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ABSTRACT

The existing GOMS model overestimates the performance time of mouse activities because it describes them in a serial

sequence. However, parallel movements of eye and hand(eye-hand coordination) have been dominant in mouse activities

and this eye-hand coordination is the main factor for the overestimation of performance time. In this study, therefore, the

revised CGOMSL model was developed to implement eye-hand coordination to the mouse activity to overcome one of the
limitations of GOMS model, the lack of capability for parallel processing. The suggested revised CGOMSL model for drag
activity, as an example for one of mouse activities in this study, begins visual search processing before a hand movement

but ends the visual search processing with the hand movement in the same time. The results show that the revised

CGOMSL model made the prediction of human performance more accurately than the existing GOMS model. In other

words, one of the limitations of GOMS model, the incapability of parallel processing, could be overcome with the revised

CGOMSL model so that the performance time should be more accurately predicted.
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1. Introduction
1.1 Overview

Al2wo] vpeFaliA| . EAte o] wef o) E #ssly

]
QUEol 2 AL ARA o A 24T 5 9

sttt o] 9} T2 AREA}F AEH 0]~ (UL User Interface)

MAFet7] fleiAe ZREER]E Tk Jrist d9E
T3l Mz o] DyAlolnk oju QIE|F o] AT} AlA
Blo] EAof 2 F3tx|o] A=A Hoh BAshs A
S AF&A] H7H(UT; Usability Tests) 21 8t} (Bennett
et al., 1989). A2 H7Fe] A= A|~EQ] QIE{Ho] A
£ MAATZIE o] &S SHAINE AREAFe] e AR
& AlFat7] Wl Brke AL QJoE A2 AFEAE
Y H | AE sk o] &Hth(Wiecha et al., 1990,
Puerta et al., 1997).
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el 341 o] 48¥)o] UrkGalitz, 2002). HA A
AYE B A ALY B AnkE vigow v)Ee

A AHA FAIE Eldsto] AR Aes AT

AL 71 HHA 0 R HAAE= AREAL QIE]F0] A~ 37}
A7 9 Eo|th(Landauer, 1995, Kieras, 1999).

SHAINE 99 2 HHEL AFEARE FHAITIE AR
H|g-o] o] AR % 1 (Card et al.,, 1983, Bennett et al,,
1989), AY 7A Awkg B71E AAHlE S5 ok
sh= AE7t FEOE SHAF7I7) o fHuke wWile] A
3t} (Olson & Olson, 1990, Kieras., 1996). w&kA] Card
et al.(1980, 1983)+= 384 =2 (Engineering Model) 2]
Mas AHA B7kell 2838171 A& e, Gould et al.
1985, 1987) = ¥4 A2 (Engineering Principal) ol A}
|4 3E Edsiglth O 49 I ol AE trKRlsta
Frkeh=d AYe Aag 7E A A4 o] Thsdt

24 714k H7HMBE: Model—-Based Evaluation) #o]
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AAE AT Bennett et al.,
oz AAE 2 7Nk F7F e AAE
E At & ad S Qlertel digk ARl 3
3HA 3kt (Kieras, 1996). o]#3d 2dl 7]ute] 3
W2 ¢1#] 24 (Cognitive Model) 5-2] ARM-A} 24l
sto] AA Abgtel] o3k A3 glol= AHEALY] dEE A
Aor dF7bsata, olF Eal e ko] wlwrt
7bsete] Brtel &89 ¢ vkt 8% 98-S stn
AttRitter et al., 2001). ol# gt RHE2 AEFH o]~ 7H
o B 7 E =3 ¢ & QAdEHo|AE AEstAL QlE )
o|lAE AEAIB A AMEA Akl QlolA -4@_547(}*
Aelstar FHAAZ et glow, IEHo| A8 e F7)
e S ¢ gl wiEel St 2l v &S 43t
A 4 YH(Gray et al.,, 1993). &3l o]z 3t <l
=& A2 FAFES 4348 (HCE Human Conputer
Interaction) &oFllA A2} (Perceptual), 14| (Cognitive),
% (Motor) & A7 S-S 1#H st Q1X]F2 (Cognitive
Architecture) & 2 FJ5 o] Q7] wZel ot Q1
Zdko 2 & el 7|uke] Hr)l WL Al AES
Hrbehed 785 424 d9E £E85, o] Ade=
QJEjH | ~E HAst=d AR4Q Aune &5 ok
(Olson & Olson, 1990).

olgfgh QIZke WFS FHriske ARl AATERAE
GOMS family (Olson & Olson, 1990, Card et al., 1996;
John & Kieras, 1996a, 1996b, Kieras, 1996, 1999),
ACT—-R(Anderson et al., 1998), Soar Newell, 1990),
EPIC (Kieras & Meyer, 1997) 5°] 3lth

o] 7}t 53] GOMS Rd g o] fd3 Fhctk
st F#AHolo A ule] HCI okl A thefsiAl AHg-=
o] gtth(Myung, 2004; Williams, 2005, Henrick, 2006,
Back, 2010, Jeon, 2010).
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1.2 The GOMS model

