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ABSTRACT

Objective: The aim of this study is to predict Korean text entry on touchscreens using ACT-R cognitive architecture.
Background: Touchscreen application in devices such as satellite navigation devices, PDAs, mobile phones, etc. has been
increasing, and the market size is expanding. Accordingly, there is an increasing interest to develop and evaluate the
interface to enhance the user experience and increase satisfaction in the touchscreen environment. Method: In this study,
Korean text entry performance in the touchscreen environment was analyzed using ACT-R. The ACT-R model considering
the characteristics of the Korean language which is composed of vowels and consonants was established. Further, this study
analyzed if the prediction of Korean text entry is possible through the ACT-R cognitive model. Results: In the analysis
results, no significant difference on performance time between model prediction and empirical data was found. Conclusion:
The proposed model can predict the accurate physical movement time as well as cognitive processing time. Application: This
study is useful in conducting model-based evaluation on the text entry interface of the touchscreen and enabled quantitative
and effective evaluation on the diverse types of Korean text input interfaces through the cognitive models.
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1. Introduction AAskaL SMS (Short Message Service) & YA, &

A Aol dpiZlold ZAE E8l 545 Aok et

1.1 Overview #o] HALAR-AN TAE sk Ik Bs Ao
thet dde] Sohsal olvk EdE o] F Tl BRI &

EIA A9 ARARSL AT AFe A goll A Stylus AollA AREARY] S RSk WEREE o)V f1% Q)
u AbEe] E7FERE ogel A oi A ol | Eulel] A Yl sgrhel dste] /1 Z1EE AL 9ok
ol AR WRe] Zhdksiths Aol glom wle vaEe THH, A= el S AR EAE dEehs
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Al Multi—press Input Method, Two—key Input Method,
T9 Input Method®] Al 7FX]2 EAshd 2} Qg o]~
o th3t H7} A= Silfverbergell &l 4239 B} ok
(Silfverberg et al., 2000). Silfverbergtx G el &
Sk Qg o]~ HIE 3] HE Aol A9 Fitts' Laws &
Fota, =4 99 AEE AFETo RN QIO AE
|32, B7¥akgiet. o]#nt ohel KeypadollAl Z2RARe} A
—,57}94 FIEE YeERYE= Model—based Evaluation®] ©]
Fo]X 71 gk (Pavlovych & Stuerzlinger, 2004; Das &
Stuerzlinger, 2007; Amant et al., 2007). ©]} "R =
KeypadelA g2 o8 QIElFlo|AE F7kebr] f1s A7+
Keystroke Level Models &3l o]Fo{% v} §ltk(Myung,
2004).

a8y BAAA™ A A f¥skE Soft-
keyboardelAl&= HX|AA7E] Yot 7+ 712 a7], #lg
Walel] tigk o] A3A YA @] wiEel vheFst 7]
HiE whAo] AjtE et A o2 FITALY Keyboard'
(TextwareSolution, 1998) & o] @] ALE RIEFE
EEte] 7P A 2ol Guble vkt wjdEto A
=94 oY AREE HasA71aA sith 2 Soft-
keyboardIX = 2k dag]ES o] &3sto] daglEel
wzt 7] WS e RN 7|ES s AR 534
Q1 1S 7hsstAl gk A Ho] A7) e gtk (Kang &
Han, 2001). Kong (Kong et al., 2009) 2 E]X| A7 Ao
A dhEs A9 Al 814 olF AIRE A o} Q1A
A A AIZFE g 7] Mg S AlQkslt). Kong Das
¢} Stuerzlinger (2007) 7} Alkgt /IR A AR 1333
Eul &4 2 AES 9)gk JARA AR F 8 AlgtelA
g 2ol dist E2421 o]F AIRHE W glow AHEd
T AT

sbA AA7EA] thekst AFelA ACT-R(Byrne &
Anderson., 1997; Byrne, 2001; Anderson et al., 2004)
o]y} GOMS (Card et al., 1983; John & Kieras, 1996a,
1996b) &} #2 Cognitive Modeling o]-&3A thihd o
A Qg o] 26 gk H717) o] Fo{ A i Itk (Amant et
al., 2004; John et al., 2004; Luo & John., 2005; Das &
Stuerzlinger, 2007). ©]¢} 2 Model—based Evaluation
< QRS Adety FAATE B AXA FA
T AR B 7Fsatr] wiell vhekst A7)}k 7]
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E
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ﬂllo FlO

