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Modeling of Fitts” Movement Time Including
Effect of Control-Display Gain

R, g1t e

ABSTRACT

During human-computer interaction(HCI), people typically send inputs to computers through
electromechanical pointing devices. Many applied studies have therefore evaluated cursor-positioning
movements made with various pointing devices. Though there were so many studies about
performance of various pointing devices, it was nearly impossible to compare device performance
each other until the Fitts' law was applied. It does appear that Fitts’ law may predict performance
reasonably well for the one C-D gain level. But in varying C-D gain levels, Fitts’ law could not
predict movement time. This study investigated the effects of C-D gain in mouse movement time
and suggested a revised Fitts’ model including C-D gain as an independent variable. The revised
Fitts’ model may use to measure the performance of various devices in varying C-D gain levels.
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A-AFEH 4EZEMHCL Human-com-
puter interaction)ol A Al ES ¥ o2 A
A-7174] E Q¥ A A (electro-mechanical poin-
ting devi ce, o; 71 RE, v} EHE glo)
Ed )& B3 AHFEA 948 J8E Bz
Az} A A (visual display, <l; CRT 3H9H)
g %3 £9& e Walker, 1993). 977
FH A4S H4¥  dE#HolA(human
-computer interface)s WE7]d HFFI=
(punched cards)& FJol¥ e ALBRE Ao
W A3Hcyber glove) S ol &3 3zt 7M1 &
AE 9Fe A7A B ¥HEE FHojgd
(MacKenzie, 199).

n}o] 2 2 2 X E (Microsoft®)A}2]  Windows
9%7F PC EAAZ 5o B AH&AE
& R HAA, o)A HFE AEAELS
g2 HE 1) B 2 o]e HES o
B34 RUEAY ofo]EE FHUYLEZHA A
HHoz AN2dny d3a4shsd A%
A HJT B2 Ao| vpg-2g o] 83 X
A"/= A 4 (pointing and/or dragging) Z<d
€ g9z A "o, oAE wrgAv)
e AFH F9e A4E€ 4+ 84 =AU
up-2 olejol® HFE Y FA EEA
B2 4¥AA 2gEHAL HAR ALEEHR
At ol AR HFEHAA I
A4 §sk EYE, HA e 5L b R3d
HE(CAD) oA AHE-8HE A Elel A, 28/
AY FolA AHES e xol2Y, 4Y AHIYE

A& ZolEd, HA 238 Fo] gloy, F
ZollE JHEEA BdA AFEG Faze
371 18 Alolw] A2t 39 AHFA F&
E T Uth

HE-e HAEE-r]AEY o (control-display)
ALelF o] 2olA 5 JHFAx BEHozr
2944 FefHo] Aok A& g0 HHFH
A AHGHE w2 ERE EE BA E
E¥(touch tablet) & sHHAd Yehys
AXNE ZFFcL olHF AEHo|AE FHF
etz A% & MR FEe M F& A%
& U= C-D gain(control-display gain) £+
ol¢] ¥4 C-D H|(control-display ratio)l
A AYE #dse AotHlynn & Joel,
1990). C-D gain2 Mo RE9 ©9 o] F o
ek &3] Ao AXMY olgHoZ A9
& 4= tHLynn & Joel, 1986).

Control— Display Gain= syswgg;?ti%lmlyn)buotu ;

UNtH o2 o3 C-D gaine o|F A
w3317 5o 2P Ao mejuE B
o &2 FEHY, PES-r]2Eo] FY
o f& B ATl o|FALTH C-D gain
ko] U-ele] @A ddkeE Aol ¢#A
At #HE: o]FARE e HFHY C-D
gain® ¢ 4% & vAe= FaF 2
aBA, AT ZEAGo] 83 A A4
H3 C-D gain® HPHOZ AAFHooF &
tHLin et al, 1992). C-D gaindl] #3 A=
HEE-tJ2 5 o] A|&”loA ®o] thFo R
I 834 HHJMLynn & Joel. 1986,
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Lynn & Joel. 1990, Buck. 1980, Lin et al
1992,).

sdde AFH 4F #Ad AAM A
A4 e ol FAZHmovement time) & X
deo] dgMdol WFHn vk HEWUBit-
mapped) ¥ BA7}  EXW(character-
mapped) EAIE tiA&n gled, wlwet 9
#Hole| A olo]Fo] 2 V& E: U,
AHgzE QI Aoy AA 719 A 7] tjal
o}$- 29} Ec}(pull-down) HFE A
o} QIZ-ZHFE AEge] B AHZo]
Hol oel A7t S dY SE/AYRE
& 9 (speed/accuracy mode 1)0] UAH-ZFH
Azaen 4R BAE 7HXA HALeH,
ezl % Ed(keystroke-level model)X
izl fAgelN HFEH 4Y ZHYPd A o]

