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Modeling Users’ Pointing Performance
with Different Motor and Visual Target Widths
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Abstract: In GUIs, users must capture targets that have different motor and visual widths, such as items
in navigation bars. In such objects, users do not understand that the motor width is larger than the visual
width before hovering on the item, and thus, it takes them time to notice that they can already click on the
item. In this study, we conducted an experiment where there is a difference between the motor and the visual
widths of a target located between nontargets. We found that participants’ movement time strongly depends
on the motor width and is slightly affected by the difference. Based on our results, we build a model for
capturing this difference, and our results show a better fit than the baseline model. We also discuss existing
navigation bars and show the refinement achieved by using our model.
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INTERACTION INTERACTIUN

M1 Fer—arnN=—0ofl. 747 LAY VHBDo72L &,
TATLDEFRPNATA PENE, EEPNATAPEND
% T Motor Width DIFfEZR KE LR TE WS, GO
TAT LDV E BB L ZD Motor Width 23N TE 2.
ZOLE, TATLDTNIH Visual Width TH %

Fig. 1 Example of navigation bar. When a cursor hovers over
an item, the background of the item is highlighted. Al-
though users do not understand the motor width of the
item until they highlight it, they can predict the motor
width based on the arrangement of other items. The

item’s label is the visual width.

TWh, U4 Y FIRDLE ) /ST TV 27 MZBw
T, TORZHBHBERBICIHEVRELGR NI L
IS TS (1], [2].
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H—=INDBALEIITH)., ZLT, =V VPBTAT 4L
WZDo72E& (KM1A), BRON T4 MMZX > T Visual
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2B LT3, Motor Width & Visual Width =D EZEED
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*1 https://www.interaction-ipsj.org/2019/
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ARG, Ay — 7 }‘, T’QVJ‘/\4 7 4 b &7z Motor
Width

Fig. 2 Experimental task outline in Ref. [3] (Fig. 2 in Ref. [3]).

Blue object is the start area, green is the target, and

orange is the highlighted motor width.

K3 2A7OME, ¥—7v b (k) PIEF—7 b ()
nTtwns
Fig. 3 Experimental task outline. Green object is the target

and red objects are nontargets.

Motor Width & Visual Width O % ERE L7-KR 1 > 7 4

VIDETFNMIZOVTLIRET B,

K LOEMIZUTOEB) THA.

o Y=y NeIEY =Ty NPFHTDRA VT 40T
¥ A7 EMCTEREZITo 72, EROREE, H/ERRIZ
Motor Width 1258 < #K4F L, Motor Width & Visual
Width DR DT NICHEEZ G2 5 I LV o7z.
C DOFERITFATIIR L A& L Twiz (1], [2], [3].

e Motor Width & Visual Width D7 % ZE L7z E 7V
AREL R Q), 2OoEFVRIEFETVELIN LS
Vi A AR L7z (adjusted R? = 0.984).
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H 5. X (2) OXFIEIZ Index of Difficulty (ID) &L
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KRA YT A Y TEEZFATTH L, 27 -0 ERD,
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8], [16], 3KTC[17) DEA ¥ F 4 ¥ ZFIZbMHTE 5.
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T® Visual Space IR LD Visual Width & [6]5% 7228,
Motor Space (& Motor Width T7% { C-D 74 ¥ 45 L T
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W5 [24], [25], [26]. B S — 7y P ORI LTI
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3. EE

3.1 f#t

PC & Apple MacBook Pro (Intel Core i5, 2.4 GHz, 2
cores, Intel Iris 1536 MB, 8 GB RAM, macOS Sierra),
AR 13 1,680 x 1,050 pixels TH Y, 71 A 7L 113 13.3
4 F (286.47 x 179.04mm, 0.17mm/pixel) Td o 7=.
AJ17° /34 A% Logitech M100R (1,000dpi) DJaF~<
ATHoTz. =2 INVDOHEEIZ macOS DF7 + )V hTH
D, EBEY AT AEORICTIVAZY) = TERENT.
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3.2 &
1254527z, 1543, FHEEE 22.58 %, 7
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K4 ZAZTE, B=IIBT=Fr 2 "Dy —7 v MIDo7zk
%, Z® Motor Width 251 5 4 b &7z