< 74 Soft—keyboard?] 3717} AEfsHo] A 7k %
716l 7hsska, o)& Sl AR Aol XAEE EAEE
B 4 Qlrh sk 1k A7 /1A, s BFE AT
Aox HOE 4 Qlvhe Aol Slo] <lEjHo] e st
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2 20 AN A7 BARE 5
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1.2 Korean text entry system (Hangul)

o oluilyl v AR AL Reow AIE o]

AL, 14709 A3t 5709 AAbs, 10709 71 a3t
11708 4 B2o] stk 29 s4s 24 + %
AES) + FAE) B 23R + A ED R

2gHr, SaFo] molx shbel wolE FYakA ek
e Held] S GG ATRE Golohe Al fEe
el wek welo] AL SBECE, kA AL ) E
= ofal (o, ) o 2491,

Elx|AF9 7] vjdef st Kong?l AFelMs 239
9109 ot g8 wesgch e A5 vl 9175

a1 x}~.4 oEzxoT 1*0}_ D52 QlEdo] e
o] S

2. Method

2 AT A 399 BE 39E A A
g BF dE ZAA ¢oF wjds Qg He]A 1 (Figure
D3 BEs 2BFE 297 ofglF 180® efste] ujx]
3hal A2 st A "Oi Hix| sk QI #Ho] A 2 (Figure
2) 237l O3l FREE dS5she REE YL, ol
7122] A A3} (Kong et al 2009) 1 I AYPAE] Data
9} vl, B4t & AFelAE Kongsl A9} 2ol
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Figure 1. Interface 1
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Figure 2. Interface 2

2.1 Fitts' law model for Korean text entry on touch-
screen

Fitts' Law QUE|F|o] A4 Q17Fe] E2]4] o]F Al
A&z WFCRE 1 7 7 tEZ 72 o3
(Fitts, 1954).

il
moRY

S e

rl

MT =a + b - loge(A/W + 1) (D

714 AE Target?te] A (Amplitude)o]l W&
Target®] % (Width)& WepZ =7 H22 ID(Index
of Difficulty) 2tar 3} ID7} S718k= 212 A =80
Hast RO o] Wolx|= Z& ou]sitt

MT=a+b-ID (2

Al a®t b= Device (keypad, keyboards) 4 1E]H|0]
2~ 9] Interaction Style®l] wehd AFH oz A= 4 9]
1, ACT-R9 Motor Module w}-$-2 &) Al 9] Fitts'
Law Al5=(a=0.1s, b=0. 1s)E Ag3ska itk 2ev BA
2T = HEZ ol5E FI8lIA AR && FF ook 3t

7] el €9 E8AQl FAYo] Wl Wk AR 9 1Y
L5t A es Ejvhs 574¢] AtH(Zhai et al., 2000).
wEbA] X AT el A o] BE JEE 99 Fitts' Law
74]-’? #kel 2ol ot wEbA] Kongd] AT-ellA] o] &

| EX 2T QIEFo] o4 9] HEZL Fitts' Laws 5%
3t7] gk A& 2SIt

6742 w2t 57, O%x} 19, s+t 28.54) 7 4
Yol ApAom Frlsiglon By tiEkddoln e EEF
o|%th Kong?l AT-elx AHE-® 58 694 739 HA| 23
A Ao AE AFe) Agsiglon 7t BES] A7]= 7}
Z 20mm, A2 15mm3ict.

Fitts' Law+= 1xFelAe] E8]4] 290 xds)
2lo]7] wiitel] EjX|AT AN Y] WETL EE]F o]F Al
3 o] 23 A1 vjdell &3 o JEF Fitts' Law
9] go] I Q 3t} Mackenzie 2} Buxton(1992) 2] 1ol
o8k 2xkgdelA Q] Targete] A7|(W) & =ols} & & &
& ol AdsteR st Stk wEkA WES AW E
Z (20mm) 2.2 AA3te] Equation 19l thelste] HEQ)
Z3te] M ID #hS AFESISITE ek A3E Fake] BE
o] Z3HH it Y A AT jigleH AEE D
o} a4 Az 9 A A, D9 Y
A2+ Equation 28} o] A8 #AAE 7HA= Aoz
EbtH(r*=0.924) (Figure 3).

