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Extended Fitts' Law for Three-Dimensional Environment
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ABSTRACT

This study explored an extended three-dimensional Fitts' law that is more suited for the pointing task than the conventional

Fitts' law. The experiments were conducted under the manipulation of the distance to the target, size of the target, and
direction of the target's location that can be described by two angles, 87 and 2. Considering the starting point as the center
of coordinates, 1 is the angle between the positive z-axis and the target location and 2 is the angle between the positive
y-axis and the projected target location on the x-y plane. From the experimental results, we confirmed that all four variables
significantly affect the movement time. As we extended the index of difficulty of the conventional Fitts' model by

incorporating 6/ and 62, we established an extended Fitts' model that showed better accordance with the empirical data than

the conventional Fitts' model and 3D Fitts' law of Murata and Iwase, in terms of the 7> and the standard error of the residual

between the measured movement time and the predicted value.
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1. Introduction
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SAEE oS58k 7€ EEEE U4 0% Fitts' law
(Fitts, 1954, 1964) 7} 231 ©]4& human psycho—motor
bahaviore]l 3t R El® gr xjglo]&Ze] ynktth(Miller,
1953, 1956; McGill, 1954; Attneave, 1959; Garner,
1962). JrAEo]EoA QIZR: ARA 7= HFHH o]
& F3o] AR At gt o]gh el 7Iuksto] Fitts

QAZEe] A Yol gk ol AIRS A 13 o] yEhy

MT = a+ blog2(2D/W) D

Fitts' lawell oJshd A|ZPd 0 2 HE| Q] ZA7FX] 9] o]F A

KM S 282 W) &} 2474412 A(D) 9] 21
gz Uehd 5= 9l 2] 19149 21 B8-S Index of
difficulty (/D) 2 #}A1 9] o] =& vebdc). o] & D}
well &l AA= e, D7F 281 A-SFE 18l Wot
1/2wi7} D55 D 1bit¥ S7Fe MTe D A4
] IAE AU AF AR S S5l AT ast be #tol
ARET) A av D7} 0 wolx 7240 dele Al
kol b= A AAY 1R/ £EE ulgitt D7t 0Y
Wl M7V} Qolojof stEE o] ARl a2 2 0o]ofo} &}
ARE oiF-Ee] APEAEA 2 A 00] obd gho] vt
b8 A5 1/b2 17t YR A& (rate of information
processing) M 1% A5E = HJHL] O =R bits/sec?
G915 A dth

ol FAZE dSdte A Ql REox|Rt 4] 13} e
Fitts' lawell= 7 7HA] £Ald o] vk 3 wiA) A1 2

ID 3ko] 3 olatd 79 AA Ad grTh A5 ol ¥ &
A Yyt Ao, F HA EAEL log term®] Z3 <k
o] Fgo] 184 #obd A [D7F S57F veA dve
Ziolt}, o]yt AL dldsty] flall vhkst Ao o]
FolRu YEAHO R Welford(1960, 1968) 7} 2 28} 7
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& e Fitts' laws AAl&Fch
MT = a+ blogz(D/W+0.5) )

T} o]Hgt Welford?] 215 &3l 3 WA A1 8
AHARE 7 A AL HAHA e F 7] A
e BF 48] 93 d+2E MacKenzie (1989, 1992)
7} Shannon®] K. o]&d] 7¥lsle] 2] 33 -2 Wygw
e 2] Fitts'laws AA3FATE

MT = a+ blogs(D/W+1) (3)

o] ¥4 Shannon® Theorem (Shannon and Weaver,
Z71NF 7] wjioll Shannon's formulation®]2hal
. MacKenzie®] 212 99 F+ A& 43t
%8 IDE Adsta, AA AE g3 o & dA
stk o] glom Al Wol AMSH I Qith

B Fitts' laws 12k S 7|REo =2 7E 917
ol 12 719Ee] 219 Al Uigt MTE JEH o=
A5t Zeivt 23k 9 3AR 7IREE] ERIE iAo
Sk MTE) A5 g AF g g expt e He
gl o]F 12 7Pd o & wHEolR Fitts' lawe] 5444,
DS} W, T Wl o] g3l 22k 2 32k $ 49
g #AE Z& dehlZ] ofH7] wiEoltt. whebA o]9)
2 A - = Fitts' law ] ol|53 (predictive power) ©]
A At o]& sdsty] flal 23k el 2] 2AY
Aol digt MTE 4 &3] o537 da8 &2 ATE0l
o]Fox ¢t}(Accot and Zhai, 2003; MacKenzie and
Buxton, 1992). 1 % Crossman(1956)2 t-53 2
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Figure 1. Directional constraint by the target heigh

oln] o] melof Ay ool thet D7} F7tEEA o]F Wk
(movement direction) | ti$t A|2F(directional constraint)
o] 1=t} Figure 104 Hol= A3 o] Folof w
o} Q1Y A2 wEko] A|SHE Al Frt,

