

the quick brown fox jumps over the lazy dog (43relsters)

N AN

t = 0 seconds t = 20 sesond

Words per Minute (WPM)is the unit for measuring typing speed and ipéshaps the
most widely used. Common definition for an Englebrd is 5 characters including spaces [44].
Some researchers prefer to report typing rates lardtters per Second (CPS). WPM
calculation is as follows:

IT|-1 1

WPM = X 60 X < (2.1)

43—1 characters 1 word
— X60 X —— (2.2)

20 seconds 5 characters

The result is 25.2 WPM for this example. In thissdirtation, typing speed was evaluated
with Characters per Minute (CPMhstead oWord per Minute (WPM)This is because there is
no standard definition of word for Asian syllabanfuages like in English. Thus, the formula
for computing CPM is as follows:
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CPM = T_ X 60 (2.3)

Here,T is the typed transcribed string entered by a @set,|T| is the length of this string.
T may contain characters, numbers, punctuation,espatc. but not backspaces. S is seconds
measured from the entry of the first characteheolast.

2.4.2  Minimum String Distance (MSD)

Calculation of Minimum String Distance (MSD) is matstraightforward in the unconstrained
testing paradigm. Founcorrected errors(i.e. errors like typing mistakes remain in the
transcribed string) calculation, MSD statistic sed [46]. The MSD error rate formula is as
follows:

MSD (P,T)

MSD error rate =
max(|P|,|T|)

X 100% (2.4)

In Equation (2.4)P is the presented andis the transcribed strings. The denominator
represent the greater length of eitferor T. Note MSD calculation cannot measure which
characters are erroneous and just calculate thédewof errors. A character-level analysis is
needed to find out which characters are in error.

2.4.3 Keystrokes per Character (KSPC) for Error Metric Measure

For corrected errors, Keystrokes per character (RSiependent measure is used [43]. The
formula is a simple ratio of the number of entecbdracters to the number of characters in the
final transcribed string.

KSPC = Keystrokes (2.5)
T
For example:
Keystrokes: thw<e quick brr<owms<n (21 sgkes)
Transcribed: the quick brown (Haacters)

KSPC for error metric measure is 21/15 = 1.27

Note: KSPC for error metric measure is not the sasi¢he KSPC characteristic measure [43].
Characteristic KSPC is a theoretical model of keylsts per character.
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2.4.4  Likert Scale for questionnaire

The Likert Scale is a popular format of questionmahat is used in various kinds of surveys
[47]. It is an ordered, one-dimensional scale fretrich respondents choose one option that
best aligns with their view. There are typicallytbeen four and seven options. Five is very
common and used in this dissertation. The followsign example Likert Scale table used for
guestionnaire after the typing experiment with atqiype.

Table 2-9. Five-point Likert scale questions oniffwsal Gesture prototype with various input
devices

Likert Scales

Mouse

(range 1-5)

Trackball
Touchpad
Trackpoint
Tablet PC

Difficult-Easy

Painful-Enjoyable

Slow-Fast

Dislike-Like
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CHAPTER 3
Positional Mapping (PM)

3.1 Concept

Positional Mapping is a concept of keyboard or k&lymapping for mobile devices based on
characters writing position of Asian syllabic laages. The following shows the application of
the concept of Positional Mapping on a mobile phieygad.

Upper

( ) (Asc) (DEF);

Figure 3-1. Positional Mapping for mobile phone pay
Image taken from my published papers [126, 127] 128
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3.2 Existing Keypad Layouts for Mobile Phone
This section briefly discusses some of the exiskiegpad layouts or text input interfaces for a
mobile phone.

3.2.1 Standard Keypad Layout
Standard 12-key keypad layout with Multi-tap inpuethod is traditional and still popular
because of its simplicity.

ABC DEF

5 6
GHI JKL MNO

PQRS TUV WXYZ

8IGI0I6

SISIGIC
8IEI0IC

Figure 3-2. Standard ISO 12-key keypad layout
Image taken from my published paper [95]

In this input method, users press each key oneooe times to get the desired letter. For
example, the 3 key is pressed once for the lettertwice for ‘e’ and three times for ‘f'. In
Multi-tap, users need to break (by waiting timeoutpressing timeout kill button) the key
rotation sequence to type more than one letter flensame key consecutively. One distinct
drawback of Multi-tap is the Keystrokes per Chaaa¢KSPC) [37], which increase based on
the number of letters assignment on a key.

3.2.2 Less-Tap Keypad Layout
The arrangement of the letters on the Less-Tap [8Jpad depends entirely on letter
frequencies in English. And thus, Less-Tap keypgaut is different from Multi-tap in which
letters appear upon pressing a key. The idea getahe most frequently used characters with
one keystroke. For example, the letter assignmamudmber 2 key on Less-Tap keypad is a, c,
b because the order of the most usage frequenfcéedoc in English is "a, ¢, b". Here, it can be
noticed that the Less-Tap keypad still keeps lettar the same key compared to Multi-tap
keypad for compatibility with keypad standards. Keypad layout will change according to
letter usage frequencies for other languages @egnan, Spanish and French). However, the
big challenge is that there is no existing usagguency table for phonetic based scripts (e.g.
for Myanmar, Khmer, etc.), and digital format obper lexicon and corpus are not created yet.
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Figure 3-3. Less-Tap keypad layout
Image taken from my published paper [95]

3.2.3 MessagEase Keypad Layout

According to the table of usage frequency of lstierEnglish, "e, t, n, r, 0, i, a, s, h" are the
most frequently used letters (71%). In the MessagEasers can type these letters by one
keystroke [49]. Letters such as "v, |, x, k, gpuc, b, g, d, j, m, y, w, z and ' require 2 key
strokes. For example, to type "c", first press key once then "h" key. Another important
consideration of MessagEase keypad design is tdeceedeterministic predictable entry system
without need for any disambiguation (to avoid ctigei load). Two main disadvantages of
MessagEase are that it is 1) difficult to memottre keypad layout, and 2) not speedy because
still 2 taps are required to input a single letiee "c, d, g, k, I, m, p, q" etc. And the keypad
layout gets very complex by considering phonetigellascripts. This is because phonetic based
scripts like Myanmar and Bengali languages havesratphabets than English.

()L

oo
oOwC
“m©T

B/S
CLEAR

(8) () )

Figure 3-4. MessagEase keypad layout

Image taken from my published paper [95]
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3.24 SIMKEYS Keypad Layout

SIMKEYS [50] follows an approach that is similartiow the shift key functions on a regular
keyboard for assigning the rest of the charactats the 12-key keypad. The most frequently
used characters in English (i.e. A, E, I, L, N,R),S, T) called center plane can be typed with
only one keystroke in SIMKEYS. And the remaininqacdcters are separated into two groups,
each containing the second most and least frequastld characters, respectively. To access
the former group (i.e. B, C, D, F, G, H, M, P, Wkers press the star key first and then the
corresponding number key. Likewise, the latter gr@we. J, K, Q, V, W, X, Y, Z) is accessed
via the pound key. These two groups of lettergeferred to as the star plane and pound plane.
SIMKEYS concept cannot be applied directly for péim scripts because many letter
combinations and key shifting are required in theitten system.

END
Clear

DN
@ADGEM?@
(i) Giw (8s)
(12 (22) (o2)
(+) (&) (#)

Figure 3-5. SIMKEYS keypad layout
Image taken from my published paper [95]
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3.25 FasTap Keypad Layout

The idea of FasTap [51] is simple, which uses &mthl alphabetically ordered 26 buttons (i.e.
English letters a to z). And thus, the KSPC = 1lébters input. The texting is much easier in
FasTap compared to traditional 12 buttons Multiktagpad. However, the size of the keys for
the alphabets is small and inconvenient to use,tlisdnconveniency slows down the typing
speed. Considering FasTap like keypad for phoretsed scripts, more keys are necessary for
alphabets (e.g. 33 keys are required only for comsts characters in Myanmar language) and
the size of the keypad increases, which is noablgtfor mobile devices.
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Figure 3-6. FasTap keypad layout
Image taken from my published paper [95]

3.2.6  Deltall Keypad Layout

Deltall Keypad [52] is one of the examples of ranaged QWERTY PC based keyboard layout
used for a mobile phone keypad. Most PC users whalacady familiar with QWERTY can
get accustomed to Deltall Keypad without difficulty

@
(F) (Ho) (ko) (-:)
(c)®E )M
v )Ge)( )

=

Figure 3-7. Deltall keypad layout
Image taken from my published paper [95]
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The developer of the Deltall mentions that the agertyping speed of Deltall keypad is
37 WPM (Word per Minute). That is very much fadtesin the one of normal standard mobile
phone keypad, which is 8 WPM. But the QWERTY keyloaas originally designed in two
hand architecture, and it is said to slow downtjipeng speed to prevent type bars jamming in
old typewriters. And a mobile phone should be omeded and usable with one thumb. In
Deltall keypad, at least 5x6 matrix keypad is reeghionly for alphanumeric keys (i.e.
excluding arrows keys and other keys), which wilk& users' thumb movements inconvenient.

3.3 Design

Taking common writing nature of Asian syllabic lalage into consideration, a new concept of
characters mapping was developed for a mobile pkeypead. Positional Mapping is a concept
of keyboard or keypad mapping for mobile devicesebdaon common characteristics of
phonetic scripts languages writing system.

Row 1 Upper || Upper || Upper
______________ N N N
N \r\/ I
Row 2 Left Center Right
,,,,,,,,,,,,,, NN N
Y
Row 3 Lower Lower Lower

Figure 3-8. Positional Mapping for mobile phomypad
Image taken from my published paper [95]

A mobile phone keypad is divided into three levelg. 1, 2 and 3 keys are upper, 4, 5
and 6 keys are normal or middle and 7, 8 and 9 &ey$ower. In the normal level, 4 key is seen
as the front part (Left), 5 key as the center jmsiaind 6 key as the rear part (Right). According
to the Myanmar language writing method, upper vevesld killer are assigned on 2 and 3 keys,
front vowels on 4, main consonant on 5 key, reawels on 6 keys and lower vowels and
medials on 7, 8 and 9 keys. Here, the consonartseishown as a list. “Frequently used
Myanmar characters and words” suchd ‘coo:’, ‘el’, ‘a8’, ‘03", ‘cl’, ‘op’, ‘oqe” and 3’ are
assigned on number 1 key. The same concept of gpimg is applied for Bengali language.
Figure 3-9 and Figure 3-10 show the detail key rirapfior Myanmar language and Bengali

language.

61



Chapter3: Positional Mapping (PM)

This mapping concept is simple, and its keypaduay®very easy to memorize for users
who understand the Myanmar and Bengali languageéngrsystem. Although PM concept is
based on key mapping of a mobile phone, it canpipéead not only for a mobile phone but also
for other mobile devices such as a PDA, an eletictionary and a tablet PC.

l = &’m&7m:?ﬁﬂmé?@aﬂcﬁ?l§aaﬁsg=3§}C>
%Ea:‘Riagzaaégaﬁlg9%159:0830416’(73%(3038?
og§e,09e45,030,991§5,096.52,9,9°8 848,
qj‘cmgjean&g%g:,m%,o?tsg ete.

- 9 @ ~

2=_, ., ., _
3=5.70502

4=c-[

5 = L’D_)Q,O’tD?C,O__.C(),G,qI,Q 10 32
6=+,

T =Tl Toil

8=55"

9 = space,\}

0= 5 - cicC.

* = 0.0),0,2,[03,0.9,8,6,609 8,5,00,00,5 etc.

# = (@21-511:1;9_5'5$e" ne!1?5&1#14—5*1:!’#3(1]1‘:5}3[1]'.~{ ete.

Figure 3-9. PM key mapping for Myanmar language
Image adapted from my published paper [94, 95]

1 = =if=nE|5|S||

2 =l

3 = 3/q|2[a|3|

4 = 3@t

S = F|a|a|=|e 5[=|30| 2| etc.
6 = <o

7 = )

8 =uls|

9 = ii:-[ti:-ﬁ" J

0 = space|enter]'|
* = 3|7 [=7|5 7FEEF etc.
= 112

Figure 3-10. PM key mapping for Bengali language
Image taken from my published paper [95]
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3.4 Prototyping

PM input prototypes have been implemented for ail@gbhone, a PDA, a customizable
keyboard Ergodex DX1 and a dual joystick game péete, my 4 prototypes are presented,
which are all developed with Microsoft Visual StodNet 2003.

3.4.1  Prototype for Mobile Phone

In a mobile phone prototype, key mapping can bengbd through configuration file.
Configuration file is the text file format that dains the key assignment for each button. By
using different configuration file, it is possibie simulate the environment of other text input
methods. For user study, four configuration files ased for Myanmar language; 1) Multi-tap
with Myanmar consonants ordered by alphabeticalMRjti-tap with Myanmar consonants
ordered by usage frequency, 3) PM with Myanmar epasts ordered by alphabetical and 4)
PM with Myanmar consonants ordered by usage frejuddote that there is no proper usage
frequency table for Myanmar language yet and ttegedrequency values used here are the
results of my previous experiment data [53]. Byngdhis simulation model with a PC mouse,
users can experience how PM works.

Ifo Help Ifo Help
[ @00 ] [
oﬁcoSq&l EIF'FFTF-'; Wﬁﬁ{ﬂ
@GG?_G]CYJ)@@G%H 9 IW T
agamotag oo A L AEF o @& T oo ol
clghrsdobamcodmopangam 3009 TIF vy BIT 3| B EEEE
3:3:05333(@%:@5:0050@9\\
: o59339BEeL G FE [T =
oo
| = [= T @m‘rl‘
Email ﬂ ek Email ﬂ Wik
| _F | > | _F | >
Ala ‘ Olear | Mode ‘ Ala ‘ Olear ‘ Mode |
© g %3
vl Al 3 5 1 T2 abe
def &
a4 @ 5 26 fe 4 w5 ol 6
ghi ikl mno ot ikl mno
L7 . 8 19 TerT 48 9
pgrs fuy WXYZ PE tuv WEYZ
& -0 # ® s0 #

Figure 3-11. PM prototype for mobile phone
(Left: running with Myanmar language configuratide
Right: running with Bengali language configuratide)

Image adapted from my published paper [95]
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3.4.2  Prototype for PDA

The second PM prototype is for a PDA, which usepeexnent was made for Myanmar
language. This prototype was created to prove rhatPM can be applied not only for key
based text input methods but also for pen basddiripyts. On a PDA, users can easily type
Myanmar language with a stylus. Typing speed ggesampared to previous mobile phone
prototypes, since users can directly reach theratbdetters shown on the PDA screen. The
logic of the letter assignment on a PDA is almbst same as a Myanmar language mobile
phone prototype. An exception is that all of thedo medials and vowels are put all together on
a button (i.e.<" Button) (Fig.3-12). Two keystrokes or taps arguieed to type a Myanmar
character on a PDA. The drawback of this protofgpeat users have to go back to home menu
screen after typing a character or some chara@tersn case of medial characters).

Figure 3-12. Myanmar language PM prototype for PDA
Image taken from my published paper [95]

3.4.3  Prototype for Ergodex DX1 Input System

My third PM prototype is the software interface fekt inputting with the Ergodex DX1 input
system (Figure 3-13). The Ergodex DX1 input sysiera customizable keyboard that allows
you to place removable keys anywhere you want asija the buttons to anything you want.
This input interface (Figure 3-14) is developeddgperiment with my customized keyboard to
figure out users' typing speed improvement.
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Figure 3-13. Key layout for Ergodex DX1 input syste
Image taken from my published paper [95]

Here, 17 keys are used in total (0 to 9 keys, éctivnal arrow keys, 1 enter key, 1
backspace key and 1 mode key) for Myanmar texttinpigure 3-13 shows key arrangement.
Here, 0 key is to type zero in Myanmar number méasy. 1 to 9 are used for PM key mapping
for Myanmar language, arrow keys are for movinghifghlight of characters, enter key is for
typing the current highlighted character and modg is for changing character, number and
symbol modes.

™ PM Prototypel for DX1 %]

[ Myanmar Text ]
Positional Mappinga}com|gsenenadicaze aqoicsepedipopdf:
og:ooggae.ﬁqoadoﬁﬁé:m‘é:ﬂu
w o o ES] c
o & EO G-
Co?@e -t -7 o W e a0

Figure 3-14. Myanmar language PM prototype for DX1
Image taken from my published paper [95]
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3.4.4  Prototype for Dual Joystick Game Pad

This prototype is created in order to prove thatPM concept is applicable to various input
devices. The software interface for this prototig@lmost the same as user interface of DX1
input system (Figure 3-14), but this prototype taklee advantages of using 2 joysticks or
thumb sticks (Figure 3-15). Users can move charapgtup highlight with left joystick. Right
joystick is used for character highlighting anditgp Some buttons are also used for text
editing process like deleting characters.

Right Joystick

Left Joystick

Figure 3-15. Dual joystick game pad
Image taken from my published paper [95]

3.5 User Study and Evaluation

3.5.1 Subjects, Apparatus and Procedures

To evaluate the performance of PM, user study waslucted with five Myanmar native
participants who are between 23 and 31 years dladhfAhe participants are familiar with a PC
but have no experience of text input with a mopt®ne and a numeric keypad. All are touch
typists in English (with the QWERTY keyboard) bwtnn Myanmar language. My developed
four simulation programs (i.e. a mobile phone, &APihe DX1 and a dual joystick game pad)
were used for user experiments. No participantsdradprior experience with my text input
simulation prototypes. The experiment procedur&s 1gr explaining the concept of PM, 2)
explaining the key assignment for all prototypespiaking demonstration of text input with
each model, 4) allowing 20 minutes practice timeefach user to learn text input methods with
prototypes (4 multi-tap models of a mobile phon®A, the DX1 and a dual joystick game
pad) 5) recording user typing speeds including recarection time and 6) discussing with
users and learning their responses. A record wadenad the total time spent on typing
Myanmar SMS message of 6 sentences (section Z@.2)0 times with each model (Figure
3-19). And 7 days longitudinal study was perforni@dmobile phone models with 4 types of
configuration files, with slowest typing user of fithes experiments. Figure 3-16 shows the
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typing speed improvement for each configurationr & evaluation process of Myanmar
language PM prototypes, a soft keyboard "Win Myankigual Keyboard" [27] was selected
because this keyboard layout is old and widely usgdlesk top publishing (DTP) staff in
Myanmar. Figure 3-18 shows 2 users' typing speqaawement with "Win Myanmar Visual

Keyboard" for 7 days.

User study was also conducted for a Bengali mobiiene prototype with 5 Bengali
native participants who are between 26 to 35 yelatsAll of them are familiar with a PC but
only 3 of them are familiar with a mobile phonettexyut. The experiment procedures are the
same as mentioned above, and the results can barséggure 3-17. Figure 3-11 shows the
short Bengali SMS message of 7 sentences usedxpariment. Famous "AKTEL Bengali
multi-tap" keypad layout is used for the evaluafjioacess.

3.5.2  Evaluation of Myanmar language PM

From the graph of slowest user's typing speed imgnent for 7days (Figure 3-16), it was
found that average typing speeds of my two PM pypts is higher than the ones of two
multi-tap models for all 7 days (i.e. PM is 31%t&x than Multi-tap and PM frequency is 29%
faster than Multi-tap frequency). And it can beoajsroven that my PM keypad layout is
user-friendly and easy to type even for novice si$em the results of dayl (i.e. Multi-tap =
11min 09sec, PM = 6min 3lsec, Multi-tap Frq = 10ndiBsec, PM Frg=5min 09sec).
Comparing the average typing speed among 4 prastypigure 3-19), the fastest average
typing speed is 3min 47sec, which is given by th€lprototype. Actually, it is difficult to
make speed comparison among these 4 prototypesideedifferent software prototypes and
input devices (i.e. a mouse, a stylus, the DX1 keyth, a dual joystick game pad, etc.) are used.
For the rest of other 3 prototypes, the averagmdyppeeds are: a PDA = 4min 26sec, a dual
joystick game pad = 5min 30sec and a mobile phodmimn 42 sec. Average typing speed of 2
users for "Win Myanmar Visual Keyboard" is 2min 80gFigure 3-18), and thus, it can be said
that my PM keypad layouts can give appropriate niypspeeds and applicable in the real
environment. The fastest average speed given bipXie prototypes is of course 51% slower
than "Win Myanmar Visual Keyboard", but only 17 keynuch less number compared to the
whole keyboard are used.

3.5.3 Evaluation of Bengali language PM
For the Bengali language, an experiment was coerduetith a mobile phone simulation
prototype. Figure 3-10 shows my proposed PM keypimgpfor a Bengali mobile phone. The
average typing speed of 5 users for PM prototyp#6#% faster than the current AKTEL key
mapping (Figure 3-17).
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Figure 3-16 Typing speeimprovement of slowest user for mobile phone pxgietwith 4
different configuration files (experiment results ¥ days
Image taken from my published paper
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Figure 3-17 Average typing speed ofBengaliusers for AKTEL and PM prototy
Imagetaken from my published paper [95]
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Figure 3-18 Average typing speed of 2 Myanmar users for "Wiyanmar Visual Keyboarc
(experiment results for 7 days)
Image taken from my published paper
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Figure 3-19 Average typing speed of 5 Myanmar usfor 4 Positional Mapping prototyf
Image taken from my published paper

3.6 Summary
A new key mapping methowas proposedor phonetic scripts based on characters' wri
positions. The advantages of this key mapping aiefnpact and easy to memaorize the le
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assignment on the keys (i.e. short learning cur@egpplicable for many mobile devices such
as a mobile phone, a PDA, a tablet PC and an etectdictionary, 3) applicable for many
similar languages such as Thai, Khmer and Hindi &ndpplicable not only for hard key but
also for soft key. On the other hand, there aradiiantages like 1) this key mapping may be
difficult to understand for non natives and 2) @llthe consonants are assigned on the center
key (usually number 5 key in a mobile phone keymad) this may affect the typing speed (i.e.
users have to use some arrow keys movements). Howtne typing speed can increase by
using PM key mapping with appropriate predictivet teput techniques like T9, LetterWise
and WordWise. From the experiment results, the Plsbkes appropriate typing speeds with
various input devices, 31% faster than normal stafiin Myanmar language and 46% faster
than AKTEL key mapping in Bengali language. Theyalso a plan to conduct user study with
real a mobile phone in the near future and stubgroAsian syllabic languages continuously.
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CHAPTER 4
Positional Mapping Software
Keyboarc

This chapter compares the Positional Mapping soéiweeyboard layout and other existing
software keyboard layouts for Bengali and Khmeglages. User study was conducted with
native participants.

4.1 Existing Software Keyboards
This section presents the existing software keydwé&or Bengali and Khmer used for my user
study.

4.1.1 Acharya Software Keyboard

Acharya multilingual editor for Indian languagespisrt of the open source IMLI (IIT Madras
Language Initiative) project [54]. It supports rasily Bengali but also Asamiya (Assamese),
Hindi, Gujarati, Marathi, Oriya, Kannada, Tamil amdlugu. There are two keyboard layouts
(InScript and Phonetic) for each language, and Beempdponetic keyboard layout was used for
user study (see Figure.4-1).
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Figure 4-1. Acharya keyboard layout (version.1.0)
Image taken from my published paper [69]

4.1.2  Akkhor Bengali Software Keyboard

The Akkhor Bengali software keyboard is one of thdlt-in facilities of Akkhor word
processor. It was developed by “Khan Md. Anwaruki®a and released on April 14, 2004.
Akkhor word processor supports both ASCII and Ud&oThe keyboard layout exists on the
left side of the program in alphabetical order (Begure 4-2). Version 2 was used for making a
comparison with the Positional Mapping softwareldaard layout.

fkkhor — [Document 1]

ﬁEiIe Edit Insert Miew Tools KeyBoard ‘Window Help

e 3 s 2 G Y PN N )
[ i 3 EE Y I T 5 8 5 S

Type English text here.
JAONCODE GASEIL! - ko 0 g e g

Figure 4-2. Akkhor word processor (version 2.0)
Image taken from my published paper [69]
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4.1.3 NiDA Khmer Software Keyboard

A Khmer software keyboard is developed by modethw standard NiDA keyboard (National
Information Technology Development Authority) [5®was created just after Khmer Unicode
4.0 was released. Figure 4-3 shows the NiDA so#kayboard layout.

Keyman Desktop | @ | e N N R |
J 9 W m| & & B e G| & Of #H| &eke

Tab g S| ot 1 Al g sf) b)g]] B o

cmwk || | ag| H| ° @ ,| ¢ A& el s o

shif U s | 1 u 8 # g 2 G|

e alt Right Alt Right Ctd

Figure 4-3 NiDA software keyboard layout (unshiftadde)
Image taken from my published paper [69]

The Khmer Unicode keyboard layout differs from tivee of old version which is not in
Unicode in which the subscripts of the consonanégsrat spread on the keyboard anymore.
Instead, a subscript sign is used to indicate thmatmext consonant is subscript of the cluster,
and that the typing order is not from left to rightthe same order of hand writing, but in the
order of word’s spelling.

4.2 Prototyping

Positional Mapping software keyboard prototypesenaiplemented for user experiments. My
2 prototypes (for Bengali and Khmer languages)paesented here, which are both developed
with Microsoft Visual Studio .Net 2003. These ptgpes use Unicode, and users have to type
following Unicode typing order. There is a plarstgpport hand writing order in the near future.
“Mukti” font is used for Bengali, and “Khmer OS”tibis used for Khmer.

4.2.1  Prototype for Bengali

In my Bengali Positional Mapping software keyboaatl,Bengali characters are divided into
nine groups according to their writing natures. yilaee consonant characters, left characters,
right characters, upper characters, lower chamgcteft-right characters, independent vowels,
ligatures and numbers. For easier searching, cang®re put in the center surrounded by left,
right, upper, lower and left-right characters. 28qtiently-used ligatures are selected and put
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onto the keyboard for easier typing. Other ligagucan be typed by choosing “ligature menu”
from the drop down list. Figure 4-4 shows prototjgmeBengali.
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Figure 4-4. Positional Mapping software keyboarot@iype for Bengali
Image taken from my published paper [69]

4.2.2  Prototype for Khmer

Key mapping concept for Khmer is the same as ingBenConsonants exist in the center
surrounded by left, right, upper, lower and lefjti characters.
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Khmer SoftKeyboard
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Figure 4-5. Positional Mapping software keyboarot@iype for Khmer
Image taken from my published paper [69]

4 directional keys are put for easier editing psscé&or the subscript characters, users can

type using Coeng character™button. Figure 4-5 shows prototype for Khmer.

4.3 User Study

To evaluate the performance of the Positional Mag@software keyboard, user study was
conducted with two Bangladesh participants and mioaian participant. Their ages range
from 23 to 32. They are all familiar with a PC, Imaine of them had any prior experience with
my Positional Mapping software keyboard prototygeso of them are touch typists in English
(with the QWERTY keyboard) but not in Bengali or idar language. One Bangladesh
participant started to use a computer just recently

User study was conducted in two of my universityolatories using a 1.06GHz Intel®
Core™2 Duo CPU L7500 IBM Lenovo X61 tablet PC rumgnWindows Vista™ Ultimate OS
with 2006 MB RAM. Screen size is 12.1 inch andteet400X1050 resolution and 32 bit color.
Users were required to use a stylus pen for teputirexperiments with a tablet PC. The
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SMART electronic whiteboard SB660 64 inch was usedtext entry experiments of the

Positional Mapping keyboard with big screen enwinent [56]. The experiment procedures are

as follows:

1)
2)
3)
4)

5)
6)

7

explaining the concept of Positional Mapping,
explaining the keyboard mapping of prototype,
making demonstration of text input with prototype,

allowing ten minutes practice time for each useile@rn text input methods with
prototypes (five minutes for a tablet PC and anothe minutes for an electronic
whiteboard),

recording user typing speeds on a tablet PC inatudiror correction time,

recording user typing speeds on an electronic Wwbéded including error correction
time and

discussing with users and learning their responses.

A record was made of the total time spent on tygiegen Bengali sentences (see Figure

4-6) and five Khmer sentences (see Figure 4-7% times.
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AEF U (AT 2T

wo oY 009 TIF WX b aei|

AR (IERE 0593599809y (H1F HET|
afs o Ak

O (AFTI

Figure 4-6. Seven Bengali sentences for user study
Image taken from my published paper [69]
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Figure 4-7 Five Khmer sentences for user study
Image taken from my published paper [69]

In the text entry experiment with Khmer prototypeatablet PC, users were requested to
type not only with a stylus pen but also with a s@uThis was for the purpose of clarifying the
typing speed difference between with a stylus pehveith a mouse.

From the user study, it was found that all theatparticipants put a tablet PC on the table
while they were typing (see Figure 4-8). And thagdd difficulties with typing on an electronic
whiteboard when their body shade covers the softwayboard. This is because front
projection type of an electronic whiteboard wasduésee Figure 4-9). This problem can be
solved by using back side projection type of atebmic whiteboard instead.

Figure 4-8 User study for Bengali with tablet PC
Image taken from my published paper [69]
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Figure 4-9 User study for Khmer with electronic tehioard
Image taken from my published paper [69]

4.4 Evaluation

Users' actual typing speed was recorded and CPMréCters per Minute) was calculated for
the evaluation process of my Positional Mappingbkeyd layout. Small questionnaires were
also conducted in order to figure out their feedlsac

4.4.1  Evaluation by Users’ Typing Speed

The average typing speed with the Positional Mappuftware keyboard layout to finish seven
Bengali sentences (see Figure 4-6) is 3 minuteset8nds on a tablet PC (see Figure 4-10) and
2 minutes 44 seconds on an electronic whiteboael Fégure 4-11). The one with the Acharya
software keyboard is 4 minutes 33 seconds on &tt&lC and 5 minutes 5 seconds on an
electronic whiteboard. For the Akkhor software kestul, the average typing speed on a tablet
PC is 5 minutes 4 seconds and 4 minutes 43 seconas electronic whiteboard.

The average typing speed with the Positional Mappftware keyboard layout (running
on a tablet PC) to finish five Khmer sentences (&Sgeare 4-7) is 2 minutes 34 seconds with a
mouse and 3 minutes 54 seconds with a stylus psm Kggure 4-13). And the one on the
SMART electronic whiteboard is 3 minutes 16 secof®se Figure 4-13). For the NiDA
software keyboard layout, the average typing spafefive native users with a mouse is 4
minutes and 38 seconds. This value is taken fronprayious work [57].
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In general, all of the users' typing speeds in@@aturing typing experiments with the
Positional Mapping keyboard layout (see Figure 4HiQure 4-11 and Figure 4-13). It turned
out faster with the Positional Mapping keyboardolatythan with existing keyboards for both
Bengali and Khmer. Detail comparison is shown ibl€a-1 and Table 4-2.