GOMS# =3 (Goal), 2 Operator), ¥ (Method),
A8+ (Selection Rule) o] k&Fo]™, GOMS F P2 <17k
9] Az}, 1A, ol tigk olFlE 7[R o= AR W
F2 mdy gogn, AAE QIE|H o)A, ZHQ]oA o] 3
AlzE el 283 78 S £ 5 lth GOMS 23
2 Az A AAE B E A, 94 IS o=ed) Al
A ZAAEE AR ok 2AAES AES FE A
= e E 72 gle, o] 2AREE TiR!
Zdol| o3l Aol vty &abdow 23
5 gAsHl "ok
GOMS ®®-& Card, Moran, Newelle] &3 #Hx=

oo o
2y 2

Ja ot

>
FH % o

CMN-GOMS (Card, Moran and Newell GOMS) 7} 19804
tf %ol /s o], KLM—GOMS (Keystroke Level Model
GOMS, Card et al, 1983), CPM—GOMS (Cognitive
Perceptual Model GOMS, John, 1988), NGOMSL (Natural
GOMS Language, Kieras, 1999) ol ]2+ S A3
gtk 72 GOMS e 7HA 1 Sle /8] Ao w <l
g 22olal gl Foprk A Apo)7t ok GOMS 2
AHA7F 7H A= A8 HeE We 2va & 5 Qo &
NGOMSL #9lof (Natural Language) 2 7331 7
B Tz FEjo] GOMS REEA E}% wele] v)a)
£ A7 WY 7S B AARRE FES F U B
< 7F GOMS 29 who|t},

NGOMSL2 Computational GOMS E49=Z# Kieras
(1999) ¢l 2J3) 7I+El GLEAN(GOMS Language Eval—
uation and Analysis) &2 7]&2] LISP AFE doje 2
gl Aol BElE & U] RAZ O T 2ol= AFE Aol
C++ Z3tE doj= s o] glor, EPIC 2
TZ(Architecture) & 7|HEC. = 31317] wlel 17 Q1A
o} FHE AlEYols) skl oM E FEErt io} A
03tk GOMS RL=e] ARbolgld QIzte] efe] -

o] 7}gl EGLEAN (Error—Extended GLEAN) - 7}%}
HZo| A7E TPHOE AR Al W AR E A8
st 29 7o 2 HrhE 3w itk (Kieras, 1999). ©]&
Al 4 7&% GOMS €& CGOMS (Computational—GOMS)

Ol

o oE T

e Az} 2l (Procedure Model)
e gk ZEE’H E} RSR=I B il R S B2 LR e s g o
9} o Zo] 7hsdta ARgo] golatthE S A Qi
3 NGOMSL Rde th2 o1x] mdoj vla) ¢17te] 91
Ao gt ol =5 Zlo] Q8] ¢kl Apdo] JWew
3L 3] wiel ANk ARgAEe] RES |7 |

glatt}. 12]al GOMS R v REEe] vl 29 A
MAEHs A9 A7FS ARHoR HolFEg 2o
(Task Analysis)E €4 & = At} = Ao =& &

AR AYES Ed BAs A} k=
2ol A A]9] ofujgh Fago] Alzte] @] Awlal 1A §-5)
= 7 AFIEA A & & oolok wEkA O 11 29
of vlal GOMS 29 AMgAH= Azkesh i 48t 59
A2 o] vheete Anks| Aol 47 7hsstth

olgst Aol r B8t GOMSE thea e A8k
o] ZAH(Olson & Olson, 1990). (1) B]&@AA ol A= 2]
SEA gor, (2) Ag(error)E 1 o}xl a1, (3) U
o] WY a9 Bgo] wkEA] ol A %] g} zfo)
7} EA, (4) Fald ZgFat, (5) BrHEE AlAE
7154 B4, (6) AHEAEY] M=, (7) 7k Ao A &

A|AE B QIE]H|O]
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< 1A Yeth

ek ofzl, 1990dde] A FEAEEFE A|7]H
GOMS 2Heo| 3= A 80t A A~HoZHE 3=
2% kA 55 Z3eta 9l &9 =Z A (operator) 7F
GOMS 7N FA] (outdated) o] webnE gheo] AE= 1
Slth= Aolth(Olson & Olson, 1990).

wsk A Bl3) AFEAES HFFE] AR dRFo] SiE
T Q7] Wil AlAEA AlFehs ARE anHoR &
&k WA A& Al oE Vs HEHoR 2%
3 4= 9= =8 wsk AL QL) E3)
Ast= sAle] phe-As) 2 ETE SAl] AlojE & F
= s A Esh w1 Qlek o]2]Ek ARl E

ko2 g (HY) & (Eye—Mouse Coordination)

olgtal 3, o]AE w—<& FS(F4E) 28 (Eye—Hand
Coordination) 2 2 @etof A WA= 31 ) ch(Smith et
al., 2000, Beig et al., 2010). 3FA|9F ok AF3F 7]E2)
GOMS Edo] Q1zte] WY 39 A& AT F fdrh=
A$Hd (Olson & Olson, 1990) ¢] AA| AHEALE (53], FE
7} =9 *}%X})% ghedstar ol Bdoleli= GOMS B
dlo] EXy} HaHEr)

gERg 2 Oﬂ:rLoﬂ’ﬂL olglst <l7ke]
B T ‘jﬂ% ol w3t 71% ‘?i
GOMS weo] t

N2 Ang @

Hr ;o

=
M
Qo] el WY A9E e f%‘ﬂ 2 Akl
=

B AT qlgke) Qs B9lel BelE BA ATE
Fst GOMS EE9] 7745 Haslgleh 53] 719 GOMS
malo] Alksh= nhes Wslsh BelE B P WS ¥
Mot BARE EEAGT 7 o) £ 2445
E4S A AR S A 2R AT
W, o] Aupt WA NAPAE B FEE £ Aok}
Hlastel F mEle] AEyE Hhe vk dk