Hoffmann¥} Sheikh(1994)¢] <&&d Drury 53t
Crossman¥ o] :£49] Fol5 wesigiown 24 59} 3
o] MTE: Wt Hell tist ID 3t 5 2 S o]83lo] Yet

R =
MT = a+ blmaximum ([Dy, ID,)] 5
22 BAHY #olo g #3t AFE Qo= W

b2
2 AFAE0] o]F W (movement directional) 2 ©]FA]
7 3] =

[
S n|X = Z 03 RN 18t = Figure

204 Holxo] 1xkdelM 2] E1Y Aol e} e 23t
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Figure 2. Movement in two-dimension space

22+ 3 9lell 3xkd 2] ERIE HAe] oigh A+
I o]Folx gh=tl Grossman¥ Balakrishnan(2004) &
Fitts' lawE 3299 7 volumetric display® EgAIH
ot o]g9 RHA MT+ ©lF ZH=(movement angle),
EA O] Yu], wo] 18]3l BA7R| 2 A $HE UEL
oz, g8y o] 52 A= 322 7MY volumetric
display ATt AFE 3, 2A| 32 7 of|A]e] ¥
Al i ATEA] 28E7] witel] AR E7bekE o]
|31 Q1" Ao st M7 ASoll= ZEskA] Lot

A &R o] g3t 3ak B ClA Y] ERIY ThA| e
tfst AE Murata$} Iwase (2001) 7} 7]5E Fitts' law s
GAsto] MTE A3t ol59] AFelx MTE= 71&E
Fitts' lawell o] Wafel digt ®52] 38 T3 oEH

2] 68} o] YeRojxiTh,
MT = a+ b{log2(d/s+1)+csind} (6)
A2 oA Aol At HHS B we] Hd

] A
Aol wrejztow 0°elA 360°¢ S zteth =, 3x44
$7olAe] zeld FAoA FAo] Wt ojt]el $x]8)
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Figure 3. Movement in three-dimension space

124 Figure 3°4 Ho|x
™
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ol WEo] niHAA Hw, webA 3xkd FA e
Jﬁk— 017} 025 257 AHgllobet FEs] ekl ¢

&2 zFolA x4 A7 ] 7—} = 334
]"14 Y FAe A= Fo] HojA= ZAeE 9y
. Murata$} Twase (2001) 2] A= 02 shvks

sto] o]F WS YERLY] wiEel 3k A olA 9

JeFS A Es| vtk 2] o Ho
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2. Method

2.1 Participants

A st oska 9 oskde] Ast Fel 121
& o ANsT, 8o Wash 4 oAxw o) %
olflth JAAARE] Bt yol= 27.1(F1.37) AlolaL, B
Q&R ololtt
2.2 Apparatus

A3 872 Figure 49} o] AA =) 3349 LAY
Arle 714 AM el Ao m o] Follal, Wl A

||3D pointing 1
/:\/
| a
b
y ¥
gd
e F o #—a

ﬁ Electrical
§\ = - touch sensors
e T

Figure 4. Schematic of the experimental setup
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3 A= =3 AFE AE5E BulA g o
HEJWEl = 1,000Hz2 2553, MTE 1,00089] 1
AEER AT 7 itk o]AL W77 EE £ R S
Z2& oulgtt ol A o] Wale] o A5 E
o] AR A £ )
& e =9 A Artet
Wso] AEAow 77k A 9 A
Figure 5(a)+ 3xH¢l 20 gn]e] Xé‘?i E%QE ot
Qo7 g X’]j/]. w710 x—]/\]_ 13 9] A7)z} /‘]X—}';Ez]i]'

lo,
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fuj
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X T oy for
lom 2 A K2 do

rlr

BEAE YEpATh AR ] Fodel fAIeka, 324
BE 579 DS} 028 MEFES 32(4x ) A2 AL
TSt BE 39 018 WSS Figure 5(b) 2 dn] 2
ArFolAsel Zol 975 AL F UET AU
BAL AAE o) &3 AFEA & FEAE 5 RS o]
olg] 9 wel tisl] A3o] 7Fe3tes sy, A
s dFulgom AFEH
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Figure 5. Schematics of the 3D pointing device. (a) Front view of
the 3D pointing device: the denoted angles are values of 62. (b)
Side view of the 3D pointing device: the denoted angles are
values of 61.

