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Positional Gesture: Simple Gesture Text Input for Khmer

YE KYAW THU, OUK PHAVY and YOSHIYORI URANO
Graduate School of Global Information and Telecommunication Studies (GITS),
Waseda University

Text input of Khmer language poses a challenge because many syllabic characters are formed by combinations of
consonants, dependent vowel signs, diacritics and subscript consonants etc. In this paper, we propose very simple
gesture recognitions for syllabic scripts text input based on their writing natures. Positional Gesture uses simple
gestures commands (basically Left, Right, Up, Down and Center) for Khmer text input. With our Positional
Gesture prototype, average typing speeds of 5 native users are 17.68 characters per minute by mouse and 17.72
characters per minute by trackball. Although this typing rate is slower than the one of NiDA (National
Information Development Authority of Cambodia) software keyboard (which is 29.13 characters per minute),
Positional Gesture text input method is accessible even for first time users and also applicable for many mobile
computing devices such as tablet PCs, mobile phones, PDAs and portable game players etc. The concept of
Positional Gesture can be extended to other syllabic scripts such as Myanmar, Bangla, Thai and Hindi etc. as
well.

. input are simple, user-friendly, usable with various
1. Introduction input devices, and applicable to other similar syllabic

based languages.

In our previous works [8][9]{10][11], we presented

concept of Positional Mapping for mobile devices.

We also proved that Positional Mapping can be 2. Related Works

applied to many syllabic languages such as Myanmar,

and Bangla. In the current work, we combine In this section we discuss some of the current
Positional Mapping concept with gesture input called handwritten or gesture based text input methods for
“Positional Gesture” (PG). We developed Positional touch screen interfaces.

Gesture prototype for Khmer language (official

language of Cambodia) and conducted user Since traditional handwritten recognition had many
experiments, The merits of Positional Gesture text limitations like slow typing speed, Goldberg and
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Richardson introduced Unistroke alphabet in 1993 [1].
In Unistroke, each character is represented by a single
stroke and can be used even by blind people. And
thus, there is no segmentation problem in the
recognition process. However, users have to spend
some time for learning Unistroke characters, which is
difficult to learn and recall [2]. If we apply this
concept to syllabic scripts, it will become more
complex and require more learning time of users.

GraffitiTM is another handwriting alphabet
developed by Palm Computing for Palm Pilot PDA
product series. It requires minimal time for learning
Graffiti alphabet because they are very similar to
normal English alphabets. For the recognition process,
however, Graffiti strokes are more complex compared
to Unistroke strokes.

EdgeWrite is also based on unistroke text entry idea
for handheld devices like PDAs, and is designed for
people with motor impairments [3]. Text can be
entered by traversing the edges and diagonals of a
square hole imposed over the usual text input area of
PDA. In EdgeWrite, recognition algorithm is
checking not only pattern recognition but also the
sequence of corners that are hit. The authors of
EdgeWrite mentioned that users can type 18% more
accurate than Graffiti (p<.05), with no significant
difference in speed.

All of the input methods mentioned above are based
on English alphabets, and it is difficult to create
Graffiti like characters or Unistroke based characters
for Khmer script. Because of that, most of the Khmer

» 1), §]), subscripts
Gof g W ad
independent vowels (e.g. &, 0f, 8, 8, U, U, )

require more than one stroke.

consonants (e.g. fi, &, U5, AUJ, M

(sub-consonants) (e.g.

Gesture Keyboard (GKB) for Devanagari (one of the
Indic scripts) is based on handwritten gesture
recognition technology, which was proposed by R.
Balaji, V. Deepu, Sriganesh Madhvanath and Jayasree
Prabhakaran [4]. GKB input method is very much
appropriate with the nature of syllabic scripts writing
system. In this input method, users do not need to
write down Devanagari consonants and they are
already shown on a tablet keyboard. Users can type a
consonant by giving a special gesture command (i.e.
strike through over a consonant). Other matras (i.e.
vowel signs) can be typed by writing at a specific
position relative to the glyph of the base consonant.
This input method is smart and can be applied to
other similar syllabic scripts. Recognition accuracy
and typing speed can increase compared to normal
handwritten techniques. However, users have to write

down vowel signs or other combination symbols
correctly, which may lead to reduce typing speed.
And then, it is still necessary to create recognition
engine for vowel signs or other characters.

Although QWERTY based soft keyboards or visual
keyboards are one of the possible solutions for
syllabic languages, typing syllabic languages with
QWERTY based software keyboards are still difficult
and not easy for novice users. And they are not
suitable for small mobile devices, because it is
difficult for Khmer characters to be distinguished
from other similar characters in small soft keyboards.