Table 4-1. Typing speed for Bengali

Table taken from my published paper [69]

Keyboard With Tablet with
Layout PC Whiteboard
Positional 3 min 13 sec| 2 min 44 seq
Mapping

Acharya 4 min 33 se¢ 5 min 5 sec
Akkhor 5min4sec| 4 min 43 sec

Table 4-2. Typing speed for Khmer
Table taken from my published paper [69]

Keyboard with Tablet with
Layout PC Whiteboard
Positional 3 min 54 sec| 3 min 16 sec
Mapping (with stylus)

2 min 34 sec

(with mouse)
NiDA 4 min 38 sec

4.4.2  Evaluation by Characters per Minute

Although Word per Minute (WPM) is the most widelgad measure of the text entry
performance, my Positional Mapping keyboard layisutvaluated with Character per Minute
(CPM), because it is not possible to find commofiniteon of "word" in Bengali and Khmer
language. Importantly, the WPM/CPM measure doesansider the number of keystrokes or
gestures made during entry, but only the lengtthefresulting transcribed string and how long
it takes to produce it [43]. The user study resinthcate that the average CPM for Positional
Mapping, Acharya, Akkhor and NiDA software keybo&ds follows respectively:
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For Bengali
Positional Mapping on a tablet PC: 42.59 CPM
Positional Mapping on an electronic whiteboard120CPM
Acharya on a tablet PC: 30.11 CPM
Acharya on an electronic whiteboard: 26.95 CPM
Akkhor on a tablet PC: 27.04 CPM
Akkhor on an electronic whiteboard: 29.05 CPM

For Khmert
Positional Mapping on A tablet PC with a stylus p@&h62 CPM
Positional Mapping on a tablet PC with a mouse6GZPM
NiDA: 29.14 CPM

CPM of the Positional Mapping keyboard layout itdrethan that of other keyboard layouts.

4.4.3 Evaluation by Users’ Likert Scale

Questionnaires were conducted for users immediatfbr typing experiments. Four Likert
Scales (1-5) were set on which to rate the Positidtapping keyboard layout (with a tablet PC
and an electronic whiteboard). Table 4-3 showsatverage results of Likert scale questions.
Labels for scale endpoints are in the most lefiiwwis and higher values are better.

From the questionnaire results with three partitipait can be noticed that most users
preferred text entering with a tablet PC than waithelectronic whiteboard. One of the reasons
might be that they used an electronic whiteboardttie first time in the experiments. The
interesting point is that although Likert scales &m electronic whiteboard responded by the
three users are lower than those of a tablet PECTable 4.3), the average typing speed is nearly
the same.
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Table 4-3. Users' evaluation of Positional Mapgkegboard layout with tablet PC and
whiteboard
Table taken from my published paper [69]

Likert Scales Positional Positional
(range 1-5) Mapping Mapping
Tablet PC Whiteboard
Difficult-Easy 3.5 3
Painful-Enjoyable 4.0 3.5
Slow-Fast 4.5 4
Dislike-like 4.5 4.5
Average 4.13 3.75
0712
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Figure 4-10. Typing speed of two Bengali users Witisitional Mapping software keyboard
running on tablet PC
Image taken from my published paper [69]
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Figure 4-11. Typing speed of two Bengali users Witisitional Mapping software keyboard
running on SMART electronic whiteboard
Image taken from my published paper [69]
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Figure 4-12. Characters per Minute (CPM) comparfso\kkhor, Acharya
and Positional Mapping
Image taken from my published paper [69]
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Figure 4-13. Typing speed of Cambodian users fgiti®aal Mapping software keyboard
Image taken from my published paper [69]
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Figure 4-14. Typing speed of five Cambodian userdNiDA software keyboard layout
Image taken from my published paper [69]
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4.5 Summary

The idea of new keyboard layout was proposed fargBe and Khmer. From the users’ typing
speed and Likert scales questionnaires resultspioven that the Positional Mapping keyboard
layout is more user-friendly than the current keyddolayouts. Further refinements are to be
made on the current prototypes, and an analysi® ibe followed up on like error rate
comparison. There is also a plan to apply this ephdor similar syllabic scripts such as
Myanmar and Hindi in the near future.
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CHAPTER 5

Positional Mapping and Other
Layouts for Myanmar

This chapter mainly compares the Positional Mapgioftware keyboard layout with two other
possible keyboard layouts (Group by writing positiand Group by vowel and medial) for
Myanmar language. The purpose of this study igé&the comparison results of fist-time users’
typing speed and their Likert scale evaluation asittonal Mapping with other layouts for

Myanmar language.

5.1 Positional Mapping Software Keyboard Layout

Based on the concept of Positional Mapping, Myanoferacters are mapped depending on
their writing positions [see Chapter 3]. In detaibhsonantsob” (Ka) to “z” (A) are mapped

in the center, vowel sigrs#” (E) and consonant sigr@‘” (medial Ra) are mapped on the left,
consonant sign:{” (medial Ya), vowel sign#>” (Aa), vowel sign €” (tall Aa) and sign #:”
(visarga) are mapped on the right, sigi (Anusvara) , sign” (Ai), sign “2” (1), sign “” (ii)

and sign £” (Asat) are mapped on the top, and sigh (Medial Ha), sign £" (U), sign “”
(Uu), sign %" (Aukmyit), sign “;” (Medial Wa) and Myanmar sign;* (Virama) are mapped
on the bottom. Figure 5-1 shows the Positional Ntagpkeyboard layout.
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Figure 5-1. Positional Mapping software keyboaseia for Myanmar language

5.2 Group by Writing Position

One of the possible keyboard layouts that | comggl&Group by Writing Position”. Vowel and
medial characters are grouped by their writing fjms$ like in the Positional Mapping
keyboard layout. However, the difference from Rosél Mapping is to put all vowel and
medial characters on the right side of the constisnaeft character group, right character group,
upper character group and lower character groupragped from top to bottom (see Figure
5-2). Here, Myanmar sign:" (Virama) is considered as a lower character group

][s ][0 w][c] ——=
— e —— ez ||k
2] @)@ ——
sllslfalfe]f=] |@/ke)ld]e
oo l[e]lm]le] —m—m—/m——
»lle]l=
Figure 5-2. Group by writing position
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5.3 Group by Vowel and Medial

Another possible keyboard layout that | considefdsoup by Vowel and Medial”. Myanmar
language has four basic consonant combination sgmbehich are consonant signg;™
(medial Ya), [: (medial Ra), %" (Medial Wa) and &" (Medial Ha) (i.e. called Pint Yit Swe
Htoo in Myanmar language). These four charactexdasnided into one group for easy finding,
and other dependent vowels and various signs aréedi into the other group. Myanmar sign
“o” (Virama) is separated from consonant signs anded®. Figure 5-3 shows a keyboard
layout group by Vowel and Medial.

m|la ||o||w]||lc PSIERIERES
© || e ||q 3| e ||es =
S (|92 || |||
» |l (3|6 s S
2 & &0 &0 e B el s
olle|lo|lm|le

W (| q||||o &

w g ||

Figure 5-3. Group by Vowel and Medial

5.4 Prototyping

Text input prototype for three software keyboargolas (i.e. Positional Mapping, Group by
Writing Position and Group by Vowel and Medial) wiesveloped with Microsoft Visual Basic.
For the implementation, Visual Basic programmingglaage was chosen, which is simple
coding and suitable for rapid development. Figuré Shows the prototype used for the
comparison of three software keyboard layouts. eyth mapping of consonants, dependent
vowels and consonant signs are mainly consideratisnprototype, and independent vowels
and punctuation signs are not considered.
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Figure 5-4. Prototype (left: main menu, right: lysRional Mapping keyboard layout)

5.5 User Study

5.5.1 Participants

Six volunteer native participants (4 males and hdies) were recruited for user study.
Participants ranged from 23 to 37 yeareén= 31.0,sd = 5.8). All of them were familiar with
a PC but had no prior experience of Myanmar teginty with “Positional Mapping”, “Group
by Writing Position” or “Group by Vowel and Mediakeyboard layouts.

55.2 Apparatus

The experiment was conducted in a quiet meetingirobGraduate School of Information and
Telecommunication Studies, Waseda University. Twadebook computers equipped with
normal mouses were used for typing three keybaarduts (see Figure 5-5). The text consists
of 70 Myanmar characters including 26 consonanisy@vels and 9 consonant signs (see
Figure 5-6). If two enter keys are counted, theee72 characters in total. | use 72 characters to
calculate Characters per Minute (CPM) [43].
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Figure 5-5. User study apparatus used for Positiagping, Group by Writing Position,

Group by Vowel and Medial Keyboard layouts
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Figure 5-6 Three Myanmar proverbs for user study

5.5.3 Procedures

The experiment procedures are as follows:

1)
2)
3)

4)

5)

explaining the keyboard layouts of Positional Maypi Group by Writing Position and
Group by Vowel and Medial,

making demonstration of text input with three kegtublayouts text input prototype,
allowing 5 to 10 minutes practice time to each wgdearn text input with my prototype,
recording the users’ typing speeds of three shgdrvhar proverbs for ten times (including
error correction time) and

discussing with users and getting their responses.

5.5.4  Design
Each participant performed ten trials of typing feach of three keyboard layouts. Two

participants started with Positional Mapping laycamother two participants with Group by

Writing Position layout and the rest participanithviroup by Vowel and Medial layout.
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5.6 Evaluation by Typing Speed

Typing speed was evaluated witharacters per Minute (CPMnstead ofWord per Minute
(WPM) [43][44]. This is because there is no standardhdii for a word in Myanmar like in
English (i.e. common definition of a word = 5 chaeas, including spaces) (Yamada, 1980)
[44]. No significant difference was found in enggeed measured in CPM among Positional
Mapping, Group by Writing Position and Group by \@vand Medial £1,9 = 0.204, ns).
Figure 5-7 shows that CPM for the layout of PosgioMapping averaged 54.50, the one of
Group by Writing Position averaged 50.50 and the @inGroup by Vowel and Medial averaged
52.00. From this user study, it can be said that ¢brrent design of Positional Mapping
software keyboard layout does not affect the tympged and the result is almost the same
comparing with Group by Writing Position and Grolop Vowel and Medial. However, this
result is the outcome of user study with six usansl the result might be different in case user
study is held with more users and other factors rmeasured such as key distance and
preparation time spent between key pressings. Hegstrokes Per Character (KSPC) is equal
(i.e. 72 KSPC) for all three keyboard layouts, #mete is no need to make comparison [43].
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Figure 5-7 Typing speed (CPM) by keyboard layouts

Figure 5-8 shows the results of typing speed img@naent of six users for ten times with the
Positional Mapping keyboard layout. For the fiishd, users entered text at 44 CPBD(=
7.70) and for the tenth time, users entered te@bdfPM SD = 7.39) on average.
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Figure 5-8 Typing speed improvement of six userddn times

with Positional Mapping keyboard layout

5.7 Evaluation by Users’ Likert Scale

Four Likert scales questions (1 to 5) were seate the user-friendliness of Positional Mapping
text input method (see Chapter 2, Section 2.4.Ues€ four scales are (1) Difficult-Easy (2)

Painful-Enjoyable (3) Slow-Fast and (4) Dislike-kik Table 5-1 shows the average or
arithmetic mean results of Likert scale questidgtiiom the results, it can be generally said that
all of the users preferred text entering with tlosifonal Mapping keyboard layout. They were

also requested to rank the three keyboard layoutsder of easy typing. Positional Mapping

ranked top, Group by Writing Paosition ranked secand Group by Vowel and Medial ranked

third. In particular, Positional Mapping was thesfichoice by five users.

Table 5-1. Users' evaluation of Positional Mapgiagboard layout

Likert Scales Userl | User2 | User3 | User4 | User5 | User6
(range 1-5)
Difficult-Easy 5 5 5 5 5 5
Painful-Enjoyable 5 1 5 5 4 3
Slow-Fast 5 5 4 5 4 4
Dislike-like 5 5 4 5 5 5
Average 5.00 4.00 4.50 5.00 4.50 4.25

91



Chapter5: Positional Mapping and Other Layouts Kyanmar

5.8 Summary

Over ten ftrials, there was no significant differerin entry speed measured in CPM among
Positional Mapping, Group by Writing Position antbGp by Vowel and MedigF1,9 = 0.204,
ns). However, Figure 5-7 shows that CPM for thelayf Positional Mapping averaged 54.50
is the highest among the three keyboard layoutsrdJgvaluation of Positional Mapping by
Likert scale (see Table 5-1) and by ranking shewser-friendliness.
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CHAPTER 6
Positional Gesture (PG)

6.1 Related Works
This section discusses some of the handwrittenestuge based text input methods for touch
screen interfaces.

Since traditional handwritten recognition had mdingitations like slow typing speed,
Goldberg and Richardson introduced Unistroke alphab 1993 [58]. In Unistroke, each
character is represented by a single stroke antbearsed even by blind people (see Figure 6-1).
And thus, there is no segmentation problem in gwegnition process. However, users have to
spend time on learning Unistroke characters, whighdifficult to learn and recall [59]. If this
concept is applied to Asian syllabic scripts, illvidecome more complex and require more

learning time of users.
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Figure 6-1. Unistroke handwriting method for Enigledphabets
Image fromhttp://www.pitecan.com/presentations/Peninput/padel
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Graffiti is another handwriting alphabet develogwdPalm Computing for the Palm
Pilot PDA product series (see Figure 6-2). Graffiis developed by Jeff Hawkins who had
previously created “PalmPrint” to recognize naturahdwriting [60] [61]. It requires minimal
time for learning Graffiti alphabet because it &wsimilar to normal English alphabet. For the
recognition process, however, Graffiti strokesragre complex compared to Unistroke strokes.

Normal alphanumeric gestures

NB.CDE Gl
b ool M UO -
GRS U WX
'+ 0.1 2. 3.5,
©.1.89, =/ 11—

space return shift caps back-
lock space

Figure 6-2 Graffiti handwriting method for Englialphabets
Image adapted from http://en.wikipedia.org/wiki/@ita (Palm_OS)

EdgeWrite is also based on unistroke text entrg fde handheld devices like PDAs, and
is designed for people with motor impairments [3xt can be entered by traversing the edges
and diagonals of a square hole imposed over thal tesxt input area of a PDA (see Figure 6-3).
In EdgeWrite, recognition algorithm is checking rmtly pattern recognition but also the
sequence of corners that are hit. The authors gé®alite mentioned that users can type 18%
more accurate than Graffiti (p<.05), with no sigraht difference in speed.
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Figure 6-3 EdgeWrite strokes for writing Englisktées
Image adapted from http://depts.washington.edutefdownloads/EwChart.pdf

All of the input methods mentioned above are base&nglish alphabet, and though it is
possible to create Graffiti like characters or tthoikse based characters for syllabic scripts e.g.
in Myanmar language, the writing positions may neete defined for combination characters
(e.g. vowel signs, tones, subscript characters) b&cause these characters have to be written
according to their defined writing positions. (Seeample word for Myanmar language in
Figure 6-4). And most of the Myanmar characterssarelar in shape or glyph such as (o,

o, 00, 2, W, , 0, W), (e, 0,v) and 6, ¢, 0, o). In handwriting text input, it will be difficult
for these kinds of characters to be distinguishgethk recognition engine, and this will affect
the accuracy.
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Vowel Sign II
U
Consonant Ta (Upper)
(Cent
Consonant Cha enter) Sign Visarga
(Center) Vowel Sign E Sign Asat (Right) Consonant Ta
(Left) (Upper) (Center)

Vowel Sign AA
Consonant Ra (Right) Ind g Consonant Ma
(Center) nvepenl Gnt (Center)
owe
Vowel Sign AA (Genter) Subscript Ta
(Right) (Lower)

Figure 6-4 Myanmar phrase “Sayadaw U Ottama”
Image taken from my presented poster [126]

Gesture Keyboard (GKB) for Devanagari (one of tmelid scripts) is based on
handwritten gesture recognition technology, whichswproposed by R. Balaji, V. Deepu,
Sriganesh Madhvanath and Jayasree Prabhakaran[G8B] GKB input method is very
appropriate for the nature of syllabic scripts imgtsystem. In this input method, users do not
need to write down Devanagari consonants and thelaeady shown on a tablet keyboard.
Users can type a consonant by giving a speciaugestommand (i.e. strike through over a
consonant). Other matras (i.e. vowel signs) cartyped by writing at a specific position
relative to the glyph of the base consonant (seger€i6-5). This input method is smart and
applicable to other similar syllabic scripts. Rewitign accuracy and typing speed can increase
compared to normal handwritten techniques. Howeayssrs have to write down vowel signs or
other combination symbols correctly, which may léadeduce typing speed. And then, it is
still necessary to create recognition engine favelosigns or other characters.
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Figure 6-5. Gesture Keyboard (GKB) layout for Dessgaui
Image taken from HP Labs India GKB Demo Flash Raoygr
(Download link: http://www.hpl.hp.com/india/demosfdo.html)

A Khmer software keyboard is developed by modeling standard NiDA (National
Information Technology Development Authority) kewod [55] (see Figure 4-3). It was created
just after Khmer Unicode 4.0 was released. The Khdrecode keyboard layout differs from
the one of old version which is not in Unicode ihigh the subscript of the consonants is not
spread on the keyboard anymore. Instead, a subsigp is used to indicate that the next
consonant is subscript of the cluster, and thattypang order is not from left to right in the
same order of hand writing, but in the order of di®ispelling.

Although soft keyboards or visual keyboards aresiids solutions for syllabic languages,
typing syllabic languages is still difficult for wiwe users. In addition, they are not suitable for
small mobile devices, because it is difficult forosh syllabic languages characters (e.g.
Myanmar, Bengali and Khmer characters) to be djsished from other similar characters in
small soft keyboards.

6.2 Logical Combination Structure of Myanmar, Khmer and Bengali

As mentioned in Chapter 1, section 1.1, Myanmarmih and Bengali languages writing
systems have many common characteristics. Andstleen clearly found that the writing
systems are based on adding of left, right, uppdrlewer characters to a consonant basically.
Figure 6-6, Figure 6-7 and Figure 6-8 show thedalgcombination structure found for syllabic
scripts writing systems such as Myanmar, KhmerBadgali. Taking this into consideration, a
new gesture method has been developed for sykahbiots.
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Figure 6-6. Combination structure of other chanacigth a consonant in Myanmar language
Image taken from my published paper [128]

Figure 6-7. Combination structure of other chanactgth a consonant in Khmer language
Image taken from my published papers [39, 57, 127]

Figure 6-8. Combination structure of other chanacigth a consonant in Bengali language
Image taken from my published paper [128]
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6.3 Concept

Positional Gesture (PG) is a simple gesture texaitimethod for computing devices based on
“‘common characteristics” or “characters writing iios” of Asian syllabic scripts writing
system. The concept is totally based on four sing@sture commands, which are "Left",
"Right", "Up" and "Down". "Left gesture command" fier left characters or symbols, "Right
gesture command" is for right characters or symbdllp gesture command" is for upper
characters or symbols and "Down gesture commanftir ibwer characters or symbols. Here,
as a concept, "Left gesture command" can be "dnaggiouse pointer to left" or "moving data
glove to left" or "pressing left arrow key" or "miog eye ball to left" or anything. For the
consonant characters, additional gesture is uddde"drawing dot" or "writing circle" or
anything. In my prototypes, "Left gesture commarithwghort distance" is used for Myanmar
language and “Double Click” is used for Khmer laage to make it simple. Figure 6-9 shows
Positional Gesture text input concept.

Upper
Characters

Left
Characters

Right
Characters

Characters

Figure 6-9. Positional Gesture with stylus
Image taken from my published papers [57, 126, 128, 129]

6.4 Prototyping for Myanmar and Khmer Languages

Positional Gesture text input interface prototyjpeBlyanmar and Khmer languages (see Figure
6-10 and Figure 6-11) are presented here, whiche vaEveloped with Microsoft Visual
Studio .Net 2003. These prototypes can be usedanstiilus pen, a trackball or a mouse.
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B Mousze Gesture Texting (MGT)

ORCOSQS:I

esr.@m&q

—[ Drawine Area ]

Figure 6-10. Positional Gesture prototypes for Mgan
Image taken from my published papers [127, 129]

B Mouse Gesture Texting (MGT) for Khmer

Mg momemuhugaiammai§iiur
marunwiaginmai
fgfo fzdiss mE&nmeguGmuuiw-

UG

[ Drawine Area ]

Figure 6-11. Positional Gesture prototypes for Khme
Image taken from my published papers [57, 129]
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For the basic text editing, "mouse dragging to ldfe direction by pressing right click
button" is used for "Back Space" function and "nedsagging to the down direction by right
click button" is used for "Enter" function. Recogommn algorithm for my prototype is very
simple because it is only necessary to check digawirection, left click or right click and
length of the path. And there is no need to begittdine, and drawing within angle of 60
degree range is allowed for each direction (i.dt, [Right, Up and Down). Table 6-1 and Table
6-2 show gesture commands for Myanmar and Khmeoye.

Table 6-1. Gesture commands for Myanmar

Table taken from my published papers [127, 129]

Gesture Commands Character Assignments
Left characters
Left (long)
(u G_:::.u and ‘@u)
Numbers
Right (long)
(“O”, “J", “’\)", “(/‘”, “3", etc.)
Symbols
Up (long)
(H@H’ L‘!ﬂ, ll&”, H$H’ H%H, etC_)
Subscript consonants
Down (long)
Right characters
Right (short)
(“-:':-.I", “-::)0”, ll{:):”’ HIH’ 13 ”1!, etC_)
Upper characters
Up (short)
(“87, "8, 427 etc.)
Lower characters
Down (short)
(5" e et M, 07, ete)
Consonant characters
Double Click
(Hm”, “8”, HO”’ Hwﬂ, llcﬂ, etC.)
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Table 6-2. Gesture commands for Khmer

Table taken from my published papers [57, 127, 129]

Gesture Commands

Character Assignments

Left, Right characters

Left (lon
(long) ([j [:] “1A7) etc.)
Numbers
Right (long) 9" 19" “m", “ 6", etc)
Symbols
Up (long)

(u |”| “,""’ “?"’ “!", “#”, etC-)

Down (long)

Independent vowels, Symbols and frequently usetacters

(u &1!’ “ gjn’ 1 v] mtfln’ u;nl etc.)

Left characters

Left (short) 2 5 -
P Tom “Te” and “FeT)
Right characters
Right (short) .
(u ~| n’ “ :n, “ «I n a.nd u :1!)
Upper characters
Up (short)

a a al o
(u PN L TR LR TR | R TR 1]

GV T T T etel)

Down (short)

Lower characters

* '", B ”", etc.)

4

Double Click

Consonant characters

(nﬁn’ “ 8", “ ﬁ”, uwn’ na"’ etc)
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In my prototype, all of the gesture lines are shawii four directions of arrow heads.
And the color of the gesture lines will change frblae to red for text editing commands. One
limitation of the current prototype is that stylusn should provide left and right click feature.

6.5 User Study

User experiments were conducted for Myanmar and é&hlanguages with my developed
prototypes in order to figure out users' typingespéor Positional Gesture text input (Figure
6-14). A PC mouse and a stylus pen with a tableewsed for user study with five Myanmar
native participants who are between 21 and 33 yadrsAnd for Khmer language, a PC mouse
and a trackball were used for user study with f@@mbodian native participants who are
between 24 and 26 years old. All of the participaante familiar with a PC but don't have an
experience of using a pen and a trackball. Therarpats procedures are as follows:

1) explaining the concept of Positional Gesture teptit,
2) making demonstration of text input with prototype,
3) allowing 10 minutes practice time for each usdeson text input with prototype,

4) recording users' typing speed of short messagey@Mar sentences/5 Khmer
sentences) for 5 trial times (including error coti@n time) and

5) getting users' feedbacks for each prototype withllsguestionnaires.

Figure 6-12 and Figure 6-13 show the Myanmar teaihiaining 107 characters including
spaces) and Khmer text (containing 135 charactechiding spaces) used for user study

respectively.
oﬁcogqlézl (Hi, friend!)
060.607(030(8esdi (Long time no see.)
6560008140008 (How are you?)
clos:é0lodSmardm ooasaeal (My new phone number is 5007459.)
320:0%35108:(0§s005 0301 (Call me back when you have time.)
sloesdi (Bye for now.)

Figure 6-12. Six Myanmar sentences for user study
Image taken from my published papers [38, 127, 129]
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NA
Dgt

(Hi")

A3
=)

FUHIMANENIG MOSMWug AN m S §ruits

[V (=3

2

(You know, friend, | am now accepted to be a catitemnployee.)

[

FUEUUNWER M
('m extremely happy.)
igGuo fedis:nSamsgrurgminuius

(I will start my work on 20 of August.)

(See you next time.)

Figure 6-13. Five Khmer sentences for user study
Image taken from my published papers [39, 127, 129]

Figure 6-14. Photos from user study with mousektrall, tablet with stylus,
touch pad and tablet PC
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6.6 Evaluation

6.6.1 Evaluation by Users’ Typing Speed

Users' actual typing speed was recorded and CPMréCters per Minute) was calculated for
the evaluation process of my Positional Gesturdopype. From the user study results, the
average typing speed of Positional Gesture texttinp finish six Myanmar sentences (see
Figure 6-12) with a stylus pen is 7 minutes 29 mdso(see Figure 6-15) and 5 minutes 53
seconds with a mouse (see Figure 6-16). And theageetyping speed of Positional Gesture
text input to finish five Khmer sentences (see Fg6-13) with a mouse is 7 minutes 38
seconds (see Figure 6-20) and 7 minutes 37 seowmitkdsa trackball (see Figure 6-21). In
general, all of the users' typing speed with mytgigpes increased during five trial experiments
(see Figure 6-19 and Figure 6-24). The resultd®fprevious user study "Win Myanmar Visual
Keyboard" typing speed by 2 users were referredcfmmparison (see Figure 6-18) [65].
Average typing speed of 2 users for "Win Myanmasuél Keyboard" is 2 minutes 30 seconds.
It was found that Positional Gesture text inputhodtis 199% (with a pen) and 135% (with a
mouse) slower than "Win Myanmar Visual Keyboardtr Khmer, the Tavultesoft software
keyboard that adopted the NiDA keyboard layout used, and average typing speed of 5 users
is 4 min 38 sec (see Figure 6-22). The Tavultesofitware keyboard is referred to as Khmer
software keyboard hereafter. It was found that tRweil Gesture text input method for Khmer
language is 64% (64.39% with a trackball and 64.48Bh a mouse) slower than "Khmer
software keyboard".

6.6.2  Evaluation by Characters per Minute (CPM)

Although Word per Minute (WPM) is the most widelysaed measure of the text entry
performance, my Positional Gesture text input ialeated rather with Character per Minute
(CPM). It is because the common definition of "wocdnnot be found in syllabic scripts such
as Myanmar and Khmer. Importantly, the WPM/CPM rieasloes not consider the number of
keystrokes or gestures made during entry, but trdylength of the resulting transcribed string
and how long it takes to produce it [43]. The Myanrtext used for user study contains 107
characters, and the Khmer text contains 135 clemadBased on the user study results, average
CPM for Positional Gesture and software keyboasdssifollows:

For Myanmar language,
Positional Gesture with a mouse: 19.27 CPM
Positional Gesture with a pen: 14.29 CPM

Win Myanmar Software Keyboard: 42.8 CPM
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For Khmer language,

Positional Gesture with a mouse: 17.69 CPM

Positional Gesture with a trackball: 17.72 CPM

Khmer software keyboard: 29.13 CPM

10:09

08:38

0419

Minute : Second
(=] [
] -l
N
>N

o
M
o
dh]

01:26

00:00

.\\ —4—Userl
- User?
\-/ \-\. ——User3
—4—Userd
—#=Userb

1st ?nd 3rd 4th 5th

Trial Time

Figure 6-15. Typing speed of five Myanmar userspin

Image taken from my published paper [129]

12:58
11:31

10:05
08:38
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05:46
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02:53
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00:00
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—— User3
——Userd

—#—=Userb

1st

2nd

3rd 4th 5th
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Figure 6-16. Typing speed of five Myanmar userdiwibuse

Image taken from my published paper [129]
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08:38 4

0712 —;i A
05:46 E’.’//I’—"ﬁ* ——Pon

04:19 =l-Mouse

Minute : Second

02:53

01:26

00:00

Userl User2 User3 Userd Userd

Trial Time

Figure 6-17Typing speed comparison five Myanmar users withgn ancmouse
Image takn from my published paper [129]
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Figure 6-18 Average typing peed of two usrs for "Win Myanmar Visual Keyboar
Image takn from my published paper [129]
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10:05
08:38 =\_\
B 07:12 = ~—_
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(] 05_46 \.\
» T e = ——Pen
:q_.'; 04:19 -2 Mouse
2
£ 02:53
01:26
00:00 . . .
1st 2nd 3rd 4th 5th
Trial Time

Figure 6-19. Typing speed improvement of five Myanmsers for Positional Gesture with
mouse and pen
Image taken from my published paper [129]

14:24 -

12:00 A,
2 «k User1
o 9:36 - —— User
S e -m—User2
2 7112 P —«—User3
*g Userd4
E 4:48 —=— Users

2:24

0:00 T T T T 1

1st 2nd 3rd 4th 5th
Trial Time

Figure 6-20. Typing speed of five Cambodian usetis mouse
Image taken from my published paper [129]
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——User1
—u—User2
——User3
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Figure 6-21 Typing speed of five Cambodian useth twackball
Image taken from my published paper [129]
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Figure 6-22 Typing speed of five Cambodian useth Whmer software keyboard
Image taken from my published paper [129]
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9:36 -
8:24 ﬁ
- 7:12
c \ —— with Mouse
S 6:00
c_b"_ 4:48 /\ -=— with Trackball
1] s &
2 3:36 / -+ with Software
g Keyboard
2:24
1:12
0:00 T T T T 1

User1 User2z User3 Userd Userd

Figure 6-23 Typing speed comparison of five Caméodisers with mouse, trackball and
software keyboard
Image taken from my published paper [129]

10:48 -
9:36 N

8:24 \

7:12 N-':"\\:—

6:00 —e—with Mouse
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Minute : Second

Figure 6-24 Typing speed improvement of five Caméodisers for Positional Gesture with
mouse and trackball
Image taken from my published paper [129]

6.6.3  Evaluation by Users’ Likert Scale
Small questionnaires were conducted to participantsrder to figure out their feedbacks on
Positional Gesture.
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Table 6-3. Mean (standard deviation) responses/byMyanmar users
for five-point Likert scale questions

Table taken from my published paper [129]

Likert Scales PG with PG with
(range 1-5) Pen Mouse

Difficult-Easy 3.4 4.6
(0.89) (0.55)

Painful-Enjoyable 3.6 34
(0.55) (1.14)

Slow-Fast 3.0 4.2
(0) (0.84)

Dislike-Like 4.4 4.6
(0.89) (0.55)

Table 6-4. Mean (standard deviation) responses/byKihmer users
for five-point Likert scale questions

Table taken from my published paper [129]

Likert Scales PG with PG with Software
(range 1-5) Trackball Mouse | Keyboard
Difficult-Easy 2.0 3.2 4.2
(1.22) (0.84) (1.30)
Painful-Enjoyable 2.6 3.6 3.8
(1.14) (0.89) (1.10)
Slow-Fast 2.0 3.4 3.8
(0.71) (1.14) (1.10)
Dislike-Like 2.8 4.0 4.0
(1.79) (0.71) (1.22)

The questionnaires were conducted immediately ayiging experiments. Participants
were given four Likert Scales (1-5) on which toerdélte Positional Gesture text input with 3
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different input devices (a mouse, a pen and a @bk Table 6-3 and Table 6-4 show mean and
standard deviation of users for Likert scale qoesti Labels for scale endpoints are in the most
left columns and higher values are better. Fromgihestionnaire results, it was noticed that
most users preferred text entering with a mouse #natylus pen or a trackball: Myanmar
(Mouse>Pen, 4.6>4.4) and Khmer (Mouse>Trackball>2.8). One of the reasons might be
that the participants used a pen with a tabletaatreickball for the first time in the experiments.
The interesting point is that although Likert ssatesponds by the Cambodian users for a
trackball are lower than a mouse (see Table 6h4) average typing speed is nearly the same
(7min 38sec with a mouse and 7min 37sec with &iv@. Overall results of evaluation by
users are satisfactory.