Fig. 4 In the task, when the cursor hovers over the target or

nontargets, the motor width of the object is highlighted.
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ENENDF T2 bDBT A4 ATV A LICFEREND
K& &1F Visual Width (V) I & o CTHlI Sz, ¥ —
7y bEJES =5y MEFE L Motor Width (M) % P
L, Motor Width |22 7\ & 9 IZESiE S L7z,

ZIMEDBGEEE 2 ) v 2§56 &, RITOMBEEZ
LENHEINS, RIS, BINEDSY) v 7235 —7 v b
DO (M) WTHIUE, TORITEHIIE L, NED
HAEEN, —HT, 29Uy 2d M OFHPHITH - 723
AT, RITRITT—LLThHY Y PEN, KREIEALE
WHESN., ZINEE [TELRYELEMICT—7
M HbRIFTNEE SR w] RSN,

GUI RICEETHLF X = a vN—= Lk, ZE
BEROLECED 74— NNy 2R 527: (K 4). 72
EZE, AVE T ar019DF S~ 3 YIN=T
3, I=V VB TATLIID-728 &, WEPED DRI
ZALL, 2—FIT 4 7 4D Motor Width % FIH & & 5
(K1), s DEBRTLEEE, K4 IRTEIE, 71—
VY Motor Width 1I2dD - 72 & &, Motor Width % /N4
FA ML, TONLTA MR, §—=7 v MET TR,
Y=y b Thiror. T, ¥—F v bEIFEFY—F Y
MR L TH 256, ZNEEEOF TV 27 Moty —
o N THLPHMTE R WD, B DMEMH L.

3.4 FYAILEFIE

BMGEEB O M L2 S 5 — 7y bod.E TofEEE
(A) & 2 B # (600, 800pixels; = N & 1, 102.31,
136.41 mm), Motor Width (M) & Visual Width (V) @
#AE (Pattern) 1310 H5 (M, V) = (20,20), (40, 20)
(40, 40), (70, 20), (70, 40), (70, 70), (120, 20), (120, 40),
(120, 70), (120,120) ; £, 20, 40, 70, 120 pixels &
2.35, 4.70, 8.22, 14.09mm) TH-72. 2F H, Motor
Width 1 Visual Width &5 L2, #hdh b KEho
7o, INBOMEITEATIIE 2], 3] #&F L7z, FEY —
7y FHPEEET AEATIE, M1 o X912 Motor Width
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A Visual Width & ) & KE Wik, b LE, 747
ABIZEY ) MAFINTH L (2F D, Motor Width &
Visual Width 735 L) RS L . 20720, K%
TlX, Motor Width %% Visual Width & ¥ & K Z Wik,
D LIFENSDE L WIRI 7 F2ERSeMf & L7,

1+t v MiE 24 x 10 Pattern = 20347 TH O, v b
ND A & Pattern DIWBIAFIET ¥ ¥ L Th -7, FEB
DEIETT, TNENOBMB I HE 2 EROHI 21T o
2. ZMEE LY FOMEEZIT, 10y POXFE
fiolz. AFXy bEiTo720%, BNFEIC [Zhzho
FHETED L) gAY, FITEET €] &
a7z, 4EATIE 2,400 [0 (9F V), 24 x 10 Pattern x 10
oy b x12%) THY, 1&H720 100 EL.

3.5 EHAIE

PR (MT ; =9 — %K<, BBEEE 7)) v 7 L
Ty =47y 22 ) vy 735 TORRM), KSR
(RT ; =5 =%, =YLy =4, PID>Trb
Y=ty N s )y 7T HETOWRR), =5 —%5Tho7-.

3.6 fER

2395 R ATDH B BT ERAMUEL L72*2), =5 —13 33
AT Tho7 (1.38%). ZDOTT—FITIEHE (4% (7], [8])
L0 b7z KL DD L FEGH THN AT - 7.
% & #1213 Bonferroni & FW 7z, MV EHIE, Ak
Pattern TH Y, HEEEHIE, MT, RT, 7 —%Th-o
72, I THOIT = N— [ FEEHEIATE R L, Rk Rk k
FENEN, p<0.001, p<0.01, p<0.05%/R7.
3.6.1 I5—%%

A (Fy;p = 088, p = 037, 17 = 0.074), Pattern
(Fy99 = 0.99, p = 045, n2 = 0.083) TH Y, EZR
R ONL o572 Appert B, BHONA T4 MZko
TENZL DT =R SN D Lk TW5 [30]. —F
T, Akamatsu 513, "M T4 FOFMIZL AL T —FD
IRV ERRT WS [31]. REBETIE, 5 ZDOSMER
(DS =7y DN T4 FEERLTH L LA
=V VEBEESE, KAy TF1 v BB &S] Lk
RTCWz, 2F ), KRERIZBWTIEL, Motor Width D2\
ATAMPRA T4 72 LTwicbE2zON5.

