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Abstract: Targets at screen edges have infinite size, and thus users can select them without fine-grained
positioning. Traditionally, researchers have used the Fitts’ law to analyze pointing task data or predict op-
eration times, but it cannot deal with targets with infinite size. In this study, we conducted an experiment
with various target amplitude A, visible width of target W, and movement direction Dir. We observed that
the changes in the cursor speed for targets with infinite widths were different from those for targets with
finite widths, and that movement time MT and effective width W, had linear relationships with A.
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Fig. 2 (a) Semi-infinite pointing and (b) edge pointing (Figure

8 in [4]).
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Fig. 3 Examples of positioning tasks with infinite size.
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Fig. 4 Example of infinite H for one direction.
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Fig. 5 Screen layout of the experiment where the target direc-

tion is to the right.
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Fig. 6 Experimental results.
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Table 1 Prediction accuracy of We in three polynomial approximations.

B | REH A z® z? x YR | We TRIME | We FIGE | BEME | BERIG | PERERG

125 — — 0.485 | 228 288 276 12.7 0.0462

) 250 — — 0.493 | 222 345 341 4.13 0.0121 0.0429
500 — — 0.494 | 216 462 482 19.9 0.0412
1000 — — 0.553 | 205 758 709 49.1 0.0693
125 — —1.49 x 107 | 0.677 | 181 263 276 12.2 0.0442

) 250 — —1.12x 107% | 0.621 | 200 348 341 6.97 0.0204 0.0578
500 — —3.75 x 107° | 0.537 | 209 468 482 13.9 0.0289
1000 — 111 x 1074 | 0.482 | 214 806 709 97.5 0.138
125 —7.73x 1077 0.00120 0 278 295 276 19.5 0.0709

5 250 —9.03 x 1077 0.00136 0 256 327 341 14.2 0.0416 0.973
500 —1.32x 1075 0.00178 0 250 530 482 48.1 0.0997
1000 —2.20 x 1076 0.00204 0 248 84.0 709 625 0.881
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Fig. 10 Cursor velocity against stroke time in the related work.
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Fig. 11 Cursor velocity against stroke time in this study.
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x 2 ZHAEBUZBIT D MT OFHNEE. 23~x 3% DREERT.
Table 2 Prediction accuracy of MT in three polynomial approximations.
Y| REH A x> z? x CIF | MT PHIGE | MT SE20ME | 38EE | 3REdle | FaiREie

125 — — 0.288 | 300 336 334 2.08 0.00622

1 250 — — 0.288 | 301 373 369 3.56 0.00963 0.0145
500 — — 0.289 | 298 442 449 6.96 0.0155
1000 — — 0.308 | 294 603 587 15.6 0.0266
125 — —5.89 x 1075 | 0.364 | 282 326 334 7.78 0.0233

9 250 — —3.52 x 107° | 0.328 | 294 374 369 4.45 0.0120 0.0403
500 — 1.22 x 107° 0.275 | 300 440 449 8.89 0.0198
1000 — 1.07 x 10~4 0.239 | 303 649 587 62.3 0.106
125 —4.16 x 1077 0.000669 0 334 344 334 9.28 0.0278

3 250 —4.78 x 1077 0.000741 0 324 362 369 6.75 0.0183 0151
500 —6.77 x 1077 0.000943 0 321 472 449 22.8 0.0509 '
1000 —1.09 x 106 0.00107 0 320 290 587 297 0.506

(b)
o
7
2
=400
=
200 y = 120.92In(x) - 274.66
R*=0.9298
15

©
500 1000 00
A [pixels]

(d)
B
Z400 /
=

200 ¥ =0.2899x +299.03
R =0.9990

0 500 1000 1500 0 500 1000 1500
A [pixels]

0 500 1000 1500 0

©

(e) (®

y = -2E-07x + 0.0003x +
0.198x +305.61
R =1

200 y = -3E-05x2 + 0.327x + 292.26 200
R?=0.9997

0 500 1000 1500 0 500 1000 1500
A [pixels]

A [pixels)
13 AITKNT 2 MT OB, (a) fREGERL, (b) BGEMRL, (c)
R, (d)1 e, (e)2 R, ()3 IkAaa il
Fig. 13 MT against A.