6.7 Summary

It is desirable to compare the user study resudltsp prototype with handwritten; however,
there is no handwritten text input system for Myan@nd Khmer language yet. Although some
thesis papers regarding off line handwritten re¢agnfor Myanmar characters were available,
no paper was found for online handwritten recognitiAnd thus, "Win Myanmar Visual
Keyboard" and "Khmer software keyboard" were usgdHte evaluation process. Average CPM
of Myanmar Positional Gesture prototype is 14.29hwa pen and 19.27 with a mouse
respectively. And average CPM for Khmer Positio@dsture prototype is 17.72 with a
trackball and 17.69 with a mouse. Comparing Pasitidsesture typing speed with software
keyboards, it is slower for both for Myanmar andnkér language. The reason is that very few
gesture commands are used in my prototypes to@eakler typing but software keyboards use
one to one key mapping (e.g. 58 keys + shifted modaght-alt-mode for Khmer software
keyboard). Another important reason is that thotygling with the QWERTY based software
keyboard is familiar text input method, Positio@asture is a new one for all of the participants.
The typing speed or CPM can increase or decreasgdicg to the type of input device used.
And it also depends on how characters are mappedcfiaracter assignments). From the mean
and standard deviation values of Likert Scale dqoest(see Table 6-3 for Myanmar language
and Table 6-4 for Khmer language) and the uselysteslilts (see Figure 6-15 to Figure 6-24),
it is proven that Positional Gesture is one of fibesible text input interfaces for small mobile
devices.
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CHAPTER 7
Positional Prediction (PP)

7.1 Related Works

The research work for predictive text entry systegan in China and Japan around 1960s and
gradually got popular together with word processdoftware. Some predictive methods are

based on phonetics (e.g. Romaji (or) Kana code¥apanese and Pinyin codes in Chinese).
Other methods are based on the shape of Chinesgctdra (called Kaniji in Japanese) or stroke

orders (e.g. Four Corner Method, Wubi, Q9, et®).[6

The dictionary based predictive methods like Tegitd and Zi Corp’s eZiText predict
the word or phrases according to the key sequetypesby users. For example, when users
press “6” (mno) and “3” (def) on a standard ISO f@phone keypad, the system will predict
the words like “of” and “me”, and then order by gedrequency. Ambiguity arises when more
than one word matches a given key sequence (e4@.7"5= “kiss”, “lips”) and “next” key is
used for choosing other alternative words. Or users stop predicting system and spell the
word which involves rewriting the whole word usimilti-tap. To improve the performance of
disambiguation algorithms, some research work leas lalready proposed like dictionary based
predicting with used context of the phrase or domoibeing typed [67] and LetterWise [68]
that used prefix-based disambiguation instead ahguglictionary of stored word by
MacKenzie, Kober, Smith, Jones and Skepner (2001).

On the other hand, traditional multi-tap text inpogthod is still popular because of its
simple nature. As far as | know, there is no pridictext input that supports Myanmar
language yet.
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7.2 Concept

In making an analysis of Myanmar word formationwis found that writing system largely
depends on adding left, right, upper and lower atters to consonant (i.e. consonant clusters).
Here, left, right, upper and lower characters mglganmar dependent vowels, directives and
subscript consonants that are always written witbrassonant (e.g. lefte®” (E) and [: (RA),
Right: “z0” (AA) and “zz” (VISARGA), etc., Up: €7 (1), “&” (II), “ &” (ANUSVARA), etc. and
Down: “2" (U), “%" (UV), “+" (HA THO), “5” (HA THO TA CHAUNG NGIN), “z" (WA
SWE), ;" (WA SWE HA THO), “;" (AUKMYIT), “ " (Subscripted KA), etc.). They have to
be written always with consonants (i.e. dependemt)l their positions are defined when they
are combined with consonants. Taking this into m@ration, a new consonant cluster
prediction method is proposed based on given positiinformation of dependent characters.
For example, “Ka + Right” ford>»”, “om:”, oq_l “oqp”and oqp “Ka + Down” for o? OR
and ‘op", “Ka + Down + Up” for o‘?’ etc. The vowel positional information adding erccan

be “Consonant + Left + Down + Up + Right” or Conaah+ Left + Up + Down + Right. This
text entry order is similar to Myanmar Unicode ihpuder. Logically, it can also support hand
writing order (i.e. Left + Consonant + Down + UpRight or Left + Consonant + Up + Down +
Right). Users only need to mention positional vowébrmation once even for the words that
need to combine more than one positional vowel.eBasn the given positional vowel
information, the system calculates all possiblesomant cluster combinations, then, removes
impossible vowel combinations for given consonam. (unpronounceable or no meaningful
combinations), and after that, sorts possible coasbclusters with average usage frequency.
Here, note that there is no proper or standardeusagquency table for Myanmar characters and
words yet and my own usage frequency table is ugkith is the result of my previous work.
Finally, the system sorts the consonant clusteordarg to users’ typing history. Figure 7-1
shows the example process of positional predidoorKha + Left + Right + Up”.
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Building Consonantal Remove Impossible Vowel
r// Cluster Based on Combinations of Consonant
User Input | Positional Vowel ’ “Kha”
Kha+Left+Right+Up Information esk, B o [ of Bp <R
s, 5 efg. o4l [ afgh 65,
GE:, Bi ng'j, GSJ"D, &3, Eaj% BB%.
. o, o, B of oab oA B
b « Sorting
d efp. e& cff. 55 o8, cap. o4l
. T / '\ kS = kY N
Final Predietion Read Read B> e[ e o[ [ o3 sap
List B, o of§ [B5 o

Consonantal Cluster
Combinations
Database Sorted by
Average Usage
Frequency

Consonantal Cluster
Combinations
Database Sorted by
User” s Typing History

Figure 7-1. Process flow of Positional Prediction¥yanmar consonant “Kha”
with vowel information (Left + Right + Up)
Image taken from my published papers [38, 128]

7.3 Prototyping for Myanmar and Khmer Language

Here, Positional Prediction text entry prototypeNyanmar and Khmer languages is presented,
which were developed with Microsoft Visual Studidet 2003. The prototypes are shown in
Figure 7-2 and Figure 7-3. To reduce the candisieliection time, just a self subscript character
of given consonant in predictive list is mention€&bnsonants subscripting with different
characters and Myanmar short form writing can [pedywith subscript button (i.e. the button
labeled with %:” character).
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Figure 7-2. Positional Prediction text entry prgpa for Myanmar language
(Up, Down, PgUp and PgDn buttons are used for ngpthie highlight selection of consonant
clusters of list box.)
Image taken from my published papers [38, 128]
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Figure 7-3. Positional Prediction text entry prgps for Khmer language
(Up, Down, PgUp and PgDn buttons are used for ngpthe highlight selection of consonant
clusters of list box.)

Image taken from my published papers [39, 128]
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These prototypes are usable with a mouse, a gtglusa Logitech dual thumbstick game
pad and a Nintendo Wii remote controller. With aldinumbstick game pad, “left thumbstick”
works for selecting consonants and other editingobs and “right thumbstick” works for
giving Left, Right, Up and Down information. With\&ii remote controller, the mouse pointer
can be controlled by moving the remote controlled the four directional keys pad is used for
giving Left, Right, Up and Down information.

Although this current prototype is designed for thee with a PC, a tablet PC or an
electronic whiteboard, by changing the user intaxfat is also applicable for mobile devices
such as a mobile phone, a PDA and a portable gdayerp Because of that, most current
mobile devices have four directional arrow keyse(Emure 7-4 and 7-5).

Figure 7-4. Four directional arrow keys (left) adakia N76 mobile phone (right) Dell X51
PDA
Image adapted from my published papers [38, 128]

Figure 7-5. Four directional arrow keys (left) éhahy PSP portable game player (right) XO
laptop
Image adapted from my published papers [38, 128]
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7.4 User Study

Initial user study was conducted for Myanmar largguand Khmer language with the current
Positional Prediction text entry prototypes in orfeknow users’ typing speed and to get their
comments.

7.4.1 User Study and Evaluation of Myanmar Language
A PC mouse, a stylus pen with a tablet PC, a Lobitdual thumbstick game pad and a
Nintendo Wii remote controller were used with thrBlyanmar native users. All of the
participants are familiar with a PC but don't hare experience of using a stylus pen, a dual
thumbstick and a Wii remote controller. The experits procedures are as follows:

1) explaining the concept of Positional Predictior &xtry,

2) making demonstration of text input with prototype,

3) allowing 15 minutes practice time for each usdeton text input with prototype,

4) recording users’ typing speeds of short Myanmarsags (6 sentences) for 5 times

(including error correction time) and
5) discussing with users and learning their responses.

Figure 6-15 shows the Myanmar text used for usetystRecorded users’ typing speeds
are calculated to CPM (Characters per Minute)Herdvaluation process. The user study results
show that the average typing speed of PositionatiBtion text entry method to finish six
Myanmar sentences with a mouse is 3 minutes 15ndec(32.62 CPM), by a stylus pen is 3
minutes 21 seconds (31.64 CPM), with a dual thuichgtame pad is 7 minutes 5 seconds
(14.96 CPM) and with a Wii remote controller is Snotes 30 seconds (19.27 CPM)
respectively. With the current prototype, the fastgser’'s typing speed for each device is: 2
minutes 33 seconds (41.57 CPM) with a mouse, 2 tedn82 seconds (41.84 CPM) by a stylus
pen, 7 minutes 11 seconds (14.76 CPM) by dual tstiokband 5 minutes 10 seconds (20.52
CPM) with a Wii remote controller. From these résut is found that the faster typing speed is
available with a mouse or a stylus pen. The fiestson is that all of the users are unfamiliar
with a dual thumbstick game pad and a Wii remotetrotier. And the second reason is that
users’ cannot directly point or highlight the conaots like in a mouse and a stylus pen. The
third reason is because of the program bugs (e.gwyi current prototype, the mouse pointer
movement time with a Wii remote controller is sland sometimes difficult to control).

To make comparison with the existing Myanmar texiut method, “Win Myanmar
Visual Keyboard” was used [27] [65]. Actually, “Wiyanmar Visual Keyboard” uses more
keys or buttons than my prototype because it UsBeQWERTY keyboard interface. The results
of the previous user study indicate that the awverpging speed of two users for “Win
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Myanmar Visual Keyboard” is 2 minutes 30 seconds44CPM) (see Figure 7-6). The average
typing speed of Positional Prediction text entrytmoe with the current proposal (see Figure
7-7) is 30 % slower than “Win Myanmar Visual Keybta But fastest typing speed 41.57

CPM is almost the same as average typing speed/iof Myanmar Visual Keyboard” (i.e. 42.4
CPM).
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Figure 7-6. Average typing speed of two usersrisifi six Myanmar sentences with Win
Myanmar Visual Keyboard (experiment results foresegontinuous days)
Image taken from my published paper [38]
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Figure 7-7. Average typing speed of three Myannsarsiwith Positional Prediction text entry
prototype
Image taken from my published paper [38]
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7.4.2  User Study and Evaluation of Khmer Language
A mouse and a PC were used for initial user stuitly three native users. All of the participants
were familiar with a PC but didn't have an expecernf Khmer text typing with my Positional
Prediction text input method. The experiments pdaces are as follows:

1) explaining the concept of Paositional Predictior &xtry,

2) making demonstration of text input with PositioRakdiction text input prototype,

3) allowing 5 minutes practice time for each useetrh text input with prototype,

4) recording users’ typing speeds of short Khmer ngsga sentences) for 10 times

(including error correction time) and
5) discussing with users and learning their responses.

Figure 6-16 shows the Khmer text used for userystlide users' actual typing speed was
recorded and CPM (Characters per Minute) was cledlfor the evaluation process of my
Positional Prediction text input method. Small digesaires were also conducted to them in
order to figure out their feedbacks.

Evaluation by Users’ Typing Speed:

The user study results show that average typingdspé Positional Prediction text entry
method to finish five Khmer sentences with a moigsé minutes 44 seconds (24.62 CPM).
With the current prototype the fastest typing spisedl minutes 11 seconds (32.27 CPM) and
the slowest typing speed is 9 minutes 48 secorRIZZICPM) to finish 5 Khmer sentences that
contain 135 characters in total. Figure 7-8 showdI@omparison for three native users for ten
trial times to finish 5 Khmer sentences.

35.00

30.00

20.00 - A‘h-k_._‘. ——Lserl
- User2

15.00 =i Lser3

10.00

5.00

Characters per Minute (CPM)

Q.00

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

Trial Times

Figure 7-8 CPM comparison for three native useth Rositional Prediction prototype
Image taken from my published paper [39]

120



Chapter7: Positional Prediction (PP)

From my previous studies [69], the average CPMHerNiDA software keyboard layout
to finish the same 5 Khmer sentences (Figure 6i4&)9.14. Figure 7-9 shows the CPM
comparison of five native users for the NiDA softev&keyboard layout. Figure 7-10 shows
CPM comparison between Positional Prediction textut method and the NiDA software
keyboard input.
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Figure 7-9 CPM comparison for five native userdwiiiDA software keyboard
Image taken from my published paper [39]
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NiDA software keyboard

Image taken from my published paper [39]
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Evaluation by Likert Scale Questions

Questionnaires were conducted for users immediaéilyr typing experiments. Four
Likert Scales (1-5) were set on which to rate tlsitfonal Prediction. Table 7-1 shows the
average results of Likert scale questions. Lalmisdale endpoints are in the most left columns
and higher values are better. From the questiommedults, it can be generally said that all three
users preferred text entering with Positional Rytéu.

Table 7-1. Users’ evaluation of Positional Predictiext input (U1, U2 and U3 mean
Userl, User2 and User3, and higher value is bgtter.

Table taken from my published paper [39]

Léf;”;f‘l’i;’s Ul | U2 | U3 | Average
Difficult-Easy 4 4 4 4
Painful-Enjoyable 4 5 3 4
Slow-Fast 5 4 2 3.67
Dislike-Like 5 4 3 4

7.5 Summary

This chapter has presented a new predicting texy emethod that is applicable for many kinds
of mobile devices. Initial user study was held fdyanmar and Khmer languages and the
results are presented. There is no predictivedeixy method for Khmer language yet. And thus,
the NiDA software keyboard was chosen for the eatidnn process. In average CPM, NiDA is
greater than Positional Prediction but not so mddferent (i.e. 29.14>24.62). Although
Positional Prediction is new text input conceptere¥irst-time users can understand and type
with appropriate typing speed. But it was notichdttusers sometimes faced difficulties in
dividing one consonant cluster from a word. Howeuebelieve that this difficulty can be
gradually overcome with some typing practice.
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CHAPTER 8

Positional Prediction for
Clickwheel Mobile Devices
(PP_Clickwheel)

8.1 Introduction

Mobile devices such as a mobile phone, a PDA amdsic player are now popular in Southeast
Asian developing countries such as Cambodia, LdMysnmar, Thailand and Bangladesh.
However, there are many difficulties to operatenviiteir mother languages because all menus
are displayed in English or Chinese, which doessopport efficient typing or tapping method
for their native languages. | believe that mobilevides will become more popular and
necessary for daily work in Southeast Asian devapgountries in the future. It is clear that
text typing on mobile devices such as sending emaiting notes, searching information and
saving the music title is becoming daily work inve®ped countries. And thus, many
researcher of Human Computer Interaction or Humamgliter Interface (HCI) area focus on
text input interfaces on small mobile devices ef@nEnglish. To the best of my knowledge,
most mobile phone users in Southeast Asian devedopountries rarely do SMS messaging
with their native languages but use a mobile phmmg for speech communication. One of the
main reasons is that text typing is not easy oir thebile phones. Users have to memorize the
keypad mapping and need much practice to get awuoast to the text typing method. Another
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reason is that typing speed is slow with annoyirag@ss on a mobile phone keypad. In the days
to come, mobile devices will become smaller andyviemportant for communication. The
investigation of efficient text input interfaces emall mobile devices should not be neglected
for mother languages in Southeast Asian developdumtries.

This chapter proposes the new text input interfRBe Clickwheel (Positional Prediction
with Clickwheel) for Khmer (language of Cambodi&jimer is a syllabic language, and thus,
Positional Prediction (PP) text input concept isdugor predicting possible combinations of
vowels with a consonant or a syllable [38]. PP_I®iceel text input interface will be useful for
typing similar syllabic languages such as Lao, Myan (Burmese), Thai, Nepali, Hindi and
Bengali with small mobile devices.

8.2 Related Works
This section presents some text input methods elithwheel on small mobile devices like the
iPod [113, 117].

8.2.1 Keypad on Clickwheel

This input method logically divides clickwheel ingight sections like a mobile phone keypad
and detect users’ tapping [114, 115]. Keyboard rimpjs the same as a mobile phone keypad
mapping, e.g. 2 for (a, b, ¢), 3 for (d, e, f),ot {g, h, i) and so on. This method uses eight
sections of the click wheel (tapping only and nokihg) for text typing.

Figure 8-1. Keypad layout of iPod clickwheel
Image taken from my published paper [121]
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8.2.2 Cursive

Cursive text input method is based on the imaginadf writing letters onto the scrollwheel

[114, 116]. For example, to write a lowercase fetéd, from the top right (between the menu
and next buttons on 1 and 2G iPods, below the pdaygle on 3Gs), start rotating your thumb
leftwards around the scrollwheel one complete tlien, for the tail of “a”, scroll right one 1/4

turn. Example codes used by the current Cursivariext method are as follows:

Table 8-1 Example codes used by Cursive text input

Table taken from my published paper [121]

Unshifted Shifted Sequence
a A ir
b B lllro
c C 1l
d D reer
€ E olll

Here, “I” or “r" represents a quarter turn in eatirection (“I” represents anti-clockwise,
“r" represents clockwise and “0” represents theteebutton).

8.2.3  Thumbscript

Thumbscript text input method is based on a sinfplgixel drawing tablet and drawing or
tapping pictograph of English alphabets on it [1Fr example, drawing orders for “a”, “b”,

“c”, “u”, “"w” and “y” can be seen in Figure 8-2. Aletters are formed from top to bottom, but
when “start” and “stop” are on the same row, thdeotis from left to right. Reverse drawing or
taping order will be used for punctuation, and sgtallike reverse drawing order of “c” will be

typed “(* and reverse drawing order of “u” will Ibgped “¥".
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Figure 8-2 Thumbscript text input method

Image taken from my published paper [121]

This method will work with fourth and fifth genei@t, second generation mini, photo,
and color iPods. It uses eight sections of thekalieel and the action button as a telephone
keypad, and rewind and forward buttons to movectivsor [114].

8.2.4  Discussion on Current Clickwheel Text Input Methods
A brief discussion is made here on the currenkalieeel text input methods.

“Keypad on Clickwheel” method is usable for alphibdéanguages such as English,
Spanish and French, but is not directly applicablihmer. This is because Khmer is a syllabic
language, which has triple numbers of charactees ({4 characters excluding subscript
characters) of English. And thus, keyboard or kdypepping on 9 buttons is a challenge and
KSPC (Keystrokes per Character) will be higher [43]

Text input interface of “Cursive” and “Thumbscriptiethods are interesting but difficult
even for English. First-time users have to memotie coding for “a” to “z”, and several
practice times are required for getting used t&dme coding and tapping pictographs do not
look like actual glyph or shape of the English alpéts. “lll” is for “c” or “C”, “lllI" is for “0”
or “O”, and “lI” is for “I” or “L”, which is easy b understand, however, “lllro” is for “b” or “B”,
“ror” is for “i” or “I”, “Iro” is for “k” or “K”, “ rrrro” is for “m” or “M”, and “irrr” is for “n” or
“N”, which is very difficult for first-time usersn Cursive method [116]. Another example is
pictographs of “U”, “W” and “Y” (see Figure 8-2).I#hough it is possible to create Cursive
coding or Thumbscript tapping pictograph for syitagcripts e.g. in Khmer language, it may be
necessary to design many codes or pictographs 38.gonsonants, 24 dependent vowels, 12
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independent vowels and some other directive sigms) another important factor is that the
shape or glyph of Khmer is difficult to create pigtaph or shorthand writing (see an example
of Khmer words in Figure 8-7, Figure 8-16).

Other text input interfaces for mobile devices wititkwheel (e.g. the iPod) have been
proposed, e.g. “On-Screen Keyboard”, “Four-Butt@ephone Keypad”, “Unicode Hex Input”,
“Kana Palette”, “Wheelboard and Multilingual Wheed#tsrd” and “Morse Code” [114]. Most of
the input methods mentioned above are based orisBrgjphabet, and not all interfaces take
into consideration writing natures of syllabic laages. Among them, “On-Screen Keyboard”
and “Wheelboard and Multilingual Wheelboard” inputerfaces are applicable to Khmer
language, but it may be difficult to distinguishidér characters due to their similarity in shape

on a limited-sized screen (e.g.i™(ka), “f” (ko), “&i” (ta), “&i” (pho), etc.)

8.3 Positional Prediction Text Input Interface with PP_Clickwheel

Clickwheel provides only 7 operations or commandsich are left click, right click, up click,
down click, center click, clockwise scrolling andtiaclockwise scrolling as shown in Figure
8-3. Therefore, text input method or text inputenfdice was designed for Khmer (i.e.
consonants, independent vowels, dependent vowalsGtyeations and numbers) with the 7
commands.

Anti-clockwise Up
Center
Left Right
Clockwise
Down

Figure 8-3 Operations provided by clickwheel
Image taken from my published papers [97, 121]

7 commands were assigned for Khmer text typing walitkwheel as follows:

Clockwise and Anti-clockwise Scrolling
Highlighting a group of characters in the main mena character in a candidate list
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Left, Right, Up and Down Click
Giving parameter for vowel combinations (e.§.”‘(ka) + Right for ‘")

Center Click
Selecting a character group or typing a character

The main menu or characters groups aré & (consonants), 2l§ﬁgj (independent
vowels), 3) 9lIM (numbers), 4)11¢ (punctuations, ligatures and symbols), 5) Freq
(frequently used Khmer words such @ U, me, my),“N” (he, she, they, it),m‘s"i” (he, him,

his, she, her),#M” (I, me, my)and “S111” (Miss, young lady, girl, you)) and 6) Mode (for

other languages or text editing process) (see €i§wf). The typing steps for Khmer syllable
are 1) select a group, 2) select a consonant,v&) garameters for vowel combinations and 4)
select a syllable from a suggested candidate list.

8.4 PP_Clickwheel Prototype Implementation

Here, Positional Prediction text entry prototypahwelickwheel (PP_Clickwheel) for Khmer
language is presented, which was developed withrddaft Visual Basic. For the
implementation, Visual Basic programming languages whosen, which is simple coding and
suitable for rapid development. The prototype caisden in Figure 8-4.
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Figure 8-4 Main menu of PP_Clickwheel prototype
Image taken from my published paper [121]

8.4.1 PP_Clickwheel interface
My PP_Clickwheel text input interface for Khmerlaples, words and conjunct consonants is
based on the following 4 simple steps:

1) Choose figH" (Consonant) menu from the main menu
2) Choose a consonant that you want to type from didate consonant list
3) Give parameter or vowel combination structure..(Kg + Left] for “Ifi”, 57, “In” and

al
’

“Ifi”, [Ka + Right] for “m”, “m”, “Ifs", “1m”, “Ial", “1%)” and “17y)”, and [Ka +

Down + Up] for “F} ! ﬁ; etc.) This concept is based on Positional PtesiqPP) [38].

4) Select a syllable or a word from a candidate listuggested possible vowel combinations
with the consonant that you have chosen.

Typing steps of fN” (“Taa”, grandfather) with PP_Clickwheel is aslfols:
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(a) Select “Consonant” menu

(c) Give parameter for vowel combination and select from
a possible vowel combinations list of consonant “Taa”

Figure 8-5 Typing steps fof1” (“Taa” meaning grandfather) with PP_Clickwheel

Image taken from my published paper [121]

8.4.2  Keystroke per character (KSPC)

Keystrokes Per Character (KSPC) is the number gétkekes or stylus strokes required, on
average, to generate each character of text usigiyem interaction technique in a given
language [37] [43] [70]. It is difficult to calcuka exact KSPC value for PP_Clickwheel because
my prototype uses clickwheel for selecting menarabter, syllable and word. Time required to
press a key is different from the one to scrolllieketheel. And thus, the typing speed was
evaluated with Characters Per Minute (CPM); how ynelmaracters are typed in a minute, for
PP_Clickwheel prototype [43].

8.5 Method

8.5.1 Participants

Ten volunteer participants (6 males and 4 female=)e recruited in the Phnom Penh city,
Cambodia. Participants ranged from 22 to 35 yeaesa(i= 26.4,sd = 3.6). All of them were
familiar with a PC but had no prior experience dinker text typing with Positional Prediction
text input method, and it was the first time foertinto use clickwheel.
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8.5.2 Apparatus

The experiment was conducted with native users hnofh Penh. A notebook computer
equipped with an optical clickwheel mouse (BOMU-RBWSWH, Buffalo Inc.) was used for
simulation of using mobile device with clickwhee?)1(see Figure. 8-6). Figure 8-16 shows a
Khmer text used for user study. The text consittR8 characters including 44 consonants, 26
vowels, 10 subscript consonants, 3 diacritic si@msimbers and 5 symbols.

Figure 8-6 User study with PP_Clickwheel prototype
Image taken from my published paper [121]

8.5.3  Procedures
The experiments procedures are as follows:

1) explaining the concept of Positional Predictior &xtry,
2) making demonstration of text input with PP_ Clickwhtext input prototype,

3) allowing 5 to 10 minutes practice time to each usedearn text input with my
prototype,

4) recording the users’ typing speeds of short Khmessage (5 sentences) for 10 times
(including error correction time) and

5) discussing with users and getting their responses.
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8.6 Results and Discussion

Typing speed was evaluated wittharacters per Minute (CPMipstead ofWord per Minute
(WPM)[43]. This is because there is no standard defimfior a word in Khmer like in English
(i.e. common definition of a word = 5 charactensuding spaces) (Yamada, 1980) [43].

8.6.1 Characters Per Minute (CPM)

The user study results show that the average tymipged of first-time users with
PP_Clickwheel prototype to finish five Khmer sertes by a clickwheel mouse is 18.9 CPM.
With the current PP_Clickwheel prototype, the fastgping speed is 28.9 CPM and the slowest
typing speed is 8.2 CPM. Figure 8-7 shows CPM caiapa for ten native users for ten trial
times to finish five Khmer sentences.

35.0

30.0

25.0

20.0 jL

15.0 —

10.0 —

Characters per Minute (CPM)

5.0 — — —

0.0 L L
Userl User2 User3 Userd UserS User6 User7 User§ User9 Userl0

Figure 8-7. Characters per Minute of 10 users ®Ph Clickwheel
Image taken from my published paper [121]

8.6.2  Participants Questionnaire

Questionnaires were conducted to the users imnadygliafter the typing experiments. Four
Likert scales questions (1 to 5) were set to taeuser-friendliness of PP_Clickwheel text input
method. These four scales are (1) Difficult-Easy Rainful-Enjoyable (3) Slow-Fast and (4)
Dislike-Like. Table 8-2 shows the average or arghimmean results of Likert scale questions.

From the results, it can be generally said thatoélthe users preferred text entering with
PP_Clickwheel.
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Table 8-2 Ten users’ evaluation of PP_Clickwheetqiype

Table taken from my published paper [121]

Evaluation with Likert Scales (1 to 5)
User
Difficult-Easy | Painful-Enjoyable | Slow-Fast Dislike-Like
1 4 4 4 5
2 4 5 4 4
3 3 2 4 3
4 5 5 5 5
5 3 4 4 4
6 4 5 5 5
7 4 4 4 5
8 3 4 3 4
9 4 5 4 5
10 4 4 5 4
Mean 3.8 4.2 4.2 4.4
Note: Likert Scales (1-5): 1 = worst, 3 = neutnadl & = best

8.6.3  Discussion

There is no predictive text entry method for Khriarguage yet. Although PP_Clickwheel is a
new predictive text input interface, even firstéimusers can understand and type with
appropriate typing speed. However, it has beercadtihat users sometimes face difficulties in
dividing one consonant syllable from a word. Thés decause there are various syllable
structures such as a consonant, a consonant withval and a consonant with some vowels,
and some vowels have a combined structure. Asddrlaow, there are around 45 syllable
structures in total. The followings are 10 Khmerdgformed by various syllables:
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1. [C+C]: & +1 = Hi (happy)
2. [C+DV]: ¢+ = [??(go)

3. [C+DV+C]: tif + 1 + btif = me (grandmother)

4. [C+DV+C+DV]: U + I + 1+ & = [8U7 (free)

5. [C+DV+C+DV+C]: G + & + nn +[ + M = GIANM (profit)
6. [C+DV+C+C]: &d + 0 + B+ 1= p0AET (sea)

7. [IDV+C]: 2 + @1 =211 (you)

8. [IDV+C+DV]: 1 + AN +: ‘I QA0M (where)

9. [IDV+C+DV+C] +n+¢+a=80n (father)

10. [C+CS+Cl:U+ o +01 = ijh (wish)

Here, C = consonant, IDV = independent vowel, D¥ependent vowel and CS = consonant
shifter.