% Y ZE(movement activity)S Z#HE HaA
o] drAalg tiMacKenzie, 1991). °lel g
32 Wete 2+ Fitts W3S & + Atk A
A7l AvtE dojd EF W EHE AFH
(point)&}71 1% o] ’FAZHmovement time;
MT)& 24 A 93 A/Wel 21 vj3
g}, &

MT=a+b- 1032(2‘4

A ¥3714 9 Aal(Display amplitude)
W : ¥39 Z(Display target width)

2 vehd § k. o714, agt be A¥FHL
FejR = dgeolct, ARt o] Fitts HE
2ol o] WE(ID; Index of difficulty)el ©
A &4 o] FAZL AF RdelRlY]
HZel C-D gainel ¥ 12j7} o]Fo{A]A|
2skth, QAzte] AFHE Ffsi= AYe] o

it re

daiAz wohs) Fel wet 27 Aol
C-D gain® wFsigor], AH&at7t 83
£ Ao ot HAHe C-D gaino| ¥
Aaler = ok A2 HFE AdEH o] 2d A
M BREAY YEAXNZ AMEEE vh2d
3%, C-D gain® ARE2Me] Heo] 23
HA 248 4 A =HAych =W, AFH
qE A AHE F4E 98A C-D gain#
ol FAIZte] #RF AvF Eadith wad B
Ao 27}, BYF Fol ol A WA= 4
ol B3 d7(Sheikh & Hoffmann, 1994)%}
@3] C-D gain®] ol FAZ v|X = I
of #3k <+ (Buck, 1930), dE¥ZX &R
Ao @& C-D gain®] &3] #F AT
A5 & olF4, 1992) Tl FH=HUL, B
At C-D gaine YHZAA ) we} HH
FEAAT THFHAD.

wehd, & d7dAMe C-D gain®] °[FA
el vAe EIAE AFS3, ol B
ol FAIZHE FA Rdg A1A Ft ofF
H8) Fitts H3& wgoz, 79 A
o} ¥ Zog AAHE dxe ¥4 C-D
gaing& ESHVUTE n{ste w2 o] FAL
of wAe FFE A4di, C-D gand i
2 o) FAIY 34 BEE ARIEtuA g

g
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AH Aol gl e ¢ A S oAy
o2 Y. HAYAY F AYE THo|H,
B ol 22740 th,

B Adyde #HEY PCo 217 e B,
283 vfo|ARAZE F w2 (Microsoft®
Home Mouse)& AH&3tlom, 2t A8 =4
AX St HA L] vpg-2 o] FALE £}
7] 98] EYE C++ 308 ol f ZEIaYPE
T#3 )

2.2 MHAHSR

2 Hdg9 F ¢z C-D gain, 2YH 4
o e ZH7R9 A(A;  display
amplit ude), TUE Ao Yeh}bs BHe £
(W; displ ay target width) %9 37}xo]n,
Zt QA +FL thg ¥ 17 g

E LAY F AR Y FE £
F X F B TEF
C-D gain 1, 422, 76, 95, 1267| 5
Display Amplitude(A) (mm) 100, 200, 300 3
Display Width(W) (mm) 5,10, 20 3

B ARINE F Ao 7 £2dA B4
#A7} 51928 o4 ¥%(pointing) 2
de +YIHEE B3 vhs O EAREL =
Qe WRED ASeY. 28w AQR
g 2837 8 WY Wa blocking
2 AN ¥ 19 veRd uish o] A
AAGe QA Ao, o] T A% W 4
e A vEd BAY Aol £ S
x3x3)e] A¥ZAL 747 HHEe] Qe A

MAEE AL el F 2 AXW
o9& 2o G ekl Holh

B2 A X Wol g Cie

W (mm)
A (mm)
5 10 20
100 532 430 332
200 6.32 832 4,32
300 6.91 591 491

e a2 12 ZUE e Yehde A
d 23 AN S dehd Aol #&9
e AP E ARHAE v, e
BAAgel 2HE vepdh dAddArt &
HAEHE €27 98 vhe28 S8 AA
E ARAA AAANIE F50] BHo] Y
Ehdtt o] o, dd¥ate vh¢iAE FH4
3 gt ANE gAA7T Y 225 ¢
27] A8 vk HES YT o] FAR
< #4o] Yeid FHE EFH Q) upga
AME HAA7IZ, YT &4 Al
o2 Fodn