o]& &3l Fitts' Law7} B1X| 221 A
Oﬂ _gj] 2= o]o 0 §].o]al- 2= 1

rlr

oot

I

MT = 0.152 + 0.129 - log2(A/W + 1) (3)

2.2 Model hypothesis for visual search strategy

B AT Y] 2 JH 3 o] st 1 EE 9
S AL A9 AE g Bgo] HE shusitel 5
°]E F+ Exhaustive Search(Nilsen, 1991) Rth= A
I 25 AAQl AXE Fogete] 1 7Y el F
E Ve dEHS B3 A s HEY Declarative
Memoryoﬂ A7=E o] Q)= k& W 3H= Production Rule

& AT & FEIA k= BES H]EI AHE
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Figure 3. Relationships between ID and time
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2.3 Procedures

2 A2 ACT-R Bd2 A gA8A7} g2 o
sh= AR E A5 2o oo r Fgste] A7
A& 7IEole HEks st =S dEeEe IAE
TS o LA e SAE e AT B
S SAlo ABZEe] wlEoll, ACT—R 29| Declarative
Memory®ll 545 T8 A7 289 237 SAE
ulg] Ags 73k ol v e® ACT-R B9 A+
e 2ol ggEE datel] met A s &71%A
FE 71&ola FE V& £ A7} Declarative
Memoryell #A7d J&sliol & A9 SAks}t X 45
—zrglg 711 RO E £& olFshke Al v 23kl ol

& HEdor s Aot

oo rum N

[o

1. Start: BEls AlFsb7] 98 g A9 SAaEs
Declarative Memory°llA Q1%
IF the goal is to find a target
THEN retrieve target letter.

2. Search—Button: Declarative Memory 4] Q1&% <]
Haflok & A3 T 250 Q1 YAE g
IF the goal is to find a target,
and target letter retrieved
THEN search an unattended letter adjacent
to the target button

3. Move—Attention: Al4o] §AZE AF2|Z A|ZHA F2

= ol

IF the goal is to find a target,
and there is an unattended object
the current location

THEN move visual attention to the

current location

4. Encode—False: RFoF A|Z}A Fo)& &7 g1k 1]
o] Declarative Memory©ollX &3+ 229} v}
Q4 AZE FYIE olF

IF the goal is to find a target,

i
o i

and there are differences between
the value at visual buffer chunk and
declarative buffer chunk

THEN search an unattended target button

5. Encode—True: A4 915 &7 HEY Declara—
tive MemoryellX QI&Est A7t & A5 A4
FA7L AN FOoR & Ol%f\l 7194 FAlel o
S S4%E Declarative Memory©l4] ¢1&

IF the goal is to find a target,
and the value at visual buffer chunk
and declarative buffer chunk are same
THEN move hand to the location where
visual attention shifted,

and think next button to look at

6. Search—End: t=5 HE°] tdt Declarative Memory
7 ol A 9E A5 A B
IF the goal is to find a target,
and no other buttons to
retrieve any more
THEN finish the task
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Figure 4. Process of ACT-R model

3. Results

AA 9 AHAE FHOZ 3 Kong? ol 43
Az Q17 2Ele] oS ke vlwaky] QJsiA 3] #4o]
Ttk Gluck¥} Pew (2005) o wk2d, ¢1%] 23} )
Azl Avg BAFo R vus w dE5Hel /M 1A
e A gslA] drial HraA] 2 gijke g 1x] REle] A
HEE mEEof stk FASIgIk olF S8 2w 94
gzke] A} 7+ Ak AwE Agsh] YA P At
sl ket ofg «1 JE=5 AHdsh7] 2lEiA RMS (Root
O:

Table 1. Comparison of performance time(msec)

Interface 1 Interface 2

Model 2’;‘2 o | Model 2’;‘2 o

1 5,686 | 6,011 | 1,350 | 5,669 | 5,820 | 935

2 6,400 | 6,550 | 1,161 6,185 | 5,777 | 1,067

3 5,701 | 6,091 | 1,526 | 5,612 | 5,359 | 1,024

4 5,737 | 6,976 | 1,317 | 5479 | 6,067 | 1,042

Task | 5 | 10,710 | 10,343 | 1,613 | 9,546 | 9,326 | 1,298
No. | 6 | 10661 | 10,061 | 1,173 | 10,460 | 10,410 | 1,293
7 9,288 | 9,877 | 1,293 | 8,956 | 8,637 | 856