2.1 Drag activities in existing GOMS model

Q17ke] #$j+= Table 19 GOMS Edlof wAj#
s} sheole] ghoz ARk GOMS mele] 2 =

le— ]_

A oA ARG WA 22T RREE, 04 220
Manual, Vocal, Visual, Auditory OEE & Z2kat
Analyst Defined, Task Memory Access 52 <17+
FsS TEETh olgd 2SS ol AHEAEETEH
217 A2 A} Olson & Olson(1989) 9 -2 7]& A

Aol elel At Ay ey ghow Agstal gl
Table 1. GOMS operators
GOMS Operator msec
Keystroke 280
Type-in N Keys*50
Click 200
Double-click 400
Release 100
Point-to 1,100
Home-to 400
Look for object whose 1,200
Look at 200
Get_task item whose 1,200
Recall LTM item whose 1,200
Store 0.0 or 50
Deleate 0.0 or 50
Verify 1,200
Speak N syllables*150

ZA3FE 34 7|Rke] Qe Ho]A H7E A] RIWE] o] 85
t GOMS e 2AAES A¥ud, 7|HE=E X
(Keystroke), Uh—ii £-A0] 11 (Point_to), ¥ (Single/
Double click, Hold_down, Release) 3= Manual Z2#}
7F 1o, 415 X+ (Look_for_object_whose, Look_at)
Visual 2227} A48k, o] &9 i KLM-
GOMS (Card et al., 1983; John & Kieras, 1996a, 1996b)
Tael 225 A% (Kieras & Knudsen, 2006).

712 GOMS Rdof m=w 171e Q1x]¢} 9= skt
A AR or A dokes M-S AR st ok 19

QIZES FE& AX 9 A= EHAA A48 o7

Z AR} 2o 23} Qb o] Al e 94
22 w5 JAAge] aert e g o R A 23Rt
432 Fo] vt (Kieras & Knudsen, 2006).

olglgt 7]&S] GOMS Rl 23d xAAtel W&
ARgate] mpg-2of THAR Q] F B ATl A’kEr =
A2 Y2 A 47HA FEE s 5 ok 3, =
I AR Eves A3E AR EA] Ststol A7 '
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A (Look_for_obect_whose) & &3l Zroljof sl A4
o]t} (Drag activity (a) —— Look for start point and look
for end point). 4], Tl 1 AFHS AR A X
st Erks AR o] & glo] T AR A
LA (Look_for_object_whose) S 3] Zolfjo} &}%
Ty A8E EA B7] (Look_at) ¥ s = A-go
t}(Drag activity (b) — Look for start point and look at
end point). ©]¢} W2 A WA HeE =1 AZHH
< € gloy Fuvhes ARE BET QLo ARHE
2] HH (Look_at) HAI®F By A A9 A7 &4
F3 Zoluol 3t} (Drag
activity (¢) — Look at start point and look for end point).
A, 81 AR Evis RS olv] € Qlo] A
A B5F 1B7](Look_at) ¥t 3P H&=
(d) — Look at start point and look at end point).

71 GOMS EE2 99 4717 =g 3517 ¢
A FEHLE 6T (step) B A S Z AR A Hrt
Figure 1(a) ¥} #9°] Drag activity (a) & 3% A% 5%
SA BRE ARAPE B2 Qlokal 7Pgste] FAlojof &
= H+= Z(Step 1; Look_for_object_whose)

X YAZ v AE 22 0]3(Step 2;
l1Hos mpoxs oEZ BES -
A3} 2L (Step 3; Hold_down),

2 % o]lZ Hi(Step 4;

_r51i>

(Look_for_object_whose) &

73-$-o]tH(Drag activity

mlo J}n P

& Zlo}
Al O 72
POI t_to), ZEZ A
Az Aeg AdE
1 H ME2E =2
Look_for_object_ Whose) 1Y FE ueAE 015,\]7]
S (Step 5; Point_to), F21. YE v~ 0= =9
u= 34 (Step 6; Release)ii Tz #go) ;ﬂtﬂéﬂu;]
% 4,800mse] 2e®t}

Drag activity (b) &} (c) &] 750l 3lolM= A1 =3
LA ExE 2 g 7] BEES ojv] & =
x5 2= o] Ak A B i) Ho® F
wl#o]l Drag activity (b) ] Z-%-olli= step 42] o] Drag
activity (c) 2] 7$-olli= step 2] #7o] Look_at B2

it _1)4

IE
A=

fa
R
(e

o]E=t}, 181 Drag activity (d) 2] Z-$-oxE= A2 B3
T2 BXE AREAPL on] B & Qlvkal 7 st
9] Look _for_object_whose ¥4 Look_at g2
2 vEA 2 2909 438 A7te] 2,800msec”t ¥tk

