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ABSTRACT

Objective: The purpose of this study was to confirm difference between angular foot movement time and existing foot
Fitts' law predicting times, and to develop the angular foot Fitts' law in the foot tapping task. Background: Existing studies
of foot Fitts' law focused on horizontal movement to predict the movement time. However, when driving a car, humans move
their foot from the accelerator to the brake with a fixed heel. Therefore, we examined the experiment to measure angular
foot movement time in reciprocal foot tapping task and compared to conventional foot Fitts' law predicting time. And, we
developed the angular foot Fitts' law. Method: In this study, we compared the angular foot movement time in foot tapping
task and the predicted time of four conventional linear foot Fitts' law models - Drury's foot Fitts' law, Drury's ballistic,
Hoffmann's ballistic, Hoffmann's visually-controlled. 11 subjects participated in this experiment to get a movement time
and three target degrees of 20, 40, and 60 were used. And, conventional models were calculated for the prediction time. To
analyze the movement time, linear and arc distance between targets were used for variables of model. Finally, the angular

foot Fitts' law was developed from experimental data. Results: The average movement times for each experiment were
412.2ms, 474.9ms, and 526.6ms for the 89mm, 172mm, and 253mm linear distance conditions. The results also showed
significant differences in performance time between different angle level. However, all of conventional linear foot Fitts'
laws ranged 135.6ms to 401.2ms. On the other hand, the angular foot Fitts' law predicted the angular movement time well.
Conclusion: Conventional linear foot Fitts' laws were underestimated and have a limitation to predict the foot movement
time in the real task related angular foot movement. Application: This study is useful when considering the human behavior

of angular foot movement such as driving or foot input device.

Keywords: Fitts' law, Angular movement, Foot movement time, Human-computer-interaction, User behavior
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1980). 53k S-dAke] EAdhS weEh dAdlyolelel B
olze] HALNA & At Sla AlEwoldodt H4
(Mockup) & o188t d7-5°] EUTHKim and Seo, 2005;
Kim and Jung, 2007). ©]9} &7 54 Agdd =& &
o] BHH ALES 913 AHgA Aelso] 2z we] £29)
o 2SR ol el teke A7} ololA gtk
(Kroemer, 1971; Morrison et al., 1986; Kim and Kaber,
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T ®HE S e 22Ul Fitts' law7} AAEHALE o] Q)
ko] Az}, Q1A -5 IS olalishs 71x7F Hat, IZF
AN -5 el we RdE YrAejo| o) vigs Far
A tH(Byrne and Anderson, 1998; Mackenzie, 1989). 1
g} Fitts' lawell st o] o] At F2 &l ot %
of M5 T Qlof, & Tl #ek Aot T A
o5sh= dl A7 ST ofel whet AE ARl W f-F]

T3 A7HE od538H7] $181] foot Fitts' lawell ofgt A7}

3

AP} 7] AFollME= Fitts' lawe] 7Hg 7|22 &
& BHE IR ] Figure las} o] dlg 11o] 4]
Q Felo) FA9e 2HE Tk o] ATelA= olE
A gato] Wz ZAEE AE M0 A 8 A7FS oS3}
I AR EekAlS HAREITH Welford, 1960; Fitts,

1964; Drury, 1975; Hoffmann, 1991a; Hoffmann, 1991b;
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Figure 1. (a) Linear foot movement (b) Angular foot movement

Mackenzie, 1992; Campos and Calado, 2009).
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th ot e g o A ERoAM F3 Al 2z
AL BT )E Aol sty AU 158 F
80%<1 1278°] FwA7F ad® A Byol=st Aol
HE 2#shs v dEe 5295 B3tk (Park et al,
2012). R B ATE 918 AL @_w EEENE
A 1d o]/\ol A 7A3o] 9= 20~30t) Aol 591 =