5.

ARERRTIENT A =X DMUAEGHLEHEIZ 572017 A
AREEE LD, BUX05 W, (44 8) » MT (4.5
i) # FRITE D LBENICEMNITE-D121F, &£h%<
DADIHETERTEHENDL. F-ARERTIZ AN
125 55 1000 D#EIPHTH - 7243, 7))V HD LA b D fiRfg i
EEDTAAT VAL —BINICHHEIND L5124 >T
EBRTIE, SSCEEHOT— X THFHIIT 2 HEH
HBEAS. KDL - LHHDO A TEBRLZE EZ
i, AT IZRZ MR EEBERIILIAREEEH 5720,
A = 125,250,500, 1000 pixels ® 4 FFEHZHEH Lz Z &
KEBRD 1 D20FHIHE WE S,

© 2016 Information Processing Society of Japan

FAREBRTIEY AOBE AR E LTLEAD 2 %
BRUZZY, =7 ZEBEA RN & > THRIERR [7) 28
TEXSEE (3] BEL B Z VR ONT WA, LT TIEH
BhmE B [4] 5\ IRk M [2][5] \iE L 7z Filas
HBHN, RERTIHMEMN LT 1 v Y OIEHO R AT %
UEEARRORA V54 v 7 2% E U, ERAXY 1 X
DR=7"y NRA VT 1 VI TRBEHEIC X 2 B HE)H
LR TSR EETIEEZOND D, SHBOHHEY
LT ETPROHMOBEZ2 GO GE ORI EINT
W5,

AREDOEBERISB/BONZARZELDLLUTOL
5127 5.

(1) Appert 5 O [4] £ IZEZ D, AHHHEEOY 1 X
W (ZERERRT MT 12 ERh %2 RIF S 72\,

(2) W=V IVEEOEERRIIZBE L &, Yoa
ADPEINIZR =Ty N RA VT 14 V7T 255
CIFRLZWHERT. BARIICIE, —BNRET v
T4 VI TIRBREREOREIIE—2%25DDIH
U, fEEKY A ZDR—=27y b TR -2 H0iE 5]
NIRWVIGENH - 7=,

(3) We 13 A EREDOBIHEHH B (R? = .997).

(4) MT 13 A L¥IEDBIRAH 5 (R? = .999).

448, ASEITIIW, BXO MT DA LiEOBRE S

DI Y ERUZY, BHGRTIHEZEAE D& WIEEUAE

ERELFIZEEES. ZHIZOWT, AMOESRM I

HEoOWrEFTLVAEET LI THRRAOZYMEZ R LU

D, HEWVIREOBEGREE DI & h S WEMIZ A DE

BREE RD B O ESHORETH S.

6. BHYIC

AR CTIHERRKDY A XL DX =7y hOKRA VT4
VIZEHRL, X—=7 v b ETOH# A, AIHEEO Y A
AW, B Dir #Z{bI V220 TERZETo 72,

10



BFHRLEFREFMNEE Vol.57 No.4 1-11 (Apr. 2016)

A=V VDN E DT B L, b1 ADEEI N —
Ty NDRA VT 4 VT TIHHEED E— 7 DEEER DA
PITHBT 2012 L, BRKY A XDX—7y M Tlk*E
DE>MBEEFE NI R D72, £-EHEW, B
S OBRIERS] MT 13RSt A L SZOBERH O, ADD
EREEILEE THTEE 2 2R U, S8 SIZREW
P - 2 < OFEHOIEEE A TERT S L 512, MTH A
DIRARTRED Z L ZHAMRERET NV ERE L2V E
EATWS,

BIEE ARWEZEIX JSPS BIWFE 15J11634, B & F JST
CREST OX#%E2 =237 DTT.

SE X

[1]  Accot, J. and Zhai, S. : More than dotting the i’s — foun-
dations for crossing-based interfaces, In Proc. of CHI
’02, pp.73-80 (2002).

