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Abstract: Selecting a small target with an eye-gaze interface is difficult. Redesigning interface and/or in-
creasing operation time are required for making eye-gaze interface easy to use. In this paper, we present
a method of using an idea of bubble cursor, which is a kind of area cursor, for the eye-gaze interface in
order to make it easy to select a small target while maintaining operation time and generality of interface
design. We performed an experiment to validate our concept by comparing three interfaces, standard bubble
cursor technique with a mouse, a standard eye-gaze interface with a point cursor, and the bubble cursor as
an area cursor with eye-gaze interface in order to understand how the bubble cursor contributes to eye-gaze
input interface. Results indicated that the bubble cursor with the eye-gaze interface always faster than the
standard point cursor-based eye-gaze interface, and the usability score was also significantly higher than the
standard eye-gaze interface. From those results, the bubble gaze cursor technique is an effective method to
make eye-gaze pointing easier and faster.
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Fig. 1 Appropriate target sizes for different screen

positions [24].
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Fig. 2 Bubble cursor and Voronoi diagarm by Grossman
et al. [11].
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Fig. 3 Experimental system.
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BT s =2y MY A XORBEIEL D bR X WA, AR
=y BB TH LI ER NIy X TDREDOT L
REETAHE, RERTRELZY =7 FORIE 5512
INEVEWR B,

70, WEEKE L TIRTOI =V NVY A I3 LT
ByEREE] MT (Movement Time) & F5E %KD, LI
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® ® g
1
\\ !

0 ® ®

(a) BubbleMouse (b) PointGaze (c) BubbleGaze

M5 CT OXfE
Fig. 5 Graphic of CT.

KBATEATH CT ISR LTIESY =7 MTH—VIudil
N5 F TOWE EMT (Eye Movement Time) &, Zhang
530 DY v & DIRERD S FEESEILY v & OIA%
AR (Average Radius) Z3R7z. HEIIIKEBO Y —7 v
MEBERLGE L, SATRERIC 5 WL E» Do 726 %
KL L, BHE L7

FEEROMEREMIIBLZ 905 THY, CT FHZ
CWlZ9THYIDIATEITH>TH Loz, ZNENDT
Oy 7282, EBMBINEILIT v ¥ LA RIEICIRRENS A,
W, EW 27 ODREEITH L TEBRY A7 24772, K
BN 4 ORTOD S 1 I v 7 HhTay 758 T T LIZER
ZnE o B CHE T o 72,

T2, TNEND OT M TRIZA Y F VT =0 —
FEa2—=%E) 7 1 25HI¥ 572012 NASA Task Load
Index (NASA-TLX) [40] & System Usability Scale (SUS)
M IC&27 =M E2FEML, EBRRETRICETEICH
LTRfMWemiz T v r— b BLUA v ¥ ¥ a—TxmAal.

4.4 FIE&

INT WA =&, R AW H{EATI A vy
T —ANEAT ISl TERTREEDNH L. NT
WA=V NWEY =7y b 2LT 1Oo50 89 ZRKRESITE
BT LN —VIVTHb, @I, HWEA—V VI LTE
DEFENTNA =V VBT 586, D2RAlZVwThro
Y=y FPEFEHLTWLIREEIC: 5720, FRATI DS
THIEELD. ZOREDRRIROIZDIZNT VI — I
WCIRRCEREZEAL, E0F =7y FH BRI TV AW
REEZAE- 72, S OEBRTII N T IV — VIV O RFAE
= EW L L7-.

F72, v — FERCNT IV — V)V OFEHE DN S 9212
by, EERICHiE S 720, KX (3) OFEiLT v
TYRALZBALZ, 512V v 7 Ol & @R 7% T T —
W2 572912 Zhang & [30] D iSR ZHRH L 7.