2.2 Drag activities in revised GOMS model

Fischer et al.(1986) £} Gribble et al.(2002) 2] -]
whEm npos zAA = AZFA BRAS Sl Eol o)
FAlel FH oAl E= A 3% 3 (Overlap) ©] A

= w-<& WY o] dojdtt gla o]efsh A7
@ AL o FAY vlEte] 2w 4 AFEM
(Smith et al., 2000, Bieg et al., 2010) £9] &37|Jdo] &
s A7 "R vk ok (Mackenzie, 2002).

weEbA] 919 AT AyE v R #4E GOMS 2™
o 23t =1 2o M = Figure 1(b) oA & 4= %o
718 GOMS EgoA 4% =1 292 2 79 o
A7t 74E GOMS EHlof|x= AlZF @allo] ojuf= 53t
k28] 22 (&L FA9)) HAo] FAlel Loy, o]
st =0] & Qlo] Fifi= X FollA] Al EA sk kg E=
A7 HE A o2 dAystA %‘:P

¥ H]JJ_EH HH, 7]4—-»1 GOMS U‘H]-J %‘X]°1°]C g EnE
2= A (Step 1) &F 2H2 HXE vheAE R0 ©A
(Step 2) & FHE GOMS Edlor= -4 Wy 3o
9)3te] AJZF &Al 222} (Look_for_object_whose; 1,200
msec) 7} ABE & du} 7] gro} £ FA Qo] TE
Z2 2} (Point_to; 1,100msec) = gAlol] AgEo] FAld
+ @Al (Revised step 1) & Fskth 1 o] 5o
o ]: 71 GOMS EdeA ExE AlZHo R nhe-
5 725 @A (Step D& FEE GOMS FdoA %
A4 445 (Revised step 2), 7]1& GOMS E.@lo
%L X5 2= dA(Step 4) 9 B FE=R

=

v E A A Al7ke] 4,800msecellA B 3,800msec® = @A (Step 5) = F9F GOMS E2e
] 1200 2300 3600 4700 4800
| Look_for_object_swhose Point_to ‘ Hold | Look_for_ohject_whose | Point_to | Release |

(a) The progress timeline of existing GOMS model for drag activity(a)

1200 1300

2500

i

Look for object_whose Look_for_object_whose

<O

Point_to

| Point_to down

i O

2600

(b) The progress timeline of revised GOMS model for drag activity(a)

Figure 1. The progress timeline of drag activity(a)
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A gkellA] AL AR S Zrof mhpAE 77 B
(Revised stepl) &} PIEVIR 2 w—<& W A o) 95l
A2t g 22271 AdE $ det HF] ot &9 SAY
of #AH XA HEAo R Ao SRyE e
A (Revised step 3) 2 £33k npxut A9l 211
A v QBE HES we AEE 71E9] GOMS =
A3} 2t} (Revised step 4).
71E29] GOMS EHlo] 471A1¢] =81 #Yo] 354
2 670 WAE FAH R o] FoX ] T A4S
g3l=d de)le AIRro]l 7217 4,800msec(Drag activity
(@), 3,800msec (Drag activity (b), (c)), 2,800msec (Drag
activity () 2 o|53h= Aol vlal, oAl 22 7o
9ate] g A4S A F9E GOMS Ed F—&
W 7ol o3l Azt G 22xtel o] Ao A
AL Al o]FolA AAAQ 2o DATE 471€]
AR ZolEH, o2 Q) =1 FS dashed A
£ Al7re]l 27} 2,600msec (Drag activity (a)), 2,500msec
(Drag activity (b), (c)), 2,400msec (Drag activity (d)) =
ZA ASE Ak

e lo

3. Verification Test

3.1 Participants

% 28] ol AL) AFBel 4 ARIVEE o Folzith

2 A= HFE 7 AAE T BARAES 3}—111]
o] €% 11 1= Microsoft Excel 20072 A3 A& -
5}913‘31 ol o E HTE AT $19F 22 7‘]'?3

< GOMS EHlg A= Fa3t 7|2 ZAez
o] Hx9o GOMS 2d 7utef] #EH n} 9low (John &
Kieras, 1996a), Microsoft Excel 20072] 7-9- 9%=% 7]
HES] QIE{Ho]AA] ofo]ZE& Elste] 2§ o] 7}?
SHEE FAE ] ok
A8 FA= Microsoft Excel 2007914 Folx Az
A|E(Spread Sheet) ol 4¥¥ X #=3 Y #=2] 8
A&sh= Aol
AR AgE s)AEA P> A 79 s
TAAE O] Stk A WA ok Hie A9 Hivrel

