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When using our eye gaze to select objects on a screen, the time to focus our eyes on an object
(dwell time) can be reduced to just two settings: 600 ms or 800 ms, depending on the user’ s age.
This greatly simplifies engineering developments of walk-on, touchless screen interfaces that use
eye gaze.

By using eye-tracking technology, we can select objects on a screen with our

eye gaze. For example, we can perform “ eye typing” to select letters to make a password. To
select an object on a screen, we need to focus our eyes for a certain amount of time, called a dwell
time. When this dwell time is too short, our eyes select objects even if we do not want to, called
the Midas Touch problem. However, if the dwell time is too long, eye typing takes too much time. By
performing experiments, we found that for persons under 35 years old, the i1deal dwell time is about
600 ms. For users over 55 years of age, the ideal dwell time is about 800 ms. Importantly, these two
main dwell time settings were obtained with relatively cheap eye-tracking devices, for a wide
variety of objects, such as letters and numbers, dot patterns, and visual icons. Simplifying and
standardizing dwell times to 600 ms and 800 ms settings will greatly assist the use of
eye-gaze-based information input in daily life.
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Many authentication and communication systems in public places (ATMs, ticketing
machines) nowadays make use of a touch screen. Since manual input on touch screens is
vulnerable to information theft and a potential source of contamination, a new alternative to
using a touch screen is information input by means of eye tracking. By using eye tracking,
we can select objects on a screen with our eye gaze. For example, we can perform “eye typing”
to select letters to make a password. This kind of technology is also vital for persons with
restricted physical abilities, who solely rely on their eye gaze to communicate via eye typing.
To perform eye typing, i.e., to select an object on a screen, we need to focus our eyes for a
certain amount of time on the object (e.g., a letter or number). This is called dwell time. Eye
tracking applications so far have used a wide range of dwell times in between 100 — 1100 ms.
However, the “best” dwell time is not yet been clearly identified. When the dwell time is too
short, our eyes select objects even if we do not want to — the “Midas Touch problem”. However,
if the dwell time is too long, eye typing takes too much time.

2. WIZEDHEK

The objective was to obtain the best “dwell time” for individual users, depending on user age
and the type of objects that need to be selected with eye gaze. The final aim was to develop
and test a calibration program that solves the “Midas Touch problem”.

3. WD Tk

A series of experiments has been performed. The general outline was as follows.

Materials: An eye-tracking interface was created consisting of a display with either
alphanumeric characters @.e., letters and numbers), dots, or visual icons (see Figure 1). The
objects were placed on a grid of 3 rows by 4 columns. Object dwell times were set in a range
from 250 ms to 2000 ms in a preliminary experiment, and later adjusted to a range of 200 to
1200 ms, in steps of 200 ms, for further experiments.

Task: Users were asked to a) input a 4-object sequence and/or a 6-object sequence, like a
password, consisting of either alphanumeric characters, visual icons, or a dot pattern on the
interface, using eye tracking. The sequence was randomly selected and given to them before
each trial. Users were also asked to b) use a rating scale to evaluate how easily they could
use each display for information input using their eye gaze, based on their subjective
experience regarding the time and number of input corrections they required.

Type of data obtained: From the
eye-tracking task (.e., password
input), we obtained the totalinput & S Y |
time, including object search, of 4]
the 4-object or 6-object password,
the individual object input time, 6| 8]
the password input success rate,
and the number of object input
mistakes.

Users (observers): In the first
series of experiments, the task was
performed by users < 30 years of
age (for both a group using glasses their eye gaze to input a
and a group without glasses). In a 4- or 6-object sequence,
second series of experiments, there IR i.e., a “password”.

were 3 different age groups. Users

<35 vears of age, users in between 36-55 years of age, and users in between 56-75 years of
age performed the object-selection task. Note: viewing distances, lighting conditions, eye-
tracking equipment, and object grid sizes had been calibrated and determined based on the
results of a series of preliminary experiments (e.g., Paulus et al., 2018). The cheapest
available eye trackers were used to check performances under lowest possible costs yet with
optimal efficiency.
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experiment interface.
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Overall, the accumulated results of the experiments showed the following:
a) the total time necessary to select the sequence of objects (object selection time),
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selection input mistakes. Note that object Dwell time (ms)

selection time varied with age (Figure 2).
Elderly users needed more selection time,
regardless of object type (Remijn &
Paulus, 2022).