4.5 HER

FNENDOMIREENN LT 4 BRI xiT o 72,
% 5 012 13 Bonferroni O F: % H W 72,
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4.5.1 BfERERE (MT)

MT 2/ LT CT (Fogy = 159092, p < 0.001),
A (Fy34 = 72137, p < 0.001), W (Fs34 = 101.86,
p < 0.001), EW (Fys4 = 36.76, p < 0.001) 3% HZ
NWHECTh-7/7. T2, 1LROZTHEMELTCT x A
(Fyes = 820, p < 0.001), CT x W (Fy¢s = 81.31,
p < 0.001), CT x EW (Fyes = 9.19, p < 0.001) 2%,
2RDOZEHNEHE LT CT x Ax EW (Fgi36 = 2.30,
p < 0.05) BNAEZFETHo72. $XTO CT 1T AICH
B A HERR S 7z (BubbleMouse (Fpzq = 926.70,
p < 0.001), PointGaze (Fhz4 = 142.80, p < 0.001),
BubbleGaze (Fp3, = 359.81, p < 0.001)) 2%, W &
PointGaze D &4 E 2% 7% (BubbleMouse (Fs 34 = 0.33,
p=0.72), PointGaze (Fy3, = 101.47, p < 0.001), Bub-
bleGaze (Fp 34 = 0.71, p = 0.50)), EW |2 BubbleMouse &
BubbleGaze |2 D &4 5 7 2D R S 72 (BubbleMouse
(Fy34 = 45.03, p < 0.001), PointGaze (Fy34 = 0.27,
p = 0.77), BubbleGaze (Fy34 = 49.58, p < 0.001)).
MT ®-F-¥j1% BubbleMouse %% 793.92ms, PointGaze 7%
1,529.90ms, BubbleGaze %5 1,269.81ms TH -7z, W &
EW OHMETTRTIHNTSL CT T MT #K 6 |2
NG

7 121& PointGaze & BubbleGaze (23 LT, 3 (2) @
VR IR » T, MT O S EIEITEAT L 724
HaRmL7z. X7 O/ ID pyy (Index of Difficulty EYE)
F(2) £ 1, 2000e4/2000 /(W —2A4R) & L7z, PointGaze
DEFIVOFEEE R? DI 0.89 TH Y, BubbleGaze X
0.54, PointGaze & BubbleGaze @7 — ¥ % & b T
mEL7235412 091 TH o7z,

4.5.2 Z—4y MIfh3 & TORRE (EMT)

EMT 2% LC CT (Fii7 = 922,99, p < 0.001),
A (Fy34 = 600.17, p < 0.001), W (Fy34 = 146.33,
p <0.001), EW (Fyz34 = 13.86, p < 0.001) 2"H & TH -
7z. F7z, T ROLHEAEME LT OT x A (Fpz4 = 6.70,
p <0.01), CTXW (Fy 34 = 141.76, p < 0.001), CTx EW
(Fy34 = 16.46, p < 0.001), A x EW (Fyes = 2.90,
p < 0.05) PEETH-72. WD CT X AIHERRE
Hd -7z (PointGaze (Fh 34 = 220.27, p < 0.001), Bub-
bleGaze (F 34 = 933.97, p < 0.001)) %%, W (& PointGaze
DIAHE 72D (PointGaze (Fp 34 = 162.56, p < 0.001),
BubbleGaze (F 34 = 0.80, p = 0.46)), EW 1 BubbleGaze
\ZD BB DR S 72 (PointGaze (Fh 34 = 0.24,
p = 0.79), BubbleGaze (F2734 = 9445, p < 0.001)).
EMT O3 PointGaze 7% 819.67ms, BubbleGaze 7°
612.15ms THo72. W & EW OMEE TN TUINST 5
CT Z&® EMT #X 8 |Z/R7.

9 1213 PointGaze & BubbleGaze (24 L C, 3\ (2) D
FER T RKICH > T (p=0&,352 LT EMT 123
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M PointGaze
M BubbleGaze
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1600 M BubbleMouse
___ 1400
£
~ 1200
i
H
& 1000
=
"HhENE ]
600 i I
50,100 50,120 50,140 65,100 65,120 65,140 80,100 80,120 80,140
W,EWDRAEDHE (7 +IL)
6 WL EW OMEEITNT L MT
Fig. 6 MT by combination of W and EW values.
2000
1800 |y =9.6042x +973.84 O__D
1600 R?=0.5383 ¢ o &-0
g 1400 el y = 7.2704x + 1072.1
. 1200 R?=0.8912
%..T;’ 1000
& 800
600
& O PointGaze
400
200 O BubbleGaze
0
0 20 40 60 80 100 120
IDEYE
7 IDgpyg ¥4 5 MT
Fig. T MT by IDEYE.
- 1000 M PointGaze
H M BubbleGaze
S 900
&
16
g 800
& Soo
z
N 600
S
Ql& 500
400