Khmer software keyboard is developed by Tavultesoft
based on the standard NiDA (National Information
Technology Development Authority) keyboard layout
[5]. It was created just after Khmer Unicode 4.0 was
released. The Khmer Unicode keyboard layout differs
from the one of old version which is not in Unicode
in which the subscripts of the consonants are not
spread on the keyboard anymore. Instead, a subscript

sign () is used to indicate that the next consonant is
subscript of the cluster, and that the typing order is

not from left to right in the same order of hand
writing, but in the order of word spelling.

3. Khmer Language

Khmer or Cambodian language is an official language
of Cambodia. It is classified as a member of the
Eastern branch of the Mon-Khmer language family.
Khmer alphabets closely resemble Thai and Lao
alphabets, but Khmer is not a tonal language. Some
vocabularies are borrowed from Sanskrit, Pali, French
and Chinese in Khmer. It consists of 33 consonants

(e.g. 1, 8, %, W, 0, G, 5, U, \J and (1} etc.), 24
dependent vowels (e.g. IH, Ii‘.’.}], fol, io, ft‘;,ii"-, [N
and 1¢1 etc)), 12 independent vowels (e.g. H, &, &1,
8, 0§, 8, 8,9 5 and U etc.) and several diacritic
symbols (e.g. ¢, 0, T, 5, O and 0 etc) [6]. All

consonants have modified forms, called sub-
consonants (e.g. [, &, §, (], § etc.), when they occur

as the second member of a consonant cluster. Overall
writing direction is from left to right. The word order
follows SVO (Subject + Verb + Object) pattern as in
English. In a Khmer text there are no spaces between
words, and spaces indicate the end of a clause or
sentence instead. An example of Khmer writing
system can be seen in Fig.1
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4. Khmer Language Writing System

‘When we make an analysis of Khmer sentences, we
can basically consider that Khmer characters are
written in three levels (upper, middle, lower) like in
Myanmar and Bangla languages.

Dependernt
Vo.we' Consonant Consonant Dependent
Sign MO Consonant Vowel
i Sings

\ CH

A

i + AN
; i .
Con;rg\ant Gonsonant j SuEsc—ipted
\ <
\ KA i Consonant.
Dependent i {COENG)
Vowei Sigr i PO
Eh Dependent

Vowel Sign
U

Fig.1 Characters combinations in Khmer language

And most characters have their defined positions (e.g.
vowel signs "[o", "o" have to be written in the left

side of the consonants, vowel signs "(1", "(" and

"(3" etc. should be written in the right side of the

"ot

consonants, vowel signs "¢",

noen
Y

, and " " etc.
should be written as a lower characters and vowel
. - o - - .

signs " ", " ", " G" and "C" etc. should be written

as a upper characters). In Fig.1, a Khmer sentence "Ti
Nih Kampuchia" (This is Cambodia) is formed by the
combinations of left, right, upper and lower
characters and it takes four rows. Here, three vertical
lines indicate the pronunciation breaks of "Ti", "Nih"
and "Kampuchia". In the word "Kampuchia", "pu”
(Po + U) is written as subscript consonant. In Khmer
language, some dependent vowel symbols are written
in the place of two rows above or two rows lower
than consonant. From our analysis, we have found
that Khmer written systems is based on adding of left,
right, upper and lower characters to consonant,
basically. The logical combination structure found for
Khmer writing systems can be seen in Fig.2.

Fig.2 Logical structure of word formation in Khmer
5. Concept of Positional Gesture

"Positional Gesture" is a simple gesture text input
method for computing devices based on common
characteristics of syllabic scripts writing system. The
concept is totally based on four simple gesture
commands, which are "Left", "Right", "Up" and
"Down". "Left gesture command" is for left
characters or symbols, "Right gesture command" is
for right characters or symbols, "Up gesture
command" is for upper characters or symbols and
"Down gesture command" is for lower characters or
symbols. Here, as a concept "Left gesture command"
can be "dragging mouse pointer to left" or "moving
data glove to left" or "pressing left arrow key" or
"moving eye ball to left" or anything. For the
consonant characters, we can use additional gesture
like "drawing dot" or "writing circle" or anything. In
our prototype, we use “Double Click” for Khmer
language to make it simple. Positional Gesture text
input concept can be seen in Fig.3.

e
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- Characters}
m—

( i Left ™ f’/ \\. _,//

\ Characters }

E /

VY 4

L e ; P
d 1

- “

— \ 7 Right )

™, ; Characters

Lower »
Characters j S
. ~

R

Fig.3 Positional gesture text input concept
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6. Prototype Implementation

Here, we present Khmer Language Positional Gesture
text input interface prototype (see Fig.4), which was
developed with Microsoft Visual Studio .Net 2003.
This prototype can be used with pen stylus, trackball,
TrackPoint or mouse.