8 9,221 | 10,007 | 1,146 | 8,599 | 8,063 | 1,023

9 9,338 | 9,997 | 1,421 | 8973 | 8497 | 911

10 | 9325 | 9,659 | 1,328 | 8,787 | 8,191 | 1,380

e ol Hr wEll oS g3} volHE 34 &

1%
)

3} r? ghol F F79 QIEIFol oA 0.938% 0.967%
A S gk AL vlolE] hel &2 ATt )
o] ettt o]& F3ll ACT-R EHo] HdA| 33 A7t
7y A 53 A 7koA] A3t sE okAle A3}
HA}S gtolg 4= Qlt}(Figure 5, Figure 6).
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4. Discussion

2 AFelxE BRI AT QE ol AoA das dY T
o] ARgAEe] E FAS BARE = e ACT-R 22
FHATE A5H BHo] 32 AR o2 A% e
o]z 1exg}t BFo] I = ofgf Z&o2 mix|® <lE
Ho]A 2 BF ACT-R Edo] 7|& 9A3xE vfgo s
st A9 dolE 9 A ARt EEFH AT ACT-R
Cognitive Architectureo|A+&= v$-AE o]4-3) Fitts' Law
AGE Ag37] wel EjAAT™ A o] oA Ao

59 Fitts' Law AFE F78ske] A&8iqith 1 49
=84 o]F A7kl Fitts' Timed} BHo] FARSE =3 oF2
S Hole= A& &l 4= Stk (Figure 5, Figure 6).

3 AT Bo] shE A o= add O]EM]OV\
180 A52 A ¢02, Ba2 4 257 o Bel
= HRE e Ho] A 204 o] T2 Y ARME B
2d AN o]E Fo} & 4 Itk (Figure 7). O]# °J
she oS zed SlojA PH"}J TFE EY9oEZH A
’\]7&—5 =Y & U] WiEo®E AT B 12707 A

QEZ wixE ARt & 25 oty EEoR
?40}9\’1% o 4 25 7/0]aL ot BEE 57N7F EHo A
oz AL dioke] JGE 1 A8 Algte] FolErhs A

dlo ol
o X

J

oA ) EA AMe—nkg o]E2l Hick—Hyman Law (Hick,

1952; Hyman, 1953) 2}= st}

2 A7 ACT-R EE2 A4 25 7] 8lof
A A sk skl &
2 ;\]71—76 EMHO Azsno]_ ]

N2 o) o5

o]i= Exhaustive Search
FAE TYslato]
Aeks o] g3sitk ACT-R
Cognitive Architectureo|X+= ] A|ZH4 o0& o]F
=t 4225 Alzto] 185msec® 1A E O] Uk =iy
st AARSS BRI AT-A sk dd o o&3t
I 7% FAANA WE st Az ] FoE §F 1w Eef g

WY #7]3= Exhaustive Search® 283 3% 749 7
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AP SRRt Age] o8 Fet Au) BEE,
e B2 g g ulnE A8l et @
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T FAGelM= AREAE s WES] SAE

1~2W9] A7} B Fof| RS ALE = ACT-R 24
S T3 Flo] Ik AZHA & EAS wigPtia &
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5. Conclusion

B ¢JFo| A= ACT—R Cognitive ArchitectureZ ©]-&
3 Ejx~a -y} 22 Soft—keyboardel A AREA7} 3
< d¥ste TS AT 2 AFtelA ARk ¢
e 9% ACT-R el 1:4 AT el ] E2]4]
o)% A7HE A& wrdstel i, Q17Fe] A|ZhA ehale w

RS i=

R T e
2 nelg wjdde] wob mupdolehs s)E de] AuE

ACT-R EHo] 43 ¥dsh= o=
QEjF|o] 2o Al ACT-R Edlo] AR&AFe] 8 AIZkS 4
o] o5 F USUTE ol Al AA A FE AFhel A
AAA A AlFto] HlFo] FUh= #41S B3l QE|Fo]~
gzkl oA Tedt B84 o] AIZHERE of2} Q1A
A Al 3 mgh aEshks o] Qdith B A= A
2T 2 gEs Hg @ Eiuﬂo]/wﬂ o sk Model—
based Evaluation®] o] 5
3l vheket Fele] o= 4y OJEM] V\Oﬂ EHS} ol
TEA Frpt rksetths delAd 84S 7t
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