It was found that most of the Khmer syllables comd (DV), and thus, positional
prediction text input method is suitable. Basedle PP text input concept, users have to type
consonants (C) and independent vowels (IDV) onetyy. But possible vowel combinations
with a consonant (C+DV) are predictable with leight, up and down clicks. And thus, users
have to divide syllables formed by one consonaminfa word. For example, users have to
divide (C+DV), (C+DV) and C from [C+DV+C+DV+C] syble. An explanation of this
grouping concept is necessary for first-time ugertsnative users can understand within one or
two practice times.

Although it can be said that the PP text input epnds applicable to Khmer, it is difficult

to define “left vowel”, “right vowel”, “up vowel” ad “down vowel” clearly. This is because

native people deem some of the vowel combinatiena &owel or a character such ds1®

(au), “t:1” (00), “or (oe), [j (ya) and Ij (ie). These vowels are known as “two-part

dependent vowel signs” in the Khmer Unicode talfleese two-part dependent vowel signs
have glyph pieces which stand on both sides ofcthesonant [7]. In my PP_Clickwheel
prototype, users can type these vowels with [LeifhR or [Right] parameter.

8.7 Summary

This research is in progress, and PP_Clickwheelitgut interface has been introduced here.
The user study results proved that PP_Clickwheal possible text input interface for Khmer
language, and Positional Prediction text input metlhs applicable for clickwheel mobile
devices. Positive feedbacks were received from rthBve users such as “This is more
user-friendly than a software keyboard”, “Ther@dgsneed to memorize the keyboard mapping”
and “If | get used to this clickwheel mouse, theexpwill be faster”. Further refinements on the
current prototype and follow-up analysis are torbade. There is also a plan to extend
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PP_Clickwheel prototype for other similar syllallémguages such as Myanmar, Nepali and
Thai in the near future [97].
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CHAPTER 9

Romanized Handwriting
Positional Prediction
(Roman_HW_PP)

9.1 Introduction

Graphical user interfaces, web meeting, speechgnétion, etc. are reliable, however, writing
or typing is still the most common way in human oaumication with computing devices.
Several software keyboards and text input methagte been developed for Myanmar language,
yet none of them is designed for non-native userd,therefore, a new Myanmar language text
input interface is presented for non-natives. Mgrapch combines Romanized handwriting of
Myanmar consonants and Positional Prediction (BR)ihput method [38] [39].

This chapter begins with an introduction to thetiwg system and existing Romanization
methods of Myanmar language. Next is an explanaifotiie concept of Positional Prediction
text input method. Then, a detailed explanatioRamanized handwriting text input interface is
followed by a report of the user study results with developed prototype. Finally, a discussion
is made on my findings and suggestions for furtberinput interface research.
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9.2 Romanization of Myanmar Language

Currently, there is no Romanization standard foraMyar language. In Myanmar language,
many words are spelled differently from the wayytlaee pronounced. For example, the word
for "snack" is pronounced aha-ye-sar(ooeqeo) but spelled amwa-ye-sar(ogo:qéoo), and
therefore, replicating Myanmar sounds in Romanpscis difficult [71, 72]. There is a
Pali-based Romanization system, but it fails tdicape consonants in contemporary Myanmar
language. There are various Romanization methodh s Duroiselle’s System, Latter's
System, Grant Brown’s System, Stewart’'s System JI®rnyn’s System (typewritten), Minn
Latt's 1966 System and Myanmar Language Commissi@nbnunciation System (see Table
8-1) [45, 71]. The following table indicates a carmpon among existing Romanization
methods for Myanmar worddeooaos” (research).

Table 9-1. Comparison among Romanization methadslf@nmar word seoo008"

(research)

Table adapted from my published papers [72, 120, 131]

Romanized Word Romanization Method

sutesana Duroiselle’s System

thootéthard Latter's System

thu.te-thina. Grant Brown’s System (Conventional)
futehana Stewart’s System (IPA)

thu.tei-thana. Cornyn’s System (typewritten)

thutéithina Minn Latt’'s 1966 System

thu. tei thaa. Myanmar Language Commission's

Pronunciation System

Commonly used Romanization for Myanmar languagsoisetimes confusing even for
native users, and it is hard to apply to text inmatcess on small mobile devices. For example,
Burglish (Burmese English) Romanized text inputteys has no concrete definition for
Romanization rule, because it tries to cover afigiie or similar pronunciation (“ye” presents

s°1 “q” qé qoS “eq”, “ee:’, qé “q,”, “o8”, “0d”, oogC “0008”, “ew”, “ecud:”,

“ooé:", “O\\?", HC\%", HC\?\_I", "C\?_Ié", HC\?_IOS" and "GC\‘{]", “thape” and “thi pf” for typlng 200

Cn

(very) and “ta ka Ka thol” for typing o‘r‘)(()gaf?’m (university)) [73]. And thus, Burglish
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Romanization text input method is difficult to applirectly for mobile devices because a lot of
candidates are listed and capital letters are fssestibscript characters etc.

9.3 Proposal of Romanized Handwriting Text Input In  terface

Romanization is supposed to be the easiest textt imgthod for non-native users. In this
proposal, Romanization is used only for consonashi® to the absence of standard
Romanization for Myanmar, which may cause ambigsitih Romanizing Myanmar words.
Another reason is that if Romanization is usedtlier whole Myanmar language like Japanese
Romaji text input method, non-native users nee#ntow the pronunciation of all Myanmar
words. My Romanized handwriting text input integdor Myanmar is based on the following 3
simple steps (see Figure 9-1):

1) Write a Roman character for a consonant.

w_n nwn n_n

(e.g. ka for &", kh for "s", ga for '6", gh for '»", ng for "c", etc.)

2) Give parameter for vowel combination structure.

[ LI 1] u._non now, non

(e.g. [kh + Left] for &", "8, and &g", [ma + Right] for &", "eo:", “q", "gp", and "
gp:" and [pa + Down + Up] forg", "¢", "3", "§" and '§")

3) Select a syllable or consonant cluster from adigpossible vowel combinations with the
consonant that you wrote in Roman alphabets.

Ol = el = »&a »
(1) Write a Roman character (2) Give paramieter (3) Select from a possible vowel
for a consonant "ka" vowel combination combinations list of a consonant "ka"

Figure 9-1. Typing Myanmar word:" (Car) with Romanized handwriting text input

interface

Image taken from my published papers [120, 130]
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9.4 Prototype Implementation

Here, Myanmar language Romanized handwriting pyptor non-native users is presented,
which was developed with Microsoft Visual Basic.rRbe implementation, Visual Basic

programming language was chosen, which is simplengcand suitable for rapid development.

In my prototype, new features are introduced faieraand faster Myanmar language
typing, i.e. "SD", "=R" and "LRUD" buttons. Here DS button is for deleting typed syllable,
"=R" button is for repeat typing and "LRUD" is fediting vowels. Although exiting Myanmar
software keyboards have "Delete" and "Backspactbhs, these buttons allow users to delete
only one character. A Myanmar word is formed by twmmbination of syllables such as

Cu nOC n

"empad8s:” (jade) (“eoqpad”+'88:"), "o3uSecoicondos” (advanced stage of pregnancy)

Cn Cuygn_Cn

("opeoo +"600:"+" 005" +"08 ") and:yg.§:@:ecqp€::" (monastery)

(n C.

Grs: +"@:"+"Goq_|oc°::"). And
most syllables contain more than one character ¢exgn characters in&{pé:" syllable). And
thus, it is believed that "deleting typed syllabt” "SD" button is important for Myanmar
language text editing. "=R" button or "repeat typof lastly typed character or syllable" is also
important for Myanmar language because many Myanw@ds and names are formed by
repeating the same character or syllable suchea$ (sister), sux»eu»8c:3&:" (openly,
frankly), "sconodeconnboonionn:” (dependable), gqoo:en:” (just make both ends meet) and
"99" (common Myanmar female name). "LRUD" or "Left,gRt, Up and Down" button is for
adding or editing dependent vowels with 4 direciarrow keys. Users can add missed vowels
with "LRUD" button, even if they selected similarlable in the suggested candidate list and
typed by mistake. "Frq" or "Frequently used Myanmanrds" is for typing frequently used
Myanmar words such aséﬁeoo%" ("l" for male), "oqjé" ("Kyat" Myanmar currency unit) and
ooé (word indicating the verb ending of a Myanmar teeice). Figure 9-2 shows the

Romanized handwriting text input prototype.
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= - —T— =
8 RHW_PP_Myanmar e
& . =

| Recognizers  Info

Screen Area
for Handwriting

el

[ Myanmar Seript ]

Syllable Deletion

-

Syllable Repeat

| ot Mode

o=, (-

Vowel \ Subscript Sign
Combination Frequently Used  Symbol

Myanmar Word

Figure 9-2. Romanized handwriting text input prgpet for Myanmar language

Image taken from my published papers [120, 130]

9.5 User study

9.5.1 Participants

User study was conducted with 5 natives (3 males2afemales) and 5 non-natives (3 males
and 2 females). Native participants were recruitedYangon, Myanmar and non-native

participants were recruited from the local univisrsiampus. Non-native participants consisted
of a Mongolian, a Chinese, a Japanese, a Cambadidra Thai. Ages ranged from 24 to 36
with an average of 29.00 (SD = 4.6). All of themrevéamiliar with a PC but had no prior

experience of Myanmar text typing with Romanizedh#iariting text input method, and seven

of them (4 natives and 3 non-natives) had no egped of using a stylus and a touch screen.

9.5.2 Apparatus

The experiment with native users was conducted amgén, Myanmar and the one with
non-native users was conducted in my universitpratory located in Tokyo, Japan (see Figure
9-3). A 1.06GHz Intel Core 2 Duo CPU L7500 IBM LewnoX61 tablet PC running Windows
Vista Ultimate OS with 2006 MB RAM was used. Usexare required to use a stylus pen for
text input experiment with a tablet PC. A Myanmaxttused for user study consisted of 107
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characters including 41 consonants, 52 vowels,nibeus, 6 symbols and 1 space. Figure 6-15
shows the Myanmar text used for user study.

B
L

Figure 9-3. User study with non-native users
(from left to right: Japanese, Thai, Mongolian, @#ge and Cambodian)

9.5.3  Procedures

The experiment procedures are (1) explaining tmeegt of Positional Prediction text entry, (2)
explaining the consonant Romanization, (3) makieganstration of Romanized handwriting
text input with prototype, (4) allowing 5 to 10 robes practice time to users to learn text input
with prototype, (5) recording their typing speedshbrt Myanmar message (6 sentences) for 10
times (including error correction time) and (6) adissing with them and getting their
evaluation.

9.6 Results and Discussion

Typing speed was evaluated wittharacters per Minute (CPMhnstead ofWords per Minute
(WPM) [43]. This is because there is no standard de&fmifor a word in Myanmar like in
English (i.e. common definition of a word = 5 chaeas, including spaces) (Yamada, 1980)
[44].

9.6.1 Characters Per Minute (CPM)

The user study results show the average typingdspédirst-time users with Romanized
handwriting text input prototype to finish 6 Myannsentences, which is 27.2 CPM by natives
and 26.9 CPM by non-natives. With the current gyqe, the fastest typing speed of natives is
39.6 CPM and that of non-natives is 35.5 CPM, &edslowest typing speed of natives is 16.8
CPM and that of non-natives is 12.4 CPM. Figure Shbws CPM comparison among 5
non-natives for 10 trial times to finish 6 Myannsantences. It was found that there is no big
difference in typing speed improvement betweerveatand non-natives (see Figure 9-5).
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Figure 9-4. Characters Per Minute (CPM) of five marives

Image taken from my published paper [130]
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Figure 9-5. Characters Per Minute (CPM) of natied non-natives

Image taken from my published paper [130]

9.6.2 Participants Questionnaire

Questionnaires were conducted to the participanisddiately after the typing experiments. 4
Likert scales (1 to 5) questions were set to fageuser-friendliness of Romanized handwriting
text input method. The scales are (1) difficultyeé®) painful-enjoyable (3) slow-fast and (4)
dislike-like. Table 9-2 shows the average or arégtimmean results of Likert scale questions.
From the results, it can be generally said thathallparticipants were fond of text entering with
Romanized handwriting text input prototype.
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Table 9-2. Evaluation by natives and non-natives

Table taken from my published paper [130]

Likert Scale (Range 1 to 5) Natives Non-Natives
Difficult-Easy 4.4 4.2
Painful-Enjoyable 3.6 4.4
Slow-Fast 3.4 3.8
Dislike-Like 4.2 5.0
Average 3.9 4.3

9.7 Discussion

The Evaluation of my Romanized handwriting textunprototype was made with CPM not
with Keystrokes Per Character (KSPGJSPC is the number of keystrokes or stylus ssoke
required, on average, to generate each charactektofising a given interaction technique in a
given language [37] [43]. It is difficult to calaite exact KSPC value for Romanized
handwriting text input interface because my prgietyuses Romanized handwriting for
Myanmar consonants, pressing software button ({RUD button) for predicting vowel
combinations and selecting a syllable from a caatdidist. Therefore, the typing speed was
evaluated with CPM; how many characters are typedminute, for my prototype [43].

As shown in Figure 9-5, the difference of averageng speed between non-natives and
natives is only 1.11%. However, natives performetlds in the fastest and slowest typing speed
than non-natives. From user study, it was found fRamanization for some Myanmar
consonants is still difficult for natives. This liecause "Romanization of Myanmar Unicode
version 5.1" was used for Myanmar consonants toae@mbiguities such as "sa" for consonant

n non m

2", "ca" for consonants” and "ra" for consonaniy®. [6] In commonly-used Romanization,
"tha" is for 0", "sa" is for ®" and "ya" is for consonantss” and q And thus, natives need
to memorize the Unicode Romanization, and they cametimes make mistakes in
Romanization. This fact can influence typing speédatives. For non-natives, highlight was
made on each consonant character to divide consamanvowels clearly, because it was the
first time for them to see Myanmar characters. Ftbheresults of Likert scale evaluation by
non-natives, it can be said that my approach i®ssiple solution to find out user-friendly
Myanmar language text input interface for non-regiysee Table 9-2). Positive feedbacks were
also received from the natives such as "This isemmer-friendly than a software keyboard",

"There is no need to memorize the keyboard mappmng'"l don't know how to type with the

current Myanmar keyboard layout but this methoeeisy easy for me".

143



Chapter9: Romanized Handwriting Positional PrediaittRoman_HW_PP)

Although Romanization or Latinization was usedhis tprototype, this kind of text input
interface is applicable to languages of non-natifies. transliteration). Transliteration or
mapping of 33 Myanmar consonants into another laggus possible. For example, if a mother
tongue of non-natives is Japanese, Myanmar congogan be written with Japanese hiragana
or katakana such ag)"" or """ for "oo" (ka), "7>X" or "J1~"for "a" (kh), "23" or "F™ for
0" (ga), "3 E" or " " for "wo" (gh) and A3 or " AT for "c" (ng).

9.8 Summary

It was proven that Positional Prediction text inmaincept is applicable to non-natives of
Myanmar language. It is believed that Romanizatiandwriting text input interface is useful

for small mobile devices such as a PDA, a mobilenghand an electronic dictionary, and that
my approach is applicable to other Asian syllabicguages. The limitation of this text input
approach is that non-natives are required to mae®@B8 Myanmar consonants together with
equivalent Romanization and have knowledge of howtite English alphabets. In the near
future, there is a plan of user study with nonvestiwho are learning Myanmar language.
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CHAPTER 10

Positional Prediction for
Fingerspelling

Information and communication technologies (ICTpwd be available not only for normal
users but also for users with disabilities. Gaptrbns still needed especially for users with
disabilities in developing countries. This chapfaesents font development, the Direct
Keyboard Mapping (DKM) and Romanized Positional dittkon (RomanPP) keyboard
prototype for Myanmar language fingerspelling cheges. Moreover, usability of my approach
is discussed based on the user study results hgtltarrent fingerspelling software keyboard
prototype. The evaluation was made in terms ofniy@peed CPM (characters per minute) and
feedbacks from three types of users, i.e., heampgired users, general users and desktop
publishing staff. | believe that the outcome ofsthesearch is useful for design of Myanmar
fingerspelling keyboard layout, creation of fingeeing educational contents and
communication between hearing-impaired and genesets.

10.1 Introduction

Myanmar fingerspelling is the representation of Kiyar characters and numbers with hands in
Myanmar sign language. It is a necessary commuaicatethod for hearing-impaired or deaf
people, and is used especially for signing namigsnames and words, which do not exist in
sign language. The motivation for this researdiéspresent state that hand drawn pictures are
used in sign language textbooks because there fimgerspelling font or keyboard layout for
Myanmar fingerspelling. Here, two text input intamés are proposed for Myanmar

145



Chapter10: Positional Prediction for Fingerspelling

fingerspelling using my developed TrueType fontNbranmar fingerspelling text input. One is

a keyboard mapping of fingerspelling characterethamn the current Myanmar PC keyboard
layouts called “Direct Keyboard Mapping (DKM)”, arttie other is Romanized text input

method based on the Positional Prediction calle@ni&nized Positional Prediction for

Myanmar Fingerspelling (RomanPP_Fingerspelling)’sel study was conducted with a

software keyboard prototype to evaluate the DKM #&wmmanPP_Fingerspelling keyboard

layouts. The main focus is on user-friendlines®&M and RomanPP_Fingerspelling as well

as user interface of the DKM fingerspelling softev&eyboard, i.e., which is better labeled by
Myanmar character or labeled by fingerspelling. Bwaluation was made based on typing
speed CPM and feedbacks from hearing-impaired ugereeral users and desktop publishing
staff. The results show that the mentioned layquts/ide appropriate typing speed and are
highly accepted not only by hearing-impaired udewus also by general users and desktop
publishing staff.

10.2 Myanmar Fingerspelling

For all I know, there are two different fingersjpedl character sets for Myanmar language; one
is used in northern Myanmar (e.g. used at “Mand&elyool for the Deaf’ in Mandalay city)
and the other is used in southern Myanmar (e.gl aséMary Chapman School for the Deaf”
in Yangon city). The latter was invented by Dr. M&ln Tammasaeng in collaboration with
Myanmar sign language teachers and students in [[@7The mentioned two are similar in
consonant but mainly different in vowel, medial asgmbols. Myanmar fingerspelling
consonants are based on the American Manual Alplsaled as “a” for ¥” (s2), “b” for “&”

(00), “d” for “&” (3), “z” for “ & (@) [74], [75]. In this chapter, fingerspelling chatars set for
font development is used from a Myanmar sign laggudictionary book published by
Department of Social Welfare, Ministry of Social Wdee, Relief and Resettlement [76],
because the fingerspelling characters set mentiontéet book was recognized as a standard in
2007. Myanmar fingerspelling characters used is thsearch are as follows:
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T F F XD

™ (ka) & (kha) o (ga) o (gha) c (nga)

& d B H B

© (ca) &0 (cha) e (ja) q (iha) @ (nnya)

BE B @

¢ (tta) g (ttha) 2 (dda) » (ddha) co (nna)

85 ¢ 6 ¢ @

o (ta) oo (tha) 3 (da) e (dha) $ (na)

» @Y 8¢

O (pa) O (pha)® (ba) o0 (bh) © (Mma)

494 &8y

 (ya) 9 (ra) ©o (la) o (wa) 20 (sq)

wHd b

0 (ha) S (la) =32 (0) &(nya)

Figure 10-1. Consonant

Image adapted from my published papers [132, 133]
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AR RN R |

oo (aa) @ (aa) () 2 (i) () ¢(uu) ez(e) 2(ai)

2 & & P

g (ya) [5(ra) g (wa) ¢ (ha)

% = 4 &
o (aukmyit) <z (visarga) & (anusvara) & (kinzee) & (asat)
5 ¢ @

=08 148 (yecha she htou) (little section)  u (section)

$h Oy

(square brackets [, Jjparenthesis (, )pxo (great sa)

Figure 10-2. Vowel, consonant sign, various sigth symbol

Image adapted from my published papers [132, 133]

8 & & o

RO o) g ey [3(0)

& & 0 &

e () ¢ (yae) §(nhaik) g (le gaung)

Figure 10-3. Independent vowel and symbol

Image adapted from my published papers [132, 133]

The presentation order of fingerspelling is the saaa Myanmar language handwriting

order. The main difference is that glyph and wgtposition of fingerspelling characters never
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change according to what it surrounds unlike, fxaneple, the width of Myanmar character
medial(; (ra), which changes tgfo305 (fear) ands(goo5(frighten), using only the glypty  in
fingerspelling.

10.3 Related Works

There exist British fingerspelling font namely “BD®British Deaf Association) Fingerspelling”

and American Sign Language (ASL) fingerspelling tfommely “Gallaudet TrueType

Fingerspelling”, and they enable typing with the ERTY and Dvorak keyboard layouts
[77][78]. Although the predominant spoken languafehe United Kingdom and the United
States is English, BDA fingerspelling and ASL firggelling are quite different from each
other. BDA fingerspelling expresses with two handedept alphabet “C (c)”, and ASL

fingerspelling uses one handed manual alphabetT@ele 10-1). As far as | know, there is no
such font development for Myanmar fingerspelling ye

Table 10-1. BDA and ASL fingerspelling alphabets(&}” to “E (e)”

Table adapted from my published paper [133]

Alphabet
A@ | B(b) | C(c)| D()| E(e)
Fingerspelling

British Deaf Association /% /% @ & ﬁ%

0

o :
F |8 |&

American Sign Language @

SignWriting is a system of writing sign languagesg a combination of iconic symbols
or abstract pictures for handshapes, facial exjpressbody locations, contacts, movements, etc.
[79]. It was developed in 1974 by dancer Valeri¢t@uand already applied to BDA and ASL
fingerspelling [80] (see Table 10-2). “Sutton UKAda“Sutton US” fonts were used for typing
test of SignWriting alphabets, and it was learreat SignWriting alphabets of BDA and ASL
can be typed with the QWERTY or Dvorak keyboare IBDA and ASL fingerspelling.
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Table 10-2. SignWriting for BDA and ASL fingerspety alphabets “A (a)” to “E (e)”
Table adapted from my published paper [133]
English Alphabet | A(@ | B(b) | C(c)| D()| E(e)

Sutton UK * k
(BDA) & M Jn @I] &
Sutton US

w @4 0 e =

Currently, SignWriting is not used in Myanmar desfucation, and a special word
processor needs to be developed for SignWritinghgypin this research, the focus is only on
text input method of fingerspelling characters aotl on whole Myanmar sign language, and
thus, the design of BDA and ASL fingerspelling ®@is well as their keyboard mappings are
taken into consideration.

Finger-Chat system is an instant messaging systesigred to support teaching of
fingerspelling alphabets, which covers BDA fingelfipg, SignWriting fingerspelling and
English typing [81], and this system was also sddio design my software keyboard
prototype.

10.4 Direct Keyboard Mapping (DKM)

Direct Keyboard Mapping (DKM) is a method to map afiynar fingerspelling characters based
on the current Myanmar PC keyboard layouts. Itssuaned that DKM is easier and short
learning curve for users who are already familighwlyanmar keyboard layouts. Basically, it
IS one to one mapping and simple process compareéesigning a new keyboard layout, but the
main challenge is selecting one of the Myanmar Byb&ard layouts for DKM. This is because
there are many keyboard layouts or key mappingstyridg methods for Myanmar language
today. Old Myanmar PC keyboard layouts and typingthods are totally based on ASCII
encoding, and existing ones are moving to Unicoumeing (although some of which are not
fully Unicode standard encoding yet). Old Myanmaylkoard layouts consider various glyphs
of the same medial or possible combinations ofntieelial with other medials (e.d=", “[", “(C
=", “E5, “(, etc.) and subscript consonants (e.-g,;-)”‘,‘ “ a “ 0 “ ® “ m “s", etc.) However,
Unicode encoding automatically renders the appatprglyphs depending on the character
combination, and therefore, keyboard mapping fdfedint glyphs of a character is not

necessary in Unicode keyboard layout. Moreoverh damgerspelling character has only one
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glyph, and thus, there is no need to consider gbyinging process and keyboard mapping for
different glyphs. For those reasons, it is possibleise one of the existing Unicode keyboard
layouts for fingerspelling characters.

As a first step, existing Myanmar PC and typewrkieyboard layouts were studied. From
this study, it can be said that almost all MyanrR& keyboards mappings are based on
traditional typewriter and similar keyboard mappiegpecially for consonants, but some
different mappings exist for vowels, medials antssuipt consonants (see Table 10-3) [82].
Following this result, it was decided to use “Myaar® keyboard layout”, which is one of the
existing Myanmar Unicode keyboard layouts develofsd Myanmar Unicode and NLP
(Natural Language Processing) Research Center [29].

Table 10-3. Keyboard mapping of WinMyanmar, Zawglyianmar and Myanmar3 keyboard
for ‘q’, ‘w', ‘e’, 'r’, 't and 'y’ keys
Table adapted from my published paper [82]
Key (Shift) Q | W | E R T Y
(Unshift) q w e r t

WinMyanmar

ASCII Ver. 2.6 0 | | s © c?) 0

Zawgyi Myanmar

(Unicode) o || © | 3| O

Myanmar3

(Unicode) 0 || § © | @ | O

In this chapter, consideration is made mainly ogbkard mapping for consonants,
vowels and medials because these characters arénwaortant in Myanmar word formation.
All of the fingerspelling consonants are assigrieal game as the Myanmar3 keyboard layout.
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Table 10-4 shows keyboard mapping for Myanmar fisgelling consonants»s” (ka) to “c”
(nga). For the keyboard mapping of Myanmar fingellsgy vowels, consonant signs and
various signs, there is no need to consider diftegtyphs of those characters (e.g. different
glyph of Medial “Ra” such a§”, “(- ", “@ " and ‘§ ). This is because all of the
fingerspelling characters have only one glyph ektép (tall aa). Other combined vowels, e.g.,
“_5” (aa + asat or yecha shae htog); (tall aa + asat or yecha shae htoo)” are defiagdch
fingerspelling character (see Figure 10-2). Foeotflyanmar fingerspelling characters such as
independent vowels and symbols, it is possibl@liow one of the existing Myanmar keyboard

layouts or consider a new keyboard mapping.

Table 10-4. Direct keyboard mapping for Myanmagérspelling consonant
Hm” (ka) to HCH (nga)

Table adapted from my published papers [132, 133]

Myanmar

m ) 0 (3%} c
Consonant
Equivalent .
Fingerspelling @ g (? @Q\ "%}
Key Shift | Shift _

u c i
8 c
10.5 Romanized Positional Prediction for Fingerspel ling

(RomanPP_Fingerspelling)
RomanPP is a Romanized text input interface basatieconcept of the Positional Prediction
[83]. Here, brief explanation is made on the cmajee of Romanization for Myanmar language
and RomanPP text input interface for Fingerspelling

10.5.1 Romanization of Myanmar Language

In Myanmar language, many words are spelled diffdyefrom the way they are pronounced.
For example, the word for "snack” is pronouncedy@aar foceeo) but spelled thwa-ye-sar
(ogo:qém), and therefore, replicating Myanmar sounds in Rorscript is difficult [71], [72].
There is a Pali-based Romanization system, bail# fo replicate consonants in contemporary
Myanmar language. There are various Romanizatiothads such as Duroiselle’s System,
Latter's System, Grant Brown’s System, Stewart’sst&n (IPA), Cornyn's System
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(typewritten), Minn Latt's 1966 System and Myannhanguage Commission’s Pronunciation
System [45, 71]. The current Romanization rules ftyanmar language are difficult to
understand for first-time users, and it will be mdalifficult to apply for text input process on
small mobile devices. For example, Burglish Romaahizext input system has no definite or
concrete definition for Romanization rule for theystem because they try to cover all possible

Cn o« Cn « " ou oM Sy uXn «, On

or similar pronunciation (“ye” represent%”‘,‘ “q”, “qpd”, “qud”, “eq”, “eq:”, “am”, “q,", S,

u()SH’ uwén, “0305 u’ “GOO", “G(D:”, uwéu’ HQ:)H, “Oqo.ln, uc\q\.ln, “O{Ié”, “C\{ICXS” and “GC\IH",

Cn

“thape” and “thi pf” for typing 35" and “ta ka Ka thol” for typing &>gpo3c5™) [73].

10.5.2 RomanPP

To reduce the ambiguities of Romanization, RomatdXP input method uses Romanization
only for Myanmar consonants, independent vowelscisih characters and punctuation. In other
words, RomanPP is not Romanization for Myanmar woiithe Romanization for Myanmar
consonants are based on Unicode naming systenonbhu® or 3 English characters were used
for a Myanmar consonant to reduce number of kekstrdo type a character. The followings
are the Romanization used in this chapter:

™ (ka) & (kh) 0 (ga) 2o (gh) c (ng)

© (ca) 5o (ch) e (ja) g) (ih) P> (nn)
g (tt) g (tth) 3 (dd) » (ddh) co (nna)
o0 (ta) co (th) 3 (da) e (dh) $ (na)
0 (pa) © (ph) © (ba) 2 (bh)e (ma)
00 (ya) §) (ra) co (la) o (wa) 20 (sa)

0 (ha) g (1) 3 (@) p_(ny)

The text input process of RomanPP is almost theesasnPP but the different is typing

Romanization of a consonant (e.g. “la”— for typing ‘con”, “con:”, Qq”, “aqp’ cq_lo

etc.)

10.5.3 RomanPP for Myanmar Fingerspelling
Thinking of the fact that few Myanmar computer gsaire familiar with Myanmar PC keyboard
layouts, RomanPP is another possible text inp@rfimte for typing Myanmar fingerspelling.
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This is because Myanmar computer users are useédet@WERTY keyboard for English
typing.

“s”, “f7, “e”, “c¢” and “j", “I", “I", “m” keys were used for typing parameter of vowel
combinations instead of four directional arrow kdydour directional arrow keys are used for
predicting possible vowel combinations, users niechove their right hand from the home
keys (a, s, d, f, j, k, | and ;) to the positiorfstiee four directional arrow keys. Taking into
consideration that this moving time will affect tSetyping speed, it was decided to use
alphabet keys near home keys. Here, “s”, “f”, “@tdd’c” keys are for left-handed users, and ",
“I", “i” and “m” keys are for right-handed userse@ Figure 10- 4).

E m
FED)ECFERE
= M

(Left Hand) (Right Hand)

Figure 10-4. Four directional arrow keys assignnienRomanPP_Fingerspelling

10.6 Prototype Development

Font developing process for Myanmar fingerspeldng software keyboard prototype for DKM

and RomanPP_Fingerspelling are presented hereotfyet was developed with Microsoft

Visual Studio 2005, and Visual Basic programmingglaage was chosen for the prototype
implementation, which is simple coding and suitéblerapid development.

