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ABSTRACT 
This paper presents gesture-based Korean text entry me-

thod as an alternative text entry technique to provide high 

accuracy and intuitiveness on handheld computers which 

have small screen. This system is based on geometrical 

property of the Korean alphabet, Hangeul. Thus, gestures 

are similar to Korean alphabets. 9 points layout is used as a 

method to recognize symbols similar to letters of Hangeul. 

Thus, gesture recognition is accomplished through sequence 

of touched points on the screen. Guessability test made our 

system more intuitive by deciding symbols similar to Ko-

rean alphabets and we extracted patterns for our system to 

recognize various symbols. Also, some additional things 

were tried to increase performance.  

1. Introduction 

In handheld computers like PDA, there are three domi-

nant text entry methods: handwriting recognition, virtual 

keyboard, and physical mini-keyboard. PDA users use one 

of these three ways to write some characters and sentences 

for control of the device and communication with other 

people.  Handwriting recognition understands user‟s 

handwriting characters and replace it as a format that com-

puter can understand. Virtual keyboard is a keyboard image 

on the display of mobile devices, and it recognizes a charac-

ter when user touches a key button on the image. Physical 

mini-keyboard is a tiny physical keyboard and its layout is 

similar to qwerty keyboard. Normally, two fingers are used 

in physical mini-keyboard instead of ten fingers.  

However, with the advance of hardware technology, size 

of mobile devices continuously decreases, but still present 

text entry techniques are used. Thus, this small handheld 

computers cause to occur lack of accuracy problems. In case 

of virtual and physical mini-keyboard, users have difficulty 

in hitting the exact buttons because the sizes of each key 

buttons are very small to be suitable for the size of device. 

Also, handwriting recognition method is still not optimized 

for recognizing various people‟s handwritten characters, so 

it has a problem in recognition accuracy. Even handwriting 

recognition requires a complex algorithm, so it is not suita-

ble for low power mobile devices. 

As an alternative text entry method for handheld comput-

ers, gesture-based text entry method is one of the interesting 

methods. Instead of touching keys on the screen, gestures 

are drawn on the screen. Handwritten character can be a 

gesture, but instead of letters, general gesture-based methods 

utilize symbols and metaphors, such as edges, points, and 

spaces. This method can limit user‟s free writing on the 

screen, but it optimizes the recognition accuracy and speed 

because it guarantees correct output when user writes a cor-

rect gesture on the screen. Typical gesture-based text entry 

methods are EdgeWrite, Quikwriting, Cirrin, Shark, and 7SI. 

Many of gesture-based input systems are used for handheld 

computers, but some of them are used with various input 

devices like joystick. 

Korean has its own alphabet system called „Hangeul‟. 

Nevertheless, most of researches only focus on keyboard 

design of mobile phones and handwriting recognition. There 

are no many systematic researches of alternative text entry 

method like gesture-based method.  

However, the Korean alphabet, Hangeul has a geometrical 

characteristic. Many alphabets consist of straight lines. For 

example, Hangeul has alphabets such as „ㄱ‟,‟ㄴ‟,‟ㄷ‟, and 

„ㄹ‟. This property is very useful in implementing a gesture-

based text entry method because we can use a metaphor 

properly. 

Thus, in this paper, we propose a new gesture-based Ko-

rean text entry method, designed to offer intuitiveness and 

accuracy in character recognition utilizing geometrical cha-

racteristics of Hangeul. This system utilizes arranged nine 

touchable points and a character is recognized by the se-

quence of touched points. In the following, related work, 

design, and evaluation will be discussed. 

2. Related Work 

2.1 Property of Hangeul 

When the Korean alphabet, Hangeul, was invented, al-

phabets have geometrical forms. It had straight line, oblique 

line, circle, and right angle. Also, thickness of printed cha-

racters is constant, and there was no variation at the end of 

each character. Form of each alphabet had a square frame, 

and size of the frame was same. Hangeul consists of four-

teen consonants and ten vowels – these make all words [1]. 

