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Modeling Steering Performance for a Path Created by Orthogonally

Connected Path Segments with Different Widths
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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

(a) #EREEE. (b) [ ID DFEE

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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© 2018 Information Processing Society of Japan

4.2 BmME

124 (34, 9 %L, M = 22.087%, SD = 2.02
%) MBILZ. TRTCOBMENERETHY, AFT
SUAERBELZ. 2500 AR E L CXilbirz.

4.3 Y9279

T 2135 B OBRIER, HEORE, koK T HEI%
RERRINZ (K 3b). MEFIFFHKEEZ 2V v 7 LT
AT B IE, BRELOBBLUAEVWED TV ILE
BIEL, RTHEBTHTZ Yy 2 LTilfT25% T SE .
71— )V OWENIBIAMEIR TR E @, RBNTIIRE, &
THEBTREORTRRINAZ [11]. BBEES»S -V
MW T 2 L HERES I ND & & IZFHHDHR S Nz,
H—=V VDR ST 5 Z & KT HEBIZEEL,

IV IR REINB e, FERTEVELEINE. S
THRWES GRPTH—=VUDEBL 254) 1%, £ (=
=) ERISHEEIN, TORFEPHEIE. &
&, 299 F (XY AZBEETHE) 2 L0k
SHERL, BL, 72739 FELUEEAICE, IYADEAR
RUEMUTRITARVEI YR, 259 FICEBP0E
LIZTS— L THY Y b LD 72*2,

LU, AfT0ETE METHEETCDOZ Y v 7] TiEAL
M TREIBUCAR A LB & L723Ga, R A 2% T LR
BITRIEED S L TH T T — 127 5 R\ 2O BMNEIHE
TR TR ERICINEZ L, ZOIHEIC L > TEHITD
KD B MDD D, Db, 7)) v 7 TilfT%E
SETIEBLSITLT.

4.4 RBRTHF1Y

1 DDORBEDEZ A% 250, 380, 560, 700 pixels (ZF
NEH, 42.63, 64.80, 95.49, 119.36 mm) TH-o7z. &
RORBDOEZIZ 24 TH - 7=, ADOHIZORIZIE W, &
Wy ik ZnZ 0 30, 40, 60, 80 pixels (ZNZh, 5.12,
6.82, 10.23, 13.64 mm) THo7=. TD7=®H, 2 DO
MEBFEUC - BARDEMEBELELEZ. AT T YT OEAN
o THEBEING 1 DOREED ID 1% 3.13-23.33 TH -
7-. Pastel DFERRIZHIT S 1 DDRIED ID 13 0.625-8.00
TH Y, Pastel DERRE A, AREFFEE 3 ITIRWEHIFE O
ID BB EINTWBREEZOND.

4.5 Fl&

A, Wy, Wo OIERIET VX LTH-72. 1Y M

2S5y FIET 4w Y OERDOETIVESE LRSI E S Z O
S5NTWVW3S [31]. BL, 75y FEFAL, AF7 Y27 OEH
BIH D WIEZ T T 1 v Y ORI G L2 E T ILOESED
B o258, TNDT T FIZLBEDRONERSEMIZES
HEDRDN, ETFIVIZEEEDHRORVARIIZA D AREMED B
5., BexlZ Iy FIZLBEEBLrETILVEGERMIIEEED
2, 7w FERHFA LG, —HT, 27y FERHIFALEY
BIZBAT TV VOB ND Z SN TWS [1].



FHRLEFREHNEE Vol.59 No.1 1-11 (Jan. 2018)

4A x AWy x AWq = 64 T TH o7z, BB IFET 1
v FOMEEL, EBRT—XLT5k2Yy bE{To7z.
2RTIE, 3,840 34T (A4A x4AW; x4Wa x5 v b x12 &)
THY, 1ADSMENEERIZE L ML 30 TH - 7=

4.6 A1YVANZITaY

FATWISE [2,11] L FERR, SEITIE, BB ZEPBIL 20
W CHEEEZRT LOERLE (DX, EEIVKEES
BT D LR URE). FMERTIEZ, SINHFICH
WCRAZZITD XOBRLUED, TOHHICEHEVWTS —
EPBR N, £72, KEBRTIE, Pastel DFEER [7] &
R EESHOREE LML UTHAT 220, KEx
BREUEAVANS 2V avEAWSEI L L.

4.7 EFHAE

PEEARIE, BIERM MT (FH#ESEz L THhr 6,
MTHEBITIRAT S £ TORRM, =7 —UL7HlTakk<),
II5—RThoT~.