3 EH oAl Beo]

o

e L ool

=3 :’d il
48 &A= 9 22 9S Figure 1b9} #Zo] #Hd 7k9] &
= 778]% angular movement FEj7} YRS < 4= Stk
T3 AF7HA] Fitts' lawe] A7rellA] & &5 ohefst <1
Ho|xol FA Qe 2 o7 A7t Yot # F
A= ofg] FEQ AF7F R Fgitt

b 2 dAfelMs 35 T1elE e T 5 Azt
tiste] 7129 foot Fitts' law7} o|&3H= €% A7k} vl
alo] zfolE GRlstal o]F & YERd 4= Ql& angular foot

Fitts' laws A8k} g,

2. Foot Fitts' Law

(1954) ol 940}:5 A7k *E% ﬂrﬂ&b shte] AJE
O& FHAL 54 A% Al QIREe] e Al @%WE
= 57°] 7hFe e vtk wEbA Fitts' laws

7}y Q1] % HEYE olFfst= 7127} HE}(MH er 1953).
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o] gt Mol 7INkste] Az7te] AU ot 5 A7t
(Movement time) & T2} 2°] Fitts' law equation® =
vekhd 4= lth

MT = a + b logz (2D/W) 1)

¢l Equation 1914 loge(2D/W) & ol (Index of
difficulty) & UrEM}L 7;133 Dt distances 2Julsh A
2 A7 0] FARE =% e 474 AgE UeRdt,
w3 W widths ,11:] st EPAle] ]S LERATE ash
b= A= A Aol wet 5924E & APk net
A B 7}31 A2 (D)7} F7FebL} B vrl(W) 7} &
o= A9 o=t FUe Ha, o9} $Al 2% Akt
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(MT: movement time) ¢] Z7}sHS vJepdith

o]#] gt Fitts' law AA] FoAME T2 &0l 2 QIH
Ho|AE HAR: 77 &35 Xy=E e, T 52
25 AIZEE Lolry] §3 27] A9 Drury (1975) ) <
3 o]FAFTE Drurys 25mméet 50mm HH] Q] g of
3 oA =2 A (150mm, 225mm, 300mm, 375mm,
525mm, 675mm) S T Fitts' law= 7lwslr] 3 vk
E2Ql foot tapping A¥E IFart o] S T3l
S 248t A7) &5 AKEE dS5ehe ZER

=
Equation 25 A|A 3t}

MT = 0.189 + 0.055 ID; r? = 0.92 2

Ao HnlE 256mmet 50mm=zE s, Wol=(ID) &=
Fitts' lawe] log2(2D/W)E 1tl2 #-83}9]
Drury®] 222 AAAG7} v¢ =3 0
7] AT FAlel dds] £ Blls grpek
Drury+= #€9] Hnle] mE xlol= -5 AlZto 74«] T
S w|x|#| =t T AAE Drury-o/] A& Ho]E o
A 25mm #HE3} 50mm #Hg 3] 7 F 5 AIRE AF
o] 16msE 719] #fol7}b gl =S Drurye] A3 %=
AL Jol=(ID) 7} 0.92014 3.4%=0, olol ths] Gan}
Hoffmann (1988) 2 <17+e] AJZk#]Ql Aol tiah 53+ o]
WA o= Aolgka sR3itE webA Drury @ dHlolHE Al
A3lo] th22] Equation 32 A|A &tk

MT =107 + 11.2 v A;r2 =097 (3)

olF Wol=(D)E YERE w B HB[(W)E A8
st M 7he] A7l (Amplitude) WHS F €3t ballistic
movementE WERH 210 % A[ZFAQl 945 wiAlg Zlo]
th & SHARE WA 25 el ) ojv| 22
Eol glo] BA gk Z#o] FhssithE Aol whEkA
W25 AR B 2R Agel geiAnt 9 Wtk
71338kl

Hoffmann (1991b) & 7]&2] &
O] AAlgolg 9} Hao]ld #e iﬂ o]

st 22 el jax= xds 31 SRS
EPllo R Qla =¥o] ;E_??}E]Oiolr T skl
o}, whEb 7129 Fitts' | Trollx ek 2ol Ef
o Yu)E thefsiAl o WOL_GD) 3% 7|Fo® 3Kt
& 7% visually —controlled foot movementE Equation 4
9} o] st 31l 2R 7$- ballistic foot movement
£ Equation 52} #&o] AAIsFS T