REEFTIE, JBATIIZE (2], 3] LRL A, M, V ZfHL
7o, FLTC, AT TH S N7 —FIE 3.21%TH
h, £bzd, TOERENH (A, M, V) TBHIZINS
I, EEL) IR A FHSINS, DLE2o
OB L Y, REBEOTT —RKIFEHEL Y LKL o7z

22y N 4 K0 SFEIE o 1E, coiTAsMUES L
o7z (7). F72, 709 Z260ES S =7y OFLRS 2W
DLEENTWAEE]| OFBIIMFH L 27 2ihug, e
FEERTlE Motor Width & Visual Width 25587 % 726, 0 &
IBRITI DN I B EEZ NS TH S,
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Fig. 5 RT versus V for each M.
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(2B BIEAERER] (MT)
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Fig. 6 MT versus A and versus M for each V.

6 % Visual Width (V) (5 R A2 )

tEZLNA.
3.6.2 RGHEE (RT)
FRIRED S NT=DIZ Pattern (Fy g9 = 7.64, p < 0.001,

np =041) Tho7z. B 5 IZZEILBOMRERT. 121
FTRTOV RTHTE, ZPRoNehol. £, M=V
DEFIZRT RRHETHY, M &V OENEINT AL RT
N L 72, Motor Width & Visual Width (22433 5 35
B RIGRRASEAT B 2 &3, SeAge (1, (2, 3] LA
L7ziERTH o7, REMEABPRONT-DIE A x Pattern
(Fo.90 =2.73, p<0.01, n2=0.20) Th-7e.

3.6.3 R1EEERE (MT)

FRRPE N2 A (Fr 1 = 7097, p < 0.001,
n2 = 0.87), Pattern (Fy g9 = 81.61, p < 0.001, 72 = 0.88)
Thotz. LERBOER, AWBST 5128 MT 7584
TALIENG ol T, KV TEIZATAHADLE, M
NS 2138 MT A LTwiz (B6). 2LT, %
MZEIZATHBE, $RTOV XTHTEEIRSN
Lhroleh, M=V DL EIZMTHEETHY, T,
MLV OEFHEINT21ZE MT ML vz (K 7).
Motor Width & Visual Width 12757253 % 3545 123 VER R
AT B 2 LAL, JeATIgE (1), 2], [3] LA LR T
Hot.

3.6.4 EFIOEEE

Bk & B Y, EERER (MT) 13 Motor Width (M)
WCHR B A 2T Tz, 2, M &V OEPEINT S
EEMT BHLENICHEIL Tz, A lET7 1 v YOk
HoWwW % MIcEERZ -7V X (5), UMk, ID,, £
FN) OBMAEERIE L7z, —RIICHWSNLEEED
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Fig. 7 MT versus V for each M.
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= 888
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0
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8 REETFINVE ID, TFVOEEE (N =20)
Fig. 8 Model fitness for our results obtained using the candi-
date models (N = 20).
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800
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9 Motor Width & Visual Width 55 L W4t (M =V) @
BB ID,, ETVO#EE (N =8)
Fig. 9 Model fitness for our results obtained when M = V
(N =38).

U (R? > 0.90[7), [32]) £ &4, ID,, ETIVIE
BWEAEZ/RL T (adj. R? >0.937, M8/, & 1
OLE). ¥/, M=V OAOFT—%7Tl, ID,, ETI
LV EeEAEEZRLA (adj. R?2 > 0991, X 9).