In Hangeul, shape of consonants are based on shapes of 

vocal organs, and vowel has a point which means sky, a ver-

tical line which means human, and a horizontal line which 

means land. Also, consonants basically have straight line, 

oblique line, and circle. Vowels basically have straight line 

and point. There is no free curve. When making additional 

alphabets, it adds some components into basic alphabet, 

rotates the alphabet, and uses symmetry [2]. Fig1 [3] shows 

original shapes of Korean alphabets. 
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Fig 1 the Korean alphabet, Hangeul [3] 

2.2 Gesture-based text entry methods 

EdgeWrite [4] is a gesture-based unistroke text entry me-

thod to provide stable text entry for people with motor im-

pairments. Gesture recognition is done through the order of 

traversed edges. Thus, full stroke path is not necessary and 

so it is a highly deterministic text entry technique, but se-

quence of edges for each character must be learned for cor-

rect character output. 

Quikwriting[5] is a continuous gesture-based text entry 

method. The user does not need to life the pen from the 

screen, and it means that the user does not stop moving the 

stylus pen. 3x3 grid is used in the system, and each grid 

means a letter zone. To write a character, user moves a pen 

from one zone to other zone, and moves to resting zone in 

the center. Then, a letter is recognized by first zone and last 

zone. 

Cirrin[6] is a word-level unistroke keyboard input. It uti-

lizes a circle. Letters are arranged on the circumference of a 

circle, and layout of the system is designed for a pen to tra-

vel smaller distance to write a word. A word is entered by 

the order of traversed regions by moving the pen.  

Shark[7] used a new gesture-based input concept which is 

called shape writing. It utilizes two facts that in keyboard, 

some words are connected and there is a pattern on well 

practiced word. Word is entered by recognizing shorthand 

on the screen and shape of shorthand is based on locations 

of each keypads.  

7SI[8] is a gesture-based text entry method. It uses a sev-

en-segment display as a gesture. Thus, it recognizes tra-

versed segments by a pen in seven-segment layout and an 

entered letter is decided by traversed segments. 

2.3 Guessability 

Guessability [9] means how easily a user can perform a 

gesture without any knowledge about the gesture. According 

to Wobbrock, it is defined as follow. 

 

That quality of symbols which allows a user to 

access intended referents via those symbols de-

spite a lack of knowledge of those symbols. 

 

Thus, it is important to maximize the guessability of ges-

tures. In evaluating guessability, two terms are introduced – 

guessability and agreement. Formalization of guessability is 

as follow: 

 
Also, agreement is 100% when proposed symbols are 

identical and 0% when symbols are all different. Formaliza-

tion of agreement is defined as follow: 

 
In EdgeWrite, 20 participants of the test were required to 

write symbols corresponding to each alphabet, so 20*36 = 

720 symbols were collected. Using this data, agreement was 

calculated as 34.9% and guessability was calculated as 

80.1% after conflict resolution. 

2.4 Evaluation of text entry methods 

[10] After building a working prototype, continuous 

preexperimental test is possible to find bugs in the code and 

to improve design for higher performance. Through the test, 

design can be modified and this may increase accuracy and 

text entry speed. Also, text entry speed can be measured 

roughly. We can use the time and length of entered words.  

Entry speed is one of most important facts in evaluating a 

text entry method and it is mostly straightforward, there are 

some ways to measure. Normally, when evaluating entry 

rates, WPM(word per minute) is widely used to measure 

performance. „Word‟ means 5 characters. It does not consid-

er the number of keystrokes, it just consider output.  

3. The design of system 

3.1 Core concept 

 

Fig 2 Layout of our system 

 
Figure 2 shows the basic layout of our text entry system. 