5. R

4449370 S5 5, 609 [HID TS5 —HEH S 7z (13.54%).
Pastel DZE [7) LHARD &, PR EWT T —H DB X
N7z, Pastel DWFZETIE, D 98%AREIKIZ A > TV
EZDFTRE E SNT WD, MWL S —RHPEH
InzoreEbhd, £/, ATTVVIRATTIE,
T T —HD10-25% [11] 12722 DAEHlE SN TWD 70,
ARFEFRDOT T —RIFFHENRETHD LHEROND.

MOBLDOD B 5T THITZITY, LEEIZIE
Bonferroni %% 7=, NI 2T A, Wy, Wy THDY,
RBREBIIFHNECRARZETH 7. UTFTDITF 7T
i, T N—IEEHERE R R L, FRF, Rk K I ERE N,
p < 0.001, p<0.01, p<0.05%R7.

+*x at all pairs

4000 4000 4000
— 3000 3000 3000

m
E 2000 2000 2000
=
= 1000 1000 1000 !
3097
0 0

250 380 560 700 30 40 60 80 30 40 60 80
A [pixels] W; [pixels] W, [pixels]

4 MTIZw3 5 A, W, Wo OSE.
Fig. 4 MT vs. A, VV17 and Ws.

5.1 R{ERE MT
FERRBESNDIE, A (F333 =153.16, p < 0.001,
n2 =0.93), Wy (Fs33 = 66.40, p < 0.001, 72 = 0.86),
Wy (F333 = 18822, p < 0.001, 72 = 0.94) T > 7.
M 4I1IZREND LT, AVBENTZIEY, £/, W ®
Wy DT 2I1EE MT IZ¥EIML 72, REEAPESH

© 2018 Information Processing Society of Japan

25% 25% * 25%

@ 20% 20% | _* 20%
8 15% 15% 15% Z
5 10% 10% 10%
2
U 50 5% 5%
17.27(11.47( 7.13
0% 0% 0%

30 40 60 80
W, [pixels]

250 380 560 700
A [pixels]

30 40 60 80
W, [pixels]

5 TI—RIZWTDEA Wi, Wo D%
Fig. 5 FError rate vs. A, Wi, and Wa.
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EIEEET 52, FHIZRATFTY V7 OEAOA T
NTHBZWRINZ., DF D, [Senanayake 5 DET
NEBEHTEIETT 4y YOHENPAEIIZRE (RT7)]) &
WS REIFIE L D2 o 72,

A—5Wy —Wy/2 < 0 27355 M1E 2D UM EELR
Motztz®, REITIEZDRMEIIBIT S ETIVEGEIZR
FEL 7R

6.2 IEOELRZBRBI|EEINLEZE

W, RBIEVEZRDEMEE2EDTRTOEMETDE
TINEEE R BEET 5. TIZRINB LT, BhHEIE
ATHEZEEIZEE LTW., £/, 22 W, =W,
DBATH->TH, MOFIBIIBI2ENETLDOEY—2
HEIIRL > TV, 20, ADORIBOETNTNORE
TlE, 22 ZFAUREIETH > TH, FipdERIERMIE
HENTWiz, 207D, TNTNOREEIZATTY v
OEMEFEA L7254, BRMHE b, BF5 N5 &
U7z, M 8IZRENDBE LI, TNTNORKTATT
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VY 7 OEANTEWVEAEZ R L, I Wy ORIEOMEE 1
E W, ORBOMEED 25 TH o7z, ZThaelkE A, Wt
THETIVIZ, TNTNORKTRLZMEE2MHHT S
[Steering law (segmented) | (¥ 2-4) ZHNA 7z. [Steering
law (global) | (3% 2-4) I, ERDETFMIBWT, AF7
VYT hir B8 e —Y UizN—Ya v Ths. Fkk
IZ LT, lPastel’s model (global)| (% 2-4) » 5 [Pastel’s
model (segmented) | (F 2-4) Z2EH U 7.

9, A-5W —Wy/2 >0 b5 MEMBL, €
TOEEE % MG L 72 (N = 56). EEOBEMME TV
MAT, A=W —W/2>0Thb7D, ATT7 VYV
JDIEMNE FN 5 [Senanayake et al.’s model (global) |
(£ 2) &, B sHE%fHT 2 [Senanayake et al.’s
model (segmented)] (K 2) ZMFLL7Z. £ 21ZRI NS
oIz, B BIHE % MHHT S Segmented N—Y 3 U K
DERWHEAGKEZRU.

