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Abstract: In graphical user interfaces (GUIs), users are required to perform cornering operations in, e.g.,

navigation in hierarchical menus and lasso tools.

In this paper, to refine a model for steering through a

corner, we conducted an experiment in which participants passed through a constrained path created by
combining two straight path segments with same or different widths. Our results showed that the steering
law was sufficient for predicting the movement time of steering through path segments with the same width.
In addition, when the widths of the two path segments differed, a model that regards the task as steering
through two distinct paths showed a better fit. Although existing study showed that Fitts’ term, used to
account for stopping motion, improves model fitness, we found that the steering law was sufficient even

without the term.
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Fig. 1 Examples of path-steering tasks: (a) single linear path
and (b) two linear path segments with same width con-
nected at 90°.
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Fig. 2 (a) Targeted-tracking task and (b) turning at corner
while steering through two path segments with differ-
ent widths.
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Fig. 3 (a) Apparatus, (b) Experiment task outline: partici-

pants had to steer through corner.
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Fig. 5 Error rate vs. A, Wi, and Wa.
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Table 1 Model fitting when only Wi = Wa (N = 14). All regression constants (a,
bs, and b,) with 95% confidence intervals (CIs) [lower, upper]. Note that A
indicates amplitude of one path segment, and thus, total amplitude is 2A.
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%@H%Fﬂ'ﬂﬁ‘%i%ﬁ%ﬁﬁ L7z, Fxv 78 Ay MIAOH]

RIZZNZI 108, MIC 1A RRE S N7z, B 6(b) 12

Téﬂ%i? 2, ZEIEA (#10) CTEMICHEZ & &
LT‘/\f:\_ }.’.i}‘ﬁj—\ﬁ) . \—@\—&‘i, Pastel i)iﬂ—\_"\“fkle:

[2—=F) 275 A7 TIHELREESERE NS | 2HFFL
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ZmE EILEIEZ 4T 25, TN AT 7 v 7 Ol
DARCTHHTHDLIEHRENT., 2F 1, [Senanayake
LOETINVEBATHLIETT 4y YDOHEPAREIZR D
X (7) ] VI RFIFIEL 2o 7z,

A—B5W, —Wa/2 <0 &BD5EMIE2DOLNHELE
Mo T7zd, KREITIRZEDLEMIZBIT AT T IVEGEE T
FEL 7\,

6.2 RBOELIBEIEZEINLBE
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(a) Checkpoints (red lines) for measuring speed.

(b) Average speed profile for
W indicates

3500 .o Steering in W,:
MT = 142 + 120D
3000 R2 = 0.975 B
2500 O
‘@ Ao o
£ 2000 g ==
= gz a0
& 1500 § g @,_,...A..Ag--g
1000 E% 8 o
g0 ¢ © T oo
500 | 4 R2=0.891
0
0 5 10 15 20 25 30