=
B
=4

é

JPU
HU UO(' ﬂJlO

Al [Data; dlolE]] & Zro} M¥el= Zlola, + HA 3
$ H3x= dolH Wiy We [Data Analysis; Hlo]E] 4]
0} sk Aotk Al WA 3he] Exela = 24
Yol A w57 ke 274 3ke] [Regression; 3]71%4]
U E Zgsto] Mustd 22 fA]elA dlojg g &
Ak o] WA 3k BXelMe= y #e SHas
oy 3 48 o] EA3E o] lo] vz ¢igo] 7}
b, 22l x 3t 49 Alele x @t 49 Fo] &433)
RA kol ohAl WA B9 HaelA x # dY A=
Fo} oA AR 3ke] HaelME x #he EUaE o
e S oM e [0k E9l] HES By
A IAE SE3HA
A o= Figure 194 4% =g 2
ol 28 A (Click activity) ¥ dE &8 &<
(Double—click activity) ©] o]-&¥t}. o]}t F 7}A] vh-¢-
2 ALzl Ay v AR 7]E GOMS EEelA
= Al ' I ke 5] EabA 0w YT
stAINE 28 A9l o E 28 Y Eo A @
3= F3E &0l Al FH oA HE AR 3%
EAlsHE w-& ¥E Bo] dojuA Frt wetx
B GOMS RHoM= Figure 20148 o] 28 2
HE 29 2A9S 717 29 (Click <buttor>) ¥} H& £
(Double_click <puttor>)S 3s}7] 7R 3 FH0 2 &
EE 3= 3 Look_at) # PRe-2E 40 HiE 7]
+ ¥4 (Point_to) & ¥AH o2 AT 7= GOMS
Bdox 28 A9y gE 29 #YS 27 1,500msec,
1,700msec®E 53t Aol vldll, £4E GOMS R
e 242+ 1,300msec, 1,500msec® ZA &3

2 AT AEEe 2HAES VB OE YAE Q)
+ e #(default value) & FA18tcH= 71gstel] 2+

i) mlo
oN' >1>1'

o i HU
o

ro @ _%

£ Hﬂi -VL r°1'

r~1m =

Mt % o ool x@ o mo b gf

U

Jon A

2 - e Jé
oo O e

2] dAlof] w3 712 GOMSSF 3% GOMS F o

wheh TS sl

0 200 1300 1500
Look_at Point_to ‘ Click

(a) Click activity for existing GOMS

0 200

Look_at

Point_to | Click ‘

1100 1300
(b) Click activity for revised GOMS

Figure 2. The progress timeline of click activity
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3.3 Results

B AFoqE= 7]1ES NGOMSL Fdof F—&= ¥4 3
4ol A4S B8 49 GOMS BES Agtstsin) AA|
T3 A2 GOMS Edol| st oS A#e] FAF x}o]
= A537] 98l Student's t—testE ST 1 A3}
AR A HAES 78 AR 71E9 GOMS 299
A= 793 2FolE YERY 2 (p—value = 0.0086),

T4¥ GOMS 29 AFfele ot ztolE WAt (p—
value = 0.0078). ©]= Figure 3°IM % & 5= gl%o] A¥
HAE k=t lolA 2+ Al 7] HAx} Wi A,
B 5 AEE VISR a9ls W #48E GOMS e
o] 7]&2] GOMS =Ede] nlato] ke 38 A7 &
g FARHA dSetal Qo of2 k4] 1z 3 ARk
FeE 2ozt glo] AS5shA] Xevha & 4 Sl A
TetH THE GOMS Ree] oSgho] AAl 43t Bt
T F7rE o AA] A H7EAEL] Microsoft Excel
20078] FHAREA FAC] digt FEEE A g 2
A (2 level) & o] FoA] ttka

20000
18000
16000
14000
12000
10000
8000
6000
4000
2000

Subgoal 1 Subgoal 2  Subgoal3  Subgoal4 Subgoal5 Subgoal6  Subgoal 7

Existing GOMS: Revised GOMS
_—.82 == S3 e sS4

——m86 e s7

Figure 3. Cumulative performance time

Table 20141 B 7]£2] GOMS EHof A=
7+ 19,100msec® &35l oH, o= A 32 F A}
% 3 Az 11,622msec = oF 70.0%2] AE0] HAY
itk 18y =8 E GOMS RdloAM= F 43 A|7ho]
14200msec® oS50 A I A@Ae}e] QA& oF
22.2%% ZA2Eth 4" GOMS Rdlo] Q1zte] ¢l ¢}
T 549 F-& HE HEE Wgste] 7€ GOMS

% e A

Hlel] eapgo] AA FHasto] AAl AZEE] 3 ARt 24
ko) ok 259% o H7IEQICH HE GOMS 2
o] AZgkol Al AY rhate] SR FAG0E 2

o]& HoJu, Olson & Olson(1990) ¢ oJstd fra Fd=
249 @2H8-2] ¥ (rule of thumb) & 20% W& Eria
SIHE 22.2%°] eAHES Hols 74
sgstba 8 2= Qo)

A A S FAFoR Aurd 7h 519 %ﬁ%c’ =
2 A 22 49 vy gl 7
299 Ae 717te] 28 A4S 1,500msecE, —r@g
GOMS 799 79 1,300msec® FU3H7A &3t ok
ek AR FAHAE] 7 AR A A 22 A9
1,017msec, 7 WA £9 #YS 966msec, Al HA
2k91& 980msec, PHA &8 42 1,116msecE BT
tt2rk o] 410 8 A9 Hat ARE: 1,020msec . E

71&8] GOMS E"o|u 4% GOMS Edlo] 2ds] Zo)
WHeE € g Aok ol AR AP FE AI7E
9] Afo]lE Kol o= 77t k9l Hirelx FIEE=
29 ZYgolx 9] ukg-x olF Ayt 747 th=7] wiitolrk