RIZ, A=B5W1 —Wo/2 < 0127552t L, €7V
BEEMEEL7Z (N =8). A—5W-W3/2 <0 TH57=9,
Senanayake 5 DE T ILIERA 8 2% £ 12 L7z [Senanayake et
al.’s model] (58 3) Zf#fH L 7z. Senanayake et al.’s model
T, AFTV VI DIHEIZ1DTHB7-8, Segmented /N —
VaVIIFEELRV., R IITRINSE K DT, Steering law
(global) BMADEFIVIZ LIV BVWEEEZRL /-,

BEBIZ, A—5W, — Wy /2 DEBEDLII2ETI, TRTO
(N =64) B BETIVEEGEERMGEL /2. (BT
TV IX, Steering law, Pastel’s model D[j/N— 2 > TH
5. RAIZRIND L DIZ, Steering law (segmented) &
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7 BREMIIBITEEEHE (REOBITADAE).
Fig. 7 Average speed profile for all conditions (green line indicates corner position).
K2 A—5W —We/2>0I2BF3ETNVHEEE (N =56). a, bs, bs IXAIREE.
Table 2 Model fitting when only A — 5W; — W5/2 > 0 (N = 56). All regression
constants (a, bs1, bs2, and by,) with 95% Cls.
Model Equation a bs1 bs2 by adj. R? AIC
221 106
Steering law (global) MT =a+ba (& + & 0.951 767
6 w8 () (639, 378]  [100, 113] °
, . . 255 74.1 136
Steering law (segmented) MT = a+ bs1 wt+ bggw—, 0.988 689
: A (177,332]  [68.2,80.0] [131, 142]
—786 75.9 490
Pastel’s model (global) MT = a+bs1 (12 + o ) +bplogy (v +1 0.987 695
g ! (W : ‘“) v 1082 (‘“ ) [—972, —600]  [69.8, 82.0] [409, 572]
—191 73.3 112 211
Pastel’s model (segmented) MT = a+bs: % + bsgﬁ + by log, (VKA’ + 1) 0.989 684
: 2 2 (=557, 176]  [67.6, 79.0] [91.4, 132]  [40.8, 381]
—— —426 104 224
S ke et al.’s model (global) MT =a+ by (A=02/2 4 AN 4 Jog, (2EWLEW2/2) 0.987 692
cenanayate ¢t at. s model 1globa (P ) + by lomy (PO (584, —269]  [101, 107] [181, 268]
W STV 89.1 84.7 125 66.0
Senanayake et al.’s model (segmented) MT =a+bs %‘2/2 + bszwiv + by log, (W) ° 0.989 687
' 2 > [—321,499]  [70.2,99.3]  [109, 140]  [—58.3, 190]

3500 | .o Steering in W,:
MT = 142 + 120ID

3000 R2 = 0.975 B
_ 2500 ‘E/%/'
2 2000 2
— %E,E/ O
i 1500 Bl £8

1000 g% 8 o

/g g .o. Steering in W,;:
500 :g§ MT = 346 + 67.8ID
R2 = 0.891
0
0 5 10 15 20 25 30
D

8 TNFTNOREIZHIFTE MT & ID OER (N =64).

Fig. 8 MT vs. ID for each

path segment (N = 64).

Pastel’s model (segmented) 1F& 0 RWHEEGEZR U 7.

Steering law (segmented) & Pastel’s model (segmented)

I% Senanayake et al.’s model Dij/N—3 3 > & LEARTEHF
REOHEGE 2R U7, £72, Steering law (segmented)
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& Pastel’s model (segmented) &I 2 HEE LR
W, Z UL T, Steering law (segmented) I Pastel’s model
(segmented) & HANTEBDEBPIDLNIZE 21D S
T, AREOTHEETH-7-. ULhzFeddL, a—
F 1 V7€ FI)VIL Steering law (segmented) 23 TH 5
EEZLND.