—~

Al ZFA el

r&

MT = —57.7 + 115.5ID — 34.6 logs W; r° = 0.984
(4)

Equation 414 do]=(ID) & Fitts' law ] logs (2D/W)
£ e, W e UnlE dERdTh o] ATtellA] Al
ZHRl A g vl REE 7HHEL—O—]—7] A&l EAE] ]
7} 5mm, 10mm, 20mm% ], E‘r
Ho]=(D)E 3, 4,5, 6% gk

MT = 107.5 + 6.5 vA;r?=0.960 (5)

Equation 5& do]=(D)7} 3xth 22 Z-%-& vEhy
EPLE] W|H|7E u]-9- A AJZHAR] @49} FH0)
ehdlZ] $18 B 212 A=l (Amplitude) ¥+ A -8-3F3it}. ©]
AtoflA BN AglE 50mm, 119mm, 216mm, 344mm,
500mm4% @, P vnlE 24ste] dol=(ID)E 2%
ko] 23S 78T

ol 7|E ATE T LS o 8E AAEH )R] 3

NS A5 4 Itk 2L AlFollA] Bgl vl o] o
A7FA19) foot Fitts' lawel] &3t Aol A= B 7He] 4=

FAQ 4ol 2HS T vk 22y o4 Park et al.
(2012) 8] A9} AExAE A, 7]E foot Fitts' laws &
£ 28 Fe9 g9o] Yeh= ARl Aaake] dAle
olg|g} Byo]aE & sh= A& BAKEL o5ahk= ] ot
A7t ek

wEbA] A 22 A
AT7F L sk

o5 T I 2 el it

3. Experiment

35 a8E s3] AA 5 A
%Xé ako] 719 foot Fitts' law$} H|
Fitts' law= 7)akel= Aok, A =
2t

3}, angular foot
AL Figure 29}

3.1 Subjects

Ao 26~ 30*%194 4
stk ol B % e;%—% ﬁ%‘ﬂc BEERLEES
AAH FA Y, BAS 1] 91 AZFE BA
A8 it w3k AE <
717} 260~290mm¢] AR ® g3}
2 A7) 277.5mm (SD=7.
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Figure 2. Experimental conditions

3.2 Apparatus

AFE 93 Whofli= 24X 7|F0 R 205 149
ZAo] 20%, 40%, 605E 7014 Ut 449 714 5
o= wHEAE 1g31] flgt Eo] dtoigith S
Abolli= HOME' EPlo] Qi A Aol &3 ello] 2+
zr 17H%‘ = 37H7} ATk B £o] Al g9 TR

5= iy et ePle] Yn)E 40mm X 40mme] A}
7

Ao w sto] BE FAFA) A v vl A7t §lE
= 33l

o, 7t B S ¥RIER At EE Y
ZRIE 7R AglE VeI wEbA FAd ARE 205
—89mm, 40%—-172mm, 60%=—-253mmo|3l 32 Zo]

= 20%-96.8mm, 40%£—-193.6mm, 60%=—-290mm®|t}.

'HOME' EPARE 7} 53 e Agls 443 dolt
(ID) & oF&-3 ) 20%-2.2, 40%-3.1, 60%—3.7 ©]
T A ARsAelA Belojasl dAlgolE zke] Arlr) oF
15cmz & A3} Hlg x2bo] 7sdk v e i vu|E
aEste] A=k

EPS ol =] glo] o]F B 1kt e &
Zholl A714 2z WgkEo] % AR olet Amo ms'
DME 4 =o] At olF AXlste

21 'HOME' E}lollA] 3Hs W= =7 7F 53 EPM
wo| ghi= A &5 A FE5H @
'HOME' EMlellA] H3k PO o]&st Zlo] 1