T EEHZ 24e] 735 vl WA ake] Fims) oAl A
3] EX oAM= 8E GOMS Edo] Z+7; 2,500msec,
2,400msec® A 3R] 3 A7kl 2 662msec,
2,178msecs} Al dlSata Uk e Al A st
9 EpelAe Tl &g A FAERE] 8 ARk
(1,715msec) ©ll Hlgto] € GOMS EHo| o 0.79%

Table 2. Regression analysis task using Microsoft Excel 2007(msec)

Main goal; Method for goal: Regression analysis Existing GOMS Revised GOMS Empirical Data
Subgoal 1; Select data menu(Click activity) 1,500 1,300 1,017
Subgoal 2; Select data analysis menu(Click activity) 1,500 1,300 966
. . Drag activity(b) 3,800 2,500 1,715

Subgoal 3; Select regression analysis menu -

Double-click 1,700 1,500 988
Subgoal 4; Input Y-data(Drag activity(a)) 4,800 2,600 2,662
Subgoal 5; Select input box for X-data(Click activity) 1,500 1,300 980
Subgoal 6; Input X-data(Drag activity(d)) 2,800 2,400 2,178
Subgoal 7; Select Ok button(Click activity) 1,500 1,300 1,116
Total 19,100 14,200 11,622




Vol. 30, No. 2. 2011. 4.30

Revised Computational-GOMS Model for Drag Activity 371

Il ell=staL Sl ol 2¥ Aol gl A R =2
7L Aol R £ ol s A7t vE, Al iA S
9 Fapel o] =i #gdo] H3FE ol o]8E=

71 2 e B olF Aol Hlal g2 Zlo] djlow

r

i

N
ol
=5

St

o
o
>
)
&
=)
o
il
~
=
ofo
(o0
ol
£
o
offt
A
L)
=2
=

B Qo= 7] NGOMSL 2do) -4 34 =
Aol ALS B3 549 GOMS EES Aketich

Z':
¥ GOMS 9&ll AFHE T 3 ARES Al A 5

GOMS ==o] A %9l

o], #5FE AFE A3 Microsoft Excel 2007 AFE WIES)
< 74 (Homogeneous) & {HF3kal A3S sk oy Ay}
Aog HA7AES] FHEL A7} 7 HAOo®E ol
o2 F£HE GOMS Baz AA 73 Alzkz) 2jo]
AAZ7] W o]t

A, v WY S sk 7l A 7S]
2] UAlE geinlE ghg 7120 skal §17] wlitel

il

= T iiEa 10 h=aaE. 1 -1

M FAT A7 A g3to] B S VRO B

9] g Al HgEE e AR e Bge

Q] RARSHE Zlo] RStk olF W 2 ATl A

ke Sel A F S Alge) b Ee Sal A
wel ¥e)

& (Point_to) &2 FAH o] gl=d ol& 44
doflA F—< WY 28 F3to] Eula AYs FHse
v 22e] iRl ghEtelE] ghol ofu] AsjA] glom
& (Point_to) =&AL} A7to] Zof opbf-g] WEA st e
2,400msecHrt 25 = QA Fck 2Ev & AFelA S
A9 =9 e AEA dRghe H2 2,200msec?!
g, ol +HE GOMS LEoflA Alokel =1 o]

el 2,400msecktt &t} &, o]i= 3% (Point_to) %
take] UiAlEl dhetelE] glo] #o) rhEe] Qlvka & 4
o weba 8F (Point_to) &R #h& Aol wet
|5 AlREo] @A = Fitts' law #ko] ¥ e #he 28354
b= ok O oo el o Bl shvka Azt
AR, ol GA &AL ] A" 2E FebiEs 1980
o} Card et al.(1983), Olson & Nilsen(1988), John &
Newell(1989) Gol 93] #&=1 AAH gsEs 712
2 k3 givk AR 4] dol A A=, FAFEE #4Y
AHE7 HT 1 R B2 AbEo] HIFE Al o5
Hok a8 Bg AR 1A 347 PFe 5 AR 7S
o] GOMS EEe] A=) Sl Fetv|e ghexch webs
< Zolth Tk AFE 4 sk AMAelA A A3
Ao ornt e FeES Holx Q7] wiel dAle]
A 2E B oA AlEA FEE Fetv|E Q] Aol x4
gt 538 A ST ¢ s Aolet AztE

ol9} & ZZAe} sebu|Ele] 4274 Henrik (2006),
Amant et al.(2007), Lee & Myung(2008) 5ol oJ&l -+
F2 o1 Lee & Myung (2008) 0] A|qket 2 dlo] o)A s}
T8 NS dSstH S AR A= 12,660ms (A&
¢F 11.35%) 7} £&H o] & AFelA Ajkd 4% GOMS
w2 vl e o A&sic) sHAITE 2272} A oe 7]qto]
 7Pdo] Brkd 7)o s Eo] Q17| Wil HIFE V)
Whe] MR A gol d F EAE FF A9 2.

stk

30 B by

O

5’10

5. Conclusion

B A ME 7] GOMS B2 Ao ule} REs
TAE L B AFE Sl GOMS EEoA o] Aldka o]
Q7] Q1x) A AAE wkgshr] §8 2Z ]
S HEdgoz wix|ste] RS glnk et 1o A
she Al ARE B8l AA A9 nuT o 2R A2
S EAUE Zoz WAE)