SEEA

7. GHom

7.1 BOFELWVWRBINEZINLEZSE

FEEROFER, HOEL WK EESIhza—F) v
RAZIZBEWT, AT TV v 7 OEATHo I BIERRLEZ
FHITE B LREINT-. Pastel DIIEIZENTEH, ATT
VY T OERDEOVEEGE (R?2 =0.99) 2/RL T\,
Pastel I&, A7 7V Y7 OEMEZT TE+2TERWY (D
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K3 A—5W1 —Wa/2 <0 IZRBEMIZBIBETNVEHAE (N =38).
Table 3 Model fitting when only A—5W; —W5/2 < 0 (N = 8). All regression constants
(a, bs1, bs2, and by) with 95% Cls.
Model Equation a bs1 bso by adj. R? AIC
115 126
i N — A LA .
Steering law (global) MT = a+ by (W] + m) 117, 347 o1, 151] 0956 94
) . R 413 35.0 132
Steering law (segmented) MT = a+ bs1 Wt bS‘ZW 0.995 77
. 2 [275, 551] [-0.029, 70.0]  [123, 141]
—164 43.4 393
Pastel’s model (global) MT =a+ba (3 + 7 ) +bplogy (14 +1 0.994 78
astel’s model (global a+bs (u‘ VVZ) p 1082 (wz ) (=310, —18.5] [8.16, 78.6] (232, 554]
158 35.0 91.2 182
Pastel’s model (segmented) MT =a+ bsl‘% + bs2‘% + by log, (Wi + 1) 0.996 76
L 2 2 [-375,691]  [0.120, 69.8]  [8.06,174]  [-186, 551]
p 307 98.8 411
Senanayake et al.’s model MT =a+ bsl‘;[i, + by log, ({%4) 0.990 83
2 2 [—386, 1000]  [—0.121, 198] [—804, 1625]
K4 TRTORMPIIBIDETVESE (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 bsa by adj. R? AIC
252 105
Steering law (global) MT =a+ by (% + wi) 0.960 869
R [128, 375] 99.9, 111]
] , . \ 252 74.3 136
Steering law (segmented) MT = a+ bs1 wot+ bSQ‘g—, 0.990 778
' > (192, 312]  [69.1, 79.4] [131, 141]
—683 76.4 459
' . — A LA A
Pastel's model (global)  MT =a+boy (g + 7 ) +bylog, (5 +1) 855, 511 (107, 822 I
—65.3 73.3 118 156
Pastel’s model (segmented) MT =a+ bs1 % + bsz‘;[i, + by, log, (% + 1) ° 0.991 775
1 2 2 [—355,225]  [68.3, 78.4] [100, 135]  [16.2, 295]
£V, FPHDEDIZIZ 74 v Y DIHEMZA NS THD) RETH-o . 2F0, 3—F ) v IR EKFITREEHE

ERARTW (7). L L, SHOERRERTE, 719
DHEZMATEETIVEESEIIAERIZH EL b7 ([
RN ORER, p=0517T THo7z). 2F 0, EIHFEL L
REgAEAE X Nz a—F )V F R AT OEAERRE I,
ATTV VI OEAMEFERATNET R END Z &I 5.

7.2 BOELIZBEEIERSNIIEE

ZETILOD Global /N— 3 > & Segmented /X— 3
ZIbEgd 5L, Segmented N— 3 VOMEEITAERIZE
motz. DFD, TNETNORKIZBWTRRDMEE 20
HTAZeNETNVHEGE2ALIEEZ b5, &
FIR5E [19,20] 12 K0S, BB E (xdlifGm) Tl
EHERTT VT DERIDEANL L, G U CERER
MNELDZZEVHMOENTWVWS. 2FhH, ATTVVIDkL
HIZ X o THESNAMHE L HEIG L TRER S, T
Z, xHh/irme y G m o T e IR 5 HE 2 AL
7z Steering law (segmented) %% Steering law (global) &
DHLEEWHEEEEZRLZDEE WX S, £/, Yamanaka
5 M7 o 7z Experiment 3 Tl&, I3 & x fili 5 ANz dks
TN 2 DOEMRH ZE@ET D XA 217072 [35]. &
BEZLIWIZAT T I OEMEEHAT 28 21T- 7=
R, TNTNUORBIZBWTEWMEERE Sz (K 9).
ZUT, [35] @ Table 1 (Z#H N3 Dy, & [Dy,, 13, %
NFNARHR L TOD Steering law (global) & Steering law
(segmented) (2343 50, ZH5DETFIVOESE I
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FEENBWEATZDEGE, ATT7V VY IOEZRIEZ LI
DIFBZLWEEER2A EXEEE VRS,

3000
Steering in W;:
2500 MT = 88.5 + 44.6ID
R? = 0.954
2000
w
E 1500
5
1000
Steering in W;:
500 MT = 1.22 + 36.7ID
R? = 0.976
0
0 10 20 30 40 50 60

9 [35] DENEFNORKIZB D MT & 1D OBtk (N = 45).
Fig. 9 MT vs. ID for each path segment (N = 45) in [35].