B
A

topmnnine posmumuanaenad§ndur
mynwsaginnmea

Fig.4 Positional Gesture prototype for Khmer

For the basic text editing, we use "mouse dragging to
the left direction by pressing right click button" for
"Back Space" function and "mouse dragging to the
down direction by right click button" for "Enter"
function. Recognition algorithm for our prototype is
very simple because it is only necessary to check
drawing direction, left click or right click and length
of the path. And there is no need to be straight line,
and we allow drawing within angle of 60 degree
range for each direction (i.e. Left, Right, Up and
Down). In our prototype, all of the gesture lines will
be shown with four directions of arrow heads. And
the color of the gesture lines will change from blue to
red for text editing commands. One limitation of
current prototype is that pen stylus should provide left
and right click feature.

7. User Experiment with Prototype

We conducted two user experiments with our
developed prototype in order to know the users'
typing speed for Positional Gesture text input. The
first user study was conducted with PC mouse and
trackball for five Cambodian native participants who
are between 24 and 26 years old.

The second user study included an additional

participant of 24 years old, in order to prove that our
Positional Gesture prototype can be used with various
input devices. With this user, we recorded Khmer text
typing speeds of Positional Gesture prototype with
mouse (IBM Mouse, Model Number: MO32BO),
trackball (Kensington Expert Mouse, Model Number:
K64325), touchpad (IBM ThinkPlus USB travel
keyboard, Model Number: SK-8845L), TrackPoint
(IBM ThinkPlus USB travel keyboard, Model
Number: SK-8845L) and tablet PC (IBM Lenovo
X61 Tablet PC running Windows Vista Ultimate OS
Version 6.0).

All of the six participants in total are familiar with PC
and touch typists in English (with QWERTY
keyboard) but not in Khmer langunage. Three of them
are familiar with notebook PC built in touchpad. But
none of them has an experience of using stylus pen,
trackball, TrackPoint or tablet PC.

We used our Positional Gesture prototype and Khmer
language Tavultesoft Keyman Desktop Professional
7.0 (it is used NiDA keyboard layout) for user study.
NiDA (National Information Development Authority
of Cambodia) Unicode keyboard layout is standard
and widely used in Cambodia. This software
keyboard has “Unshifted Mode” (Fig.6), “Shift
Mode” (Fig.7), “Right Alter Mode” (Fig.8) and “Shift
Right Alter Mode”.

The experiments procedures are as follows:

1) Explaining the concept of Positional Gesture
text input

2) Making demonstration of text input with
Positional Gesture prototype and NiDA
software keyboard

3) Allowing 10 minutes practice time for each
user to learn text input with Positional Gesture
prototype and software keyboard

4) Recording users' typing speeds of short Khmer
message for 5 ftrial times (including error
correction time)

S) Getting users' feedback for our Positional
Gesture prototype and NiDA  software
keyboard with small questionnaires

Khmer short message (5 sentences which contain 135
characters including spaces) used for user study can
be seen in Fig.5.
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Table 1: Gesture commands for Khmer

Gesture N
Co ds Character Assignments
Left characters
Left (long)
C13", L), B ete)
Right (long) Numbers Fig.7 NiDA Software Keyboard Layout
("9%, "Is*, "m", "E" otc) (Shift Mode)
Symbols
Up (long)

(II l, -"’ I?I‘ '!., l#l ebc)
Independent vowels, Symbols

Down (long) | and frequently used characters

8" "Ny, "I, " elc)

Left characters

Left (shor) (Tl L PO v Fig.8 NiDA Software Keyboard Layout
(Right Alt Mode)
Right characters
Right (short) -
(l :_,ql. IE,:':l' l\:—ll‘ . 4 :l)
Upper characters
Up (short) & o e
(o, a®, ", Y etel)
Lower characters
Down (short)
(ls-%:l -}»;l‘ ll,gl etc)
Consonant characters
Double Click

('ﬁ', lzl. lﬁl' -w-' -a- etc.)