50,100 50,120 50,140 65,100 65,120 65,140 80,100 80,120 80,140
WEWDEAEHE (B tIL)
8 W & EW OMEEINT S EMT
Fig. 8 EMT by combination of W and EW values.

T HEERER P25 H T A2 2 S TE S [20), EMT
DA S HICAIE AT L7245 K 278 L 72, PointGaze D€
T OEEE R? Ofiild 0.85 TH D, BubbleGaze £ 0.59,
PointGaze & BubbleGaze D7 — ¥ % &b TR L
723413 0.90 Th - 7-.

4.5.3 Vv EDO¥E (AR)

AR 12K LT OT (Fya7 = 206.73, p < 0.001), A
(Fy 34 = 35.57, p<0.001), W (Fy34 =3.57, p<0.05),
EW (Fy3, =529, p<0.01) "AETHo7z. £/, 1
ROLEHAEME LT CT x A (Fo3q = 6.98, p < 0.01),
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1200

% 1000 9
S =14.382x + 286.88 Q-U
© y = 14. _ )T
# 800 R2 = 0.5899 Og’ oY= 10.863x + 358.79
R 2 R?=0.8474
3 £00 %Eh o
& 8 0
U g O
v
~ 400
& O PointGaze
I 200
R O BubbleGaze
0
0 20 40 60 80
’DEYE
B9 IDgyg ISk 2 EMT
Fig. 9 EMT by IDpys.
20 [m50 £65 z80 m100 0120 140
18 +
<~ 16 §
14 H
& i
4 12 |
w10 :
S 8 _
I
R H
~N 4 :
z i
0 Fil=
0

o

550
Z—47y FREOERE (E74L)

10 =7y ol W, EW) &% —7 v MEOH#E A 3
%5 AR
Fig. 10 AR by target width (W, EW) and the distance A be-

tween targets.

CTxW (Fy34 = 3.46,p < 0.05), CTx EW (Fp 34 = 8.91,
p<0.001) BEETH 7. WD CT 1T AICHEELREN
» o7z (PointGaze (Fy 34 = 9.52, p < 0.001), BubbleGaze
(Fp34 = 26.33, p <0.001)) 7%, W & PointGaze &I
B h (PointGaze (Fpgq = 7.76, p < 0.01), Bub-
bleGaze (Fp34 = 0.23, p=0.79)), EW (& BubbleGaze
\ZD BB TE DR S 7z (PointGaze (Fh 34 = 1.82,
p = 0.18), BubbleGaze (Fy34 =5.98, p < 0.01)). AR®
SR PointGaze 25 9.63 € 27 &)L, BubbleGaze 7% 15.22
V2 v )V Tholz. =7 v bOlE (PointGaze 13 W,
BubbleGaze & EW) &% —7% v MO A 123§ 5
AR %X 10 IZ/R T
4.5.4 EE

KA LT W (Fysy = 748, p < 0.01), EW
(Fp34 =10.08, p < 0.001) "FETH o7z, F72, 1 ROKE
HAEAE LT OT x A (Fyes =9.13, p<0.001), CTxW
(Figs = 23.99, p < 0.001), CT x EW (Fyes = 4.70,
p<0.01), Ax EW (Fy6s =2.86, p<0.05) 75 2RO
SHAE L LT CT x Ax W (Fg36 = 3.41, p <0.01),
OT x Ax EW (Fy6s = 2.87, p<0.01) %, 3 XDOLHN
HELTCT x AxW x EW (Figame = 2.26, p <0.01)
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WHEETH > 72, FE DX BubbleMouse %% 98.67%,
PointGaze 7% 98.15%, BubbleGaze %% 98.27% T& - 7-.

