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Abstract: In gaze-based pointing, when a target is small, users cannot select it using only a primary-saccade.
Consequently, secondary or higher saccades are performed. Performing secondary or higher saccades increases
the movement time, and thus, it is desirable that users can easily reach the target using only the primary-
saccade. In this paper, we propose a novel prediction model for the primary-saccade error rate in gaze-based
pointing based on the distance to the target and the target width. Primary-saccade error rate means the
probability that the users cannot reach the target using only the primary-saccade. To evaluate this model,
we conduct an experiment in which participants perform a 1D gaze-based pointing task. Based on the result,
our model shows a high adjusted R? and a low average MAE. In addition, we demonstrate an example
of predicting the primary-saccade error rate based on our proposed model that occurs when modifying the
target width on an existing interface.
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Fig. 1 We proposed a novel prediction model for primary-
saccade error rate in gaze-based pointing. (a) Users
may not be able to reach the target using only primary-
saccade, and secondary or higher saccades may be
performed. (b) The proposed model can predict the
primary-saccade error rate based on the distance to the
target, the target width, and the primary-saccade end-

points.
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EFINVEAWVWLZ LT, 221, =7 v hedhbRE
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GhAh. DF Y, F—4y OIEKRIC X B WA DT R
Jy e, 1Ry A= FCHEELRS T LD AY v b E
EELOD, §—T v NOKESERETE L. Kl
BULELEMRIIUTTH 5.

o 1KY v — FOKEIMIZHET 5 3 DDIRFZ 72T,
1XY Y — FLIF—ROETFMLEFIT-72. FEERIC
Lo TINSDEFEFTRTIFESNLZ L EZRL,
RETFV (X (7)) BEVEAE (adj. R? =0.978)
R L7z, F72, KREMGEORE, K\ FHH R
531% % /R L72728, RETTIVITHEYICT T —F
FHlcErLEZOND,

o 1RV I —FKDORTH—7 v MIEIELRTLT5
729012, REETFTVEHWT QUL 2IBIET 26 %R
L7z. Windows 10 ®% 7L v FE— FIZBWT Eye
Control & v 7z & &, REFREFFEOBRBITIX, B3
Bk % 20 pixels 7° 5 80 pixels IZIEKT B &, 1K
H— RTT =P 752%05 22.6%I2HPT A &%
w7z,

B, R CIIEHNEWE 5] COEEEL-NEY, ¥

SHDBRIZEEDLDTHA.

2. BAEME

2.1 BIRICBTBINTH+—>XETI

HCI 7 HTlE, TNFEFTL I —FKOET NI TH
NCTE&7. v F KA T4 27 [6], WY —7 v b

DEA T4 277, 8], W%y =7y bDray vy
7 19], BRONZEEMNTORS 71 ¥ 7 [10], REN72
RN COEINZR 5 =7y hORA 74 7 [11], VR
ZHTORL V71 7 [12] 2L, HAcRcB 5T

T —RDETFTIALI ThNT. TNEDETFTIIE, s
i HEH S 7.

Fitts’ law [13] 1&, ¥ —% v FETOH# A L 5 —47
NOWEW % b LKA VT 1 ¥ 7 OFVERR 27§ 5.
Wobbrock & 1%, Fitts’ law (2D X, R4 vy5741 v 7DL
T —EOETIVEEM L7 [14], [15]. L2 L, Fitts’ law
TEEE) (E 7 1 — PNy 212X B8 Th v
R 2 E) [16]) ICIETEATE R (17, 72, B—0Yy
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2.2 HEEERORRSH

£ OWE TR, HEEBOKLSMIEY -7 v b
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*3  https://www.tobiipro.com/service-support/learning-center/
eye-tracking-essentials/what-affects-the-accuracy-and-
precision-of-an-eye-tracker/
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Fig. 2 Proposed model outline. The blue region shows a

primary-saccade error, and the red region shows that

users succeed in performing pointing operations. The
proposed model is formulated by calculating the area of

the blue region.
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Fig. 3 Experiment outline. (a) Participants sit at a distance of

0.6 m from the display, and their head is positioned on
the chin rest. (b) Start and end areas are displayed on
the left and right sides, respectively. A is the distance
between the center of the start and end areas, and W

is the area width.
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FEERZ &L, w2, Tobii Pro Eye Tracker Man-

O ZBUEFHITH L L V) BRSO N, b Ty XL IREDEL,
5 AT\ ZHBEDSH 7272 il L 7.

© 2022 Information Processing Society of Japan

ager I 2X A8 EF v ) T L= a v EITWY, 1Y bO
WE T RICATED 258y Mafro/z. 52y T
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Foh— KN, R TR ENS/8 7 — 2 saccades *612 &
A S 7z, saccades (ZHENR—ZAD TV T X L [40]
HWT, TS, ZhocgEs e wEgg) (Fy
B — FETEICELA2BBORINTH L 7)) £ — F [41] %
E) BAXRYPMELTHHTES, a4 Xy M
MEF Y A= FE LT L. F72, ¥ X7 BEEAIC
BGESY —7 v PEFHLBIZELA YA 70 v —
F B ICAE L 2 MBI O —E) T -7y M %
HoZzhy I—FTlEhweEIONSE, Z020, <4
70y H— K% 1Ry I — ROGHDLSBRINT 5720
I, ONIHETAY AJ2 RBR 72y 1 — Fa 1 RY v I —
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5,649 ATO T — AR50, 9B 49 TR Y E LA
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BDEREINZHT

BRUZW
Yyh—FK

4 FEETHEONY Y A — FOME. (F) Wty —7 v Mhk
THEATLEZYA 78T v I — FEIKTS =7y FE2HoTw
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Fig. 4 Saccade data outline obtained in the experiment. (Left)

Because micro saccades that were performed near the
start area are considered as non-targeting movements,
we excluded them from the analysis. Therefore, we de-
fine a saccade the endpoint of which exceeds A/2 for the
first time as the primary saccade. (Right) When the
participants repeat the saccades with short distances,

we exclude the trials as outliers.

*5  https://www.tobiipro.com/product-listing/eye-tracker-
manager/

*6 https://github.com/tmalsburg/saccades
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NOEFRIZ L > TR A fEBlEr S 5720, 7.2 i
T, MO5FHHET DOV THIEGEE L7z,
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K1 REETNVICBIT B & EHUITT pHEEME, RS
Table 1 Estimated value and standard error for each parame-

ter in the proposed model.

Parameter | Estimated value | Standard error
a 588 78.1
b 0.00214 0.000275
c 8.86 10.2
d 0.236 0.0757
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Fig. 12 (Top) Eye Control on a tablet mode in Windows 10.

(Bottom) An example of increasing the borderline
width from 20 to 80 and 200 pixels.
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NHETIVOER (a, b, ¢, d) ZHEEL, ERHDOTZHD
TN EHAEE, BonEBE VT
HE O xR (MAE) % & L72. 100 0] 0K
L2V, ¥ MAE = 5.3™% (SD = 2.49%) »H5h
7z, RIS ERGE & 4T > TV B 6470158 [7), 8], [9] T
&, 3.5% 5.8%FTH MAE #/RLTHY, Ihb &%
DN MAE 2SR &N/ Ens, RETTIVILHEYIZT
T—FEFUTELEEZOND.

6. 127 1—XFHYA 2 ADEAHI
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DAV H T 2= A BIET LI, I-EETNVEHWT,
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Eye Control Z 722K LT\ 5. gt BT ES
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7 A 3 VL Eye Control DA % 72— ATdH%. Eye
Control % W\ TSR % #INT 5720121, 2—HFidF
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