Fig.9 Photos from user study
ﬁjﬁ;l (Left) Positional Gesture prototype with mouse

(}; ) ' (Right) Positional Gesture prototype with trackball

A MANENIG NMSMWMUE M AT i
(You know .friend, I aim how accepted to be & contract employee.)
eroupwinginamai

(I'm extremely happy.)

igébo fedis:pihmsyrurimayit

(1 will start my work on'20 of August.)

pugigme

(See younext time)

Fig.5 Khmer text for user study

Fig. 1 Photos from user study
(Left) NiDA software keyboard with mouse
(Right) Positional Gesture prototype with tablet PC

8. Evaluations

We recorded the users' actual typing speed and
i calculated CPM (Characters per Minute) for

‘“‘Flg.6 iQiD A Software Keyboar;i Layout evaluation process of our Positional Gesture
(Unshifted Mode) prototype. We also conducted small questionnaires to
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them in ordered to know their feedback for Positional
Gesture text input.

Evaluations by Users' Typing Speed

Average typing speed of Positional Gesture text input
to finish five Khmer sentences (see Fig.5) is 7
minutes 38 seconds by mouse (see Fig.11) and 7
minutes 37 seconds by trackball (see Fig.12). In
general, all of the users' typing speed increases during
five trial experiments (Fig.15). With NiDA software
keyboard, average typing speed of 5 users is 4 min 38
sec (see Fig.13). We found that Positional Gesture
text input method for Khmer language is 64% slower
(for both trackball and mouse) than "NiDA Software
Keyboard" (see Fig.14 and Fig.16).

Evaluations by Characters per Minute (CPM)

Although Word per Minute (WPM) is the most
widely used measure of the text entry performance,
we evaluate our Positional Gesture text input with
Character per Minute (CPM). It is because we cannot

find common definition of "word" in Khmer language.

Importantly, the WPM/CPM measure does not
consider the number of keystrokes or gestures made
during entry, but only the length of the resulting
transcribed string and how long it takes to produce it
[7]. Based on the user study results, average CPM for
Positional Gesture prototype and NiDA software
keyboard are as follows:

Positional Gesture with mouse: 17.68 CPM
Positional Gesture with trackball: 17.72 CPM
NiDA Software Keyboard: 29.13 CPM

Evaluations by Users' Likert Scale Questions

The questionnaires were conducted immediately after
typing experiments. We set four Likert Scales (1-5)
on which to rate the Positional Gesture text input with
2 different input devices (trackball and mouse) and
NiDA software keyboard with mouse. Mean and
standard deviation of five users for Likert scale
questions can be seen in Table 2. Labels for scale
endpoints are in the most left columns and higher
values are better.

From the questionnaire results with five participants,
we have noticed that most users preferred Khmer text
entering with mouse than trackball. One of the
reasons might be that they used trackball for the first
time in the experiments. The interesting point is that
although Likert scales for trackball responded by the
five users are lower than those of mouse (see Table 2),
the average typing speed is nearly the same (i.e. 7min
38sec for mouse and 7min 37sec for trackball) (see
Fig.14).

We also recorded Likert scale evaluations after the
Positional Gesture text input experiment (i.e. second
experiment) with various input devices. Likert scale
responses for Positional Gesture with trackball,
mouse, touchpad, TrackPoint and tablet PC can be
seen in Table 3. From this Likert scale results, we
found that Positional Gesture text input method is
very much suitable with touch screen interface. The
participant felt casiest and enjoyable typing with
Tablet PC. Overall evaluation on Positional Gesture
text input method by participants in both experiments
is a satisfactory one (see Table 2 and Table 3).

Table 2: Mean (Standard Deviation) responses by five
Khmer users for 5-point Likert scale questions

Software
Likert Scales PG with | PG with | Keyboard
(range 1-5) Trackball | Mouse with
Mouse
. 2 32 42
Difficult-Basy 122) | 084 | (130
. . 2.6 3.6 3.8
Painful-Enjoyable (L14) (0.89) (1.10)
2 34 3.8
Slow-Fast 070 | 14 | @10
L . 2.8 4 4
Dislike-Like (1.79) 0.71) (1.22)

Table 3: Mean responses by a Khmer users for 5-
point Likert scale questions on Positional Gesture
prototype with various input devices