4.6 NASA-TLX & &£ U SUS

NASA-TLX @ 3-¥ A 2 7 X BubbleMouse %% 25.56,
PointGaze %% 64.15, BubbleGaze #%39.44 ThH-7z. Th
DOMICIIHBELRENFAEL (Fogq = 25.43, p < 0.001),
FNEND CT B d HE DAL L7z (BubbleMouse—
PointGaze (p < 0.001), PointGaze-BubbleGaze (p <
0.001), BubbleGaze-BubbleMouse (p < 0.05)).

SUS OFIY A a 7iEZF £, BubbleMouse %% 78.19,
PointGaze %% 55.56, BubbleGaze %5 69.44 TH o 7z. Z
o DOEICIIHEEZAEVFAL (Foge = 1224, p <
0.001), PointGaze & Ml CT |24 ¥ % ZIEAEAE L 72
7% (BubbleMouse-PointGaze (p < 0.01), PointGaze-
BubbleGaze (p < 0.01)), BubbleMouse ¢ BubbleGaze
ORNCHERZIHFEL o7 (p=0.062).

5. &ham
KETE, NEBRT =7y NORA VT4 VT2 BHIC

THLFHEELTHBI =V TV =YV EHVET

EERRFELIZ. NTVI =V VDB ATIA V5 T =2 — A

WBWTIEFICEET 20 MEET 2720, KA b=V

V() ENTUA =YL (BlfE <Y R) VTR

A TA Y TI AT % ToTz. ZOMER, LTOHIHS

Mk o 7z,

L BEREE (MT) B3 _RCOEFOMAETICH LT,
BubbleMouse, BubbleGaze, PointGaze DNEIZE <,
FNEFNDO MT OF¥1E, 793.92ms, 1,269.81ms,
1,529.90ms TH - 7-.

2. F—=ry NI T TOER (EMT) (PointGaze,
BubbleGaze (Z4F L TEH) 13T RTOSEHFOMEE
12Xt LT PointGaze & V) & BubbleGaze @ Ji 33 <,
EMT O31% PointGaze 7% 819.67ms, BubbleGaze
23612.15ms TH o 7-.

3. MT 2389 % PointGaze D€ T IV O@EAE R? OfflL
0.890 T# 1), BubbleGaze ® R% OfHit 0.54, PointGaze
& BubbleGaze D 7°— % % & ¥ THIEREYG L 72860
R?13091 Th otz 72, EMT IZKT % PointGaze
D R? OflE 0.85 TH Y, BubbleGaze D R? OffilE
0.59, PointGaze & BubbleGaze D7 — % % & b T
WIEEYE L7235AD R2120.90 TH o7z, FHEMER L
1) PointGaze D &3 522 - 7225, BubbleGaze O
AL - 72,

4. Vv I OF4E (AR) O PointCGaze 75 9.63 ¥ 7
)V, BubbleGaze 7815.22 ¥ 7 )V THho72. Tz,
G EE D313 BubbleMouse 7% 98.67%, PointGaze 7%
98.15%, BubbleGaze %%98.27%Tdh - 7-.
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5. NASA-TLX ® 3 Z 2 7 iZ BubbleMouse 7% 25.56,
PointGaze 7° 64.15, BubbleGaze 7% 39.44 T&H - 7=.
SUS O3 A 21 7 14 BubbleMouse 77 78.19, PointGaze
7% 55.56, BubbleGaze 7% 69.44 TH - 7-.

51 BONRBEHICHTIER
5.1.1 EpfERERE (MT), Z2—4v MIfih 3 % TORRE
(EMT)

FEROFER LY, TRTOEBROMA I BV TEERERH
MT % BubbleMouse, BubbleGaze, PointGaze ®JIE 2%
{, =7y MIfikind T TORR EMT 12 BubbleGaze,
PointGaze DNETH - 72, L7205 > THEIRIEICB W T
BubbleGaze 1¥ PointGaze & ) b D& EICEIET 5 &
Wz 4. F72BubbleGaze ® MT, EMT & EW IZx49 5
HREEPGERELZD, WICHTLEEEIFELE -
7z. Z#d BubbleMouse ® MT 123 LT [AAETH % =
EDS, BB A— I NVIINT VA=V EHWSL Z LI
LoTH =7y NOWEPIRENT B EDVG05.