MT = a+ blog, (%—i—l) (5)

4. EFILON=E

Liﬁ@%?;b@i@é‘f&b:iﬂf ID,, EFVIF&Eko
BRIV M=V OADLEIZL)EVE /\F?%/TL“C
W7z, 2F ), MAEEILVICED MT O/XTDEIC
THATLEEZONL. RERTIE, M£AV ;t6%14‘»
DHRTH 7205, M#V(D%ﬁiﬁ* ZhE, VICkAN

FOEIHNWIML, MEEIA L, KT THS 2 &2
FH XN D (OEEV)R2<090 W2 b). FDiz, L)
B S5 Cd o TH R ICE R (MT) % FHl<T
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1 WETFNVE ID, EFVOMEEE (N

=20). adj. R? 715 <, AIC 7SEWIT &

ETNVTHAS. a, b, c ZIEEEHDOHEEM, BLV BREFXBOMEL [FHRAE, LR

fii] THFLL T2

Table 1 Model fitting results for the candidate models (N

= 20). Higher is better for

adj. R2, and lower is better for AIC. a, b, and c are estimated constants with

95% ClIs [lower, upper].

Eq. 1D a b c adj. R? AIC
5 log, (& +1) 590 e 0.937 192
[342, 450]  [103, 133]

6 log, (ﬁiﬁff%i:xa'4’1> 326 130 0.380 0osd 166
¢ (282, 361]  [121, 139]  [0.296, 0.465]

ELETVNULETHLEEZLNS.

FATHFZE 12 & i, Visual Width @ K ¥ A4 %
w1, [2], b L <&, Motor Width & Visual Width 2%
WMETHIUL (2], [3], ID,, EFVITEVEAEZRL
Tw7z., F72, Motor Width & Visual Width 2% 4 72 i
Td > T Effective Width (X (3)) #H\v5 Z & TEE

CHREREE 2 P CE B L SN TWwb [2], [3]. LAl
Effective Width 1, 72 & 21X, ANTFNA ADEO & &
WKHWAERETHY, GUIICBIFLF 7V 27 bHA X
ErRET D4 121% Effective Width 2l L 2 wvwE 7
WASRO SN (6], [10], [11]. € D78, Effective Width
Wiz ZBVWHEAEEZ/RLTD, =7V FDOIXTXA—%
(A, M, V) 26 MT #FMTEXLETNVIETHA FIC
Lo THMATH 5.

KREBORERIY, MT 1T AL MITHKELTW
2. Tz, kA IZAEMPIEENSID, TEFIVE

LW ETVEMEST S, T/, M=V ok
BEMIIBW T MT B iR#ETHAHZ ERBALE. 0F
1), Motor Width & Visual Width @72 & - T MT »#

WZHINTAZ N ghotz. ULEoZ a0tz bE,
3 (6) %% Motor Width & Visual Width ® 7% Z 8 L 72K
AVTA VY ITDETNTHLEEZLND.,

X (6) &, IDy, @ M OIEHIZ Motor Width & Visual
Width 7 (M —V) ZNz7z2b0THsb. Zhickh,
Motor Width & Visual Width @712 & % MT Oz ¥
WT&xr72%59. X(6)TIE, M=VDLE, ¢(M-V)
DIEIZ0WRY, ID,, ETNVEHELLL DL, 2F), R
HEZ ) v ZUREEBOKRE SHPEHL TV B k%
FBA VT4 T8 AT, BEETVIIERDET I &
BELTWD, $72, M#V Ok &2, WEHEO 5
ML, FHESNE MT 258y 5. 2%, K (6) 12
LoTFMEIND MT IARFERTEMN SN MT (4 7)
EBRAELTVWAEWVR B,

© 2021 Information Processing Society of Japan

R1EFZFNZFROETFVOBEETHY), M8 IFFN
EFNDIDIZBWCT—%% 70y LD THA.,
RETNEIDOERPLETHY, 1D, ETIVOEEK
2220723 CHDH. FOO. adj. R2IZIMZ T, HRibl
e HHE (Akaike Information Criterion, AIC) [33], [34]
FHWCTETFTNVEILET A, AIC DMK L, adj. R? 5@
ETAVNRLY)EVWETVTH L. 5, AIC DFEH 10 L
LHIIHMEIZ T3 TH B L SNTwb [35]. HCI 5%
T, INFTH AIC 2V ET VOB I T b T

% [34], [36], [37]. F LIRS ND L)L, REETL

T ID,, ETVED S EVBEGEEZIRL 7.