ID

8 TNENOREIZBITH MT & ID O (N =64)
Fig. 8 MT vs. ID for each path segment (N = 64).
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f&"flig%&of\/‘f:. 2F ), MOFHDOFNEFNOREET
1, 728 Z[F URIRIECH - ThH, Bz L ERER 2B &
Nz, 20720, TNENORRIZATT ) ¥ 7Dk
Az L7236, #2% AMHE b, 25505 SHEM L7,
X 8 IIREND LI, TNENDOREETATT ) V7D
FHNTEVE A J#%/TL g Wy OREEE O S EIE Wy O
BEOEZD2fETH -7, IhEsTE 2, BEET 5 ET
WIS, ZNENORETRLEDME %M T % [Steering
law (segmented)] (& 2, ¥ 3, ¥ 4) %A 7. [Steering
law (global) | (3% 2-%4) &, ERROEFNVIZBWT, A
TT) TP EREY =V LI2N=T a3y THb.
12 LT, [Pastel’s model (global)] (3% 2-3 4) 75
[Pastel’s model (segmented) ] (3 2-3% 4) %3EH L7,
T, A-5W, —Wy/2>0Ehb502MEBL, €
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Fig. 7 Average speed profile for all conditions (green line indicates corner position).
z2 A-5W —Wy/2>0XBI5ETIVEEE (N =56). a, bs1, bse (EIREEH
Table 2 Model fitting when onlyA — 5W; — W5/2 > 0 (N = 56). All regression con-
stants (a, bs1, bs2, and bp) with 95% ClIs.
Model Equation a bs1 bs2 by adj. R> AIC
221 106
. ! _ A LA
Steering law (global) MT = a+ba (W| + m) 639,57 (100, 113 0.951 767
Steering law (s ted) MT =a+b +b 250 Tl 196 0.988 689
cering faw isegmente =atbag by (177, 332]  [68.2,80.0] [131, 142] :
—786 75.9 490
Pastel’s model (global MT = a+ b, + A ) 4+ by L Ao 0.987 695
astel’s model (global) 4T (W' We ) v 082 (W ) [—972, —600]  [69.8, 82.0] [409, 572]
—191 73.3 112 211
Pastel’s model (segmented) MT = a+bs o + b + b, | A1 0.989 684
astel’s model (segmente aT oW 2wy TP 082 (W2 ) =557, 176]  [67.6, 79.0] [91.4, 132]  [40.8, 381]
5 ; —426 104 224
P a1 e . _ A-Wy/2 A 2(5W+W,/2)
Senanayake et al.’s model (global) MT = a+ bs (7 + ) + by log, (7‘% ) (584, ~260]  [101, 107] (181, 268] 0.987 692
. s 89.1 84.7 125 66.0
Senanayake et al.’s model (segmented) MT = a+ bs AT{P” + bz A T, T bplogy (W) 0.989 687
1 2 [—321,499]  [70.2, 99.3] [109, 140] [—58.3, 190]
K3 A-5W1 —Wa/2 <0 l%25BIIBI2ETVESGE (N =238)
Table 3 Model fitting when only A—5W; —W>2/2 < 0 (N = 8). All regression constants
(a, bs1, bs2, and by) with 95% Cls.
Model Equation a bs1 bsa by, adj. R? AIC
115 126
Steering law (global) MT =a+bs + 4 0.956 94
81w e ! (W* WQ) [—117, 347) (101, 151]
Steering law ( ted) MT = a+ bs1 7 + by 7> 413 .0 182 0.995 7
eering law (segmente =a = L B
& & St Tt [275,551]  [~0.020,70.0]  [123, 141]
—164 43.4 393
Pastel’s model (global MT =a+ba (& + 22 ) +bylog, (4= +1 0.994 78
astel’s model (global) o (5 ) + boloms (1) (310, —18.5]  [8.16, 78.6] 232, 554]
158 35.0 91.2 182
Pastel’s model (segmented) MT = a+bai- + b o+ bplog, (Wi + 1) 0.996 76
! 2 [—375, 691] [0.120, 69.8]  [8.06, 174]  [—186, 551]
307 98.8 411
Senanayake et al.’s model MT =a+ bsl w; + by, log, ( ) 0.990 83
[—386, 1000]  [—0.121, 198] [—804, 1625]

TV EE AL L 72 (N

= 56).

EREoBEmETIVIC

(#2) &, B 2MHE %M 5% [Senanayake et al.’s

model (segmented) | (& 2) ZMREEL7z. F 2 ITIRENS
£y LIEE ZfEH$ % Segmented /N—3 3 A5 &

j][]/%.f, A —5W, — W2/2 >0 '(ZF)Z)fC&b, ATT) v
7O E F A [Senanayake et al.’s model (global) |
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K4 TRTCOEMIBILEFVHEAE (N =64)
Table 4 Model fitting for all conditions (N = 64). All regression constants (a, bs1, bs2,

and b,) with 95% Cls.

Model Equation a bs1 bso by adj. R? AIC
252 105
Steering law (global) MT = a+ bs (W/}l + Wig) (128, 375] 99.9, 111] 0.960 869
. ) ) 252 74.3 136
Steering law (segmented) MT =a+ bslm + b52W2 [192 312] [69 1. 79 4] [131 141] 0.990 778
—683 76.4 459
Pastel’s model (global) MT =a+bs (WA Wi) + by log, ( (855, —511]  [70.7, 82.9 (381, 536] 0.988 794
—65.3 73.3 118 156
Pastel’s model (segmented) — MT = a+ b + bua i + by logs (s +1 (355, 225]  [68.3,78.4] [100,135] [16.2, 205 | OO0t 7T

DEWHEGEZR L.