3.3 Task & procedure

AR AAS A SARAES Aelo] ghob 0 3

o2 =
Zlol= ] EHdo] SIEE 2ate Fols) AE 2433
o} oAE AT & DRSS 205, 405, 605 ¢
A8 Q= EPlE Bl ool gleAl ERlsta st

v dgxre} Zu7h EnjEd Al g EaAE Fol
148t WS 'HOME' EPC2HE ¢F 2cm Hojrtdd 4
gfollA Al A s Z|vhdh A9 daRRe] A Ao 2]
TR AR ATE WA HE 9432k a2kl i)
Al 'HOME' A% 53 B3 308 dA&o= uiAl €
Z 'HOME' Ml => E3% el => 'HOME' EMA
EPLY] AR LS Bhon Ajlo] ZlaiEr) o) 71Ee)]
Fitts' law$} Bl al7] 8 Fitts' laws =&3h= 9523
A A Ao, AANA Thsd Feskar WA
EploR kS olFaties - 7slsith AF sk At
52 7Feet HelstHAE e AAE ARl 4

= ot Al dlERel EE 7HEe] glow &
O% FHo|=E SISt

=> E.E

|

< HE
o e
3.4 Experimental design

AR NAPA} RE o)t o) Fo1A within-
subject design®. 2, BE 3A3x}= 715 ule) A =

o tIste] z+ 303 & 903 AN EYT. AE] A=
Table 13} Zo] g}eltA o7 AsAT)

Table 1. Experimental sequence by Latin square

Angle Sequence of subjects
©) Sl S2 S3 s4 Sn
20° 1 2 3 1
40° 2 3 1 2
60° 3 1 2 3

ol AP wA7} Aol S aue) gt o3
A% delerh egus 2 WA sigelt, dhe
sl elg B SAE 12,1 3, t-1, 4, t-29} & £A

2 A oJ7]A4 t= F task® Foltk vhe v AFA}e
A9 o Aaj7 =40 14 ¢ste] <=7} WalA o

L

AF ol EEHFE 22 A 7H(ms) ol EHWHSFE T|E
9] foot Fitts' law®} Hlw3}7] &8k #g 719 AAd Az
(mm) °]t}.
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4. Results
A8 golgela At ALg Qs Ele F ¥
FE S, 8 Ao o) Azte] B5 SAE AF, 18
7 8

%] ,

A T 3 EPlo] obd e EPlE 8 AeE
tlojEl&= AAEAE 903 X

Z 990740111, o] F 3770 "Holgr}t efE IFE

7} oA it s AR 89mm (20%) of|A] 412.2
ms, 172mm40%) A 474.9ms, 253mm(60%) oA
526.6ms® UERSTE T8k FAHEA Ay SRl AA
A [F(2,30) =11.440, p<0.001] = &5 A7t A= o
B Fo8 S X = Ao®E e

o3t Ar}i= 7]E AT John, 2002) oA AA 7 Al
5S4 Adyoleel Heola 1] T &% AIZH400~
500ms) 9] Welsh dAJgict & AR AGS 22k 4
T 2E 128+ FHY 50 vEbEE & 5 Utk

4.1 Comparison with existing linear foot Fitts' law

Be ABA 3t B 1] A A E
=

gAzte vlasksink o= 7l w5 ARFMT) ©ll

& e B oS 5SS Wdsta o R v
tolct.

A Axe} viwaslr] g8 AFEE 2Ee- Drury (1975)
¢} Hoffmann(1991b) 9] mElZ % v 719 foot Fitts'
lawolt}, o] b 3 Aol 9 AP At Ed =
Aol Ho]=(ID) = 2.2~3.90]t}. Hoffmann(1991b) 2
Aol A dol=(ID) 3& 7|52 ballistic¥ visually-
controlled movementE T8RS 2 Z ballistic 2%}
87| visually —controlled 228 ¢ vlwslich. wef
A Drury@] foot Fitts' law, Drury 2] ballistic Fitts' law,
Hoffmann®] ballistic Fitts' law, 728]3 Hoffmann®]
visually —controlled Fitts' laws AF8FATE S W] 7142
2Es 38 942 25 AR dF @ AES FE 9

&g vlwage

Ol
o
A

o
ok

o

angular movement?] % Al7to] T RdE W} =7
Yehdth= Aol A= 9F 100msolA A= 300ms
7] Zpo) 7y ek Zb AF FEell jal] 95% AT T
EH, 205 -89mm (385.96< £ <438.36), 40%=—172mm

(442.73< £<507.17), 60%—253mm (486.78< 1£<566.33)
ofth.