10.6.1 Font Development for Myanmar Fingerspelling

As far as | know, no font had been developed foaMyar fingerspelling characters. As a first
step, TrueType fonts were developed for Myanmagdiapelling before software keyboard
implementation. The reason why TrueType fonts veetected rather than other font types such
as PostScript and OpenType [84] is because foatsalte easy to read and print well on the
monitor screen are enough. Moreover, TrueType faotked fine on Windows as well as Mac.
A scanner (Sharp UX-MFSOCL), Adobe lllustrator C&3sion 13.0.0 and FontLab Studio
version 5 were used, and a fingerspelling font evaated by the following steps:
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1) Scanning the Myanmar fingerspelling character sét w00 dpi from a Myanmar sign
language dictionary book,

2) Tracing each fingerspelling character and then eding to vector format using Adobe
lllustrator CS3,

3) Copying the vector image from Adobe lllustrator G8®l pasting it to the FontLab Studio
(Here, name and/or Unicode code point is assignedc¢h fingerspelling glyph), and then,
adjusting each fingerspelling character’s path and

4) Generating TrueType fonts (mmFingerspelling.ttf)l éesting all fingerspelling characters.

Note: There are many possible ways to develop & od among them, the font creation steps
above were used for development of Myanmar fingalisig font (see Figure 10-5).
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Step: 4

Myanmar3h /

Myanmar Finger Spelling

l | Scaling the glyph

MyriadPro-Bold \

~MEMS

Consonants /

| oEEU-D

Figure 10-5. Font developing steps for fingerspglliNga”

Image adapted from my published papers [132, 133]

(Step:1 Scan fingerspelling “Nga” picture, Stepiade and convert to vector format, Step:3
Copy the vector image and paste it to FontLab,thed, adjust “Nga” character path with other
fingerspelling characters and Step:4 Generate type font and test with OpenOffice.org
Writer)

To my knowledge, there are several font renderimgirees such as Pango, Microsoft's
Uniscribe engine, IBM’s ICU (International Compotefor Unicode), QT and FreeType font
engine [84, 85, 86, 87, 88, 89], and among therl]'$BCU (test with OpenOffice.org Writer)
and Microsoft's Uniscribe engine (test with notepaere used for measuring and positioning

all fingerspelling characters.
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In the designing process of fingerspelling fontitwg position of each character does not
need to be considered. In Myanmar language, cleasetre written in three levels (upper,
middle and lower) and most characters have thdinet positions (e.g.¢t:-" and [: should
be written as a front vowel,-::La“, “ n J “ -:J:af’, 0 “2”, etc. should be written as a lower
character and®”, “&”, “&”, etc. should be written as an upper vowel ats’"“ -:::d”, “oe” etc.
should be written on the right side of consonanisjhe case of fingerspelling, however, all of
the characters including vowels and medials areesgmted from left to right in one row.
Therefore, the step of adjusting each charactesthispof fingerspelling is not so complex
compared to that of Myanmar characters. My developéingerspelling font
(mmFingerspelling.ttf) is used to display Myanmiaigérspelling characters in this chapter (see

Figure 10-1, Figure 10-2, Figure 10-3, Figure 1&xd Table 10-4).

10.6.2 DKM Software Keyboard Development

In the DKM prototype, the focus is on Myanmar carauts, vowels, medials and symbols that
are defined as a standard fingerspelling charaete¢see Figure 1, Figure 2 and Figure 3) [76].
Based on the Myanmar3 keyboard layout, 33 fingdlisgecharacters (20 consonants, 9
independent and dependent vowels, 2 Medials anginZb&s) were assigned to the unshift
mode, and 23 fingerspelling characters (14 conden&rindependent and dependent vowels, 2
medials and 4 symbols) were assigned to the shiftenfsee Figure 10-6 and Figure 10-7).

Keyboard layout can be switched to display fingelilspg or Myanmar characters. The
selected keyboard layout options only affect thpeapance of the software keyboard keys and
do not affect the output text (i.e. the output tekvays shows fingerspelling characters).
Basically, only 1 keystroke is required to typeragérspelling character with the DKM software
keyboard, but the number of keystrokes requirdgtge a Myanmar character is not the same as
the one to type an equivalent fingerspelling chara¢-or example, 2 keystrokes usually need to
be pressed for:5:” (“aa” vowel + “asat” vowel called “yecha shae otpin Myanmar PC
keyboards, however, only 1 keystroke is requiredype with the DKM software keyboard.
This is because “aa” vowel plus “asat” charactedesined as one fingerspelling character
(i.e.®) in standard fingerspelling character set. Anothmgortant factor for counting number of
keystrokes per character is “shift mode”, and agiotkeystroke is required for pressing or

Tt _noun_nou_n

clicking shift key. In this prototype, typing finggpelling characters such as',""¢", "q", "o

and ‘6" requires 2 keystrokes. Figure 10-6 shows the DKdftware keyboard layout of

Myanmar fingerspelling unshift mode, and Figure71§hows that of shift mode.
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= |elelslslglwlslolviel] |8
=62 |alt e nle e mldl =
= |ele]flElgele]s B

| om | I

Shift

Figure 10-6. DKM software keyboard layout (unshifide)
Image adapted from my published papers [132, 133]

RRENEEE O e
FeRERNEEEED O
= 8lelel loele) el

= JBle/h Bl e

Ctrl ‘ ‘ Alt ‘ ‘ ‘ Alt ‘ ‘ Ctrl

Figure 10-7. DKM software keyboard layout (shiftaed
Image adapted from my published papers [132, 133]

10.6.3 RomanPP_Fingerspelling Software Keyboard Development

In the RomanPP_Fingerspelling prototype, the QWERAYbut is used and English alphabets
are shown. As mentioned in section 10.5.3, “s”, “B”, “c” and ", “I", “", “m” keys are
assigned for typing parameter of vowel combinatidrieose keys are highlighted and work as
“vowel combinations parameter key” or “four dirextal arrow keys” when users type
Romanization of Myanmar consonant such as ka # kh for “4” and ga for #”. Vowel
combinations parameter such as “left only”, “lefidaright” and “up only” is shown in LRUD
Info Panel (see Figure 10-8). Possible vowel coatiins with a consonant typed by users in
Roman alphabets are shown in a candidate listRigese 10-8). When users type a consonant
or syllable, highlight of “s”, “f", “e”, “c”, “J", “I", “i” and “m” are removed and work as other

software keys.

Figure 10-8 is a picture of the RomanPP_Fingensefirototype when “kal” or “kaf” is
typed by users. Here, “ka” represents fingerspglka “s” and “I” or “f” represents right
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vowels. Possible combinations of fingerspelling“kd with right vowels such as#f” (02»),
‘PR (00:), “7#” (og)) and #EE” (oqp) are shown in the candidate list.

o=l Myanmar Fingerspelling (Positicnal Prediction) Ver 1.3 le=ii=l &J
Mode Info
[LRUD Info: ]
— ] - T o § § 2 i |
‘ @‘?%} 6 @ﬁ?@h

ﬂMDDDD@D@@@MTEEﬁ
EREOT Gohn ppans

BN [ Do O Beae
AN DDD D

Figure 10-8. RomanPP_Fingerspelling software kegttzyout (version 1.3)

10.7 Methodology

10.7.1 Participants

User study was held in Yangon city, Myanmar withieth types of volunteer users (i.e.
hearing-impaired users, general users and desktolisping staff), i.e., 48 native participants
in total.

18 hearing-impaired users (9 female and 9 malejimgnin age from 13 to 22 years
(mean = 17.1, SD = 2.9) were recruited who areesttgdat Mary Chapman School for the Deaf
and unfamiliar with personal computer. Generaksis®nsist of 16 users (10 female and 6
male) ranging in age from 18 to 33 years (mean.8,2&D = 4.0), most of whom are students at
KMD Computer Training Center, Yangon city, Myannaard already familiar with Myanmar
keyboard layouts (WinMyanmar or Zawgyi). 14 deskpoblishing (DTP) staff (5 female and 9
male) ranging in age from 16 to 33 years (mean.%,25D = 4.8) were recruited who routinely
use one of the exiting Myanmar keyboards at wodndNof them had prior experience with the
DKM or RomanPP_Fingerspelling software keyboard.
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10.7.2 Apparatus

The DKM and RomanPP_Fingerspelling software kewboprototype ran on standard

Microsoft Windows 7 notebook with a 2.0 GHz Intebr€2 duo CPU and 4 GB of memory.

Another standard Microsoft Windows XP notebook with GHz Intel Core duo CPU and 1

GB of memory was also used for user study with ggnasers. Figure 10-9 shows the user

study environment with hearing-impaired users atyMzhapman School for the Deaf.

Figure 10-9. User study with hearing-impaired stiusle

10.7.3 Procedures
The experiment procedures are as follows:

1)

2)

3)

4)

5)

explaining the current Myanmar keyboard “Myanmar3the DKM and
RomanPP_Fingerspelling keyboard layouts (as welinassducing to general users and
DTP-staff what fingerspelling is and how it is ussdhearing-impaired people),

making typing demonstration of the DKM and RomanFRgerspelling software
keyboard prototype with both a physical keyboard arromputer mouse,

allowing users to type a few trial fingerspellingnds (maximum 10 minutes of practice
time for each keyboard layout) to get familiar witle DKM and RomanPP_Fingerspelling
software keyboard layout,

recording their typing speed of five fingerspellingrds (see Figure 10-10) for 10 times
(including error correction time) and

discussing with them and getting their feedbacks.
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10.7.4 Design

A user study method was designed for the DKM anch&dPP_Fingerspelling keyboard layout
with three types of users (hearing-impaired usgeneral users and DTP staff) and three
independent factors (typing with a software keybokabeled by fingerspelling characters, a
software keyboard labeled by Myanmar charactersta@cdRomanPP_Fingerspelling software
keyboard).

Fingerspelling text for user study contains twaetnames §eao¢” and “eogbop”, an
actress’ nameesgecados”, one of common female namegjfsjoc:” and a city nameséeoy”.
All those names are already familiar to native sissaxd do not contain subscript consonants.
The names without subscript consonants were sdlbeteause “subscript symbol” or “subscript
consonants” are not defined in the current stanzitidn of Myanmar fingerspelling character
set. In practical, hearing-impaired people showsstipt characters by moving their fingers
downwards. Fingerspelling text contains 18 constmahl vowels, 4 medials and 8 various
signs. The mentioned names cover most combinatbiems of vowel(s) and medial with a
consonant (see Figure 8).

o8 BT s
i o

Bt B0l 9GBCY e
@%8 @%68 Y38% ggos
@O BEM ;..

Figure 10-10. Five fingerspelling names for usadgt
(Equivalent Myanmar characters are presented wébkets.)

Image adapted from my published paper [133]
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Formal and informal discussion was held with eaearimg-impaired user to get his/her
comments and suggestions relating to the DKM andnd&dP_Fingerspelling software
keyboard prototype. 16 general users and 14 DTPvg¢ae also recruited in order to figure out
typing speed and feedbacks of the users who aeadirfamiliar with existing Myanmar PC
keyboard layouts. Moreover, an analysis was madéaotoftware keyboard labeled by
fingerspelling characters”, “a software keyboardeled by Myanmar characters” and
RomanPP_Fingerspelling based on Likert scale etratuby users.

10.8 Results and Discussion

10.8.1 Evaluation by Characters Per Minute (CPM)

Typing speed was evaluated with Characters per #di(@PM) instead of Words per Minute
(WPM) [43]. Although space is put between fingetipg syllables in Figure 10-10 for easier
reading, users did not have an instruction to gygpace between syllables, and thus, there is no
need to consider a space for calculating CPM. Mywvdlue for CPM calculation is 42 (not 41)
because fingerspelling charactér™(“aa” vowel and “asat”) is counted as two.

Figure 10-11 shows typing speed improvement ofihgdampaired users for 10 times
with DKM (labeled by Fingerspelling), DKM (labeledhy Myanmar characters) and
RomanPP_Fingerspelling. Average typing speed ofifgémpaired users is 15.6 CPM for
DKM (labeled by Fingerspelling), 18.0 CPM for DKNBakeled by Myanmar characters) and
7.5 CPM for RomanPP_Fingerspelling, respectivelywas found that CPM of typing with
DKM (labeled by Fingerspelling) is 209% faster ahet of typing with DKM (labeled by
Myanmar characters) is 241% faster than RomanPBefpelling.

Figure 10-12 shows average CPM of hearing-impaisds, general users and DTP staff
for RomanPP_Fingerspelling user study. Average @PRearing-impaired users is 7.5, that of
general users is 15.1 and that of DTP staff is,I@spectively. It was found that average CPM
of general users 15.1 is the highest among thigestpf users, and 112% faster than DTP staff
and 202% faster than hearing-impaired users.

Figure 10-13 shows average CPM comparison betwdévi Jabeled by Fingerspelling)
and DKM (labeled by Myanmar characters). AverageMG# hearing-impaired users typing
with DKM (labeled by Fingerspelling) is 15.6 andathof typing with DKM (labeled by
Myanmar characters) is 18.0. Average CPM of genesals typing with DKM (labeled by
Fingerspelling) is 38.5 and that of typing with DK@i&beled by Myanmar characters) is 44.7.
Average CPM of DTP staff typing with DKM (labeleq Fringerspelling) is 18.9 and that of
typing with DKM (labeled by Myanmar characterspi.4. From the mentioned results, it can
be said that CPM of typing with DKM (labeled by Myaar characters) is higher than that of
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typing with DKM (labeled by Fingerspelling). In thstudy, there was no significant difference
between DKM (labeled by Fingerspelling) and DKMbgéed by Myanmar characters) on CPM
(F1,2=1.9, p>.05).

25.0

20.0

15.0
/ ——DKM (Fingerspelling)

=m-DKM (Myanmar)
10.0

=#=RomanPP_Fingerspelling

Characters Per Minute (CPM)

5.0

0.0 T T T T T T T T T 1
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

Figure 10-11. Typing speed improvement of hearimpéired users for 10 times with DKM
(labeled by Fingerspelling), DKM (labeled by Myarmmeharacters) and
RomanPP_Fingerspelling

18.0
16.0

14.0
12.0

10.0
8.0
6.0 -
4.0 -

2.0 -~
0.0 -

Characters Per Minute (CPM)

Hearing-impaired General User DTP Staff
User

Figure 10-12. Average typing speed of hearing-imgzhusers, general users and DTP staff

for 10 times with RomanPP_Fingerspelling
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70.0

60.0

50.0

40.0

m DKM (Fingerspelling)
® DKM (Myanmar)

Characters Per Minute (CPM)

Hearing-impaired General Users DTP-Staff
Users

Figure 10-13. Average typing speed of hearing-imguhisers, general users and DTP staff
for 10 times with DKM (labeled by Fingerspelling)dhDKM (labeled by Myanmar characters)

10.8.2 Evaluation by Questionnaires and Likert Scale

Questionnaires were conducted to the participantaediately after the typing experiments.
Informal questionnaires were held to hearing-imghinsers in order to get their comments and
suggestions on my proposed DKM and RomanPP softkeyboard. Communication with
hearing-impaired users was made through sign lajeggteachers’ translation as well as writing
messages. The followings are four questions that asked:

1) Is afingerspelling software keyboard necessarhéaring-impaired people?

2) Are you familiar with one of the existing Myanmat Reyboard layouts?

3) Do you think Direct Keyboard Mapping (DKM) and RomRP_Fingerspelling are usable
for fingerspelling typing?

4) Do you have any comments or suggestions?

The answers to questions 1, 2 and 3 from 18 heéaripgired users are summarized as
“Yes”, “No” and “Yes”, respectively. As for the gsion 4, very positive answers were received
such as “Although | am a first-time user of the Dkifid RomanPP_Fingerspelling software
keyboard prototype, | can type fingerspelling cheees”, “| am sure this will be very useful for
fingerspelling characters typing”, “Text input methfor fingerspelling is necessary and it will
be useful for creation of fingerspelling educatiorentents” and “Please keep making research
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on fingerspelling text input”. At the same timeetd was an unexpected comment like
“Fingerspelling used at Mary Chapman is differeoirf standardized fingerspelling characters
(11 differences in consonant characters and compiéterence in vowel) and it caused
ambiguity to us”. Moreover, there was also a contntiga “Some fingerspelling characters are

similar in DKM (labeled by Fingerspelling), andstdifficult to distinguish them, e.g.@" (na)

and ¥ (tha), “®” (ma) and @ (ca), % (da) and % (ya), and thus, bigger software keys
might be better for a software keyboard with firggesiling.”

4 Likert scales (1 to 5) questions were set to tlaeeuser-friendliness of DKM (labeled
by Fingerspelling), DKM (labeled by Myanmar chams) and RomanPP_Fingerspelling
software keyboard layouts. The scales are (1)cditfieasy (2) painful-enjoyable (3) slow-fast
and (4) dislike-like. Table 10-5, Table 10-6 andIl€al0-7 show the average or arithmetic mean
results of Likert scale questions to hearing-imgdirusers, general users and DTP staff,
respectively. Here, Likert scales value 1 is thestnmegative, value 3 is neutral and value 5 is
the most positive.

Table 10-5. Evaluation by hearing-impaired users

Likert Scale (Range 1to 5) DKM DKM RomanPP

(Fingerspelling)  (Myanmar)

Difficult-Easy 4.3 4.2 3.7
Painful-Enjoyable 3.8 4.1 4.7
Slow-Fast 3.8 4.4 3.5
Dislike-Like 4.5 4.1 4.5

Table 10-6. Evaluation by general users

Likert Scale (Range 1to 5) DKM DKM RomanPP

(Fingerspelling)  (Myanmar)

Difficult-Easy 4.8 4.4 4.9
Painful-Enjoyable 4.5 4.2 4.4
Slow-Fast 4.7 4.3 4.7
Dislike-Like 4.8 4.5 4.2

165



Chapter10: Positional Prediction for Fingerspelling

Table 10-7. Evaluation by DTP staff

Likert Scale (Range 1 to 5) DKM DKM RomanPP

(Fingerspelling)  (Myanmar)

Difficult-Easy 4.5 4.5 3.1
Painful-Enjoyable 4.1 4.1 2.7
Slow-Fast 4.6 4.5 35
Dislike-Like 4.8 4.8 3.0

According to the mentioned results, it can be galhesaid that hearing-impaired users,
general users and DTP staff are fond of text emjewith DKM (labeled by Fingerspelling),
DKM (labeled by Myanmar characters) and RomanPRydfspelling software keyboard
layouts. To see clearly their evaluation on “DKMta@re keyboard labeled by fingerspelling”,
“DKM software keyboard labeled by Myanmar chardctand “RomanPP_Fingerspelling
software keyboard”, average value was calculatetl artomparison graph was drawn (see
Figure 10-14).

6.0

5.0

4.0

30 4 B Hearing-impaired Users

B General Users

= DTP-Staff
2.0

Likert Scale Value (Range 1to5)

1.0 +

0.0 -
DKM (Fingerspelling) DKM (Myanmar) RomanPP_Fingerspelling

Figure 10-14. Comparison of Likert scale evaluatiesults of DKM (labeled by
fingerspelling), DKM (labeled by Myanmar) and RorR&h Fingerspelling

If only Likert scale evaluation results are consédke there is no significant user
acceptance level difference on three keyboard Byauch as 4.1 : 4.2 : 4.1 (from
hearing-impaired users), 4.7 : 4.4 : 4.6 (from gahesers) and 4.5 : 4.5 : 31 (from DTP staff).
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However, it can be said that most participantsirsgthgood results with a software keyboard
labeled by Myanmar character, judging from thepitg speed (in terms of CPM), suggestions
and comments. Taking their comments on DKM, onlg ohthem prefer a software keyboard
labeled by fingerspelling and the rest of themamafortable with a software keyboard labeled
by Myanmar character. CPM of RomanPP_Fingerspelliag affected because of its higher
KSPC (Keystrokes per character) value (see Tabi@).18lthough 50 KSPC was required for
typing five fingerspelling names with the DKM keydrd layout, 107 KSPC was required with
the RomanPP_Fingerspelling keyboard layout, whicheams that KSPC of
RomanPP_Fingerspelling is 214% higher than DKMe#&gected, most general users and DTP
staff did not dare to give strong comments or sagges relating to fingerspelling text input,
and they gave just general positive comments such ‘@oth DKM and
RomanPP_Fingerspelling are possible to use” ang fttight be useful for hearing-impaired
users”. To cover this problem, additional questares were held in terms of Likert scale
evaluation after the typing experiment.

Table 10-8. Keystrokes Per Character (KSPC) corspaibetween
DKM and RomanPP_Fingerspelling

s¥lBIT-oY 0 23
el AL 8 13
Gesd-ol gart 13 -
Pt Geta-Sb% v 2t

! 18

SO Bl
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10.9 Summary

This chapter has proposed DKM (labeled by fingdlisiggp, DKM (labeled by Myanmar
character) and RomanPP_Fingerspelling keyboarcutaydn experiment compared three text
input methods, i.e., typing with the DKM softwareykoard labeled by fingerspelling, typing
with the DKM software keyboard labeled by Myanmaraacter and typing with the
RomanPP_Fingerspelling software keyboard with 1&ihg-impaired users, 16 general users
and 14 DTP staff. For each text input method, ssedy was held to 10 users who entered a
total of 5 fingerspelling names for 10 times (irdihg error correction process). From user
study with the current software keyboard prototypersion 1.3), average CPM values of 48
users are acceptable especially for DKM and it nev@n that my proposals are possible
solutions for fingerspelling typing. Moreover, bdsen the users’ comments, suggestions and
Likert scale value, it is proven that the fingetBpg software keyboard layout labeled by
Myanmar character has better user interface fat-fime users than the one labeled by
fingerspelling. For the RomanPP_Fingerspelling enpéntation, work is planned to reduce

KSPC based on Romanization of consonants such’der‘k®”, “K” for “ & ", “g” for “ #” and

“G” for “W”. In the near future, user study is to be condiietéth hearing-impaired users who
are already familiar with standardized fingerspgjlcharacters.
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CHAPTER 11

Analysis on Possible
Combinations of Vowels with a
Consonant

This analysis is based on pronounceable, meaniagfiilsyllable formation structure of vowels
with a consonant on Nepali and Thai languages. Myp@sed Positional Prediction text input
prototype is used as a tool for producing canditist® of possible vowels combination patterns
with a consonant. The results of this analysis hdéluseful for designing predictive text input
methods for Nepali and Thai languages.

11.1 In Nepali

This section presents my analysis results on Negyditables or vowels combinations with a
consonant. The motivation is to find out a useg#dly predictive text input interface based on
Nepali syllable formation. Independent vowels wdigded into four groups based on their

writing positions. These groups are “Leftf, “Right” (o1, <, <%, <}, <%, :), “Up”

(3, 3 3, 0, 3¢, 35,9 and “Down” €, %, 3, 2, ., <X). The possible vowels combinations lists

(e.q. Left+Consonant, Consonant+Right, Consonant+Up Consonant+Down,
Left+Consonant+Right, etc.) for Nepali consonants produced with Positional Prediction
(PP) text input prototype [38, 39]. Then, an analywas made of vowels combinations,
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conjunct consonants or ligatures and combinatidtepes manually. Impossible combinations
(i.e. unpronounceable and not found in modern Népaduage) were removed and the number
of possible combinations was counted. The diffeesnaf vowels combination patterns of each
consonant are shown clearly and the maximum leafgéhconsonant syllable can be found.

11.1.1 Analysis on Vowels Combinations with a Consonant

As a first step, all vowels combinations with a Biggonsonant were collected by using PP text
input prototype. My PP prototype uses Nepali Unecézht (Madan?2) [35]. Although a range of
vowels combination patterns (i.e. not allow to camtimpossible vowels combination patterns
for Nepali such as Left + Left + Consonant, ConsbrraRight + Right + Right and Consonant
+ Down + Right + Right + Right) are controlled iryrRP prototype, there are still some mixed

vowel combinations contained in the candidate kst example, in pressings’ (ka) + right
arrow key”, the prototype will list®r’, &y, “@l”, “&l”, “=@", “&:", “ar, “=&f", “&f and

“=f". In this case, the last four syllables (i.&T, “&f", “@f" and “&®f") were taken and put in

the “Up + Right” combination list (refer to Tabld-1). Although Positional Prediction concept
groups vowels with a consonant based on their ghypghape, some mixed vowel combinations

are supported for faster typing. Another examphlhas in pressingd” (ta) + down arrow key +
right arrow key”, the prototype will listar, “3, 3, “sft, «f, «3r, “af, «df, “af and
“df". Here, the consonan®" (tra) is contained in the output list. This ischese the consonant

“F” (tra) is formed by the combination of consonaft (ta) and T’ (ra), as mentioned in the

section 2. From my studies, there are 9 possiblgei® combination patterns for Nepali
language, which are as follows:

1) Left (Left + Consonant)

2) Right (Consonant + Right)

3) Up (Consonant + Up)

4) Down (Consonant + Down)

5) Down, Up (Consonant + Down + Up)

6) Left, Up (Consonant + Left + Up)
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7) Up, Right (Consonant + Up + Right)
8) Down, Right (Consonant + Down + Right)
9) Down, Left (Consonant + Down + Left)

Character combination order is important in theddde fonts, but typing order depends
on Input Method Editor (IME) like Tavultesoft keym#90]. This is because Unicode mainly
focuses on encoding standards for text processicly &s sorting, searching and word breaking.
The output character or syllable changes accottditige combination order. The followings are
examples:

[Example 1X (r) + & (ka)]

Combination Order 1:

T+ H =%

'

Combination Order 2:

F o+ I = W

[Example 23 (1) + T (i) + & (ka)]

Combination Order 1:

1) & + fo= &
)T + T =&

Combination Order 2:

) T+ =
) +wH ==

The correct writing order of Nepali in handwritiigyl) left vowel, 2) consonant, 3) down
vowel, 4) upper vowel and 5) right vowel.
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Table 11-1. Possible combinations of Nepali consbf/@&” (ka)

(Highlighted cells indicate the longest “ka” conaahcombined with vowels.)

Table taken from my published paper [134]

1|23 |4|5|6|7|8|9|10]|11]12|13]|14|15|16]17]|18]19
L | %
R |[&1| 6|t |H| B |
U |$|F|F|H|H|F|F|F
D 2[R |P |2 |F | P | hH | &
DU | | |F|F|F | & |H|k|F|F|H
W || &F|H|H|&
UR |t |t | ot | o1 | | o6f | =f | 1 | it | =t | o6t | 61 | T | =t | T | =T | <f | &pf |
e E
DL |

11.1.2 Analysis on Conjunct Consonants

Other interesting and complex combinations are firenation of conjunct consonants or
ligatures. A conjunct consonant looks like a singlearacter, however, it is actually a

combination of more than one characters, &, &4, & (consonant&T, ¥ and 3T are also

conjunct consonants). According to my knowledgerehare four types of combination or

writing styles for ligatures, which are as follows:

1) Vertical Combination Form

(Later consonant append to the bottom of the eartiesonant e.@, 3, etc.)

2) Horizontal Combination Form
(Later consonant append to the right side of thikeeaconsonant e.gRd, 37T, Toh, &,

3, etc.)

3) Alternative Combinations Form

(e.9.%, 9,7, T, 3)

Especially, X" (ra) conjunct consonants or conjunct consonaotgaining R” (ra) are

complex. Combinations form changes depending ortdinebinations order such a& @
F=% and® + X = ). It also depends on the shape of combined cons®sach ad,

% andd.
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4) Special Combinations Form
Vertical combinations usually occur when the samesonants are combined, however,
combinations of different consonants can sometipnesent a vertical form likg + & =
&. Some of the conjunct consonants have speciadpi@son such as +#H =31 and< +
=1

Some of the complex or vertical combinations areused in today’s Nepali such 8,

g4, 391 and 59 (see Table 11-2). The total number of possiblguwu consonants is 954

excluding unpronounceable and impossible conjuriscnants. Here, only the conjunct
consonants that contain 2 consonants (36 x 36 861¢Pnjunct consonants) are considered.
Although conjunct consonants or ligatures that @iontmore than 2 consonants exist in
Devanagari scripts, they are not used in the ctiMepali.

Table 11-2. Conjunct consonants or ligatures foisooants#” (ka) to “31” (nya)

(Cells with two diagonal lines indicate impossibtmjunct consonants or ligatures.)

Table taken from my published paper [134]

G|l P | M| | I F | T ||| R A
P | F | RT|PT|FYH|FS | Fd | T | T | FR
[ |TDh | F || Y | TG | T | BEY | 9 | 1R
S| |G| WY | TS | | TR | N | TR
Y | TP | T | V| B | TS | =T | B | &S | B
g

T | Th | RT || =TH | =§ | =T | = | = | TR
w | ® 9 570 B (B3 | | B8 Bh | &R | &
ST | S || | SH | 35S | 5 | S | ST

R [ Db | R | N | 7Y | hG | hd | ey | hl | IR
5|
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11.1.3 Results of Analysis

In my analysis, all possible combinations of demendvowels with a Nepali consonant are
considered. There are 9 possible combination pestter Nepali as mentioned above, and it is
assumed that “Down + Consonant + Up” and “Up + @oasit + Down” are the same here.
Handwriting order may differ from person to persbut there is no need to consider this factor
to count possible combinations. PP prototype wasl ts list possible combinations for each
consonant (i.e. Ka to Gnya). The variable declanafor Left, Right, Up and Down vowel
parameters to develop PP prototype are as follows:

LeftList = New String() {f="}

RightList = New String() {1, "<, "o, mcar, mar,

UpList = New String() {£", "3, maf mae i w3

DownList = New String() {*:", "<, "g", "ot ", "ol

5 & ¢ < <

Here, it is difficult even for native people to wngtand combination patterns &' "and
"ol "L is for upper vowel combinations such @sK:: + & = %), @ +F =FH)and{ +2
+ & +c} = @f) | and %" is for lower vowel combinations such & ¢ <) = &, (@ + <X)

=Jandfm + ¢ ) = 9.

The total number of possible combinations of depahd/owels counts 2,156 for all
Nepali consonants. Figure 11-1 shows a graph dfiplescombinations of dependent vowels
with a consonant. The highest possible combinatadne is 72 with 8" (ttha) consonant, the
lowest value is 42 with™" (nna) consonant and the average value is 59.89.

A comparison was made of 9 possible combinatioteps of dependent vowels with a
consonant as shown in Figure 11-2 As expected,*@onsonant + Right” combination pattern
is the highest value, which is 694. The lowest comtiion pattern is “Left + Consonant +
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Down”, which counts 25. What's interesting is ttfaére are as many as 6 down vowels and 6
right vowels in the array variable list but the rhen of “Consonant + Down + Right”
combination patterns is only 123 (see Figure 11-2).