7

= 79 GOMS 29s de 5= )
A AnE B3 £4¥ GOMS mdo] A
B A & 5T F e s
gorsl AEZHE zk= Qe HolAY FHU}
Computational -GOMSL 474 X2 Ak AF8A] 7} B
gk ohyEl AR ARl ARV EAE QoA = b
§ Z23% 9T gt

wWep ¥ QT tEH 0w AL njash 2o/

o5 M



372 Yongho Lee - Young Joo Jeon - Rohae Myung JESK

1% dEjFo] At ofel, Buh oE2lo]al AFuARl A
F 2 AARME AR 7Fsd GOMS BElE 7o 9
Agke] AZIE mhdstal GOMS Ree] g3 s %
Zrol=Eiele g AAE 4= 9tk

Acknowledgements

< 2008 =g AT 71 xATA T
278 T5<A7(Grant No. KRF—2008-313-D01233)
o} 2%/ BK21AF A& ol =35 219

References

Anderson, J. R. and Lebiere, C., Atomic Components of Thought, Lawrence
Erlbaum Associates, New Jersey, London, 1998.

Back, J., Myung, R. and Yoon, D., Applying CPM-GOMS Analysis for
predicting and Explaining Two-Handed Korean Text Entry Task on
Mobile Phone, Human Factors and Ergonomics Society Annual
Meeting Proceedings, Human Performance Modeling, 977-981, 2010.

Bennett, J., Butler, K. and Whiteside, J., Usability Engineering, A tutorial
presented at CHI, ‘89 Conference on Human Factors in Computing
Systems, Austin, TX, April 30-May 5, 1989.

Bieg, H., Reiterer, H. and Bulthoff, H. H., Eye and Pointer Coordination in
Search and Selection Tasks, ETRA2010, Austin, TX, March 22-24,
2010.

Bothell, D., ACT-R 6.0 Reference Manual. From the ACT-R Web site:
http://act-r.psy.cmu.edu/actr6/reference-manual.pdf, 2007.

Card, S. K., Moran, T. P. and Newell, A., Computer Text-Editing: An
Information-Processing Analysis of a Routine Cognitive Skill, Cognitive
Psychology, 12, 32-74, 1980b.

Card, S. K., Moran, T. P. and Newell, A., The Psychology of Human-
Computer Interaction, L. Erlbaum Associates, 1983.

Fischer, B. and Rogal, L., Eye Hand Coordination in Man: A Reaction
Time Study, Biological Cybernetics, 55,253-261, 1986.

Galitz, W., The Essential Guide to User Interface Design, 2nd ed., Wiley,
2002.

Gillan, D. J., Holden, K. and Adam, S., How does Fitts' Law Fit Pointing
and Dragging?, Proceedings of the SIGCHI conference on Human
factors in computing systems, New York, 227-234, 1990.

Gould, J. D., Boies, S. J., Levy, S., Richards, J. T. and Schoonard, J., The
1984 Olympic Message Systme: A Test of Behavioral Principles of
System Design. Communications of the ACM, 758-769, 1987.

Gould, J. D. and Lewis, C., Designing for Usability: Key Principles and
What Designers Think., Communications of the ACM, 300-311, 1985.

Gray, W. D., Spohrer, J. C. and Green, T. R. G., End-user programming

languages: The CHI '92 workshop report., SIGCHI Bulletin, 25(2),
46-50, 1993.

Gribble, P. L., Everling, S., Ford, K. and Mattar, A., Hand Eye
Coordination for Rapid Pointing Movements, Experimental Brain
Research, 145, 372-382,2002.

Henrik, T., Measuring Website Usability for Visually Impaired People - A
Modified GOMS Analysis, Proceedings of the 8th International
ACM SIGACCESS Conference on Computers and Accessibility,
Portland, Oregon, 55-62, 2006.

Holleis, P, Otto, F., Hubmann, H. and Schmidt, A., Keystroke-Level
Model for advanced Mobile Phone Interaction, Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, San
Jose, California, 1505-1514, 2007.

Ivory, M. Y. and Hearst, M. A., Improving Web Site Design, IEEE Internet
Computing, vol. 6, no. 2, 56-63, 2002.

Jeon, Y. J., Revised GOMS Operator for Drag and Drop, Proceedings of
the Human Factors and Ergonomics Society 54th Annual Meeting,
San Francisco, California, 1742-1746, 2010.

John, B. E., Contributions to Engineering Models of Human-Computer
Interaction, Doctoral Dissertation, Canegie Mellon University,
Pittsburgh, 1988.

John, B. E., "Why GOMS?", ACM Interaction, NY, USA, 2(4), 80-89,
1995.

John, B. E. and Newell, A., Cumulating the Science of HCIL: From S-R
Compatibility to Transcription Typing, ACM SIHCHI Bulletin, 20,
109-114, 1989.

John, B. E. and Kieras, D. E., Using GOMS for User Interface Design and
Evaluation: Which Technique?, ACM Transactions on Computer-
Human Interaction, 3(4), 287-319, Dec, 1996a.

John, B. E, and Kieras, D. E., The GOMS Family of User Interface
Analysis Techniques: Comparison and Contrast, ACM Transactions
on Computer-Human Interaction, 3(4), 320-350, 1996b.