MT(ms)
600.0

500.0
B Angular MT(empirical)

400.0 B Angular Fott Fitt's Law MT
BDrury's Foot Fitts' Law MT

300.0
BDrury’s ballistic MT

200.0 BHoffmann’s ballisitc MT

BHoffmann’s Visually-

100.0 controlled MT

0.0

7h=o] gtk

o Azl dfsl] 2ol A8-sk gk A Aelmg A
Al e ols A 59| dolrrt Frh webs 7|E BE
ol 5 ARES ASEhe bl olYe YFoE A Hrkd
ZRAA] ERlstr] A8l e 7] 9] HolE 7t mdlle] 4
L34 53 5 A B WSl Figure 49} 32 7]
2 o &5ghE Ak

59 doli= 89mmelA 96.8mm=E, 172mmellA 193.6
mm®=, 253mmelA 290mm= kA A-g-st A Azjrrk
Aoyt wehA, AEA T3 A5 ko] tha SRS

I\

96.8mm 193.6mm

{0

o

MT(ms)
600.0

500.0 @ Angular MT(empirical)

400.0 BDrury’s Foot Fitts’ Law MT

Drury’s ballistic MT
300.0
BHoffmann’s ballisitc MT
200.0

OHoffmann’s Visually-

controlled MT
100.0

0.0

Figure 4. Angular and linear MTs for arc distance
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4.2 Development of angular foot Fitts' law

A Aol &1t nle}l o] 719 linear foot Fitts'
laws angular movementEs AWk © A Sl w
A 35 T8 FH 2YS Bdste
Fitts' lawS 7Heke 4o Sl

2AS JEsly] 98l Hoffmann(1988) 0] 153k wie}
2ol A 22 Alef| #Alge] |zt ot dEFS
¢k+= ballistic movement Fitts' laws 3Z38Ft) o]+ o
@ 7] AR do]=(D) 7t A7 =, @2 Equation 6
¥} 2},

angular foot

x4

Angular MT = 251.9 + 16.3 VA:r2=099  (6)

AeA AR FlE ko] A-ZF MTell Fest J3-s
u|g o o] A3E o]83}o] Fitts' law equations ==3}
Sk 2 7H‘$;°ﬂ% Age] Zrket 94382 114 5 872

o] =0

EI7} AHE S, YA 399 dolHE RE ATS
3 FAFIA l?_*a OC (Operating Characteristics)
curvesoll 23] AFFF 95%14 HAAEH 80%E 7HXa
AUTH

Equation 694 A= 251.99} 16.32 A3 AEAS &
3 A=k A amplitude®A D ke A&
el ©-$)= mmo]t}. Equation 69 #& &
movement”} ‘/}E}W Jﬂ‘j 22 Al sl &9 gkl

oA Al 15] H]O]HE} ﬂﬂ‘ﬂ“ @err =0.99% =dlo]
angular movement?] FAE & dYsti ASE
Stk

Angular foot Fitts' law® &3t zH(89Imm—405.7ms,
172mm—465.7ms, 253mm—>511.2ms) ¥} 7] foot Fitts'
law model?] ¢=%+S vlwsPH Figure 3% 2t} Angular
foot Fitts' law?] 5% A¥E &3 €42 4 59
95% A1FT7F 89mm(385.96< £ <438.36), 172mm
(442.73< £<507.17), 253mm(486.78< £1<566.33) °ll &
sto] ®dl o Sgko] AR TS & ATk