>
e, n

a3 1. MY =2 MAl Elee] of
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2.3 Edy

2 A9 AN Aol UA Sdhagl
A AREAR AgPHe SN HdY
A7t AR T ¢ ARE FH e &
Fol 91, A 29 Y2 RFo] Tk
A% 57k C-D gain & ek AXW9 9
744wk o) F &S AT 2t 27 ol
A 33 W YRS stdom, 7t C-D gain
FEAA A A8A7} C-D gain FF A48t
=% AXWe 48 23 9IAE 38 W& o
#H= agth &4 C-D gain @& FE W#
Aol Bud A9 92 E WA 4R
% #4& AstA stk

3. a8 =7 ¥ =4

3.1 ol# HOIE{2} X2

kg2 0] o] FAIZFE 1/1000% 992 A
HAoh A7 B¢ AN 74 d¥2d 93
8] NHE3E o] FAIZLY HF L ALt AMg-38t
Ak BH wroA upe2F S LT
9] A 4=(commission error)7} 2+ A# 27
A 33 B5 28 A¢e dden, AHds
7b @A A Adsn HdEE FIHch
YA B BH-E FY8A R 749
4 4(omission error)e HAI3EA] gttt

3.2 algzdy

7 AR o|EAIZk] mAL due A

HE7] 93 2 QAER o] FAILGS I
2 Jehl B,

2 2¢ A W EE Z3d d3 &4 C-D
gain FFY o|5AILE vEhd Lol
1, 422, 76, 95, 12679 555 C-D gain®l
hejA  mhgA o] FAIZHE AMEW C-D
gaino] 7691 A% o]FAzte] HAE JEhd
' U-gH9 Y=g Jehe AE 4 F
ek,

0| Z Al ZHmsec)

I 1
1.6 95
C-D gain

38 2. C-D gaind T o|EAIZt

® 32 C-D gain €9 ¢t 97 H2E
(Duncan’s multiple range test)® AA|% &4
#E Jehd Rolth. C-D gain $F ue
o] FAIZte] FoF Ael7t &S ¢ F A
o}

E 3. C-D gain =& & o|SA|Ztol| thEl
2t HAE d3t

Duncan Grouping | Mean(msec) | N | C-D gain
A 1400.56 63 1
B 1199.46 63 1267
C 1147.32 63 95
C 112638 63 422
1109.28 63 76
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oY 3& 574F C- in £ BFdx
¥ 38 71X CD gain $& 274 B 4, TOXIS TEER0| ChE BAEA
Ast WHE #H¥ o]FAIME YeEd o=
oIt AZF BAUEE BT ABAT B
I . ! . ,
7, 7} =VgrE T olF Ao Za
Sk, W7b S7hees Wit ol AlRkel C-D Gain | 4 |7807098.90| 195177348 | 71.82 | 0.0001"
LD 0} A o
e @ 7 Ak A 2 (38433575 192167787 | 7081 | 0.0001"
200 W 2 | 921442379 | 4607211.89 | 16977 | 0.0001"
C-DGanxA| 8 | 55100208 | 6887525 | 254 | 00111
- 1500 130,59 .
& C-DGanxXW| 8 | 25379890 | 3172486 | 1.17 | 03179
=
1000 t AXW | 4] 474152 | 143538 | 042 | 07882
o o « significant at 0.05, *« significant at 0.01
SS @ Sum of Square, MS : Mean Square
0
2 el # 44 FAAA C-D gain, A, W
283, C-D gain® A9 3 ALo] o] FA
()Amplitude! 0| SA|ZH =, gain® A8 238l o)A
el fod 4L v 2L ¢ F 9
pow o 3¢ 49 F A& C-D gain® A9l &
113,32 SARE AHH7] 43 A F= 82 C-D
1600

1000 oo Jil

m “

0| ZA| ZH{msec)