Number of Possible Combinations of Dependent Vowels with a Consonant

80 r

70 67 7 6768 6847 68 68 68
64646363 -~ o |[6464 (L . -
ER il M A 59
1 B BN BN BN BN I BN N . E 57 8 ® W N W U W W |

a0 = SAp L[4 1

A 50 19 o )i )
50 HHAHF A TiH—=1-H- A HAH RS H T A s s

A0 Ho — i e e e e ] e e e = e e

30 HHH— 414 A T T e

TN FTIATIAA TS T T NI IT A TR TIAAIITTITIATHTA

Figure 11-1. Number of possible combinations ofarefent vowels with a consonant (Ka to
Gnya)

Image taken from my published paper [134]

Combination Patterns of Dependent Vowels
with a Consonant

800 r
700 —
600
500
400 320
300
200
100 37

Figure 11-2. Combination patterns of dependent \®wéh a consonant
(Here, L = Left, R = Right, U = Up, D = Down, DUBown + Up, LU = Left + Up,
UR = Up + Right, DR = Down + Right and LD = LeftDown)

Image taken from my published paper [134]
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The maximum length of a syllable (combination ofvwets and a consonant) in the current
Nepali language is 4. Here a consonant is counsedn& character (see Table 11-1). The

followings are examples of maximum combinationgtarfor “@” (kha).

“T’ (kha) Consonant:
in [DU] combination3, 3%
in [LU] combination:Rd, Rd
in [RU] combination¥dT, %, wf, wf, i, wf, Wi, =f, wf
in [DR] combinationat

11.1.4 Discussion
This section discusses why an analysis was madmsdible combinations of vowels and a
consonant, their patterns and maximum length irctineent Nepali language.

It is believed that text typing on small mobile @®s will become more popular and
necessary communication in Asian developing coestrsuch as Myanmar (Burma),
Bangladesh, Nepal, Bhutan, Laos and Cambodia. ésetlcountries, however, there is no
efficient and user-friendly text input method forolile devices yet. Asian languages are
syllabic languages that derived from Indic scripBoahmi around BC third century. And thus,
Myanmar language or Burmese, Bengali, Nepali, Dkbag(language of Bhutan), Lao and
Khmer have common writing natures with Indian laagges such as Hindi, Marathi, Punjabi and
Tamil. But current mobile devices key-mapping ott teput methods such as multi-tap or T9
[91] are based on English and not directly applieadb syllabic languages, because writing
natures of Asian syllabic languages are differedt have larger numbers of characters than
English alphabets (e.g. Khmer has triple numbershafacters (i.e. 74) of English, if counting
conjunct consonants the numbers of charactersbwiliigher). My research looks for common
and user-friendly keyboard mappings and text impethods for Asian syllabic languages based
on their word formation or writing natures for migbdevices. Positional Mapping (PM) [53]
[69], Positional Gesture (PG) [57] and Positionaddiction (PP) [38] [39] are the proposed text
input interfaces based on Asian syllabic languagesting nature and their combination
structure of vowels with a consonant. And thus,lyais on possible combinations of vowels
with a consonant, possible vowels combination padtevith a consonant and the maximum
length of vowels with a consonant for Asian syltaldinguages are very important for PG and
PP text input interfaces.
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This section presents the analysis process baskdtpright, up and down combinations
of vowels with a consonant. My study is on sevéysibn syllabic languages, but the results
relating to only Nepali are stated here. It canetsaid that these results indicate the exact
number of possible combinations because the regquiocess of impossible combinations is a
complicated task. However, it is certain that theme 9 possible combination patterns of vowels
with a consonant. Although some vowel combinatiamg conjunct consonants are not in use in
the current Nepali, they were used in old Nepald might be used again in the future (e.g. for
writing foreign names, technical terms, slang wortsmes of actors and actresses, etc.) It is
also possible to use them in other Devanagari lages or other ethnic groups’ languages in
Nepal such as Maithili, Bhojpuri, Newari, Tamangl &fepalbhasa.

The decision-making of possible or impossible corabions is difficult because
Devanagari script is shared by many Indic langualjeé\sian syllabic languages, words are
formed by one or more syllables. There are varsylble structures such as a consonant, a
consonant with a vowel, and a consonant with soaweels. The followings are Nepali words
formed by syllables:

& (give) (VC), T (take) (VC), T (eat) (CV), o™t (forget) (VCCLV), Bl (who) (CV), &
(what) (CV), &8l (where) (CCVV),7h= (why) (VCC), H¥RT (how) (CCCV),&fga (when)
(CVCQV), ATHEHI (research) (VCVCLVC)AHA (good, pure) (VCC)AS (today) (VC),
gootd (prestige, honor, self-respect, status) (VLC)B]@ (difficult) (CVLV)

Here, C = Consonant, V = Independent Vowel or DdpahVowel and L = Ligature

From this analysis, the number of combination pasteof dependent vowels with a
consonant is clearly seen as well as their combimagtios (see Figure 11-2). Their average
values for 36 consonants are as follows:
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Table 11-3. Average values of possible combinatfon®lepali

Table taken from my published paper [134]

Combination Pattern Averaqe
Left + Consonat 1.09
Consonant + Ridl 6.1]
Consonant + U 8.03
Consonant + Dow 7.4z
Consonant + Down + L 8.8¢
Left + Consonant + L 5.03
Consonant + Up + Rig 19.9
Consonant + Down + Rig 3.4z
Consonant + Left + Dov 0.6¢

FontLab Studio was used to check the glyphs ofpaBsible conjunct consonants or
ligatures [92]. Although glyphs and code numbealbtonjunct consonants or ligatures can be
seen, it is not possible to find possible comboratiof vowels with a consonant. The possible
combinations list of conjunct consonants which waxluced by PP prototype and the conjunct
consonants list of Madan2 font table were confirmed

11.1.5 Summary

This dissertation has reported the results of nmalysis on possible combinations of vowels
with a consonant in the current Nepali languagentihis analysis, it was found that there are 9
possible vowels combination patterns with a consbaad that the maximum length of vowels
with a consonant is 4. The total number of possibiabinations of vowels with a consonant is
2,156, and that of conjunct consonants is 954s Hifficult to prove that these numbers are
correct and exact values because of the naturgllab® languages. These numbers are the
results based on left, right, up and down combamatiof vowels with a consonant, which will
be useful for Positional Prediction text input néees. Further refinements on the current
prototype and follow-up analysis on possible corabons of syllables or word formation
structure are to be made. An analysis is now beiage of possible combinations of vowels
with a consonant for Khmer (language of Cambodie) @hai (language of Thailand), and the
results are to be presented hopefully in the nearé.

11.2 In Thai

This dissertation presents my analysis results bai Wowels, Diacritic Symbols and Tone
marks combination with a Consonant. The motivat®oio find out a user-friendly predictive
text input interface based on Thai syllable formatiVowels were divided into four groups
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based on their writing position in combining toasb consonant. These groups are “Left"y,
1.1,1), “Right” (=,1, ), “Up" (< 2, 2, 2 2)and“Down”(s, ¢). With the concept of
Position Prediction text input prototype [38] [3®hly one consonant with Vowels, Diacritic
symbols and Tone marks combination case will bertakto this analysis. The possible Vowels,
Diacritic symbols and Tone marks combinations Ifstg. Left + Consonant + Up, Consonant +
Right, Consonant + Down, etc.) were produced foaiTtonsonants manually based on
grammatical rule. Consonant was grouped into 3 ggooy their level of tone; high-tone,
medium-tone and low-tone, and each tone will hawe $ame characteristic of possible
combination of tone marks. Then, an analysis wadenoh Vowels, Diacritic Symbols and Tone
marks combinations and combination patterns. Imptessombinations (i.e. unpronounceable,
meaningless and never used in Thai language) war®ved and the number of possible
combinations was counted. The differences of VowBigcritic symbols and Tone marks
combination patterns of each consonant can be dearly and it is possible to find out the

maximum length of a consonant syllable.

11.2.1 Analysis on Vowels Combination with a Consonant

The current Thai keypad mapping for mobile devile alphabets are mapped into 8-9 buttons
and only 2 or 3 buttons are left for Vowels, Diéicrsymbols, Tone marks and Special symbols.
Therefore, input of Vowels, Diacritic symbols andnE marks is very difficult. Some
characters require almost 10 times pressing ofainge button. My proposed PP model for Thai
will help predicting Vowels, Diacritic symbols ariione mark by pressing arrow keys to
address their position in combination with base socoant. But users still have to input
consonant by multi-tap. Therefore, PP will concemly possible combination of vowels,
Diacritic symbols and Tone marks with one consonant
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Table 11-4. Three-tone consonant group and toms rul

Table taken from my published paper [122]

Group Tone Rule

Low-tone Only 3 tone, 2 tone marks *" and "% " can be applied

ANITTHNIUNNIUANT U

NANHETaINE

Medium-tone All 5 tone, 4 tone marks can be applied

namgaule

High-tone Y )
Only 3 tone, 2 tone marks <*"and "% " can be applied

1TIRFONNABAY

As a first step, all of the combinations of eachsmnant with vowels and diacritic marks
were listed, and then, grammatical rule of tone ksavas applied. In Thai, there are 3
categories of consonant called “Triyang”, Low-toc@nsonant, Medium-tone consonant and
High-tone consonant. Table 11-4 shows each graufgsand members.

From the steps above, 14 possible combinationrpatigere found out for Thai language
in case one consonant with vowel, tone marks aactitic marks are as follows:

1) Left (Left + Consonant)

2) Right (Consonant + Right)

3) Up (Consonant + Up)

4) Down (Consonant + Down)

5) Left, Right (Left + Consonant + Right)

6) Left, Up (Left + Consonant + Up)

7) Right, Right (Consonant + Right + Right)

8) Up, Right (Consonant + Up + Right)

9) Up, Up (Consonant + Up + Up)

10) Down, Up (Consonant + Down + Up)

11) Left, Up, Right (Left + Consonant + Up + Right)
12) Left, Up, Up (Left + Consonant + Up + Up)
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13) Left, Right, Right (Left + Consonant + Right + Rijy
14) Left, Up, Right, Right (Left + Consonant + Up +gRt + Right)

Character combination order is important in theddde fonts, and it should be typed
from left to right and down to up, which is to sélye writing order of Thai in handwriting is 1)
Left Vowel 2) Consonant 3) Down Vowel 4) Up Vowel dp diacritic mark 5) Tone mark and
6) Right Vowel. For example, the typing order of thordan (Lao) is 1" + "u" + "a" + """ +
"7". But in this analysis, there is no need to coasithis factor for counting the possible

combinations because there is no effect of diffeoeder on the same combination as follows:

1) Right + Left = Left + Right

2) Right + Up = Up + Right

3) Up + Left = Left + Up

4) Up + Down = Down + Up

5) Up+Up + Left=Left+Up + Up

6) Left + Right + Up = Up + Right + Left = Left + Up Right
7) Left + Right + Right + Up = Left + Up + Right + Rig

After listing all of the possible combinations dofiah consonant with vowels, diacritic
mark and tone marks by grammatical rule, some coatioins that are unpronounceable or
meaningless word or never used in Thai are incluékis list. Neatly, an unpronounceable or
meaningless word or a never used word in Thai waoved, and only a pronounceable or
meaningful syllable or part of syllable was courdsdshown in Table 11-5.

11.2.2 Results of Analysis

The total number of possible combinations of vowdiacritic symbols and tone marks with

one consonant counts is 1,770 for all Thai conssnangure 11-3 shows a graph of possible
combinations of vowels, diacritic symbols and tonarks with one consonant. The highest
possible combination value is 88 with'"(To tao) consonant, the lowest value is 4 with "

(tho phu-thao) (excluding 2 obsolete consonantd)the average value is 40.23.

Looking at the 10 highest possible combination @ajut was found that 7 of them are in
Medium-tone group consonant. The reason is thatctmsonants in this group are able to
combine 4 tone marks. From this analysis, it was &und that the 2 obsolete consonants are
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not used and among the 10 lowest possible combmatilue 8 of them are the consonants used
only in Pali and Sanskrit word [93]. This can bgad proof for Thai keypad mapping design
to neglect those 2 obsolete consonants and graupatkly use consonants in the same button
not in the alphabet order as the current key mappin

Furthermore, the number of appearance of each VaweélDiacritic mark in Possible
Combinations was also counted in order to figure which character is frequently used as

shown in Figure 11-4. These marks are shown inaddetical order. These marks were analyzed
group by group. Left position group, the most frexgly used mark ist™ (Sara e) at 452 times

or 58.17% of this group while the second frequentgd in this group isu” (Sara ae) at 132
times. 1" is alsothe most frequently used among all of Vowels anacBiic marks. For Right
group, the most frequently used mark-s (Sara ah) at 207 times or 49.64% of this group. “
(Sara ee) is the most frequently used in Up grauy @ times and follow by #” (Sara i)at 159
times. For Down group, there is no significanteliince between two of therh,; ” (Sara u) at
100 times and “¢” (Sara uh) at 84 times. This result is usable ¢sigh the order of these

characters in each button to create more userdisidkeypad mapping.

A comparison of 14 possible combination patterndegfendent vowels with a consonant
was also made as shown in Figure 11-5. The conibingattern that has the highest possible
combination is “Left + Consonant + Up” combinatipattern which is 356. It is no surprise that
the lowest combination pattern is the most comgdidaombination “Left + Consonant + Up +
Right + Right”, which counts 3.
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Table 11-5. Possible combinations of Thai consonafpo pla)

Table taken from my published paper [122]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
L W | owd | W
R e | i | ik
u i il il il gl 1 gl gl | i
D | 4| 4
LR wle | oah | owle | T
LU S O o O o 5 4 T 4 O 1 O O Y 1
RR -
UR | th [ th | th | th | g | ih
vu || D (DO |d 8|2 | d 4D [d| | d|d]T]|d
pu | 4 | 4|0 g
LUR | wh | dh | i | | § | e
wou | d | d || @ ||| d |
i
LRR <
it
LURR | =
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Number of possible combinations of vowels, tone marks
and daicritic marks with a consonant
100
90 Jg? 87 88 86
81
80 L8 77
70 |
70 71 [ ‘ 6363
60 | A , 80 s 57 S6 M M 59 58 § =3
‘ 51 51 |2 I | I i 50 1|
49
50 , N ! Ul fas 8 47— 8 48
40 I o I 38 H | . 1l
I 1 i Hi fl e
<1 “I 1 L UL U
20 - 14
HERTI R R TA]
e R TTHTL IIIIII Lt
B |
ﬂ’ﬂ‘?}ﬂﬂiux‘l’il%ﬁ%m@gﬂﬁ‘ﬂwmﬂ@ﬂﬂﬁuﬂﬂNdww.ﬂﬁdﬂia’)ﬂi&ﬁﬁwa‘a’
Figure 11-3. Number of possible combinations oheaansonant
Image taken from my published paper [122]
Number of appearance of each vowel and diacritic symbol
in possible combinations

900 1750

L I T 1 1 z a |3 ] a a a & a \j ﬂ
Left Right Up Down

Figure 11-4 Number of appearance of each vowelamtitic symbol in possible combinations

Image taken from my published paper [122]
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Combination patterns of vowels, diacritic symbols and tone marks
with a consonant

400
350

296
300 263
250
200
150
100 -

356

138

8 i | 114 iy

10
—m 73—
RREE [l
‘l*'_l—v—ﬁ
R U D LR

L L S
LUR LUU LRR LURR

L

Figure 11-5. Combination patterns of vowels, disgymbols and tone marks with a
consonant

(Here, L = Left, R = Right, U = Up, D = Down, LRL=ft + Right, LU = Left + Up, RR = Right
+ Right, UR = Up + Right, UU = Up + Up, DU = DownUp, LUR = Left + Up + Right, LUU
= Left + Up + Up, LRR = Left + Right +Right and LUR= Left + Up + Right + Right)

Image taken from my published paper [122]

11.2.3 Discussion
This section discusses why an analysis was madesdible combinations of vowels and a
consonant, their patterns and maximum length irctlieent Thai language.

It is believed that text typing on small mobile d®s will become more popular and
necessary communication in Asian developing coestsuch as Thailand, Myanmar (Burma),
Bangladesh, Nepal, Bhutan, Laos and Cambodia. ésetlcountries, however, there is no
efficient and user-friendly text input method forolbie devices yet. Asian languages are
syllabic languages that derived from Indic scripBoahmi around BC third century. And thus,
Thai, Myanmar language (Burmese), Bengali, Nejppngkha (language of Bhutan), Lao and
Khmer have common writing natures with Indian laages such as Hindi, Marathi, Punjabi and
Tamil. But current mobile devices key-mapping ott teput methods like multi-tap or T9 are
based on English and not directly applicable téabyt languages, because writing natures of
Asian syllabic languages are different and havgelamumbers of characters than English
alphabets (e.g. Thai has triple numbers of chas¢ie. 74, excluding 10 of Thai number) of
English). My research looks for common and usemilly keyboard mappings and text input
methods for Asian syllabic languages based on tlverd formation or writing natures for
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mobile devices. Positional Mapping (PM) [53] [945], Positional Gesture (PG) [57] and
Positional Prediction (PP) [38] [39] are the pragmbgext input interfaces based on Asian
syllabic languages’ writing nature and their conalbion structure of vowels with a consonant.
And thus, analysis of possible combinations of ieweith a consonant, possible vowels
combination patterns with a consonant and the maxidength of vowels with a consonant for
Asian syllabic languages are very important fordh@ PP text input interfaces.

This section presents the analysis process bastadtporight, up and down combinations
of vowels with a consonant. My study is on sevésiin syllabic languages, but the results
relating to only Thai is stated here. It cannoshil that these results indicate the exact number
of possible combinations because the removing pead impossible combinations is a
complicated task. However, it is certain that thare 14 possible combination patterns of
vowels, diacritic symbols and tone marks with asmrant. Although some of the combinations
are not in use in the current Thai, they were usedld Thai, and might be used again in the
future (e.g. for writing foreign names, technicalms, slang words, names of actors and
actresses, etc.)

The decision-making of possible or impossible caorabions is difficult because words
are formed by one or more syllables. There areuarsyllable structures such as a consonant, a
consonant with a vowel, and a consonant with soowels. The followings are Thai words
formed by syllables:

i (at) (C),7 (and, also) (CD)uw (bitter) (CC),su (include) (CCC),nssu (sin, action) (CCCC)nssen
(wife) (CCCCV),la (heart) (VC),a1 (leg) (CV),nsz (priest, monk) (CCV)yw (beautiful) (CVC),1 (we)
(VCV), 1 (old) (VCVT), a1z (drill) (VCVV), wszasdd (Buddhist monk) (CCVCCCD)uy (group)
(CCVD), wmén (alcohol) (VCCVT),munz (suitable, fit) (VCCVV),aws (food) (CVCVC),adan (Hello)
(CCvCCV), wilsda (book) (CCVCCVC), taaans (magazine) (CVCCCVC)uwianenda (university)
(CCvCVCCVCVC)

Here, C = Consonant, V = Vowel, T = Tone mark, Diacritic mark

From this analysis, | can clearly see the numbecamfbination patterns of dependent
vowels, diacritic symbols and tone marks with asmrant as well as their combination ratios
(see Figure 11-5). Their average values for 44 moasts are as follows:
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Table 11-6. Average values of possible combination3 hai

Table taken from my published paper [122]

Combination Pattern Average
Left + Consonant 3.14
Consonant + Right 2.45
Consonant + Up 6.73
Consonant + Down 1.66
Left + Consonant + Right 1.82
Left + Consonant + Up 8.09
Consonant + Right + Right 0.11
Consonant + Up + Right 2.82
Consonant + Up + Up 5.95
Consonant + Down + Up 2.59
Left + Consonant + Up + Right 1.36
Left + Consonant + Up + Up 291
Left + Consonant + Right + Right 0.50
Left + Consonant + Up + Right + Right 0.07

11.2.4 Summary

A report has been made on the results of my arsalysi possible combinations of vowels,
diacritic symbols and tone marks with a consonanthie current Thai language. From this
analysis, it was found that there are 14 possibigels combination patterns with a consonant
and that the maximum length of vowels with a comasris 5. The total number of possible
combinations of vowels with a consonant is 177@s Hifficult to prove that these numbers are
correct and exact values because of the naturgllebiE languages. These numbers are the
results based on left, right, up and down combamatiof vowels, diacritic symbols and tone
marks with a consonant, which will be useful forsBional Prediction text input interfaces.
Further refinements on the current prototype afidvieup analysis on possible combinations
of syllables or word formation structure are torhade. An analysis is now being made of
possible combinations of vowels with a consonamtKbmer (language of Cambodia) and
Sinhala (language of Sri Lanka) and the resultdabe presented hopefully in the near future.
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CHAPTER 12
Grapheme Cluster Segmentation
Tool

12.1 Development for Myanmar Language

This chapter introduces my developing graphemeealisegmentation tool and its segmentation
methods, and presents output results from expetgmeith a Myanmar-English dictionary.
Motivation of this research is to produce Positiddiction text input candidate list sorted by
frequently used grapheme clusters. This candidkttés Inecessary for Positional Prediction text
input method. Section 12.1.2 refers to my propdBeditional Prediction text input concept.
Rule-based segmentation method is used, whichdlytdased on combination of vowels with
a base consonant. Four segmentation rules are ggogdor determination of grapheme cluster
boundaries in Myanmar text. Briefly introducing, IRl is for the break point in front of a
character, Rule 2 is for the break point at the @nal character, Rule 3 is for the non-Myanmar
character and Rule 4 is for checking errors suclvrasmg break points, mixed syllables and
exceptional cases. Discussions are also held dioulliies of preparing a plain text data from
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existing Myanmar electronic documents for initialdy on my four segmentation rules, most of
which are related to typing mistakes, wrong typarder of Myanmar syllables and encoding
methods. The program has been designed for pravitdio additional output formats based on
the results of grapheme cluster segmentation; anéniterms of “Positional Prediction
combination pattern” and the other is in terms dfdracter”. This software tool is useful not
only for analysis on grapheme clusters distributimrt also for various Natural Language
Processing (NLP) of Myanmar language.

12.1.1 Existing Syllable and Word Segmentation Methods

A syllable is a unit of speech sound and is typycabnstructed by combinations of vowel(s)
and consonant(s). Syllable segmentation or syltiibn is an important process in natural
language processing and can be applied for wortheetation or word breaking by merging
segmented syllables. Here is a brief introductiorexisting syllable and word segmentation
methods used for Myanmar language.

Naive string matching algorithm or longest charaateatching methods applicable for
segmentation of Myanmar text. The basic idea of #ghgorithm is simple; it matches pattern
string against input string character by charadfea. mismatch occurs, shift the whole input
string down by one character in relation to theiguatstring, and start matching again at the
beginning [98]. The pseudo code of Naive stringamiaty algorithm is as follows:

Input: StringsPatternandText
length_Text«— [Text;
length_Pattere— |Patterr;

for i <0 tolength_Text- length_Pattedo
if Patterrjl..m] =Tex{i+1, .. ,i+ length_Patterhthen
PRINT (Pattern matches at indiex);
end
end

Myanmar Syllables segmentation using characterl llevegest matching and Myanmar
word segmentation using syllable level longest hiatg was proposed by Hla Hla Htay and
Kavi Narayana Murthy [99, 100]. This approach neditsionaries, lexical resources, corpus,
etc. in advance. The mentioned two authors madetail anorphological analysis of Myanmar
text documents, cleaned up to remove hypertext umparkollected stop words such as
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preposmons/post positions, conjunctions, parsiclanflections, etc. (e.g. ob[:“” ‘o0,

IL

C u NN

20"), collected n-grams of syllables up to 5-gramg(digram or?oo ", trigram C\)O’JS:?
4-grams osa,oa.oo,ao,”) and developed Myanmar corpus including more tHah lakh
sentences [101]. From their studies, syllabificatiobtained 99% accuracy and word
segmentation obtained 80% accuracy [101].

Another possible way of syllable segmentation isise defined syllable breaking rules
based on the characteristics of Myanmar syllablm&tions. In general, syllable breaking point
can be determined by matching pairs of characterpttting break point between them or not.
However, it is not sufficient or efficient for therocess of syllable segmentation. Here is an
introduction to existing segmentation rules for Myear language.

Segmentation rules related to Devowelising (es§:", “co25”, “(g$"), Syllable Chaining
(e.g. ‘oogamn”, “@IggR”, “00gea3aS”, “ogg|”) , Kinzi (€.9. 00d§:”, “=a3", “o[05”), Loan

Crn u 00

Words (e.g. &0:6” “e(n%sﬁ” “ogox”, “@ooo s§w”), Great Sa (e.g.gb\a)oo”, “aaoooogm ,
“aa0000m”, “eoonngg)”) and Contractions (e. g.eipooq_p ? “03@5”, “o§”, “8§oé”, “2060%”
were proposed by Zin Maung Maung and Yoshiki Mikgd©2]. A test corpus containing
32,238 Myanmar syllables was tested with their tgped rule-based syllable segmentation

program, and it was reported that 99.96% accurasyachieved.

Similar rule-based approach was proposed by Tumalhbet, Jin-Cheon Na and Wunna
Ko Ko, and their rules were defined for “Single @aer”, “Special Ending Characters”,
“Second Consonant”, “Last Character’, “Next Stdrteand “Miscellaneous”. Here,
“Miscellaneous” covers non-Myanmar characters, migneharacters, punctuation marks,
spaces and similar characters [103]. Their propssedegy can be divided into two parts; one
is rule-based syllable segmentation and the othdictionary based statistical syllable merging.
They reported that their word segmentation achigwextision: 98.94%, recall: 99.05% and
F-measure: 98.99%.

Here is a brief explanation on an overall procdssile-based syllable segmentation. First,
the system converts the input string into equivialeategory (e.g. ékqpé:wo:qp:” to
“CMVVCAFCVFCMVF, here C=Consonant, M=Medial, V=VoleA=Athat, F=Final"),
second, breaks the syllable boundary based onedkfinles (e.g. CMVVCAF | CVF | CMVF),
and then prints segmented string as a human readaohat (e.g. c‘;‘oqpé:hy): lgp:"). Figure

12-1 shows the overall process of rule-based dgliségmentation flowchart.

Other applicable approaches or analysis methodsMganmar syllable and word
segmentation are Finite State Automata (FSA), nmuggical rules, rule-based stemmer,
Statistical approach, etc. [104] [105]. Encodingimes such as ASCII and Unicode should be
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considered for defining rules and program develognj@06]. Syllable based dual weight
algorithm for line braking in Myanmar Unicode wagposed by Keith Stribley who mentioned
that comparing two Myanmar characters only to deitee line breaking point is insufficient
and requires complicated context analysis to satabiguity cases [107].

{ Start )

READ String

¥

CONVERT input String into
equivalent category

h 4

BREAK the syllable boundary
based on defined rules

PRINT
Segmented
String

Figure 12-1. Flowchart of rule-based syllable segfiation overall process

Image taken from my published paper [135]

12.1.2 Segmentation Rule based on Positional Prediction

In general, Myanmar words are formed by one or nsytlables. As mentioned in Chapter 1,

Myanmar syllables are constructed with base comdoaad surrounded vowels. All vowels

have their defined writing position or combinatigatterns. My interests are those four

directional writing positions (Left, Right, Up afbwn) or combination patterns for developing

Positional Prediction text input interfaces. Andghthe definition of a grapheme cluster in my
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research is not equivalent to that of a Unicod@lgeane cluster in the meaning [108] [109]. My
definition is as follows:

A grapheme cluster is a base character (typicallcansonant) without or with vowel(s),
medial(s), final(s) various sign(s) and stacked smrant(s). It is not necessary to be
pronounceable or meaningful.

For example, there are “three” grapheme clustera iklyanmar word é‘oq_pé:oao:”
(student in English), which aresfyp”, “C:” and “ox:”. However, there are only “two”
grapheme clusters in Unicode, which mq}bé:” (school) and %o:” (son).

Rule-based grapheme cluster segmentation method $mple approach used for
character grouping. There are only 4 rules in nstesy as follows:

Rule 1: put break point in front of a character

A break point is put in front of all Myanmar Consmits from & (Ka) to “s” (A),
including %" (Nya) and %" (Great Sa), all Myanmar Independent Vowejs™(l), “Qﬁ”(ll),
“2"(U), “8” (Uu), “[3" (O), “efogd” (Au), four Various Signs3” (Locative), ‘q)" (Completed),
“g” (Aforementioned), & " (Genitive), all Myanmar Digits&” (Zero), “>” (One), ‘)" (Two),
‘2" (Three), 6" (Four), “q” (Five), “G” (Six), “a” (Seven), " (Eight), “¢” (Nine) , and all
Myanmar Punctuations™(Little Section) and " (Section).

Rule 2 put break point at the end of a character

A break point is put at the end of all Myanmar Ipeledent Vowels excep§“ Uy, four
Myanmar Various Signs, all Myanmar Digits and alyadmar Punctuations if they are still
mixed with other characters.

Rule 3 relating to non Myanmar characters

A break point is put in front of and at the endatifnon Myanmar characters including
space character if they are still mixed with otblearacters.

Rule 4 cleaning the mixed grapheme clusters

Although Rule 1, Rule 2 and Rule 3 can change theiking order (e.qg. first, run Rule 2,
second, run Rulel and third, run Rule 3) or be déoatbas a function in the program, Rule 4
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should start after checked and applied by othexsrulhe main purpose is to clean the mixed
grapheme clusters and remove unnecessary breats feig. remove “|” break point or pipe
character from “U+1039|consonant”). Some facilitees planned to be added based on system
requirements (e.g. a new rule is added for breadddvlyanmar syllables) in this rule.

Note: Rule 1 to Rule 4 above are basically congiddor Unicode encoding and correct typing
order.

Here is an explanation with an example Myanmar  esas
“@635cpg]:eqpRy| ‘Georgemogyeol go*?lcdeq:300p51” (English man George wrote down
o*?! on a piece of paper) to show how segmentatide is based on PP work. This example
sentence contains not only consonant and vowelalbatEnglish word “George”, English loan

C Cn

word ‘“eqpg|” (i.e. spelling of “George” in Myanmar languageinZi “%&”, subscripted

character £", various sign § Myanmar digit %", three English symbols “*”, “?” and “1", etc.,
and Myanmar punctuation sign™:“|"” (pipe character) character is used for grexple cluster

separator symbol.

Input string:

335(\%5&3(%{:9(}15% "Georgedn ogy|eolg o*?k\%eq:éo:)éu

After Rulel applied:

After Rule2 applied:

ale & oo Eo Sleo slo g gl genoo syl g &"George'gospace]jm ¢ oo oloesals

After Rule3 applied:

< . Oy Slan ks -
|33 |C L ':;Z' |O |CD o |C\) ﬂ. |9 LI

oo il & |§|Spaceo||* [?]' feo & o | h e ale &g IQ)E °||||
After Rule4 applied:
kol & ¢ ofoo 2o S0 wle 5 & ¢ atlo g 6o oo & ¢ o g £]"|Gle|o|r|glets| spacelon ¢ o ¢ fo e
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|9| space||*|9|lb3 ------ ] h ot @ g |03|@ c|"|

Output as human readable format:

(ko613 Blep §): ko3l IG lelolrlgleti] blgayleoTigl bI*I?1HSleq: b bolpShil)

Note: Some spaces are put so that Unicode encadiMyanmar characters can be seen clearly. On the

other hand, the space actually included in the trgiting is mentioned with a word “space”.