Figure 2. Object selection time of a 4-object
sequence for the three different age groups
(Remijn & Paulus, 2022).

b) Regardless of object type, eye-gaze- 7.
based object selection with dwell times of
200-800 ms was significantly slower for
users with glasses than for those without
glasses. Yet, total object selection time for
4-object sequences differed by just about 1
s on average, and input success rates
between users with and without glasses

N=30

4 -
y = -6.897E-06xC + 0.008x + 3.276 i
_______ =0917

Dwell Time Usability
E

X +2138

were not markedly different. ¥=-9080E00+ D012+ 1797
1 (not aasy) T T T T r T T T T T T T T
.. . 200 400 600 800 1000 1200
¢) Participant evaluations showed that a Dwell Time (ms)
dwell tlme of 600 ms per ob]ect WaS eaSleSt Type of visual objects: (_)_alfrlafumenccharacters ) (a pattern of) dots @ visual icons

to use for eye-gaze-based selection for

users <30 years of age. Notably, the 600-  Figure 3. Overall, regardless of object type,
ms dwell time was preferred for all three users < 35 years preferred a dwell time of
types of visual objects (Figure 8). 600 ms per object (Paulus & Remijn, 2021).
Subsequent experiments directly

comparing eye-gaze-based object input for three different age groups confirmed that for
younger persons <35 years old, the ideal dwell time for eye-gaze-based object selection
was indeed about 600 ms. For elderly users in between 56-75 years of age, the ideal dwell
time was about 800 ms. Importantly, these two main dwell time settings of 600 ms and
800 ms were obtained for eye-gaze-based input of all three object types, i.e., letters and
numbers, dot patterns, and visual icons.

The present results imply that eyve-gazed-based interfaces can be utilized with
surprisingly simple dwell time settings of 600 or 800 ms per object. Furthermore, the
dwell times were obtained with relatively cheap eye-tracking devices. If walk-on
calibration time of such eye trackers were to improve in the near future, eye-gaze-based
information input thus can be a valid alternative instead of touch screen technology in
(semi-)public places, e.g., where ATMs or ticketing machines are available.

Barring individual differences, it is likely that increased experience with eye-gaze-based
input will speed up user input ability and the need for longer dwell times than those
obtained here. Future research thus should focus on learning effects in eye-gaze-based
interface usage. Second, depending on user purpose, it is conceivable that personalized
dwell time settings for long-time users are wished for, for example, for persons who use
eye typing on a daily basis. More data from different user groups are necessary to
investigate the calibration process (and the calibration time) to set a personalized dwell
time. We expect that this could be combined with the initial “walk-on” calibration of eye-
trackers. The dwell time values obtained here could constitute the initial settings.

References:

Paulus, Y.T., Herlina, Leni, K.Z., Hiramatsu, C., Remijn, G.B. (2018). A preliminary
experiment on grid densities for visual password formats. 9th IEEE International
Conference on Awareness Science and Technology (CAST 2018).

Paulus, Y.T., Remijn, G.B. (2021). Usability of various dwell times for eye-gaze-based
object selection with eye tracking. Displays, 67, 101997.

Remijn, G.B., Paulus, Y.T. (2022). Dwell time preferences for gaze-based object selection

of different object types vary with age. Perception, 51, 1 (suppl: ECVP 2022 Abstracts)



3 3 3 3

Paulus, Y.T., Remijn, G.B. 67

Usability of various dwell times for eye-gaze-based object selection with eye tracking 2021

Displays 101997
DOI

10.1016/j -displa.2021.101997

Remijn, G.B.

fNIRS and eye tracking: “ Barrier-free” methods to observe human information processing

Science and Design Symposium Vol. 4, Kyushu University

2021

Remijn, G.B., Paulus, Y.T.

Dwell time preferences for gaze-based object selection of different object types vary with age.

European Conference on Vision 2022, Perception, 51, 1 (suppl: ECVP 2022 Abstracts)

2022




https://hyoka.ofc.kyushu-u.ac.jp/search/details/K003633/english.html
https://hyoka.ofc.kyushu-u.ac.jp/search/details/K003633/index.html

(Tomimatsu Erika)

(20584668)

(17102)