500 |-

(bWidth® "o olSAlIZt
a8 3. Amplitude, Width'dd . 0| Azt

o] 489 Fda, F C-D gain, A, W7}
mhg2 oA HAE JBE FAYeE
getsb] 9ddl olg AAE YA Hn
FAE BHUSE s HARAL A
Sk FUFES 5%2 HHL, FAHEAL
BALZES O] SASPE A&} thE E
4 BARY Fsjolo

gaindl WE HF o|FALL AL vy
WLTh 29 4004 o BAIE A £F0] @
AT U-¥8% Adgs Ae ¢ 5 3le
W, H4 o]FAZ] Urhts HEH C-D
gain® A 4ol we} 2/ Z2REGE A}
A & % o

2000
A
. 1800 -\
# 1191,36
E \l—- 1088.620—— _—
™ 1000 3 05082 o
o 984.39
T
500
0 " A
1 422 76 95 1287
C-D gain
—o— 100mm —— 200mm = 300mm

a8 4. Amplitude =4
C-D gainoll thg HT 0|SA|Z}
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3.3 Fitts Bi&S &8t 0ISA|IZt =3

ol7]A%& Fitts Y& B8 ojFALE F
As REE Fr) WA, C-D gaindE Fitts
3g Hgd o]FALS FAN B, CD
gain 55F A 23 25 3 Fitts ¥
& A48 C-D gain F#&F°] €A X Fitts
M o] o] FAIZF FAo] FE3) AHBEE
g},

g 83 5
g8 8 8

o EAlIZHmsec}
=1
8

500

1.0 300 5.00 T.00 9.00

(@) C-D gain = 1 ¢l 2%
MT = 15344 + 260.391D, F? =0.9354

250

2000

U EAZHmsec)

1.00 3,00 S.g.') 7.00 8.00
I

{¢) C-D gain=76 2 A%
MT = 167.97 + 176.721D, R? =0.8864

2500

2000

0] EA1ZH msec)

1,00 3,00 5.00 7.00 9.00

(e) C-D gain = 1267 & &=
MT = 357.28 + 14503ID, R® =0.8693

a9 5% Z+ C-D gain ZUEE dEE =
Py o|FAIE FHHUSE YARHE
%3 Fits §3& adZ2 ved Aol
2=} Fitts HA & o83 oA 4
A8 AHrd Z+ C-D gain @E% Fitts ¥
ZHo| olFAIZt FHo FFF AFH 24
& % 4 gtk

2% 62 C-D gain 555 AA 48 Z#%
of thaf Fitts HAE B3 ol AT FHE
vebd g ety 2t C-D gain & W

g 88

0|5 4| ZHmsec)

1,00 300 5“20 7.00 9.00

(o) C-D gain = 422 ¢1 E%
MT = 13324 + 194.75ID, R® =0.9428

1.00 3.00 S'bDO 7.00 9.00

() C-Dgain=95¢ &#=?
MT = 171.15 + 181.841D, R® =0.9510

a2 5, C-D gain & § Fitts Y& & 0[S

o|FAIZH #F
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gt g2 dxe] ZAeetn o]FAIZke Aelr}
WA E7] o 2 C-D gain 5549 3%
Bt WA AxHYeH, wety, dERE =
HASFZ ol gATE FHse AN K
gtol 0574322 AA AAisdd. waA,
C-D gain®] 224¥ 7ol Fitts HANA
AbREHE YERo 2 E o] BAZF S f&
g 2dg A€ 4§ UAAT ok CD
gain ZAAAE dEROTE o FAR 34
o A7 ke Ag 4+ Uk

g

Bl & Al Zhmsach
8

0

' H ] ‘ 5
+ C—D gain=] w C-D gain=4,22 a C-Dgaln=7.6 »C-D gain=H.5 » C-D gain=12.67

08 6 Ma A ofoleof chst Fitts HES
0| &8 Ol SAIZH &£H
MT = 196,61 + 191.75ID, R? = 0.5743

UA R 49 BAENE Fu FAx
C-D gain, A, W 2|3, C-D gain® Ae
WFAgo] o] FA e Foft F&§FE v}
T AE Y F U olFAY AT FHA

Fitts HE AN A Wt dE9 ez ug

f 33 ok Wb, @ C-D gain $EL
ANE RS o BAT 2L Y8l BE o9
o ol Aol YL WA= C-D gain 18
7, C-D gain A®) ZEAEL R o
&3 2& OEAT 24 zde Adstug
o,

MT=d +¢ (6 -G—AV+d - ID .. 3)