It utilizes 9 arranged points to recognize a gesture. Each 

point can recognize a pen when it is touched. When the pen 

traverses a point, it recognizes the movement and records in 

the system. Then, sequence of recognized points is a gesture, 

so an alphabet is decided by the gesture.  
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Fig 3 Writing 'ㄱ' 

 
Figure 3 shows how our system recognizes a gesture. The 

user touches top left point using a pen at first, and then 

moves to right, and moves to center point at last. Then, 3 

points are recognized, and our system decides a letter using 

this data and it is expected to print „ㄱ‟ on the screen. 

3.2 Maximization of guessability 

High guessability means that the system is very intuitive 

and user can use the system without any learning time and 

pre-knowledge. Also, our system persuades intuitiveness 

using geometrical property of Hangeul, it is important to 

maximize guessability. Thus, it is desirable to design a sym-

bol set by acquiring proposed symbols from participants, 

and we can evaluate guessability using acquired symbols. 

For measuring guessability, we implemented a program 

which could record the sequence of touched points for each 

letter. Flash actionscript was used as a programming lan-

guage, because it is a convenient language to implement a 

simple GUI program. Figure 4 shows the program. 

 

 
Fig 4 Program for guessability test 

 
After implementing the program, 10 people who had not 

experienced our system previously participated in the test. 

Each participant was required to propose a symbol corres-

ponding to each Korean alphabet. Any symbols could not be 

identical, so when the proposed symbols were identical, 

participant was required to re-write the symbol as a different 

sequence of points. Thus, 10*24 = 240 symbols were col-

lected. 

Using the data, we calculated guessability and agreement 

at first. From the calculation, guessability was 38% and 

agreement was 27%, so it was very lower than result in Ed-

geWrite. Thus, we needed to resolve conflicts. 

From the test, we found that there was a small difference 

between symbols corresponding to the same referent. Thus, 

we thought that if we use common patterns to recognize a 

letter from the sequence of touched points, then we can con-

sider some different symbols as a same referent. It means 

that if the user wrote a symbol a little differently, system can 

print same output by classifying it using the pattern. So we 

extracted common patterns in symbols which refer a same 

referent, used it to classify symbols and calculate guessabili-

ty and agreement again.  

Using patterns, guessability was increased as 79% and it 

was near to guessability value of EdgeWrite (80.1%). Be-

cause of mistakes by participants, it was difficult to increase 

guessability more, but by extracting patterns from collected 

symbols, we obtained satisfactory guessability and we used 

these patterns continuously when implementing the proto-

type. 

3.3. Characters 

Based on patterns extracted from guessability test, we 

made basic character forms. Unlike other gesture-based text 

entry technique, there can be many symbols corresponding 

to the same referent. Therefore, the user does not always 

need to memorize the character form. It is a just standard. 

However, there are some rules to remember to recognize 

the symbol using patterns. In case of vowel, long line should 

be started at middle point on top or on left side. Also, it 

could be difficult to write correct „ㅇ‟ because it required 

not to touch points at the edge. Thus, we implemented pro-

totype such that if not all points at the edge were touched, 

then it could recognize it as „ㅇ‟. Figure 5 shows character 

forms. 

 
Fig 5 Character
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3.4 Methods to increase performance  

To get a higher performance in our system, we tried some 

methods to increase text entry rates.  

First, if our system recognizes each symbol after remov-

ing the pen on the screen, then constant waiting time is ne-

cessary because the user needs to remove the pen on the 

screen when writing some Korean alphabets like „ㄹ‟. It 

means that some Korean alphabets cannot be written by un-

istroke. Because of constant waiting time, text entry rate can 

be lowered considerably.  

Thus, we tried to write symbols continuously without 

waiting time. By observing sequences of touched points 

collected from guessability test, we found that all alphabets 

are started from 3 points – top left, top middle, center left. 

And there are no many cases that there 3 points are touched 

before recognizing the symbol as an alphabet. Therefore, we 

implemented a prototype program such that an alphabet is 

printed when an alphabet is recognized using patterns and 

the user touches one of the 3 points. But in this case, there 

are some exceptional cases found during preexperimental 

test, so we modified the program to process exceptional cas-

es each one by one. 