B 7IZREND L5, BPRLLLEEIIENTS, i
TRBICEELTEY, [0—=FY v IR A7 TIHEILE)
ED TN B | &\ Pastel DEFRIZIEL o7&k S5 I12E
Z%. ¥7z, Senanaya SDEFINEHWHAL-a—F 1) v
JETNVOEEED o722 h 5, [HITELIZON
TP IEEEICENT 2] L WORHEELD 572
DTHAS5. — /T, HiEDO LB, AIC REBOE%H
K, I—F VT RATDETIVE L THEY RO
Steering law (segmented) THBEHEZHN5B. DFD,
A—FV VT RATIFAL—RTHEESINZ 2 DDATT
VYT RAY & RIeHESD. F7z, Steering law (segmented)
I, TEHHE UREEAVEEE ST WA IEEIZI, ERE~Y—Y
THIETATT Y VI OEE —HT 5720, EHRFEL,
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EHD L SDEMIZBWTH Steering law (segmented) 3
fEAFETHD L VRB.

7.3 BIFLDRBIRIRIVADETILOER
BIThDBEBRZA7TIZa—F) VB EREGEENS
728, Pastel DIFSEIZH L DWEETIVIET 4 v Y DIH
NEENTW 2. — /T, REBROMERIZH LD,
T4 wYOEPRLEEI—F ) VT RAT ORI &
FRZFUTED72D, BITROEROETLVENETE
LHREMED D B, Foa DT o 12 RIF R OB IROERIZ L
i, 74 v VOEPRVETAHNRNEINT W ([36]
@ Table 3 @ [Steering] & [Steering with pointing| %
Wg)., ZoOREIET 4 v Y OEPBETEZ D LW D KT
BORBEEBELTEY, 2%, a—FVVITRXRAI %
BEDODATTIV VI RATDERLEERADDDRRELTH D
tEZENE. ZDLDIZ, a—F )V IBEEEL R A
I DETIVIE, RMFEOEBERIZE-T, L0 IEMELRE
TWIZTEREEZ LN,

8. #HIWEEE

L=y —=La0a—ATlE, ™ 3b TlEk< 10a
DESIZHOA[PILNGER DD, ZOXSRIGET
i, =L RDSNITHZMADZLNTE, AF
UTEORWHEL < b eEZONE., —HT, ALY
ADEAMEIZH 3b & 10a TH & DAL RN, M 10a
D& 5L ETH>TH, Steering law (segmented) H35H
ATEsLEZONS.

72, Pastel DIFFETIE, REKIERE TN D MHEIT 90°
P T, 45° % 135° L\ o 2 EE FBRGRMIC A F
Tz, AWFZETIE, 90° ICEEE SN BLEAELRT A B
LTWiRW=o, loME (X 10b) 12 W TH Steering
law (segmented) DYEFTIL & L TH L TWARIEIAHTH
5. —/iT, AWFEDOEHHKIE P Yamanaka 5 [35] DEER
FEREFZRI L, 90° IZINZ 0° 128\ TH Steering law
(segmented) ZHFLL7ZE WA D, ZTDREHEZL L,
075 90° DAEIZEWTIE, HEOMEzLsEs L
T, Steering law (segmented) »ME(ENE%Z FHITE 5 &
#ZTW5%. Thibbotuwawa 5 [20] IZH & D&, Z77Y
YIDIEIZY A Y (sinf) ZMASI LT, MEEZFZET
EDETIIRDEEATVD.

ETNVHBORE, (277 V) ¥ 7K D 5W, T
MOEI—VOBENLT S| BRPA—FV VTR RS
WIZBWTHER SN, — AT, nW, Tn=5&25DIEHE
MR E AT 7Y TR OB BRTHY, a—
FVYITRRAIDEEITIEn =5 &0 LU - EIFET
LHREMELRH B, AERTIE, SINHICES LD EEEX %
HETLA2ESIZHBRLTEY, £/, M72RTH, W
X Wy BDREVWEMETH - THHEIIRIBIEOHEL 2
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10  (a) AONMHINEGE. (b) HkE D RO MEIME
HoBG
Fig. 10 (a) Inside of corner is round and (b) two linear path

segments connected at any angle.

TWhe., A—F VU T RAZIZB T 550EE n DPHEEE N
NE, EFTNVEISIIHEINSEEEXSNS.

9. It

KERTIE, a—F V)V FTEFLOHEDEDIZ, ED
Bl RN EsE I Nz —F ) VTR AT BT E
BofERIZ I, EXRL - BRa2REICBWT, AT
TV YT OB EEE R R U FIC, RORR
BEEIZBWTIE, Ia—FV VT RRAIE2DDATT Y
VIRATPAL—RIZHEEINI R AT L AR T L
T, 74y YVOEMIRL &H, BIERRHZ SR Tl
HTHBERUE, KHEDESI1Z, EFIL 2 - U
LTWL Z & T, BEQHEDEIERMO PN & b IEH
25, FLT, TOETFTIMEZGUI LT U r— 3
VORFHIEBRL, VIR0 REICEETES LS5
RBEEAD.
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