G : C-D gain
ID : Index of Difficulty; log s %57
A : Display target amplitude

W : Display target width

N

A (3€ ¢ b -G-AF %} d DI
F FELE YT AAYE ¢ vk d' - ID
&< 7} C-D gain #3A Fitts W3 9
§ ol FAIZE FAse] Hil, ¢ - (b - G-A)
82 C-D gain® A°] w3#89 FAE 1T
#3] C-D gain F&o] uel o] FA|7ke] 24}
o HHE 712 AR JYEH o|FA
F FA AN FA3 golr), A (3)elA
A g et o]FANE HAZ = HF
9} C-D gaingte] A& €}

3AA F49 HYE Y3t 4 3)9 ¢ -
(b’ - G-AYel BEL Histo 7 o A%
E 7% 7 UARE AL gy o] ¥
Falr}

MT=a+b-G'+c-G-A+d-A’+e-ID
E52 8 2de Hesd 4y AgER
B 297 3AEY 2FE vebd Aol

E 5 H¥EME S8 mielole A

: Parameter | Standard | T for HO :
Variable |DF Estimate | Error |parameter0 Prob>{T]
Intercept | 1! 181538 | 94.636 1918 00622
CDagarf| 1| 172 | 064 2633 | 0010
AXC-D _

gain 11 -0244 | 0042 5791 0.0001

A2 1 0.004 0.001 3.769 0.0005

D 1] 206608 | 20.100 10.279 0.0001
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® 5¢ ZAzeA gdg C-D gain T-E
A ol FAE FAEY] A Rl OEn
g

MT=181.538+1.722- G*—0.244 - G- A

+0.004 - A%+206.608 - ID
R =0.8334

AY dolgE ol&3td T3 A (59 o]
A7 %74 mde R g 083842 C-D
gain FFo| WY uf drrie o|FAZt
& %439 Fitts W R® @& 0574380 &
A vsteh A (@9 elFA 34 RdL
C-D gain +#Fo] ¥3}¥ o Fitts {2 Bot
o] A2t FA f-E3ictn B 4 QUth

4. d =2

MEddA AFY ukst go] A2g 45 F
e e dE9FA9] 8% C-D gaing
AR ob s o] FaY Qiolth 1,
A AT 22 HEe B2 B F
Fo Aol FFEHE o|FoA T ol
g AP AdE] AMEHE Utk
webd, Qe vE EY gL glen
e d=d W& HA C-D gain® ZHAH
ZHe F8F FAZ dFHASG o] EAE
43ty AsAe 9A C-D gaind 24 ¢
Z7b A FHAR ] nXe gL dolR
T ol Wasi 2 drdA: M 2d
Al #FH HAANZ AEHE veAE

ol &3 AFH Hrt wHEQ Fitts WA &
AL AWMET C-D gaine| o]FA|Zte u
A= 9 AHBoEN WE9 C-D gain
S 1 o|FAT 3 2dg AE 3
A,

£ dFAN C-D gaing SHUFE 19
ste] A 2 Q) o]FAI}F FAH Ed2
FHE e d=et ZH7A Y A o
£3lo] HAAe] C-D gain FE& FHH &
& Ade Aol gler, o]F o|&3loq AY
Z#Aojt} C-D gaing ZAHd Fobd 2
dA%s F4L 7|gg 5 Aok 4 E C-D
gain FEANA o] BAE FAHs}=H K4
71&9] Fitts o] FAIt 34 29g o] 83 %
o zde @& HF C-D gan & 24
371 HaMe EA749 AR Fo wel
o8] $££9 C-D gaing AMAstx & 759
o] FA - ZAs ok &A|T, C-D gaing I
e o|FAZF 24 R a3 EHE ¢
g 5 ke HAME oo g & + Utk

AFHA 9 ARE HEsRE & 5o
C-D gainoll Wi#] Fitts H3& o[ A 4
of 83 AFH Rdolxw, o FFe
C-D gainol th&iM ¥ Fitts Y3l g
dxuto 2% o] BAIL A A} A+S
syt gy, SRR C-D gaing E9)
3 ol FAI FARYE mesfor v, £
ATFAME A g 2L BEE AL
o, %% C-D gain F&0| AANHE 4+
C-D gaing 323A &€ Fitts RdRU=
ol A7t 344 o RE4F ROE YN

B dT7 A9z ¢38 449 dx 5
FoA #HH C-D gain AAFGOZH

+z8
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Y A e 7IE F sy, 483A
g A7 Al ok AY dx eEd 24 F
] C-D gaing AAE 4 JE=F C-D gan
S 23T 7 Qe 715E ATEE Ao

uhREt e,

g =24

Ho
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