[2]  Accot, J. and Zhai, S. : Refining Fitts’ law models for bi-
variate pointing, In Proc. of CHI ’03, pp.193-200 (2003).

[3] Aceituno, J., Casiez, G. and Roussel, N. : How low
can you go? human limits in small unidirectional mouse
movements, In Proc. of CHI ’18, pp.1383-1386 (2013).

[4]  Appert, C., Chapuis, O. and Beaudouin-Lafon, M. :
Evaluation of pointing performance on screen edges, In
Proc. of AVI ’08, pp.119-126 (2008).

[5]  Asano, T., Sharlin, E., Kitamura, Y., Takashima, K. and
Kishino, F. : Predictive interaction using the delphian
desktop, In Proc. of UIST 05, pp.133-141 (2005).

[6] AskTog.: A quiz designed to give you Fitts, 1999.
http://www.asktog.com/columns/
022DesignedToGiveFitts.html

[7]  Boritz, J., Booth, K. S. and Cowan, W. B. : Fitts’ law
studies of directional mouse movement, In Proc. of GI
91, pp.216-223 (1991).

[8] Casiez, G. and Roussel, N. : No more bricolage!:
methods and tools to characterize, replicate and com-
pare pointing transfer functions, In Proc. of UIST ’11,
pp.603-614 (2011).

[9] Fitts.,, P. M. : The information capacity of the hu-
man motor system in controlling the amplitude of
movement, Journal of Experimental Psychology, Vol.47,
No.6, pp.381-391 (1954).

[10] Grossman, T. and Balakrishnan, R. : Pointing at trivari-
ate targets in 3D environments, In Proc. of CHI 04,
pp.447-454 (2004).

[11] Hout, S., Chapuis, O. and Dragicevic, P. : TorusDesk-
top: pointing via the backdoor is sometimes shorter, In
Proc. of CHI ’11, pp.829-838 (2011).

[12] MacKenzie, I. S., Sellen, A. and Buxton, W. A. S. :
A comparison of input devices in element pointing and
dragging tasks, In Proc. of CHI ’91, pp.161-166 (1991).

[13] MacKenzie, I. S. : Fitts’ law as a research and design
tool in human-computer interaction, Human-Computer
Interaction, Vol.7, No.1, 91-139 (1992).

[14] Ruiz, J., Tausky, D., Bunt, A., Lank, E. and Mann, R. :
Analyzing the kinematics of bivariate pointing, In Proc.
of GI ’08, pp.251-258 (2008).

[15] Raskin, J.: The Humane Interface: New Directions for
Designing Interactive Systems, 2000.

[16] Walker, N., Meyer, D. E. and Smelcer, J. B. : Spatial and
temporal characteristics of rapid cursorpositioning move-

© 2016 Information Processing Society of Japan

ments with electromechanical mice in human-computer
interaction, Human Factors, Vo.35, No.3, pp.431-458
(1993).

[17] Wobbrock, J. O., Cutrell, E., Harada, S. and MacKen-
zie, I. S. : An error model for pointing based on Fitts’
law, In Proc. of CHI 08, pp.1613-1622 (2008).

e K (EERE)

2013 4EHHIA K2R BB T2 2 Rl
L RTHRRRRE 7, F4E X 0 FRFZER
1T R IRAR ICAEEE. 2013 SR L D HA
BERFETFEHF, 2015 FE LD

HARZE AR 55 B DC2, B
WZEL., a—Y A X T x— ARE,
FRHZRA VT ¢ VT FEOMFICEE 2 KD, [HiRLHY
2 HCLFRRFAESERE, FfE2ERE, £ 150F e 2—
RUAVRT 1 — AFEHRE R TE.

=T B8

THERF LA (BB L), FEil
RERFRTEHEREH 2 HY, ubesk
IR E BN KRB R 2T TS (W
W) WS, EEETEE. 2007 4R

(IE=H)

& b AR FE T A EHL. 2009
EEL B, 2013 FE L D REKY
REBELZERIE A T« 791 = AZRAE. 2014 4 &
DERE, BFECES. BRI, HRY 7 =78
#42, VREE, ba—< A VR —7x—A%4, ACM
B

m

11