12.1.3 Implementation

For the implementation, Visual Basic programmingglaage was chosen, which is simple
coding and suitable for rapid development. Although segmentation tools were designed
mainly to create Positional Prediction databasealbiMyanmar consonants, there are three
main functions in total; which are 1) Positionaé#iction combination pattern segmentation 2)
character segmentation and 3) grapheme clusteresggtion based on Positional Prediction

text input concept. User Interface of the prototgpe be seen in Figure 12-2.

a5l LRUD Counting Tool for Positional Prediction

[ |

G¥BEBC_Docz¥2071¥ Juna201 118 June2077 2 txt

| Pattern Break

Iqlmlilqlcleqlmlal@lgle |cn|o|E|

8131[8: (= lqlEIE16 100 03 |eglal g lep]

Ihput:
SS:%:U.}D: 9[%533(1%? m@éc@ LE]_C\}C) I‘“ m|
Syr e | Char Break.
B:r000:0 6[88a0ndgeny §[6: ayud[ag coo | Char Gount

| FF Break

Output: | e | [ Bt I
|8: & |oom: [ €18 [0S g oo |G oS g | = [ s ]
G loon]<8: 18 oy
818 loglaSl[olg ¢ |=|8:

| Clear

| Fali Count

Figure 12-2. Grapheme cluster segmentation toblyainmar language

194




Chapterl2: Grapheme Cluster Segmentation Tool

12.1.4 Positional Prediction Combination Patterns Segmentation

All dependent Myanmar characters such as depenasvels, medial consonants and various
signs were divided into four groups based on tfoeir directional writing positions (i.e. Left,
Right, Up or Down). Here, Left characters ase™and [: Right characters are«.:i[”, “on”,
and “z”, Up characters are?”, “&”, “&”, “&” and 2" and Down characters are™ “«”, “&”,

‘2" and *;". Subscripted characters such a$ (subscripted Ka), £” (subscripted Kha), ¢”
(subscripted Ga),g" (subscripted Gha) and;* (subscripted Ca) were also considered and
defined as down characters. The process of proguewsitional Prediction patterns is not
complex and they are working as character matciiaged on the defined patterns. The

following is an example of input string and output:

Input String: Output:

ooggo%cﬁmm: |C|PS|CUD|CU|C|CRR]|
aaosr_'}_leo:eugu |CIKS|CRU|CLR]|C|CUI|SB|
oao:oagzq_p: |CRR|C|CUR|CRRR]|
04600 ML6 |C|PS|CLR|CI|C|C|
o’]e@'xgoogbg |CR|CLR|PS|C|PSU|
G0R0G4§, |CDL|C|CL|CUD|

Number of Combination Patterns:
C=11, PS=3, CUD=2, CU=2, CRR=2, KS=1, CRU=1, CLRSB=1, CUR=1, CRRR=1, CR=1,
PSU=1, CDL=1, CL=1

Here:
C = Consonant
L = Left character
R = Right character
U = Up character
D = Down character
PS = Consonant cluster (Padsint)
KS = Kinzi character
SB = Symbol

12.1.5 Character Segmentation
The process of character segmentation is to reaahMwr characters one by one from the input
plain text file and put break point for every Myammcharacter. This is considered as a
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necessary process for statistical analysis likeasiter frequencies for Myanmar. The following
is an example of input string and output:

Input String:

1523 g C 8’] N E’] C 0O¢
33([?_]03@;?00 @03’30 QOD:0C 009

Output:
2 foo [ oo i fon [5 s E o [ o [l e [ o [ fea K Jo oo |0z e e |

Silo B e

Number of Characters:
3»=2,8=5 »n=2, -::?I=1,:>3=3, E=2,§=1, £=2,0=3,4=2,0=2,0=1,0m:=1,c=1,&:=1,2=1,5=1

12.1.6 Grapheme Cluster Segmentation

Grapheme cluster segmentation process is segnmmtati Myanmar word into grapheme
clusters based on Positional Prediction text inponhcept [38] [39]. It is rule-based
segmentation, and grapheme cluster boundary isndieted by four rules. Explanation about
four rules in details is shown in section 5. Th#éofeing is an example of input string and
output:

Input String:
GGGGGGGGO’]O']OWO’](Y%O%G@G@§8§8(?(\?8(7)’)6@@86\1&)0:

Output:
leo |es |es fes [0l o] ol o] |05:> |05:> |c;@ |c;@ ls I6 ls I6 kg leoleo|
o[3l$ 1518}, looos|

Number of Grapheme Clusters:
co=4,0l=4, (Yo‘?=2, G@=3, $=3, 6=3, w=2,c0m=1,
§,=1,c0m:=1

12.1.7 Results

This section discusses preprocess and difficutifegrapheme cluster segmentation by using
existing Myanmar electronic documents like e-booksalso presents output results from
experiments with correctly typed (i.e. correct tgpi order without spelling errors)
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Myanmar-English dictionary in terms of Positionatedfiction combination patterns and
distribution of Myanmar characters based on thelggee cluster segmentation.

Using Existing Electronic Document

Input text file used for grapheme cluster segmématnitial studies is the content of a
Myanmar book nameds3§uo&Eden pgonaogneonsondé:” (history of Buddha religion in India)
written by U Myint Swe and downloaded from “Myann@&®” e-book website [110]. Its format
is a plain text file of 62 pages in total. The wagor selecting the book relating to Buddha
religion is that it contains not only Myanmar wordst also Myanmar Pali words as well as
loan words. Myanmar Pali words are also considessgl important for text analysis and text
input method interface of Myanmar language. Thiségsause Myanmar Pali words use various
consonant clusters such ag", “eg” and “xnsguss$99|9gas”, and play a very important role

in Myanmar language.

Some preparations are required before starting eeion process. Original PDF
format e-book uses old Myanmar fonts “WinReseargligvinResearcherA”, “WinTaungyiA”,
“WinPhaAn”, “WinMonotype”, etc., and all of themeaASCII fonts and do not follow Unicode
encoding of Myanmar language. And thus, as a &isp, a PDF e-book was converted to a
plain text file by using freely available documemdnverter “DocCharConvert Version 1.3”
[111]. It was developed by ThanLwinSoft and supparbnversion between different font
encodings. “Winlnnwa => Padauk” conversion optioaswiused, and “Windows-1252" input
encoding and “UTF-8" output encoding were seledtedet Unicode plain text. For all three
segmentation processes, “Myanmar3” Unicode font usesd, which is Unicode encoding and
recommended by Myanmar Unicode and NLP ResearckeCEI®]. The second step is to fix
conversion errors manually. There are four typesarfversion errors in total. Examples of
conversion errors and possible reasons to causes emre as follows:

Typing mistake:

e:cga:deeooqé eg:ajec;ooecl (pg. 13)

(typedo (Ca) + (Ya) instead oy (Jha))

oegqgo% < ogqgog (pg. 20)

(typed %" (U) character instead op” (Nya Lay) character)
99970 6992463 € 99056 5999563 (Pg. 43)
eoﬁéos&@@ésﬁ < c;oooéoa&@@o%sﬁ 1 (pg. 35)

B3y € By (pg. 47)
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Typing order mistake:

08 &ogeln € 3E[menn (pg. 23)
olegZolumeaee € ol@eclumeme (pg. 32)
or:66] 9938 gjearn € opzeslqfoogiean (pg. 52)

English to Unicode encoding conversion error:

zoss € Greek (pg. 23)
8 90-3 € AD 90-§ (pg 40)
2605 -6 6003 € 260> S-56003 (pg. 55)

Symbols to Unicode encoding conversion error:

" 905g|05i 1 € [eodgpedn 1 (pg. 16)
5080903 € *0g0qo3¢: (pg. 20)
0god € o3¢~ (pg 27)

Note: Left side of the arrow ¢’ is the conversion error and right side of the aw is the
original form. “pg. xx” refer the page number inigmal e-book.

Other interesting facts were also found that theaiMyar3 font does not support some
character combinations and cannot display them #iooAlthough most of them are rarely
used in the current Myanmar language, some areftegaently (e.ggo& 500 Myanmar Kyat).
This font display problem can be neglected if tbmbination order is correct, because it does
not affect the segmentation process. The followargsexamples of character combinations that
cannot display smoothly with the Myanmar3 font:

ogp (cannot display +:+o>+; combination) (pg. 20)
8zoo  (cannot display+2+: combination) (pg. 20)
s0eg ool-eo:ep5 (cannot display (Digit Zero) +2 (Vowel Sign 1) (pg. 39)

Advantages of using existing electronic documergsld Myanmar e-books are available
freely on the internet, 2) it is possible to cdllerge amount of data for creating PP database if
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existing Myanmar electronic contents are convettetdnicode encoding smoothly and 3) not
only e-books but also many Myanmar blogs and wessitse old ASCII based or partial
Unicode fonts [28]. On the other hand, graphemstetusegmentation from existing electronic
documents such as plain text (.txt), Portable DamntnFormat (.pdf), OpenDocument Text
(-odt) and Word document (.doc, .docx) files regsiichecking conversion errors thoroughly.

Headers and footers of all pages have been renmiovedler to eliminate bias for words
that occur in the header of every page. The ougmult summarized on Positional Prediction
patterns is twenty eight and their number of disiibns are “C=13996, CL=3211, CR=6027,
CU=11220, CD=4361, CLR=2735, CLU=85, CLD=489, CRB6&3B, CRD=942, CDU=6309,
CLRU=1635, CLDR=198, CLDU=289, CLUDR=17, CRUD=60B:245, IR=93, KS=273,
PS=947, PSL=31, PSLR=19, PSR=343, PSU=317, PSDII5R=3, PSDU=23 and V=2597"
(see Figure 11-3). Here, | = Independent Vowel, ¥KKinzi character, PS = Consonant +
Subscripted consonant and V = Various Sign. Thiermiht combination orders are neglected
(e.g. L+R"and “R +L", “C+ L+ D”and “C + D 4.") and considered as the same group.
The number of occurrence of the same charactempgsaoh as “CR”, “CRR” and “CRRR” is
under a group “CR". The followings are the PositibRrediction groups and their members:

Group: Member:

C C

CL CL, CLL

CR CR, CRR, CRRR

CcuU CuU, CuU

CD CD, CDD

CLR CLR, CLLR, CLRR, CRL, CRLR

CLU CLU

CLD CLD, CLDD, CLDL, CDL, CDDL, CDDLD, CDLD
CRU CRU, CRUR, CUR, CURR, CURRR

CRD CRD, CRDR, CRDDR, CDR, CDDR, CDDRR, CDRR
CDhuU CDhu, CuUD, CcuDD, CDDU, CDDUD, CDUD, CDUDD

CLRU CLRU, CLUR, CRLRU

CDLR CDLR, CLDLR, CLRD, CRDLR, CDDLR,

CLDU CLDU, CLUD, CLUDD

CLUDR CLDUR, CLUDR, CRDLRU, CDLRU

CRUD CRDU, CRDUR, CRUD, CRUDD, CRUDR, CUDR, CDDUBDUDR, CDUR
I I

IR IR
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KS KS

PS PS

PSL PSL, PSLL
PSLR PSLR

PSR PSR, PSRR
PSU PSU

PSD PSD

PSDR PSDR, PSRD
PSDU PSDU, PSUD
\% V

To explain with more detail examples, CRU = C + R fe.g. 8:”, “&:”, “&:”), CLUDR
=C+L+U+D+R=(e.g8" “eed” “[B:". I = (€.9. ‘", “o)", “p"), IR=1+R (e.g.
§) KS represents only Kinzi charactey™(e.g. C+KS+RU for éao“qj) PS (e.g. &" “g"
“c”), PSL=PS + L (e.g.¢p", “[s", “eg”, “e”), PSR = PS + R (e.gg%", “@m:", “80”, “@3”,
81 “9"), PSDR = PS + D + R (e.ggp"), etc. Among them, the top five occurrence pater
are “C = 13996, CU = 11220, CDU = 6309, CR = 602d &€D = 4361", and the last ten

patterns are “PSDR=3, CLUDR=17, PSLR=19, PSDU=2 31" (see Figure 12-3).

Using Correctly Typed Content
Volunteer staff is hired for typing Myanmar wordg the Myanmar-English dictionary that
contains 26,485 Myanmar words [45]. Here are outpsiilts in detail.

The output result summarized on Positional Premhicpatterns in the Myanmar-English
dictionary is thirty one and their number of distriions are “C=22831, CL=3792, CR=8894,
CU=26708, CD=7777, CLR=6792, CLU=313, CLD=1323, GRB53, CRU=8170,
CUD=6426, CLUR=1390, CLRD=1205, CLUD=262, CRDU=25687LUDR=268, PS=595,
PSL=41, PSR=303, PSU=117, PSD=92, PSLR=12, PSURSWUP=12, PSLRU=2, PSUDR=1,
=317, IR=190, IDU=3, V=12, KS=213" (see Figure 42-The followings are new Positional
Prediction patterns found in the dictionary:

CLRL, CLLD, CLDLD, CRRD, CRDRR, CLLRU, CLLRD, CLDDRCLDR, CLDRR, CRDL,
CRDLRD, CDLRD, CRLRD, CLDUD, CRDUD, CRDUDR, CRDUDDCLDDUR, PSUR,
PSLRU, PSUDR, IDU
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Here, PSUR = Consonant + Subscripted consonant ¢hidmcter + Right character (e?g),
PSLRU = Consonant + Subscripted consonant + Leaiftacitier + Right character + Up character
(e.g.eg%), PSUDR = Consonant + Subcripted consonant + Wpacher + Down character +
Right character (e-§{3) and IDU = Independent Vowel + Down Character +Qharacter (e.g.

ol

My segmentation tool can produce distributions ofakimar consonants (see Figure
12-5), vowels, independent vowels (see Figure )2-ddhsonant signs, various signs (see Fig.
12-10), symbols, athat or killer (see Figure 12i6hzi (see Figure 12-7), a consonant with
stacked a consonant (see Figure 12-8), stackedrants (see Figure 12-9), etc. Figure 12-11
clearly shows distribution of vowel tall AA or Mau&ha. Making analysis of output results, it
is possible to produce distributions of each Myangtsaracter and its combination patterns
clearly. For example, the following are the numbefsPositional Prediction combination
patterns for all Myanmar consonants including Ny L>” and Tha Gyi oo™,

»=104,5=77,0=47,20=5, c=41,®=40,ao=29,@=25,q=3,&=10,§=30,g=8,8=7,q=3,o=2,
=26, 00=5900=28, 3=36, =10, §=87, 0=79, =56, v=51, »=28, ©=112, 01o>=30, q=66,
co=74,o=25,:>3=47,uo=28,g=6,3.9=24,:Da=5

Here, consonant Maw<112" is the highest number of Positional Predittfmtterns, and its

combinations are as follows:

o N O Q
c;[: ,e, ﬁ, ,0,6,0:,660,0
Q Q

3

§,8:9.09.8, 45 92, eler 8.8 90,8, 9 (80§ 29, 8. (601, elg, &g, §, 92 092, e, (61, (8, 6
Bl & qp a1, 6L 85 8. 61 2. g Bl [é G[§° 8 980,08, 9p+, §, ], @0, (8, 065, 4. 82, 8y,
cgt, 901, LG|G[§ 9, %, g2 61, 09+, 8.8, 8, 95, oap, (81, eap, Q1 61, 8, (2. 6. 8. & Sl

cg. (8, %81, ¢85, 81,8

032, 6lg:, 0, 04, 62,9, 09, 9, ¢2, 809, 4 82, 6, 9P

O

The most frequently used combinations of Ma ¢onsonants can be also found out from
the results. For example, the top five frequentgdi grapheme clusters are«sB1522, 2)
6:=1224, 3@=347 4)6=345 and 5}=326.
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Figure 12-3. Distribution of Positional Predictioombination patterns in book titled “History

of Buddha religion in India”

Image taken from my published paper [135]
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Figure 12-4. Distribution of Positional Predictioombination patterns in Myanmar-English

dictionary
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Figure 12-5. Distribution of Myanmar consonantdfyanmar-English dictionary
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Figure 12-8. Distribution of consonants with statkensonant in Myanmar-English dictionary
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Figure 12-9. Distribution of stacked consonant iyalmar-English dictionary
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Figure 12-10. Distribution of independent vowelsd aarious signs in Myanmar-English
dictionary

204



Chapterl2: Grapheme Cluster Segmentation Tool

900 - 851

800 -
700 536
606
600 -
500 -
400 -
300 -
200 1 149
100 - III 9
8 4 7 6
0 : ‘ : . ‘ : : ‘ : _—

el B el A el 4

[ 5]
[ 5]

City
55
5
2
D)
iy

Figure 12-11. Distribution of vowel tall AA or MauRha in Myanmar-English dictionary

Some regular expression patterns are used forléegrand replacing of Myanmar text in
my program [112]. For example, break point (“|"p@icharacter) is added between Kinzi and
following consonant as follows:

Dim reg_exp As New Regex( _
"(?<kinzi®)(?<consonant>.)")
tempOutput = reg_exp.Replace( _
tempOutput, "${kinzi}|${consonant}")

Round brackets group the regular expression betwkem. They capture the text
matched by the regular expression inside themdiatbe referenced by the name between the
sharp brackets [112]. If the input string issd§joo[03§06][es”, after running the regular

Cy

expression mentioned above, the output stringheifts? ogj0of (3§05 0165,

This research work is in progress, and | have Ipegking an analysis of the outputs and
updating the program but have not made a formduatian yet. The evaluation process for the
mentioned three segmentation methods was done tharyachecking all the Positional
Prediction patterns and comparing the results tweharacter segmentation and grapheme
cluster segmentation. After updating conversiomrsrand typing mistakes of the contents of
e-book and Myanmar-English dictionary several tintbe final output was 100% correct for
the three segmentation methods by the proposedTiuéemain difference with existing syllable
segmentation methods is that my segmentation mkgsly focus on a base consonant and
other characters directly combined with the basesopant (i.e. Other characters are divided as
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separate syllables such 5", “(glc:", “aofpS”, “g)I8”, “Sleo” and “WBlsjolspleor|Eloo[$:”).

Although the current results are based only onMyanmar books, with large amount of data,
the output results would be useful for statisteaalysis on distributions of grapheme clusters,
characters and Positional Prediction patterns cdivtyar language.

12.1.8 Summary

This section has reported my developing graphenustarl segmentation tool based on
Positional Prediction text input concept. Presémtaivas made on the segmentation rules based
on Positional Prediction text input concept and théput results of initial study with a
Myanmar e-book and follow-up study with a Myanmagksh dictionary in detail. This tool
can provide an analysis of Positional Predictiotigoas, distribution of Myanmar consonants,
dependent vowels, independent vowels, stacked cieasa etc. The current version of
segmentation tool only provides the segmentatisnlte by the defined format. There is also a
plan to add new user interface for searching Myancharacter distributions of inputted text
file by Positional Prediction patterns such as “QL&. any Consonant + Left character) for
“‘eq”, “ee0”, “e8”, “coy” and ‘¢»”, and wLR” (i.e. Ma Consonant + Left character + Right

character) foré&en”, “eqp”, “elgo”, “ee:” and “e(g:” in the near future.

12.2 Development for Khmer Language

A prototype of grapheme cluster segmentation tookihmer language was developed by one
of my colleagues Channa VAN with Python version @ a test data, a simple xml format of
Khmer word list created by Chenda NOU was usedchwviias collected from Khmer spelling
dictionary (published by National Language Insétirt Phnom Penh in 2005). The xml data
format is as follows:

<?xml version="1.0" encoding="UTF-8" standalones™ ?>
- <KhmerLexicon>
- <Entity>

<HeadWord»</HeadWord>

<POS=8 </POS>

<POSH </POS>

</Entity>
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- <Entity>

<HeadWord# </HeadWord>

<POSH 1.</POS>

<POS% </POS>

</Entity>

- <Entity>
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CHAPTER 13
Conclusion

13.1 Discussion

This dissertation presented three main proposalgxb entry in Asian syllabic languages called

“Positional Mapping”, “Positional Gesture” and “Rasnal Prediction”. These three proposals

derived from the same core concept that is “desggitext input interfaces based on character
writing positions or vowel combination with a consat”. It is a simple but useful concept that

enables to create a common and user-friendly mgxitiinterfaces for Asian syllabic languages.
Moreover, based on this concept, it is possiblereate new interaction techniques especially
for mobile devices. Among these three methods,tiBoal Gesture is designed to work with

simple gesture command and it targets physicalflehged users. Numerous Positional
Mapping, Positional Gesture and Positional Preglictiprototypes have been designed,
developed and evaluated for Myanmar, Bengali, KhiNepali and Thai languages. Although

the results vary depending on the version, oveesllts proved that the mentioned three
methods are user-friendly, usable and suitabléstdrentry in Asian syllabic languages.

13.1.1 Specification of Prototypes

Table 13-1 shows the specification visualizatidrigaf the developed prototypes of Positional
Mapping, Positional Gesture and Positional PreafictiThis table classifies text input
techniques based on the number of software keyshariivare keys, input area size (small,
medium, big), input devices (e.g. a mouse, a stguseyboard, a joystick, etc.), input language
(i.e. native language or Romanization) and inputhoe (e.g. tapping, gesture, handwriting etc.)
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The table indicates all of the prototypes and tlmeain specifications for text entry
described in this dissertation. Similarities aslveesl great diversities are apparent among the
prototypes. Although text input interfaces of &iétprototypes are based on the same concept,
there are also great diversities when input devaresconsidered such as between a mobile
phone keypad, a stylus and a clickwheel, a tratkdpal a touchpad, and this fact proves that my
three proposals are applicable to various mobiécéds.

The number of hardware and software keys usageréif€es of prototypes is also an
important factor. It highlights that the mentiondatee prototypes are not only usable with
mobile keypads but also applicable to use withoueriinput devices such as a large touch
screen monitor and an electronic whiteboard.

Another important accomplishment of this work isttlit covers three different areas;
keyboard mapping (i.e. Positional Mapping), gestunterface (i.e. Positional Gesture) and
predictive text input method (i.e. Positional Potidin).

13.1.2 Major Results

Beyond the specification of prototypes, this disgé@n has presented empirical studies of
Positional Mapping, Positional Gesture and PosiidPrediction. In summary, the significant
empirical results that highlight the strengths gfthiree approaches are as follows:

Positional Mapping (mobile phoneB1% faster than normal multi-tap for Myanmar
language, and 46% faster than AKTEL key mappinBengali language.

Positional Mapping (software keyboardd1% faster than Acharya and 58% faster than
Akkhor with a tablet PC, and 86% faster than Achaaynd 73% faster than Akkhor with an
electronic whiteboard.

Positional Gesture:Average CPM was 14.29 with a pen and 19.27 witimause
respectively for Myanmar language, and average @Rd 17.72 with a trackball and 17.69
with a mouse for Khmer language. Comparing Posati@@esture typing speed with a software
keyboard, it is slower for both Myanmar and Khmasnduages. The reason is that very few
gesture commands are used in my prototypes to@ealler typing but software keyboards use
one to one key mapping (e.g. 58 keys + shifted modeght-alt-mode for Khmer software
keyboard).

PP_Clickwheel:Average CPM was 18.9 with a clickwheel mouse ftur€r language.
With the current PP_Clickwheel prototype, the faistiyping speed was 28.9 CPM and the
slowest typing speed was 8.2 CPM.
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Roman_HW_PPAverage CPM was 27.2 CPM by natives and 26.9 CiMdn-natives
for Myanmar language. With the current Roman_HW pP#totype, the fastest typing speed
was 39.6 CPM by natives and 35.5 CPM by non-natiared the slowest typing speed was 16.8
CPM by natives and 12.4 CPM by non-natives.

From the results of Likert scale evaluation ontladl prototypes by users (see Table 4-3
and Table 5-1 for Positional Mapping, Table 6-3 &aflle 6-4 for Positional Gesture, Table 7-1
for Positional Prediction, Table 8-2 for PP_Clicleeh Table 9-2 for Roman_HW_PP and
Table 10-5, Table 10-6 and Table 10-7 for Posifidtradiction Fingerspelling), it can be said
that my approach is a possible solution to find oatmmon and user-friendly text input
interfaces for Myanmar, Bengali, Khmer, Nepali ditdhi languages.

13.2 Contributions

The contributions of the current work are dividedoi four categories; concepts, artifacts,
methods and tools. Concepts are general propdsalsntay be applied to other text entry
methods or interaction designs. Artifacts are dgwed prototypes useful for designing a real
product and making simulation for other Asian dyitalanguages. Methods are new empirical
approaches used for designing and developing prmet Tools are developed font and utility
software useful to other researchers.

13.2.1 Concepts

Keyboard or keypad mapping concept was proposeédbas characters writing position of
Asian syllabic languages. It was presented thatdbncept calle®ositional Mapping (PM)s a
user-friendly keyboard mapping for native usersviyinmar, Khmer and Bengali languages,
which is applicable for various computing devicegls as a mobile phone, a PDA and an
electronic whiteboard.

Gesture text input concept was proposed based araaters writing position of Asian
syllabic languages. It was presented that this eincalledPositional Gesture (PGjs a
learnable gesture text input for native users ohdyar and Khmer languages, which is usable
with various input devices such as a mouse, astgltrackball, a touchpad and a tablet PC.

Predictive text input concept was proposed basecharacters writing position of Asian
syllabic languages. It was presented that this epincalledPositional Prediction (PP)s an
effective and user-friendly predictive text inpur fnative users of Myanmar and Khmer
languages, which is applicable for various mob#eides such as a mobile phone, a PDA and
the iPod.
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13.2.2 Artifacts

Different versions of Positional Mapping prototypere developed for a mobile phone, a PDA,
a software keyboard, the Ergodex DX1 input systathajoystick. All these prototypes support
Myanmar, Bengali and Khmer languages, and can temé&d to other Asian syllabic languages.
Keypad mapping configuration file is used for a meIphone prototype (see Figure 3-9 and
Figure 3-10), and keypad layout can edit and appiyhe-fly.

Positional Gesture prototypes for Myanmar, Khmed aBengali languages were
developed and evaluated in conformity to the sttehults on the gesture text input interface
based on characters writing position for Asianadylt languages. Positional Gesture prototype
requires no special recognition techniques or hardwlevelopment, and is usable with existing
input devices such as a mouse, a trackball, a pauthnd a trackpoint. Study results with this
prototype can guide future innovative gesture igpiit interfaces for Asian syllabic languages.

Different versions of Positional Prediction texpin prototype were developed, some of
which are not presented in this dissertation Rasitional Prediction prototype for a Myanmar
mobile phone [96]. All the prototypes are desigmeainly for a mobile phone, a PDA and a
touch screen computing device. This dissertatiamsgmted the basic prototype of Positional
Prediction text input concept for Myanmar and Khnlemguages, Positional Prediction for
clickwheel mobile devices (PP_Clickwheel) for Khni@nguage, Romanized handwriting and
Positional Prediction prototype (Roman_HW_PP) foyakimar language and Romanized
Positional Prediction prototype for Myanmar fingeeling (RomanPP_Fingerspelling). These
prototypes strongly demonstrated the concept ofitiBoal Prediction text input, its
extendibility not only to Asian syllabic languagdmit also to their fingerspelling and
applicability for mobile devices.

Most of the prototypes mentioned above include raeiim to collect keystrokes for
typing error and KSPC analysis. Some of the logdmd are shown in Appendix A, Appendix
B and Appendix C.

13.2.3 Methods

Positional Prediction text input method is requiteduild database of possible combinations of
vowels with a consonant for each language (see éAgix I” for Myanmar language). Based
on this database, only possible candidate listosfels with a selected consonant by users can
be provided. Possible or impossible combinationsevestimated by native users and already
built for Myanmar, Nepali, Khmer and Thai languag€kis approach and database should be
useful for other predictive text input researchhafse languages.
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Appendix G present®icMobi prototyping,and Appendix H introduces pictures of
Myanmar language PP text input interface desigrmdaf mobile phone. This prototyping
method is suitable for rapid development, whiclksiimilar to paper prototyping and easily
implemented with a mobile phone and a tablet PCaytodf user interface pictures are
well-organized based on the scenario, user studype&held without a facilitator. This method
is applicable for user interface design and devakg of various mobile applications.

“Romanized Handwriting” for “consonant” and “tapginfor “vowel” is a new and
combined approach for text input interface reseadRdman_HW_PP was designed, developed
and evaluated as a good example (see Chapter @hTazreen technology has matured in the
mobile phone application and this kind of “handimgtand tapping” or “combined” text input
method is useful for future research.

Rule-based grapheme cluster segmentation methognepssed for Myanmar language
(see Chapter 12). There are only 4 rules, whichRare 1: putting break point in front of a
character, Rule 2: putting break point at the dnal character, Rule 3: relating to non Myanmar
characters and Rule 4: cleaning the mixed graphefsters. This grapheme cluster
segmentation method may be applicable for othearsyllabic languages.

13.2.4 Tools

Grapheme cluster segmentation tool (version M@s developed for Myanmar language
(Figure 12-2). It provides “Positional Predictioongbination patterns segmentation”, “character
segmentation” and “grapheme cluster segmentatibimé. output is Unicode text, and it can be
easily pasted into any text editor and statistiaskpge. This tool would be applicable for

Myanmar language NLP analysis.

Fingerspelling fontwas developed for the evaluation of DKM and RonknP
fingerspelling prototypes, and it is the first amly fingerspelling font for standard Myanmar
fingerspelling (see Appendix F). This font should bseful for creation of fingerspelling
educational contents.

13.3 Future Work

This dissertation has clearly presented that Pwositi Mapping, Positional Gesture and
Positional Prediction are user-friendly and appiliedor mobile devices as well as that they are
common text input interfaces for Asian syllabicdaages with Myanmar, Bengali, Khmer,
Nepali and Thai languages. However, there is atileed to improve or update them. Some of
the work in progress and future projects are higtté in this section.
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Positional Mapping prototypes in this dissertatibave focused only on keyboard
mapping. Although positive feedbacks were receifveth users and appropriate typing speed
was achieved (i.e. 42.59 CPM with a tablet PC @ahd5CPM with an electronic whiteboard in
Bengali, 34.62 CPM with a tablet PC using a sty@od 52.60 CPM with a tablet PC using a
mouse for Khmer and 54.50 CPM with a notebook uaimgouse for Myanmar), there is still a
possibility of typing speed improvement if predigtitext entry technique is used. Keyboard
mapping by Positional Mapping and grapheme clystediction by Positional Prediction may
enable better typing speed.