= [} 3 E ©
Likert Scales | 2| & | £ 5
1 =} Q 2L
(range 1-5) S s = g s}
s ﬁ = g
= =
Difficult-Easy 4 5 5 4 5
Painful-Enjoyable 3 4 4 4 5
Slow-Fast 3 4 4 3 4
Dislike-Like 3 4 4 4 4
14:24 4
12:00 &,
g . —_—
S 9:36 -~ Usert
2 &~ User2
® 112 -~ User3
g s
E 4:48 ——User5
2:24
0:00 T T ¥ T
st 2nd 3rd 4th 5th
Trial Time

Fig.11 Typing speed of five Cambodian users
by mouse
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10:48 7

9:36
. 8:24
§ 72 ——User1
& 600 -z~ User2
C 448 &~ User3
g * - Userd
E 3:36 ~x-Userd

2:24

1:12

0:00 T T T T d

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

Fig.12 typing speed of five Cambodian users

by trackball
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712 \\A\
T 6:00 &2
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] e
D 4:48 ‘\\\ (gt \\‘\ ~s-User2
0 e T T e
] \\ R - —-+—User3
g 3:36 —— 5 ~i Userd
5] e
g 2: #~Users

1:12

0:00 T T T T )

ist 2nd 3rd 4th 5th
Trial Time

Fig.13 Typing speed of five Cambodian users
by “NiDA Software Keyboard”

9:36 -
8:24 M /:\\

7112 BT R
6:00 \
4:48 ‘/_.,/\

——with Mouse

~&- with Trackball

Minute : Second

3:36 ~&—with Software
Keyhoard

2:24

1:12

6:00 T T T

Usert UserZz Userd Userd User5

Fig.14 Typing speed comparison of five Cambodian
users for mouse, trackball and software keyboard
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8:24
7:12

6:00 —— with Mouse
4:48
3:36
2:29
112
0:00

Minute : Second

1st 2nd 3rd 4th §th
Trial Time

Fig.15 Typing speed improvements of 5 Cambodian
users for positional gesture with mouse and trackball
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35.00
cz 30.00
£ 2500 & User1
é B User2
3 20.00 D User3
@ DUser4
§ 15.00 B Users
g 10.00

5.00

0.00

PG with Mouse PG with Trackball  NiDA Softkeyboard

Fig.16 Average CPM comparison for PG with mouse,
PG with trackball and NiDA software keyboard

Minute : Second

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

‘—O-Mouse ~#~ Trackball -4~ TouchPad -~ TrackPoint - Tablet PC‘

Fig.17 Typing speed differences of a user
with different input devices

30.00

2470

~n N
e &
e 9
& S

Characters per Minute (CPM)

[
e b2 o
e 2 © °
e & © o

TouchPad  TrackPoint  TabletPC

Mouse Trackball

Khmer Text Typing with Different Input Devices

Fig.18 Average CPM of the same user with different
input devices (Mouse, Trackball, TouchPad,
TrackPoint and TabletPC)

9. Discussion

It is desirable to compare user study results of our
prototype with handwritten; however, there is no
handwritten text input system for Khmer language yet.
And thus, we used "NiDA Software Keyboard" for
evaluation process. From the user study, average
CPM for Khmer Positional Gesture prototype is 17.72
with trackball and 17.68 with mouse (see Fig.16). The
average CPM of the same user for Positional Gesture
prototype with different input devices is not very
different (standard deviation value = 1.51) (see
Fig.18). When we compare the typing speed of
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Positional Gesture with that of software keyboard, the
former is 64% slower. The reason is that we use very
few gesture commands in our prototypes for easier
typing but software keyboards use generally one to
one key mapping. The typing speed or CPM can
slightly increase or decrease according to what type
of input device is used (see Fig.17 and Fig.18). It also
depends on how characters are mapped (i.e.
characters grouping and sorting order). From the
mean and standard deviation values of Likert Scale
questions (see Table 2 and Table 3) and the user study
results (see Fig.14 to Fig.16), we can prove that
Positional Gesture is one of the possible Khmer text
input interfaces for small mobile devices.

10. Conclusion and Future Work

In this paper, we have proposed Positional Gesture
text input method for Khmer language. The proposed
gesture idea is a very simple, user-friendly and
possible Khmer text input method on computing
devices. Moreover, the concept is applicable to many
pointing devices or input devices such as mouse,
TouchPad, TrackPoint, trackball, pen with tablet,
touch screen and data glove etc. Positional Gesture
with touch screen interface can be the best user
interface. These findings were supported by two user
experiments with six native participants.

We have conducted Positional Gesture text input
experiments only with Khmer language so far. As a
next step, we plan to extend it to Myanmar, Bangla,
Thai and Hindi, and make an analysis on typing error
rate as well.
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