RIZ, A=5W —Wo/2 < 0127 A5 %Mt L, €7 Vi
GEAMIEL7 (N =8). A—5W,—Wa/2 < 0Th b7
Senanayake © D E 7 IVIIRK (8) & b L 1T L7z [Senanayake
et al.’s model] (3 3) Zflif] L 7z. Senanayake et al.’s
model TlX, A7 7V Y7 DIHIZI1DTHA7-0, Seg-
mented /3— 3 VIZHFEELRW., £IITRENDL LH1Z,
Steering law (global) PO ETIIT L ) BWdE A % 7R
L7:.

BRI, A—5W) =Wy /2 DBEDbITEETII, $XTD
FfF (N=64) 128 ié%rwﬁﬁﬁ%&ﬁbt.ﬁﬁ%
TV, Steering law, Pastel’s model DWij/N—3 3 »TH
b, FTAIWREND X912, Steering law (segmented) &
Pastel’s model (segmented) (Z& V) BWil&EEZRL 7.

Steering law (segmented) & Pastel’s model (segmented)
I3 Senanayake et al.’s model Dj/N— 3 > & T H A
REOBEGEZRLT.
& Pastel’s model (segmented) (Z35&

% 72, Steering law (segmented)
e EE Lk
W, Z LT, Steering law (segmented) I3 Pastel’s model
(segmented) & HRTEBDOMEIZID R VIZL b5
9, AEEOTFUEETCH-72. Dhrtflwsd, a—
F1) ¥ 7 E TV Steering law (segmented) 25H#ETH %
tEz2bN5,

7. G&am

7.1 BOFELVRBBEIERZINESEE

FEEROKER, WO L WK g SN a—F) v 7
FAZIZBWC, AT T ¥ 7 OFEITH5 I EER M %
FHITE L ERENTz. Pastel DWfEIZBWTD, AT 7T
)y ZOFEUDECEAE (R? =0.99) 2R L TWzhs
Pastel i3, A7 71V ¥ 7 OEHIZFTlE+45Tldnw (2
T, FHOZDIZE T4y VOEENZARETHAH)
EIRRTW[7]. L L, SROEBRHERTIE, 7149
DEXMZTHLETFINVEEEIIAEEICA EL 22> 72 (0]
%‘Mwﬁ% p=0517TThH-o7z). 2F N, lEI%E Lw
REAERE SN2 a—F) ¥ 78 A7 OBAERERETFlC
ATTY) 7 OFEREMHT IS5 Ew) 2k b_t,cé.
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0
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9 Wk [35] »ENEN DRI
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Fig. 9 MT vs. ID for each path segment (N = 45) in Ref. [35].
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A, x Wi E y WFIORE S IR A HE 2L
7z Steering law (segmented) 7% Steering law (global) &
DHEBVEEEEZRLIEOEE W A, F72, Yamanaka
5 AT - 72 Experiment 3 Tld, SN 1 x 5 7)1 2H#kE S
N7z 2 D OWEHEE & MY 5 ¥ A7 %477 [35]. K%
T EICAT T v 7 OE R S S T AT o 724
B, TNENOKRBIIBWTIEWEE SN (K 9).
Z LT, SCHE[35]) © Table 1 128215 [ Doy, & IDsy, 13
ZFNENARGF LT Steering law (global) & Steering law
(segmented) %M T 525, ZNEDETIVOEEE LI
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FEENLWT AT DA, ATTY) Y 7TOHEEFHKT &2
DITHZEEEERN LS &b\i%
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FETVOMEEbSE o722 05, [ IZoh
TL—FMPEIEEEICTEN T 5] v ﬁiaﬁ% IE Lﬁ)o 7z
DTHHH. —HT, HEOLEBY, AIC REROK %
By, a—F )y A7 0EFIVE L CGEYZR DI
Steering law (segmented) T®H % <‘: EZzohb, 2%,
I—F) T I ATIEAL—RIGEEE N2 DODATT
VYT IRy EREL, F, Steerlng law (segmented)
(X, MEASH CARERE AR ST W5 EE~—Y
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EHTRECTH 5 &\ R 5.
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8. #HlfEEE
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X 10 (a) AOAMATI
DY

Bar, (b) A S5 REERO fAJE AT T

Fig. 10 (a) Inside of corner is round and (b) two linear path

segments connected at any angle.
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