Second, during writing the symbol, initialization is possi-

ble by writing „X‟. Initialization means that present state is 

ignored and the user can write the symbol newly.  

Third, we utilized edges. Merits of utilizing edge are re-

ferred in EdgeWrite [4]. We fabricate a plastic template and 

fixed it on the screen. Empirically, it showed very higher 

text entry rate comparatively, but we decided that it is not 

practical because there is no case to use a plastic template in 

handheld computers such as PDA. However, it is certain that 

utilizing edge can help user to write symbols more easily 

and quickly.  

3.5 Implementation 

Based on the program for guessability test, we imple-

mented prototype to test our system. We used Microsoft C# 

as a program language to test the program in general envi-

ronment such as notepad, WordPad, and Microsoft Word. 

Figure 6 shows the program. All evaluations were preceded 

using the program. 

 

 
Fig 6 Prototype program 

 

We applied methods to increase performance referred in 

3.4 except last one because it was considered as unpractical. 

Thus, this prototype starts to queue recognized points when 

a pen is touched on the screen and ends it until touching top 

left, top middle, or center left point or some time is passed 

after the pen is lifted on the screen. And this recorded se-

quence of touched points is used to find an alphabet using 

extracted patterns in 3.2. Then calculated result is an integer 

number which corresponds to a Korean alphabet and the 

program prints it on the screen using a keyboard event func-

tion. 

Recognition algorithm is in linear time O(n), so it is fast. 

Also, size of the program is not big, about 25kb. We believe 

that it would be implemented in handheld computers that do 

not have a fast processor.  

Size of points and place were decided empirically by 

preexperimental testing, so it needs to have more researches 

about the size. 

4. Evaluation 

As we referred in the related work, [10] preexperimental 

test was done continuously to improve design and to find 

bugs in the code of prototype program.  

After enough preexperimental tests, we conducted an 

evaluation of our system to measure performance. We used 

WPM as an evaluating method.  

We used „한컴타자연습‟ program, which was a famous 

program for practicing keyboard typing made by Haansoft, 

Inc. Because this program has a function of measuring text 

entry speed, it is convenient to test our system. Program was 

modified a little to test the prototype program properly.  

Then, we recruited 3 subjects who had no knowledge 

about gesture-based text entry system. Before practice, we 

taught subjects basic knowledge about our system and some 

exceptions to consider when writing letters. Then, each sub-

ject was required to practice by writing 32 words extracted 

randomly from words database. Test was progressed for  

After practicing, each subject was required to participate 

in the test by writing other 32 words extracted randomly. 

Because testing program measured text entry rate automati-

cally, we just recorded results of the test. Figure 7 and figure 

8 show results of the test. 

 

 1
st
 day 2

nd
 day 3

rd
 day 

P1 4.4 5.4 15.8 

P2 2 8.6 12 

P3 5 4.2 6.8 

Average 3.8 6.06 11.5 

Fig 7 Test results 
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Fig 8 Graph of test results 

 
Average text rate was 7.13 WPM during 3 days. Also, 

from the test, text entry rate increased continuously and av-

erage text entry rate was more than 10 WPM (11.5 WPM) 

on last day. We believe that if we had conducted the test 

continuously, text entry rate would have been increased 

more. 

5. Conclusion 

We have shown that it could be possible to implement a 

gesture-based Korean text entry system by utilizing 9 points 

and this method could be an effective mean in a very small 

screen.  

Also, because our system reflects Korean alphabet‟s 

geometrical property, it can be more effective if there is a 

systematic research about geometrical characteristic of Ko-

rean alphabets.  

Through guessability test, we concluded that it was possi-

ble to extract common patterns of writing Korean alphabets, 

and these patterns increased guessability value effectively 

and made our system very intuitive. Once more, additional 

things were tried to increase performance.  

At last, we confirmed text entry rate of our system 

through measuring WPM and it resulted to appear 7.13 

WPM in average. 
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