—75 C BubbleGaze (& BubbleMouse & V) & BjfERE[ A
KEP->72. MT OF¥THRET % & BubbleMouse (&
BubbleGaze & V) d B X # 470 ms E#ZBfEL 72, 20
1%, AlERE L7 600ms £ 0 d/h&w, L7zt
Thrd R LSO AT F: (i 2], K% > 270 v 7 [15)]
%E) OFFEERNDLZ ETY Y AREOBERRT 1230 5
CEMTEDLEEZLNL, T/, I~ AL) B IE
WIEETH L7205 =47y NEOBEEABITIZE <13 &,
IR ERICEET A, wR IS, REBRTHW
ERED LY =7y NEHOBEEAK X WA, BubbleGaze
t BubbleMouse & DZEII/NI L b EFZEz b5,

5.1.2 v aD¥E (AR)

EBROFERLY, Ty DOFEE AR OFHIE PointGaze
759.63 €27 )V, BubbleGaze %1522 ¥ 7 )L TH 1)
BubbleGaze @ }775 PointGaze & V) & AR VK& W& w9
FERE o7z, THIEX 10 o ARNL B, ¥ —
7y b OIE (PointGaze D41 W, BubbleGaze D6
X EW) PKEL L BIEE, AR LRREICKEL DD 5
Thb. ARDY =7y FPOMRICHHI L TREL LD LW
O REEIZEATAIZE [20) TOHRMSINTBY, #—7 v bA°
KRELZBIEEY =7y MHBEBEEL L) LW EE
DRI ), ARDPKEL B EELZ LTS, Ll
BubbleGaze D¥i6r, ¥ —7 v s OFEEWRIEITHAL S
NTWARWD, AR &L EW (IFELMEPSHFAEL, EW 28
RKELCLBIZEARDPREL o TnAh., TFL—HD
Z =2y NEOREDS ¥ —7 Y N OGN Z0E % HER L
TWhlzbiPtEzonb,

5.2 Bubble Gaze Cursor |2 & |1 3 E{ERFE T IS
FEER LD, PointGaze & BubbleGaze D &5 5 b 3K (2)
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D MT, EMT (253 2 TR T %@ EE < do
72. %512 BubbleGaze ® R? 131 <, MT 13 0.54, EMT
12059 THotz. FHIX L OBEERIMEVIRE L LT,
X B)DOFBT VT XL EEALZZENEZLND.
R (3) OTFHALT VT XL IFEE AT — ¥ 2 BIEE
LT NIT)ZALTHY, TOBRIEIZL>TY v ¥ 2R
BHDLH, Yy F— R EOWBOESEBE D 2
ESETLE). OXIHBMOEEIEL 2D, =7y
MO A DSEE OBMIREL D b RECREL RIT
FTEI)IChotlw, XNQ)ICHE LA o7 EZDL
NA. B, & (2) #ME L7z Zhang 5 DL [20] T,
5=y NNESCOREREL, Vv R SELTLT
)AL THADISR[30] ZFRVT, T — 2120 LR
L7V T) AL 5ZFFAT AT LTV &L T, L
7230 T, SHBEBRTFEA L EEE L GEEREYIT ) L
WHbEVZD.

— 5T, PointGaze & BubbleGaze D DT — % % &
O THIEER L2540 R?2 11X, MT 13091, EMT 13
0.90 TH-7z. ZDflIZ PointGaze %° BubbleGaze HARKD
WEEIDHEW., Ld>T, b7 a) X4
2BV T, PointGaze 7 515 5 1 2 BfER I F X2
5 BubbleGaze DEIERE % & A FRETFTH T 5 Z L 5T hE
ThbLEZLND.