5. M
5.1 EREEDEL

SEATIRSE (1], [3] 12 L duiE, PUCHRR & RERERIZ &6
5 % Motor Width & Visual Width 7% L\ & S IZHRET
HY, TNOHIZEN D LEEITIEIINL Tz, RERT
(X, Motor Width & FHiZ#@HI L vy, FEY —F v FAUE
T 5 % EORATIIZE & AR TEEDNE ) B OPF
L7, 20700, B CIRoN o7 [N T
A 2 RBDVSRAL T4 ¥ THERERAT) | RSN
7. FATIRFE E ARWFZE R WKL T A D &, WL O ERS
PR\ E VIR S N2, ARIFZE O E B BT AT
el A LT/, DF ), Motor Width DI IES —
7y N DR (i 7o, FNUCL DEBEDE) IHF DY
TF = VAIEE RS2 hnwEEZ NS,

5.2 FEF—IalNN—DOHtREWE
FERHERLIEETVOMEEELEE T UL, 74
F 1% Motor Width # k& < &1, %L T Motor Width &
Visual Width O7 % 23 % 72612 Motor Width % 1% -
ED)EWHTRETHL. 2218 M1OFEr—3 3
T, THEAFET AT LD Y & Him L
Motor Width # BHfEICTRETH S (K 10). 29552
& T, Motor Width & Visual Width D% 7 { §7 2 & A%
TE, 2—VOBRERMEZHIIEOND725 9. EEIZ
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590



[BHRNIBFERIGE Vol.62 No.2 585-593 (Feb. 2021)

H10 1472722019 DFEsr—v a3 nN—ogEE (L3
R, T )
Fig. 10 Interaction 2019 navigation refinement from top to

bottom.
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BEEL TV WERTH 720, 1 1 Motor Width
& Visual Width 1212 TH 7% % Motor Height (L—F7%
7w 7 TCELY =7y FOEE) & Visual Height (74
ATVAFRENDLES) 2PiFEELTVWE,. 20720
EBHERCIREE TN EZOEFTHATELNIIOVWTIE
SR DLMAELETHLELEEZLND.

6. HFERE
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Wz, %7 % Motor Height & Visual Height % Fif5 L
T, EETNIZID OB X 2 CICHF SN TS 72
O, T—FPFEF = 3 YN—NTKFEIZH— VL%t
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I LTIE, BTV EWLSOMBIET ALENH L &
Z2oNb, 11 I22D KA V514 2 T DI8T A ¥ FIR
T. TFAPMOEERHE (Visual Width (V,,), Visual
Height (V3,)) &&ED ¥ =7y FTREN, BHO LRI
T—HHERIZZ ) v 7 TE D (Motor Width (M,,),
Motor Height (M) TH 5 (EBEICEATHTHS). A
37—y NETOWBETHS. 2D KA VT4 Y 7 DE
7 (X (4)) [8], [16] ZZRE 3 11, Motor Size & Visual
Size # ZE L 722D FA ¥ F 4 ¥ FOEF VIR (7) TR
Ensn. (7)1, HIZ2D OFETF NV ERMIED 1D O
FETNVEREG LT TH Y, EBRIITERO®EY) %/
B3R bERIIL > THIETREZ LITZ V. &5
12, 1D OFEFEETIL (X (1)) & Motor Width % JE il v]
BECTHolos (RERTIE, ¥—7 v MedEy—7v b
DA NH) 5 & —7 > b D Motor Width % BB X ZHEil T
&72) ICHEAWEETH Y, X (7) ICEHLTD My, 0’ 5412
FEHEMT R SISO N 259 (722 212, M, B2V,
A E).

KIFFE T, ¥ =7 bEJEY =5 v Mid Motor Width
BV Y=Y Y DRWREDOARTEREIT-72. LHL,
72 & 203, 1L BFEr— a3 0 XN—7Tl&, 747
LB =V hd b, F20OLI) BEATIE, KAERTS
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11 Motor Size & Visual Size 7327 5% 2D KA v 74 » 7. &
D EHRIE Motor Size TH Y, FEBFIZIIATHTH S

Fig. 11 2D pointing with a difference between the motor and

the visual sizes. Orange dotted line indicates the mo-

tor size that is actually invisible.

MEDAT->T07z [REOIEY =7y bDONA T A b EFERR
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Y=V EREETLLEND LS. 2D ETIVOKE
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MT=a
A ’ A i
o ﬂw)w(W)“
(7)
7. iR
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TIEZE (1, [2], [3] £ A& L Twiz. F72, F41d Motor
Width & Visual Width ®2 % ZE L7 LWET L (K
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