5. Discussion

71E ATl i F&e] digh &% AR olSeh]
3 HE 71 AgE FH0E dF AR 4 S ole B
A5 /et 1 (Drury, 1975) A143Ql 7158 F718k3
o} (Hoffmann, 1991b). 124} 7]9] foot Fitts' law+
BARD W LFel 23S FaL Qlo] AA dg 24E BT
Agalel w5l gtk 55 €4 7 g 4] o
g 71E A7-E AR, John(2002) & $4 FE 319 A
2~Hl(the Rear End Collison Avoidance System: RECAS)
off st Aol A LHATE A o|EeA Bo]aE
B7I7HA AR He AR SR 54 A, A
£ 138 % 400~500ms?] & A7kl ALES Byt
W3F Salvucci(2006) = ACT—R (the Adaptive Control of
Thought—Rational) Ao} |HA & o] &3 Q1312 27 2
&o Bk RdelA dldgole 9l Hilo]a ko] B
& A7 500msE A-&3l3ith A 295 TEAE ¢
T Q%o 35 :LF/]*‘: k Fzke ok 412~526ms9] %
AT Aol Habshs &5 Al
7]i foot Fitts' law 2] ¢l&#kS
130~390ms 2] -EFF_% Hola §lof AA 5 AlFtel] K
A3 et 7} FFellA AAE °F 100ms, BAE 300ms
7HA] Zpol7h itk wegk AF dlojH 9] 95% 41F g7k 7]
el o Sgko] oA kS HAlTE olF Fal AAl 2

Ho

]

1

>~

% - U
A F W 229 A¢- 7)E foot Fitts' laws o= A 7HS
Y4 Frlsla 9o, AA & SAME FEH &
TERUE 35 a8v 8 %50 e S &+
Stk

712£9] foot Fitts'law7} &5 18]+ angular movement
9] movement timeS & Eale= 7P 2 olae, W
TAE FOZ AMEeE &% FHE ARk 6”4]7}
3171 wji-olt}, WA angular movements FS A3
Wil W 5ol AkE FA Hol AHRER FAUS Wl
SRR 25 ARk ST H= dds & At
A ZF olgfst &5 FEt UrE}Ur% ]‘IQI’

H
o
i)
to
ol
)
£ JW
M
2
&

2 A Ax} &5 AR 412~526msE WEREAL ZF
FolA 71 2d¥ A= 9F 100msollA Bl 300ms

AE Apol7} drt o] wlg- e AlZkgle] EHsith 1
Eﬁjr ol E T dttn & F gtk oFE B0l A&
100km&E F8sh= 22l 79 0.5% Atolel 14mE 18
shth & 0.5&% X AFsiuets & Ataz olold &
Atk 53] St A9 dS stk B3 AsArt
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ohUTiehE A5 ik o)) A s B
§8 AES7t gobih, 53] A% i A39E g
340 el A 49 59 olfiw 4ol bl §

2

E
rrjgrsﬂ

a3l gQlom e JEA B3 Qs fiEe] &8 AFREH] 9=
o} vl Xz 7 Aol ko] mutolE sk A

Z A= o

AEorT 5

T+ EE e T A
7Fsdt AEEZHE AMESITE Wb
o] A 9 i Aol 719 foot Fitts' lawRFO. 2 ARE-A}

TS RdEskE A2 A odvk 38 T8 ¥
Bl2] &2 qlo] & s oo} it}

w-2}A] angular foot movement®} o] HEx|7} 1174
B el F2Y9E YERE angular foot Fitts' law<l
Equatlon 6€ ]o].g].oﬂ;]_ o]?—_ igﬂ gﬂ 74;(1— H]—N 01]/\1
YetteE 38 T8 2899 5 Aks 2
011:]. 0]9,]_ 71—0] ul Ex]— w3k _'__xg;_ﬂ?_ %;51]%]34 -%].7;“ =

T FeE gkl Yl A & nirt 9k

el B2

2o ol2g Alxw

s S

ﬁlﬁﬂ Ao ]DF. uebA] ol
B} 74]/\}0]1% A 22 1A ol
X3E Fr1AQl A7 Hesitl w13k el yu| g}
7 g, 28]al 2t s vkl Aok gtk o9k g

A R ol & X 5o 4 B H) A5 s

(Mackenzie and Buxton, 1992; Cha and Myung, 2010;
Murata and Iwase, 2001). 53] Cha and Myung(2010)
< Fitts' laws &3l <& o] &3 X" Aol 7]E2]
Vol (D)ol ARt} WeIZ1E Fohete] shgAl)e
0@ o) 349 £5& Uit melA ol we A
Ao W S50 el Ao E(0)E W
T Ae Fol=dD)E &Asto] foot Fitts' laws UERE
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