Kieras, D. E., A Guide to GOMS Model Usability Evaluation using
NGOMSL, The Handbook of Human-Computer Interaction. 2nd
edition, North-Holland, Amsterdam, 1996.

Kieras, D. E., A Guide to GOMS Model Usability Evaluation using
GOMSL and GLEANS3, Technical report, University of Michigan,
Ann Arbor, ML, 1999.

Kieras, D. E. and Knudsen, K., Comprehensive Computational GOMS
Modeling with GLEAN. In Proceedings of BRIMS 2006, Baltimore,
May 16-18, 2006.

Kieras, D. E. and Meyer D. E., An Overview of the EPIC Architecture for
Cognition and Performance with Application to Human-Computer
Interaction, Human-Computer Interaction, 12,391-438, 1997.

Kieras, D. E., Scott, D. W. and Meyer D. E., Predictive Engineering
Models Using the EPIC Architecture for a High-Performance Task,
Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems, 11-18, Denver, Colorado, United States, 1995.

Landauer, T. K., The Trouble With Computers: Usefulness, Usability, and
Productivity. MIT Press, 1995.

MacKenzie, I. S., Movement time Prediction in Human-computer Interfaces,
Human-Computer Interaction (2nd ed.), 483-493. Kaufmann, Losaltos,



Vol. 30, No. 2. 2011.4.30

Revised Computational-GOMS Model for Drag Activity 373

CA., R. M. Baecker, W. A. S. Buxton, J. Grudin and S. Greenberg
(Eds.), 1992.

MacKenzie, 1. S. and Soukoreff, R. W., Text Entry for Mobile Computing:
Models and Methods, Theory and Practice, Human-Computer
Interaction, 17, 147-198, 2002.

Myung, R., Keystroke-level Analysis of Korean Test Entry Methods on
Mobile Phones, International Journal of Human-Computer Studies,
60, 545-563,2004.

Newell, A., Unified Theories of Cognition, Harvard University Press,
Cambridge, 1990.

Olson, J. R. and Nilsen, E., Anlaysis of the Cognition Involved in
Spreadsheet software Interaction, Human-Computer Interaction, 3,
309-350, 1988.

Olson, J. R. and Olson, G. M., The Growth of Cognitive Modeling in
Human-Computer Interaction since GOMS, Human-Computer
Interaction, 5,221-265, 1990.

Parush, A., Nadir, R. and Shtub, A., Evaluating the layout of graphical user
interface screens: Validation of a numerical, computerized model.
International Journal of Human Com-puter Interaction, 10(4), 343
-360, 1998.

Puerta, A. and Maulsby, D., MOBI-D: A Model-Based Development
Environment for User-Centered Design, Proceedings of CHI '97,
Atlanta, 4-5, 1997.

Ritter, F. E, Shadbolt, N. R., Elliman, D., Young, R., Gobet, F. and Baxter,
G. D., Techniques for Modeling Human Performance in Synthetic
Environments: A4 Supplementary Review, Wright-Patterson Air Force
Base, 2001.

Salvucci, D. D. and Goldberg, J. H., Identifying Fixations and Saccades in
Eye-Tracking Protocols, Proceedings of the EyeTracking Research
and Applications Symposium, Palm Beach Gardens, Florida, 71-78,
2000.

Smith, B. A., Ho, J., Ark, W. and Zhai, S., Hand Eye Coordination Patterns
in Target Selection, Proceedings of Eye Tracking Research &
Applications Symposium 2000, Palm Beach Garden, FL, USA, 2000.

Takahiro, H. and Kazuyuki, S, Different Memory Types for Generating
Saccades at Different Stages of Learning, Neuroscience Research,
55(3),271-284, 2006.

Viviani, P., Baud-Bovy, G. and Redolfi, M., Perceiving and Tracking
Kinaesthetic Stimuli: Further Evidence of Motor Perceptual Inter-
actions, Journal of experimental psychology, 23(4), 1232-1252, 1997.

Whisenand, T. G. and Emurian, H. H., Analysis of cursor movements with
amouse, Proceedings of HCI International '97, San Francisco, USA,
533-536, 1997.

Wiecha, C. and Boles, S., Generating User Interfaces: Principles and Use
of It Style Rules, Proceedings of the Third Annual ACM SIGGRAPH
Symposium on User Interface Software and Technology, 21-30, 1990.

Williams, K. E., Computer-aided GOMS: A Description and Evaluation of
a Tool that Integrates Existing Research for Modeling Human-
Computer Interaction, International Journal of Human-Computer
Interaction, 18, 39-58, 2005.

Author listings

Yongho Lee: cash30yh@korea.ac.kr

Highest degree: BE in Department of Industrial System Information
Engineering, Korea University
Areas of interest: HCI, Cognitive Modeling

Young Joo Jeon: young_jeon@korea.ac.kr

Highest degree: BA, School of Art and Design, Korea University
Areas of interest: HCI

Rohae Myung: rmyung@korea.ac.kr

Highest degree: Ph.D., Industrial Engineering, Texas Tech University
Position title: Professor in Dept. of Industrial Engineering, Korea
University

Areas of interest: HCI, Cognitive Modeling

Date Received : 2011-02-09
Date Revised :2011-03-14
Date Accepted : 2011-03-16



