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Abstract

Eye gaze interface has potential as a new Human-
Computer I nteraction method, evident in the numerouskinds
developed so far. However, in order to make sure that such
an interface is both useful and convenient in daily life for
a wide range of users, we need to undertake more indepth
studies of human behavior in order to adapt the design to
human factors. Inthis paper, a prototype system for a menu
based interface is described and an experiment designed to
analyze users performance is reported. The results show
that 1) the eye gaze interface is faster to operate than the
mouse, 2) making selection by means of an eye mark takes
longer than just reading menu commands, and 3) most er-
rors are induced by lack of adequate visual feedback from
the screen. Based on the results, two methods to reduce se-
lection error and to improve the performance are discussed,
and three facts that improve the usability of the eye gaze
interface are presented.

1. Introduction

In the very near future, when one wants to control a
computer it may be possible simply to glance at the display.
This would make it unnecessary to learn how to control a
mouse or operate a keyboard. Eye gaze interface would
be the most common Human-Computer Interaction (HCI)
method of the next decade.

There are two types of eye gaze interface [3, 4, 6]. One
iscommand based, and the other is non-command based. In
the command based interface, an eye mark is used to select
acommand from among a set of choices either in the form
of amenu or of icons [1, 2]. People use the eye mark to
select objects just as with other traditional pointing devices,
such as mice, track balls, and touch panels.

Inthe non-command based interface, the user’s eye mark
does not select a particular target [4, 5]. Instead, its traces
are analyzed and interpreted in order to detect the user’'s
interests and intentions.

In our daily computer supported work, command based
interfaces are used extensively. If it is possible to use an
eye mark as a command based interface, there will be many
potential application areas. However, severa features of eye
movement makethe current state of theinterfaceinadequate
as areplacement for other pointing devices.

P-1 Itisdifficult tointentionally control eyes. Wemoveour
eyesall thetimewith no difficulty, but when we haveto
intentionally moveand fix our eyesupon certain points,
the resulting strain causes tiredness.

P-2 Precise eye control is difficult. We can select small
icons or even pixelswith amouse. But it is difficult to
select such small objectswith precision using our eyes.

P-3 People perform two functions with their eyes when
using the eye gaze interface: obtaining information
from the display and operating the interface. The eye
gazeinterface should distinguish between thesedistinct
functions.

When developing a useful eye gaze interface, it isinsuf-
ficient simply to replace a traditional input device with an
eye mark. Instead, we need to first understand the behav-
ior of users, and identify the reasons they have difficulty in
controlling the eye gaze interface. We can then develop a
new interface based on these findings.

In this paper, we analyze users' behavior when using
the eye gaze interface, compare this with the completion
of menu selection tasks with a mouse, and based on the
results, discuss the principal points to be considered when
we develop an eyegaze interface. In particular, wefocuson
the common menu interface that isused in avariety of ways
in the Graphical User Interface.

2. The Eye Gaze I nterface System

Figure 1 represents an experimental environment that
consists of an EMR-NC, a non-attachment eye mark
recorder, and a Sun Sparc 10 (SS10) workstation. The
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Figure 1. Overview of the eye gaze interface
system with an eye mark recorder EMR-NC
and a workstation Sun SS10.

EMR-NC was developed jointly by NAC Co. and NTT Ba
sic Research Laboratories. To record the eye mark, users
wear alightweight triangular frame that is attached to apair
of spectacles. The EMR-NC detectsthe triangular frame by
using two cameras, one on either side of the display, and
controls an active mirror to track their eye position. This
mechanism makesit possible to track users' eye marks with
a high accuracy, of about 0.3 degrees, and it allows users
to move their heads freely. Eye mark data is recorded 30
times per second (30Hz) and sent to the SS10 in real-time.
There are C libraries to control the EMR-NC and we have
devel oped experimental interfaces with C and Tcl/Tk.

3. The Selection Method of The ltem

Inacommand based interface, usershaveto select acom-
mand from among a number of possible options by using
certain methods. But if acommand is activated just because
userslook at it, it will cause a serious problem. When they
search the screen to find an appropriate command, many
commandswill be executed to cause chaos. Thisproblemis
known asthe“Midas Touch problem” [2]. In recent studies,
many methods have been proposed to overcome this prob-
lem but without complete success. Tousetheeyegazeinter-
facefor ordinary tasks, these remaining problems should be
solved. The following describes three major methods and
their respective problems.

S-1 Theuseof responsetimeto activatecommands. There-
sponsetimeisabout 0.5 to 1 second. During selection,
the system can provide some visual feedback to avoid

Selection Area
Command Name

| |_Selection

Mark
(1) M

Figure 2. Quick Glance Selection Method

users’ mis-selection. For example, "Eyecon", whichis
an eye shaped icon interface that starts to close its eye
when it isgazed on, is used to indicate to usersthat the
selection processisin operation [1]. With this method,
it is important to use an adequate response time. If it
is too short they may select an unintended item while
simply looking for the one they want. If it istoo long,
the waiting time will make them irritated and reluctant
to use the interface.

S-2 The use of an eye gesture such as awink. The system
hasto detect whether theusers’ winksare physiological
or intentional selection behavior.

S-3 The use of other methods in combination with the eye
mark. One such example might be pressing the space
bar or a mouse button. The reliability of this method
is higher than the other two, but users need to operate
both the eye mark and other devices.