50cm A% "oix|A skglal, o] oF 90° A= 7o)
sto] AN AAE FHoleF &

E7keE Zit did sA49] FH] Al oo, FH)7t
W BH 0T ETMEE ol F AT FH] Alss AR e
= S7HFE S0l o] 237 AA Q= et
= Apdlo] ek oby wjelul &71eks o] FAl7|H Efo|H
7} ZEE o] AlZEEA o] Al S Fitts' laws time-
minimizing movement taskol] 3t Z1o]7] wjFo 43
A E7EEE Thse e A0 o]FdtEE QY
Atk AE Arshe st FAAA =] HES g 2
AE FABEES 39l AL HES 582 7His] 9l

=
o E% AWL o] §IES stk

o 1
tlo

2.4 Variables
ol¥l Aol M 47he] ERpEsl 17)9) FEWFE 7
Aepdith. =yRTE AR o2 Y A7 AR (D),

FA Arl(w) 123 013 020111, FERTFE o5

FHMT) oIt} D= A2 e] $4 o2 HE 249
23 3] o

2.5 Design

2182 within—subject repeated measure® TJx}21E]
At} ZF SYPWHFY FFEL 919 HY 3FFCR AAY
Q01 = 30°, 45°, 60°) 02%= 8= (V2= 0, 45°, 90°,
135°, 180°, 225°, 270°, 315°), D= 455 (D = 30cm,
40cm, 50cm, 60cm), 18131 W 35=(W = lcm, 2cm,
3em) o& AAEGIY ARA BE BE S FF
of thall Ago] AAENTL F 288(4x3x8x3)Me F
Y HAE FH8AT). ke 1 E 61 7kell ohal 96
(4x3x8)He] e A7} 3= ar, oF 1079 72
Alzro] FojRom 7 % 915 WA T AES AA|
sholth A3 A& A, 3k xR

=

o S APAEL oF 309 3

3. Results
3.1 Main Effects

A& e]A o212 3 (error trial) & A4 A 2= et
ol a2 A A5E B4E EAYAY £
Aol Jg3] &rhehs A oot Algto] i AFE S
A= FYstity. ANOVA A3, 01(F(2, 18) = 71.11,
p<0.0001), 02(F(7, 63) = 13.28, p<0.0001), D(F(3,
27) = 416.76, p<0.0001) and W(F(2, 18) = 68.08, p<
0.000D)Z RE SyHFEo] M7 #23 932 w|A
= Qo Yehgt) ®£3 B E WEE AloloA fo)3 A

3 A+ (interaction) ©] LA = A &gkt
3.2 Movement time with four independent variables

Figure 6 M7¢9} 74 S5 Alo]o] #7A1E BHojFt)
ARd3 D7y VS MT7Y S7vekian, Wk S
F5 MT7t a3t olglgt 542 7]E Fitts' law ]
543 2 Fod

olF WS Uehlls ¥ 077 020l disiMe o
T TS BAAth 010 SIS MT7F ARH 0w &
7Vl o] 22 Abgtol E WHul= 4wt o HegE

MT7} J AXT= Zls vttt BEgh 929 whE M7
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o7} #ota dlA MT7F EE AL olygit). Figure
5@ A 9% REde] YX|st w2 o] AjF oz &%
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Ag= AgS ®nork = 45°¢) 315°, 9078} 270°, 135°
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deke M7} 613} 629 Wk fel AolE uel, ol
£ 3749 EAY Tl sl E o) F A Wt )
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3.3 Development of model

Azt W= DS} W el 913 027y MTel gt
nHom o] AuE o] gate] o] Aea= o] F

7] Fitts' lawell 53 2 gAIZTE 2 7]
v 12% 5 879 HlolErt AFE-E AL YR 475 2] H|o]
Hi 29 135S fd FATech 34 ol A o] 29l
g Ao AeeleE d Fitts' lawd] D A 73 2
th 2 AFore B HEo %4S xQdgsh= Al o)
e aelakA] ¢gk7] Wil 971 90° olul2 AR
t} ozel disll Zbze] gzt M7eh A 1) Ak
B MT 32 24K 85 Fez depjojd & 7]
wjFof 7]5E Fitts' law®] Do) 922] FAR] S5 F3hA|

k.

o ot

IR o2
=y og

IDextended = €01 + dcos@2 + logs (D/W+ 1) (7
2 7oA ot de 999 R AP ARAS Sl
ARQHE) 017} 029] 32 =) G2 S, D} W

o Wl AEElelE 91 A4S o) gdte] e U
4 83} Pk,

MT =23.81+120.26 IDextended; 1> = 0.756 (8)

HA 9l r* 3H0.756)S ¢7} 0.03, @7} 0.4 woln] o]
He RE 339 EE Aol ik 8 gho) ohet A
3 dlo|ele] we} At