Positional Gesture with an eye tracking input deviould be applicable for accessibility
input. There is a plan for further refinements lo@ turrent prototype and follow-up analysis on
the combination of Handwriting and Positional Gestetc. in the near future.

The proposed Positional Prediction prototypes pnbyvide the possible combinations of
vowels with a consonant or grapheme cluster. PRwositi Prediction of word level may be
successful, and development in the near futurgkisrt into consideration.

Currently, there are three projects in progresatirg to Positional Prediction. They are
Positional Prediction with Handwriting, Position&rediction for PDA, and Positional
Prediction and LRUDC (Left, Right, Up, Down, Centdwutton. Positional Prediction with
Handwriting interface allows users to write consureay handwriting and predict the possible
combinations with a consonant by four directionaba keys. A prototype for Khmer was
developed by Yin Huotely for her master thesis lob@l Information and Telecommunication
Studies, Waseda University. Based on the resultieofresearch, average typing speed of
Positional Prediction with Handwriting is 29.47 CPWhich is slightly higher than 28.12 CPM
achieved with her proposed character based hamadgvrithe pilot study results of Positional
Prediction for PDA with the current prototype akSPC (normal mode) is 1.91, KSPC (long
press mode) is 1.45 and average CPM of threetifim&t-users is 22.90 CPM [118]. The main
idea of Positional Prediction and LRUDC interface$o apply Positional Prediction text input
concept to each Myanmar consonant button or kesofAware button is logically divided into 5
areas (i.e. Left, Right, Up, Down and Center), andrs’ average typing speed of the current
LRUDC prototype is 34.61 CPM with a mouse and 3TPM with a pen [119].

Myanmar character distribution analysis was madé girapheme cluster segmentation
tool, and the results of experiments with a Myantaglish dictionary were presented (Chapter
12). There is still a need for detail statisticahlysis with a huge corpus to produce Positional
Prediction text input candidate list sorted by frextly used grapheme clusters. And this kind of
analysis will be required for other Asian syllaldaguages.
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New evaluation methods for Positional Mapping, Basal Gesture and Positional
Prediction are also interesting as future work.deggly, operations during actual walking and
with text-creation instead of text-copy task etaynshange users’ typing speed and acceptance.

Finally, development of Positional Mapping, PositibGesture and Positional Prediction
prototypes for other Asian syllabic languages sashHindi, Tibetan, Lao and Sinhala and
implementation of user study may explore more thgeposals.

13.4 Closing Remarks
This dissertation has attempted to demonstratéotivsving thesis:

A common text input interfaces such as Positionappihg (PM),

Positional Gesture (PG) and Positional Predictid®P), Which are based
on characters writing position, are user-friendlgffective on mobile
devices and applicable for all Asian syllabic laages.

Mobile devices are empowering millions of peopledaveloped countries by giving
them access to information, educational conterdssenvices etc. in convenient ways. | predict
that this wave will spread to Asian developing does like Myanmar in the near future.
However, there are still many difficulties in textessaging and information access and search
in Asian syllabic languages, and overcoming of ¢hdsficulties is a challenge in the NLP
research area. The user study results with PoaltMapping, Positional Gesture and Positional
Prediction have indeed proven that common texttingerfaces are available to Asian syllabic
languages, and this approach might be a possiblé®so | hope this dissertation will lead to
the establishment of text input methods that artalsle for practical use in Asian syllabic
languages.
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APPENDIX A:
A Part of PG User Study Log File

User command operation for 4™ Time:

Consonants, Right Vowels, Left Vowels, BACKSPACHgIR Vowels, BACKSPACE, Right
Vowels, BACKSPACE, Right Vowels, Consonants, Leftwéls, Up Vowels, Right Vowels,
Consonants, Left Vowels, Left Vowels, ConsonantighRVowels, Consonants, Left Vowels,
Up Vowels, Right Vowels, ENTER, Enter, Consonaftshsonants, Right Vowels, Consonants,
Down Vowels, BACKSPACE, Down Vowels, Left VowelsjgRt Vowels, Consonants, Up
Vowels, Down Vowels, Right Vowels, Consonants, Dovowels, Consonants, Consonants,
Consonants, Up Vowels, Down Vowels, Right VowelsNTER, Enter, Consonants,
BACKSPACE, Down Vowels, Consonants, Down Vowels,ftL&owels, Right Vowels,
Consonants, Up Vowels, Down Vowels, ConsonantsVdwels, Right Vowels, Consonants,
Up Vowels, Consonants, Consonants, Consonants, EBRMCE, BACKSPACE, Consonants,
Up Vowels, Consonants, Consonants, Up Vowels, Ddawels, Consonants, Right Vowels,
Left Vowels, Right Vowels, Consonants, Consonddts)owels, Down Vowels, Right Vowels,
BACKSPACE, BACKSPACE, BACKSPACE, Down Vowels, Dowiowels, Up Vowels,
Right Vowels, Consonants, Up Vowels, ConsonantsisGoants, Left Vowels, Down Vowels,
Consonants, Up Vowels, Consonants, Up Vowels, Ddaivels,

Transcribed text:
opegaR: ey
§:09:036005008 eq:0d:006(R0U53,

Here,

Consonants = Command for displaying consonants

(i.e. double-click)
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Left Vowels = Left gesture command for “left vowels
(i.e. dragged mouse pointer to left direction)
Right Vowels = Right gesture command for “right \aig/
(i.e. dragged mouse pointer to right direction)
Up Vowels = Up gesture command for “upper vowels”
(i.e. dragged mouse pointer to up dioejt
Down Vowels = Down gesture command for “down voviels
(i.e. dragged mouse pointer to doweation)
BACKSPACE = Backspace command for deleting oneadtar

(i.e. right-click drag operation)
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APPENDIX B:
A Part of PP_Thumb User Study Log File

User Command Operation for 5th Time:

, B-Thu, L-Candidates, B-Ka, B-5, B-SelectedChaiY& B-1, B-Up, L-Candidates, B-Ka, B-2,
B-Right, L-Candidates, B-Ka, B-5, B-Up, B-Right, Candidates, B-PtPm, L-Candidates,
B-Enter, B-Pa, B-5, B-SelectedChar, B-Ta, B-1, BtL8-Down, L-Candidates, B-Ya, B-2,
B-SelectedChar, B-Ta, B-1, B-Right, L-CandidateKd& B-1, B-Left, B-Right, L-Candidates,
B-Pa, B-1, B-Left, B-Up, L-Candidates, B-Ta, B-5;LBft, B-Right, B-Up, L-Candidates,
B-PtPm, L-Candidates, B-Enter, B-Ta, B-5, B-LeftCandidates, B-Ka, B-1, B-Left, B-Right,
L-Candidates, B-Ka, B-5, B-Up, B-Right, L-Candidat®-Ya, B-2, B-SelectedChar, B-LRUD,
B-Up, B-Down, L-Candidates, B-LRUD, B-Up, L-Candids, B-Ya, B-3, B-SelectedChar,
B-LRUD, B-Right, L-Candidates, B-PtPm, L-Candidaté3-Enter, B-Ka, B-5, B-Right,
B-Down, L-Candidates, B-Pa, B-2, B-Down, L-CandatatB-Ta, B-5, B-Up, L-Candidates,
B-Pa, B-1, B-Right, L-Candidates, B-Ta, B-1, B-UpCandidates, B-Ha, B-3, B-SelectedChar,
B-Ya, B-5, B-SelectedChar, B-Ca, B-1, B-Up, L-Catales, B-Ka, B-1, B-SelectedChar,
B-ModeForward, B-Pa, B-Thu, B-Thu, B-Ha, B-Ta, B-FB-Genitive, B-ModeBackward,
B-PtPm, L-Candidates, B-Enter, B-Ha, B-3, B-RighCandidates, B-Ta, B-1, B-Up, B-Down,
L-Candidates, B-Ha, B-3, B-SelectedChar, B-Ka, BR2Right, L-Candidates, B-Pa, B-2,
B-Down, L-Candidates, B-Ta, B-5, B-Up, B-Right, la@idates, B-Pa, B-1, B-Left,
L-Candidates, B-Ta, B-5, B-Up, L-Candidates, B-Ba2, B-SelectedChar, B-Ka, B-1, B-Up,
L-Candidates, B-Ka, B-1, B-Down, B-Right, L-Candiels, B-PtPm, L-Candidates, B-Enter,
B-Ta, B-3, B-Right, L-Candidates, B-Pa, B-1, B-UpCandidates, B-Ta, B-5, B-Left, B-Right,
B-Up, L-Candidates, B-PtPm, L-Candidates

ks:198

Transcribed text:

<

O])LCOSQ.IC:I
vecp q07(03o[Begdn
c5co&i 000t
cledolodmardmgooqgae
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320:0)32808:(Q§ 50050301

sf]bc;@vc)n

User Command operation for 6th Time:

, B-Thu, L-Candidates, B-Ka, B-5, B-SelectedChaiY& B-1, B-Up, L-Candidates, B-Ka, B-2,
B-Right, L-Candidates, B-Ka, B-5, B-SelectedChai,BUD, B-Up, L-Candidates, B-LRUD,

B-Right, L-Candidates, B-PtPm, L-Candidates, B-ErBePa, B-5, B-SelectedChar, B-Ta, B-1,
B-Left, B-Down, L-Candidates, B-Ya, B-2, B-Seled®thr, B-Ta, B-1, B-Right, L-Candidates,
B-Ka, B-1, B-Left, B-Right, L-Candidates, B-Pa, BB-Left, B-Up, L-Candidates, B-Ta, B-5,
B-Left, B-Right, B-Up, L-Candidates, B-PtPm, L-Cadates, B-Enter, B-Ta, B-5, B-Lefft,
L-Candidates, B-Ka, B-1, B-Left, B-Right, L-Candids, B-Ka, B-5, B-Up, B-Right,

L-Candidates, B-Ya, B-2, B-Up, B-Down, L-Candidat®&Ya, B-3, B-Right, L-Candidates,
B-PtPm, L-Candidates, B-Enter, B-Ka, B-5, B-RightDown, L-Candidates, B-Ka, B-Pa, B-2,
B-Down, L-Candidates, B-Ta, B-5, B-Up, B-Right, ladidates, B-Ta, B-5, B-Up,

L-Candidates, B-Pa, B-1, B-Right, L-Candidates, &-B-1, B-Up, L-Candidates, B-Ha, B-3,
B-SelectedChar, B-Ya, B-5, B-SelectedChar, B-Cal, BB-Up, L-Candidates, B-Ka, B-1,
B-SelectedChar, B-ModeForward, B-Pa, B-Thu, B-TBuiHa, B-Ta, B-Pa, B-Genitive, B-PtPm,
B-PtPm, B-BackSpace, B-BackSpace, B-ModeBackwardtMBn, L-Candidates, B-Enter,
B-Ha, B-3, B-Right, L-Candidates, B-Ta, B-1, B-UB;Down, L-Candidates, B-Ha, B-3,
B-SelectedChar, B-Ka, B-2, B-Right, L-CandidatesP& B-2, B-Down, B-SelectedChar,
B-LRUD, B-Down, L-Candidates, B-Ta, B-5, B-Up, L-@#idates, B-LRUD, B-Right,

L-Candidates, B-Pa, B-1, B-Left, L-Candidates, B-Ba5, B-Up, L-Candidates, B-Ca, B-2,
B-SelectedChar, B-Ka, B-1, B-Up, L-Candidates, B-Bal, B-Down, B-Right, L-Candidates,
B-PtPm, L-Candidates, B-Enter, B-3, B-Right, L-Calades, B-Pa, B-1, B-Up, L-Candidates,
B-Ta, B-5, B-Left, B-Right, B-Up, L-Candidates, BFn, L-Candidates

ks: 209
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Transcribed text:

N

sgcaSqti
vecp q07(03o[Begdn
c§6008: o
cled:gclodmardangoongae!
0:0395lp§:(g§s00500n
SloesSi

Here,

B-Thu = Pressed “Thu” button

L-Candidates = Choose a Listed Candidate

B-5 = Pressed “Five” button

B-SelectedChar = Pressed “Selected Character’(t& consonant)
B-LRUD = Pressed “LRUD” button

(this button is designed for editing dependent u@amel medial characters,
LRUD means Left, Right, Up and Down)

B-PtPm = Pressed “PtPm” button

(this button is designed for Myanmar symbof(tU+104A) and %" (U+104B))
B-BackSpace = Pressed “BackSpace” button

B-Enter = Pressed “Enter” button

ks: 209

(ks stand for “total keystrokes”. Here, 209 is tbil number of keystrokes typed by users)
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APPENDIX C:
A Part of PP_Clickwheel User Study Log File

(18 Feb 2009)
Ko Thein (1st time)

opc oSq_IcQ:: |eeog.qmo@o@e§5ue§cm5:€lmo: ||c](3§:='?010339w03m300r?93@ |aao:or§:?as](3$:[§$ao
(chgous']bec?gu

, B-Left, B-Center, B-Center, B-Down, B-Right, BgRit, B-Center, B-Center, B-Center,
BackSpace, B-Center, BackSpace, B-Center, B-CdBt€enter, B-Center, B-Down, B-Center,
B-Center, B-Center, B-Center, B-Center, B-CenteB B-Center, B-Center, B-Center,
B-Right, B-Center, B-Center, B-Center, B-Up, B-RigB-Center, B-Center, B-Center,
B-Center, B-Center, B-Center, B-Center, B-CenteLel, B-Down, B-Down, B-Left, B-Up,
B-Up, B-Up, B-Up, B-Center, B-Center, B-Center, B8pace, B-Center, B-Center, B-Center,
B-Center, B-Left, B-Down, B-Center, B-Center, B-@mmn B-Center, B-Center, B-Center,
B-Right, B-Center, B-Center, B-Center, B-Left, BgRt, B-Center, B-Center, B-Center, B-Left,
B-Up, B-Center, B-Center, B-Center, B-Left, B-RigBtUp, B-Center, B-Center, B-Center,
B-Center, B-Center, B-Left, B-Center, B-Center, Bater, B-Left, B-Right, B-Center,
B-Center, B-Center, B-Up, B-Right, B-Center, B-GanB-Center, B-Up, B-Down, B-Center,
B-Center, B-Center, B-Center, B-Center, B-CentackSpace, B-Center, B-Center, B-Center,
B-Center, B-Right, B-Center, B-Center, B-CenteiC8ater, B-Center, PgDn, B-Center,
B-Center, B-Center, B-Center, B-Right, B-Down, Bra@, B-Center, B-Center, B-Down,
B-Center, B-Center, B-Center, B-Up, B-Right, B-GanB-Center, B-Right, B-Center, B-Up,
B-Center, B-Center, B-Center, B-Right, B-CenteiC8ater, B-Center, B-Up, B-Center,
B-Center, B-Center, B-Center, B-Center, B-Cente€dhter, B-Center, B-Center, B-Up,
B-Center, B-Center, B-Center, B-Center, B-CenteB B-Center, B-Center, B-Center,
B-Center, B-Center, B-Center, B-Center, B-CenteB B-Center, B-Center, B-Center,
B-Center, B-Right, B-Center, B-Center, B-CentetJB-B-Down, B-Center, B-Center,
B-Center, B-Center, B-Center, B-Right, B-CenteRight, B-Center, B-Center, B-Center,
B-Center, B-Center, B-Center, BackSpace, B-CeBt&enter, B-Center, B-Center, B-Down,
B-Center, B-Center, B-Center, B-Up, B-Right, B-GanB-Center, B-Center, B-Left, B-Center,
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B-Center, B-Center, B-Up, B-Center, B-Center, B-eerB-Center, B-Center, B-Center,
B-Center, B-Center, B-Center, BackSpace, B-CeBt&enter, B-Center, B-Center, B-Up,
B-Center, B-Center, B-Center, B-Down, B-Right, Ba@, B-Center, B-Center, B-Center,
B-Center, B-Right, B-Center, B-Center, B-CentetJB-B-Center, B-Center, B-Center, B-Lefft,
B-Right, B-Up, B-Center, B-Center, B-Center, B-GanB-Center, B-Center, B-Center, B-Up

B-Center = 88
B-Left =11
B-Right = 21
B-Up =23
B-Down =11
BackSpace = 6
Pgbn =1

Here,

B-Center = Pressed “Center” button
B-Left = Pressed “Left” button

B-Right = Pressed “Right” button

B-Down = Pressed “Down” button
BackSpace = Pressed “Backspace” button
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APPENDIX D:

An Example of Likert Scale Evaluation on PM

User Name: Kabir , Age: 32
Date: 25 December 2007

Tablet PC, Text Input Method: Akkhor,

L(li‘;;f‘l’i‘;s 1 2 | 3| 4| 5 |avg
Difficult-Easy X

Painful-Enjoyable X

Slow-Fast X

Dislike-Like X

Text Input Method: Acharya

L(li‘;;f‘l’i‘;s 1 2 | 3| 4| 5 |avg
Difficult-Easy X
Painful-Enjoyable X
Slow-Fast x
Dislike-Like X

Text Input Method: Positional Mapping

Likert Scales
(range 1-5) 1 2 3 4 5 |ave
Difficult-Easy X
Painful-Enjoyable X
Slow-Fast X
Dislike-Like X
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APPENDIX E:

An Example of Likert Scale Evaluation on

DKM and RomanPP_Fingerspelling

&S wewsH
Date: 18 . 3- 2010
User Naime: - ag@inanochoune
Age: Q%
Sexi Femak
DTP Work Experience; 7 yZans
Lducation; &A'?k.lggop\ﬂ
Direct Keyboard Mapping (DKM)
O A 12- 68
Likert Scales 1 2 3 1 s Do 2t-13
1+ @ o) 101' 86‘
. @ o515 56
L ¥ ® 09 20
[ s | v ® n-y-70
Dislike-like - ig O. 1156
a 6 15.ys
Comment and Suggestion: @ O - “525
0y Q7.
Romanized Positional Prediction (RomanPP) ® e 8 .26 q 1
B _ ® 3.583.96
3 4 ® 2, s T
1| @ 3.22.63
- % 31841
Y 34003
D 5.58.66
ERRC, 2.54-q1
@ 2.48-29
C tand § @ 2 - 5071
Wieo Fin gaspeling ™ gitigeni 5% 6068 - %n?,,,ugaa'qe
) Cu\'i gél,q Megu ®Bfon G‘mg{)@hbﬂ ! W@W
| (BF 06 8MEGS 56348 N2op8s G 06 s § ropS:
18, B o5 I s0pS _
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APPENDIX F:

Font Table of mmFingerspelling.ttf (Ver. 2)

=
ok

o |

(i;}:

(%5

B

3

| @

&3

s o
3 = ti
=] =]
[ =] =
m m
w
& 2 } i
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b

¢

@z\,

H | @

1032 1036 1037 1038 1032
Z { —
Z 4 | @ =

&z | B

1 1031
45

2
1038

Ry

& 8§ B & R

@ | &
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APPENDIX G:
PicMobi Prototyping

Theoretically, low- and high-fidelity prototypingate their roles, and both of these techniques
are useful for the product development life cyelewever, it is sometimes necessary to create a
text input interface prototype rapidly to explorg mew idea and provide visual and physical
experiences that far exceed traditional paper pypiiog. Are there any possible solutions? One
is “prototyping with pictures and real mobile deast.

Today pictures can be uploaded to mobile devicegmiitous ways easily. Most mobile
devices support a number of transfer techniqgueb agcmemory stick, USB cable, Infrared
(IrDA), Bluetooth, http upload and email. Using tpie uploading feature for mobile interface
prototyping, this prototyping method can be apptiedny mobile device and suitable for rapid
prototyping. My approach is very simple and similarpaper prototyping technique, but it
draws digital pictures by using drawing softwarel amploads them to mobile devices. The
followings are three key steps for prototyping wiibtures and mobile devices:

Step 1: Design or draw key screens of user interface witwihg software (e.g. Microsoft
Office Visio) based on the user study scenario, samk each screen as picture format (e.g.
JPEG, GIF, PNG, TIFF) with the resolution (e.g. X820 pixels for Apple iPhone, 800x480
pixels for Nokia N900) supported by mobile deviéasuser study.

Step 2: Arrange the sequence of representative screenrggctaccording to the user study
scenario (e.g. save ordered alphabetically sucta.as, ¢ ...” or numerically such as “1, 2, 3

).

Step 3:Upload the screen pictures to the mobile devicd,@mfirm the display sequence and
resolution. Now, the process of “prototyping witictpre and mobile devices” is already
finished.
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Key steps for prototyping with pictures and moli&vices:

Stepl: (Designing Ul)

———

= 78 A et 2 ') ey |
al

2 [ oo
SO Sos
QOR3 | '
g e
O |-
83 |
G20 ¢ ‘
== 2 =
g_ﬁ'ﬁ It
558 | G-
e |
233 4
a2 T 3
e | sgopp | pom ok ][ oS | sgrof
Dlcereecos B

Step 2: (Arrange the sequence of display)
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APPENDIX H:
Pictures of PicMobi Prototyping

(PP Text Input Interface for Mobile Phone)

gGim:D

gGim&)

%Gim&)

& = |
S(0)mp S =]
&4

o JE Sl e -
[ egoep | [mpoomok][ @8 | | | |Legop | [ 8§05 | [ 08 | || [[egosp | [ 85 | [ 5 |

g@im&)m’)ﬁ gGimwm’)ﬁ %G%mmm’)ﬁ u
- PR 5 - = .
[ ogroqp | (0885 | [ g5 | | | |Legor | [ &5 | [ @05 ||| |Logop | [ §5 | [ o5 |

m (o256

‘ Q | ‘ Q
86§52262000: %simwm’xn BEgSRI00D

|_|In4_|-- P

o
l
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APPENDIX I:

An Example of User

RomanPP Fingerspelling

Study Manual

@ muj\u Q\Ym@efbhg)r%\a(gcneya ‘W%JF ton @@’ﬂ<0’\k?q0ﬂ3’)qmp3(")9

6 ff iepeR ey emefedeP: pragSen dloyf Qe ¢

beghord o ol g fef

AN el om0 09807 o N e eherpes ) 6o OO?U\LS"’?‘“”JJC 21
o % oo ptuerandS s qmgt w60y, &, %v?@; Dake on S
¥ 5 m@m;]xq mg@cm su\c,@wfg zf;an@ (\gtg\m\(aﬁa-rgown ) {y\ggws(gcu hs
Steps for User Study(purey hrvn) tLing e flieg o woq %6 @Oﬁw’w

A

M P afae: § a%mcm ey (Pt GG‘ﬂJJeJ \
1. Direct Keybocwd Moppmg.?Pasrto <l Prediction o’:s@oc‘aﬁzma m’JcerLﬂ '5@ C.DO“‘Q{, yr Urll‘ '
2. orebisabiod ¢ : 5050 mEo i

3. User cagaxm &‘i 55 =c\>o soicd: il |
4. User mcmaqﬁ :! ;ﬂmo qo’f?&%&@céﬁ &3 mmm@ goSardli [CIRNE)
P ¢

Userm unmaJ Bq -;,39 o /9 u&pmq@gmac b o o m:\)@e!m @%';t: (aoum
wmséa o’)omeo :oum.psl:n 120031 [9$63030%:9705 G 5 @ ; [ R i
® User mqﬂm@o%el s’ame eépn% w50l i |

camaidl s
|

Q1. Direct Keyboard Mapping 3 Positional Prediction m%rﬁ.@éﬂeﬁ:s’:w‘?l?cﬁe@:& 1

O  Direct Keyboard Mapping o2§05505
B positional Preciiction eo§o5sps:

Q2. Posttional Prediction e2§05¢p5: cowgeo%,gmaa‘i:ac%q%é] vqsé
0 oxoeqfé
LT
H g4 eqq
e
B sidqgaeesep

@3. Positional Prediction e3§ 05 5p: § combearn mgadupn

| mab\:@Lc\Q{_wa@M@m@ : q)é’]\gwq,o’a: meomt%cﬁ\gaoodmf

Q4 positional Prediction eo§e53nst § veomeon sagpodepa

eagmrmogm‘\

e1\ > G{)’E\f—\‘mw 0’?9\?6@!\&%“333‘;@ .
GO% mufor . mqﬁrqm‘vg%‘% & ehe Dq&% &q‘a@ﬂsm“%é’)@ ko

Q5 3ma sy 3ot IB§enfinger. spemngmqu%mﬁm i <5 jm ocS Bag )

Aéo 3 r@\ ne Jm?, n SRR
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APPENDIX J:

Possible Combinations of Myanmar Vowels,

Medials with a Consonant

C foa)

CL @,GOO,G@

CR o), 0922, 020, P, OYPP:
Ccu 05, 03,0%,03, 0

Ch R

CLR 030, &332, com, cop, eoqy, ey, 0302, e0m2, (030
Clu 3,63,

CLD  o[03. e0g. (03, (031, (03, eg

CRD  oqjl, 3% o2, als O Y

CRU  of, of, of, 03, o), o3, o3

CUD 303,03 ,0%, 03,03,

CLUR  [03:, 005, (o35, cogpd

CLRD  cox, a0y, conp. 03], oo, 0t (030:  e[og:
CLUD (33,8, [BL [ 3¢

CRDU oz, 032, 03, oL, o o o O o> o oAl

CLUDR @lz

PS %R R

PSL

PSR W28, 090, P
PSU 3

PSD @l &3l o3
PSLR  copo, e
PSUR
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PSUD g, o3)

PSLRU

PSUDR

KS oo, d§, 0b,c08, 05,03

C ®
CL  d8.es.B
CR g8k qprqp. o)
Cu 5,5,8,8
O 281
CLR  aqp eqp os, [Bor, afen. eqp. [Bo
cLu  B.8
CLD  o3.[61 5 o e3.
CRD g8 9,8 g% 4l 8
CRU  §.4:4.9
CUD  §.3.4.32%88
CLUR  ogfs,csl, 3
CLRD  oqp, [§|: 8¢, og), og:
CLUD @B
CRDU 4§, g, §+ ¢+ §1s- 4l &b o b - &
CLUDR (§:
PS
PSL
PSR
PSU
PSD
PSLR
PSUR
PSUD
PSLRU
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PSUDR

KS G@,ép,é,a,es,eq,%[

CL e}

CR ﬂ,ﬂaquﬂ
Cu 6,8,8,6,0
b e

CLR mﬁemmem
CLU

CLD

CRD  qu qi» - @
CRU &4

CuD .

CLUR G&RGqﬁ
CLRD GdLGg
CLUD (3

CRDU &, . 4 &
CLUDR
PS Qs
PSL

PSR

PSU

200
200

PSD

PSLR

PSUR

PSUD

200
—

PSLRU
PSUDR
KS  &.6,8:0.8.6
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CL

CR

Cu

CD

CLR

CLU

CLD

CRD

CRU

CuD

CLUR

CLRD

CLUD

CRDU

CLUDR

PS

PSL

PSR

PSU

PSD

PSLR

PSUR

PSUD

PSLRU

PSUDR
KS

Eo

(=130 0]
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cL

CR  d,dk
Cu ¢, ¢
O e9g

CLR [0, ect, odl, ot oo
cLu 8

CLD  eg.eg. (g

CRD  d), ¢, 60, ¢t ¢t
CRU &

CUD  §8&¢¢e8s
CLUR o, &

CLRD  &d], ag:

CLUD [,

oo

CRDU %,@
CLUDR @F
PS

PSL

PSR

PSU

PSD

PSLR
PSUR
PSUD
PSLRU
PSUDR

KS

235



Appendix

Cu ,8,8,06,6
O gee
CLR co, CO:
CLU

CLD o, 6Q, 6,

CRD 2, ¢t

90

CRU
CUD 89,4848
CLUR  coS

CLRD o9, cg:

CLUD

CRDU o%:,o'g:
CLUDR

PS 22
PSL cQ, 69
PSR 0,
PSU

PSD g9l
PSLR

PSUR

PSUD

PSLRU

PSUDR

KS

C s0

CL

CR 200, 3008
Cu 8,0, 88, 90
b ==
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CLR @50z, G500

CLU

CLD 689, 68y,

CRD R

CRU 0:

CUD  5,8,50. 5,55, ,8,5%, %
CLUR @05

CLRD  eag:, e300

CLUD
CRDU

Bo
3

CLUDR
PS
PSL
PSR
PSU
PSD
PSLR
PSUR
PSUD
PSLRU
PSUDR

KS

CL =lc)
CR @

Cu

@n
®0
0

CD ¢, @@
CLR ceo
CLu
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CLD
CRD @, 80

QO

CRU
cuD 3.8
CLUR  ceS
CLRD
CLUD
CRDU

-QO

CLUDR
PS

°Q

PSL

PSR ¢ ¢gr.eP
PSU

20

PSD ]
PSLR
PSUR §
PSUD
PSLRU
PSUDR

KS

CL

CR QP
Cu

CD

CLR cq):
CLU

CLD

CRD
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CRU

CuD

CLUR

CLRD

CLUD

CRDU

CLUDR

PS

PSL

PSR

PSU

PSD

PSLR

PSUR

PSUD

PSLRU

PSUDR

KS

CL

CR

Cu

CD

CLR

CLU

CLD

CRD

CRU

CuD

[On

FOn rs.?a[‘g
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CLUR
CLRD
CLUD
CRDU
CLUDR
PS 2
PSL

PSR
PSU

PSD 3l
PSLR
PSUR
PSUD
PSLRU
PSUDR 3

KS

CL

CR P2, pot

CU 25,28 28,05,
CD 28 oL 221 28 22l

CLR cp»

CLU

CLD

CRD 220, 9

CRU a%qﬁ:

CUD  8,,28,28), 08, et 8. £ 28
CLUR

CLRD  ep»
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CLUD
CRDU élz,é[:
CLUDR Ggﬁ
PS

PSL

PSR

PSU

PSD

PSLR

PSUR
PSUD
PSLRU
PSUDR

KS

CL eg
CR e

Cu

,((‘Or)
fOo
00

CD &l
CLR

CLU

CLD

CRD

CRU

CuD
CLUR
CLRD
CLUD

CRDU
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CLUDR
PS g
PSL
PSR
PSU
PSD
PSLR
PSUR
PSUD
PSLRU
PSUDR

KS

CL
CR g0

Cu

enNo
enNo
eOn

CD
CLR eg:, 6gP
CLU
CLD
CRD
CRU
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APPENDIX K:

Some Example of Khmer

consonants

fi

i AR, AR, GAM, IRFES AN, ISURUANE

f G, IUANS, IUFST, #if, #im, i §, &1

i Mej, NAJEAN, MAjASE, naj NRja

2

A

A i, vEieeu s, uldig, (gUy, BUNIE, UBE, BENU, H

(i)
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