5.3 REFEOFERIEEMS

WAET A2 by TI2BIT A HEEEIL Windows10 TR
KT R= P ENTBY, Web 777DV FEBHDOAT
1) EHTES 42 LAL, Hobhs sy 7o—
ATHA F~ T ARt LioTH A v Th Y, #
RS TYA VT HERSNL Z L3R, w7 A
Exaife s Loy —7 v M A 3B CEIET 5121
A+453 10 TH A. Windowsl0 2BV TIEZDOA+47%
=7y b A X% X—=0&H— ) VIEOMHFHEIZL -
T7+0—=LTWwa0, MEL L THERBOERETIE
FILTWE, Lo TREFEEZFMNTLZ LT, &
DI OEHEIZ Web 7TV IR UREIC L b EEZ D
nas.

FREIC, REFHEEIAT—F 74027 Ty Mo ED
ENA N TINA AN T BRI EZ B 5125 5 W e tkDs
BB, ENANTINA R EHIRIE T A D7 5EI
FTTILWL OPITbIL TV (3], [4], [43] 9 212, BED
A THENANTINA AR TENS T &K 7%
D, W EENAIVTNL AL THRETAZEDNTES
I oz [44) TERH, XOIERICHIESNS EE 2
SND. —HT, ENAINTFINA ZADOHMGHEE OIS IL T
A7 Ny TROTA NT v O [45]) & LT 5 &K
V [46), [47). SAUIER S NAZEHE) Y — AR E RGB 7
A7 OVERE, HEHOHBLREPIERTH L. LizaioT
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T REEEFH LT TV s P EHEEICERE T 540
BB LD, TNA VTN AO/NE R B ICEE T S5
&, bIDht 7Y s PTHEAEAENTL T ) W
Uhd b, OIRETFHEENVLZET, ¥=7 v M
A X% FRMICIER L 2255 W2 T 5 FHREL RO 2
ERTEDLEEZLNS.

F 72, OFHE L LT EyeDraw [27) D X 9 12—V )b
DEEERT LI LICELHEHRRE R ELEZ LN, B
WA=V VIEORICHRNIHTET 5720, HfT — v
DHBOEFE % BRI TE 51350, N7 VEEITKEN
e, BOEADGDY R TV FHEEROF L LT
BAEDY =4y NEIREOT 7 ¥ a v olElL (v )y
oG ) s, TNy ) RENEZLNA.

54 PRAELSHEDREE

INT WA — V) VIRHREEE IS B W T H EHICEET 2 5
BRE$ 52 &2 HME LT, RETIRAEFAICHE S
TeRA YT A VT I AT RIT o7, L, =7 v bD
WHHMEHR L WAL 7 1 v FREREICBIT A%
B & fEE L T2\ 122, Midas Touch Problem [5] @ [d]
BED 72 DIZFRE LTz, INT I — 2 )V DI R i 75
BOMGELLETH L EEZONL. L >, RET
FAS T HMEHIE LT TH Y, I—REFEITEH T 2
VB, GIEREERL TWIREZLENZ L,

F72, RUFZEICBWTIIHEB A =V VIS T IV — Vv
FHWAZ ETHRBEI — Va2 ) T H—V VIZHET
HIENTELDPRER LD, NTIVH =V NDIENICH
B =V VICIET A LS TE L MEET &)
TH =V VI A AFAET B 48], [49]. L7ewso T, #h
FNOT) T A= WIIxt LT HMAEZ Bl T, e 2 B
H—=INWVEHFERL TS DLEDXEH DL ENZD.

6. BHYIC

AIGTIEBEANA V¥ T2 — ATONES ¥ —47 v b
TR T4 Y TEFEHICTHIERZAMELT,
WA=V V%, BEORL Y M=V VSTV —
VIWVIIERT LI ExRITo 72, BRRA Y b=V L
WNTNH = NVEWBTDEEAL VT4 v T YA %475
Tl ZA, WENTNVI = VIFEBERA Y b=V X
DLORICHECTHENET A9 2, =W 7 1 FFliIFIE
RAVINT =70 — FEEOHBRA > P =V kD
BENTWDL Z EDFRER SN,

BE OAWIZEIE ) — AT v 2 WE TRFZE RS Bh s 3 |
DO E =725 DTT.
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