3.4 Comparison with existing models

E AFNNE Dexiended’t 718 RS T A ZTH=
e S 28 W 4% HlolHE o] &ste] 7|E
Shannon's formulation (2] 3) % A 33 §7of|A 9
ZQIE Ao 8t Murata®l Iwase 3241 (2 6)3 H]
TSI A AT Table 13 At

Shannon's formulation®] ¥4 (4] 3)& ©|&3te] IDE
Ag3|9 B A} 2 grol 04882 Fad R =
0.76) oM B} 3ty 2 3& B3t A5 gk A Ao
Mo &3 3k ARole BE 2 gho] 6.89% #gE rd
(stderr = 3.67) AIX KT} £t} ol& 7|& F2(2] 3)o]

i O 1

2
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Table 1. Comparison of 7 and stderr of each model. @)

1200

Model 7 Stderr(msec)

1000
Shannon's
formulation(Eq. 3) 0.48 6.89

Extended model(Eq. 7) 0.76 3.67

Murata & Iwase(Eq. 6)
For data include all level of 01

800

MT(ms)

600

400
0.54 542 200

Murata & Iwase s .
For data include one level of 07 (30 ) 0.61 4.62
(b)

Murata & Iwase
For data include one level of 61 (450) 0.60 5.17 1;22

Murata & Iwase 1000
For data include one level of 61 (600) 0.57 331 800
600
400
200

MT{(ms)

124 7|9kell A mEzol57] whitel] 3xkel $Hd oA

g A EHE} ]%aol Gojx|7] ol &
Murata®] &2 3xhd 7oA 8] E1e A

RAO=R 92% ] Fitts' lawell RFJ3I3ATh oo

7} 7]% Fitts' lawRth= 27} =31 53 937t 244 vret

ST = 0.54, stderr = 5.42). 18 % 19 aFg B2

o/l Holfo] ofg] =39 915 T3 AAE T

dlolelell that r* 7£(0.54)0] 910] & FFU o] dlo]¥

of et /2 ghuek S UeRdt o] B, 970] 30°Y I

wlo] dloJE ol Murata®] &2 thglste] A0S 2 3 4 5 & 7 8

A7F0.61% BE 01 55 2gahs A4 dojge] tjg] PDextended

ato] BA519S wl (4/=0.54) Bt} 9Tt o] g1o] 45° Figure 7. Raw data for (a) the conventlonal ID, (b) the Murata &

60" we] dlolElE A eshr] wiel 02‘{_}3?._ ols W3k Iwase's /D and (;l))i:;;jt:rzdgié%gegn;gé%"””’ IDyyasa and

< AYsk= Muratad] &29 544 o5E0] FolAY]

ulitolct, ey 3k TR o] 2 01 L]

uliZoll Murata®] &210] AAH 32 7k 2L5 7]

H=55to] qlek 4. Discussion

Figure 72 /Dol W& dolge] BExeg 7]E 24

(IDeon) #+ Murata®l 2@ (Dnyra) B0+ ¢ 22

(]Dextended) oAl dolEl7t B HA = RS RolFErh o] 71E AFelAE 3 A LAY TAof gt
= & Aol A A 9k3t Extended modelel 2% <= 3k Ol FAIE BAA Y A} EA ] HH|vto®

O] dolg gl o 4% 2 vedy & 7 EdRg A (MacKenzie, 1989), 3% 919 249 W$7H02) &

MTE 9 33| dSsivhs 215 vt B3l olF Wkl et & F7tE FHete] LERIT
22 A3} 12 #7304 7iekE Shannon's formulation (Murata & Iwase, 2001). 3% MacKenzie2] 222 1
of nls} ol WIS W92 o= YERd Muratag) "}sa 70 Zole Ao Haksht 3xkg o)A

Iwased Rdo]l M7TE ¢ Ags] 53k 18|x Z8 HAE T4 YeRf7]el #5313} =3 Murata

Murata®} Iwase2] Zdo|| 975 F7}3510] £33+ Extended o] mel Ar] 3R FIEAIA L] EQJIE FAlo] gt o]F

model®] # 3t 2 X3 93} WollA o] BAI7RS AU g WakE Ags] dehf A Zepgith 2el2E, 2 AFelx=
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o

20 3.0 40 50 60 7.0
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oo s

IDmurata

=

©

1200

Ji;

M =

1000 |

800 |
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MT(ms)

400 |

rr

3] o F3glon Ao R dgFHo] AY =9t Figure 3} LO] BX]'Q’J FANA Y o)F WIS Fu A
3] ‘/]‘E]"é T YEE Murata?] 2o = & 2% W

D= F7Hs EEDJ% A oratd e
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S X AoR Yehgton o]AS J]E Fitts' law?d] &
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5. Conclusion
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