Selection with the eyemark issometimesvery hard work.
We observed that subjects could not continue the task after
a haf-hour trial. This was not, however, because of their
use of the eye mark recorder. When we asked subjects to
use eye mark recorder while they were performing ordinary
tasks, they could continue for more than one hour without
any stress or fatigue. One of the reasons is that the eye
movement required for a selection task is very unusual for
the subjects. They have to direct the eye mark to the target
and gaze at it for a while, or blink their eyes to select a
command.

Toreducethe burdenonthe user and improvetheusability
of the interface, | propose a new selection method, called
the “ Quick Glance Selection Method” . A prototype system
using this method was developed and an experiment was
conducted to compare its performance with that of amouse.

3.1. Quick Glance Selection M ethod

The Quick Glance Selection Method proposed here pro-
vides a fast and simple way to select a target. Users do



I 1 S —

Command name

Edijt vy 1 €~ Selection mark

~

Sub menu
i .
LK (\ Main menu

Figure 3. Screen image of the menu selection
task.

not have to make intentional eye movements to select their
target. Instead, they just glance at it. Thisis similar to a
normal graphical user interface wherethey glance at atarget
to select with the mouse.

The feature of the Quick Glance Selection Method is
that the target is separated into two parts, command name
and selection area (Figure 2). When they wish to select a
command, they look at the selection areainstead of gazing at
the command name. There aretwo waysto select the target.
Oneway isto look first at the command name (Figure 2(1)).
The selection mark in the selection area will then appear as
avisua feedback, and when they look at the selection area,
the selection is completed. With this approach, they need
two saccades to select their target. Beginners who do not
know the location of the menu items use this method.

Another way isto look at the selection areadirectly (Fig-
ure 2(2)). When users already possess knowledge of the
location of menus, they can just look at the target. This
requiresjust one saccade.

4. Experiment: Comparison of Eye Mark and
Mouse

Anexperiment of using hierarchical menu selection tasks
was conducted to compare the performance of the eye mark
with that of amouse. Figure 3 shows the screen image of
thetask. A command name was displayed at the top of the
screen that asked subjects to select from menus presented to
them. Firgt, they selected the first command from the main
menu, and then a sub menu was displayed on the right side.
Then they made a selection from the sub menu to complete

Method Mouse Eyemark
Mainmenu  0.0% 0.5%
Submenu  0.0% 9.1%

Table 1. Error rate of the menu selection task.

the task. When they used the mouse, they simply clicked
on the main and sub menus to make a selection. When they
used the eye mark, they looked at the main menu to make a
selection, and then, they looked at the selection area of the
sub menu to select the second command. Before selecting
a sub menu, they could select another main menu to cancel
the previous selection.

Subjects 11 subjects participated in this experiment. They
were Macintosh or Windows users who used computers al-
most every day. They could manipulate mice at high speed.

Tasks Subjects were given 15 practice trials. Each trial
consisted of mouse and eye mark selection tasks. Follow-
ing that, there were four data collection sessions. For each
session, they had 14 selection tasks with the mouse and 14
tasks with the eye mark. There were 56 trials in total for
each device. Eye mark data and selection time were logged
by a workstation.

5. Results

The results show that it is possible to select a command
with the eye mark faster than with the mouse. Figure 4
shows the selection time for al subjects. Subject E, the
fastest of all, could select a command in 0.92 seconds with
the eye mark and in 1.72 seconds with the mouse. The
differencein the minimum time was small between subjects
and between devices. The difference in the median time
between subjects was aso not very great. The selection
time of the slowest subject was less than 1.8 times that of
the fastest. But there was a great difference between the
maximum times for devices. In the worst case, subject K
took 29.8 seconds to select a command with the eye mark,
and 7.6 seconds to select with the mouse.

The error rate for al the subjects (Table 1) shows that
there were no errors when selecting with the mouse and
rarely when selecting from the main menu with the eye
mark. However, there were many errors when selecting sub
menus with the eyemark, amounting to arate of about 9.1%.
Since the selection task of the the main menu and the sub
menu are similar processes, the reason for the differenceis
that subjects cannot cancel the selection from the sub menu.
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(b) Selection task with eye mark.

Figure 4. Menu selection task time

5.1. Error Classification

For everyday usage of the eye gaze interface, 9.1% se-
lection error is too great and should be reduced. Causes of
the error were classified into three types.

E-1 Wrong selection of the menu. Users wanted to select
one menu, but the eye mark moved over an unwanted
menu and it was sel ected.

E-2 Unconscious glancing at the selection mark. Users
looked at the selection mark when it was displayed.

E-3 Wrong positioning of the eyemark. When userslooked
at the target, the eye mark was not in the menu region
on the screen, but outside the menu. They moved their
eyesto try to select the menu and the wrong menu was
selected.
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Figure 5. Types of eye mark selection error

Figure 5 shows the error rate for the three types. The
error rates of subjects G, H, and K were above 10%, and the
average for the remaining subjects was 4.0%.

81.8% of the errors were caused by E-3. In this case,
users could not select themenu. If agiven menuisactivated,
they could understand the current position of the eye mark.
But when there was no visual feedback from the screen, they
moved their eye mark around the menu to try to select it,
and another menu was wrongly selected. This may cause
a feeling of fatigue and lack of control. If it is possible
to find a solution to E-3, the error rate will be reduced
by 81.8%, to about 1.7%. The selection time will become
much shorter, too. The method for reducing the selection
error will be discussed in Section 6.

5.2. Difference of Eye Mark Operation Time

Selection by using the eye mark is unusua and it may
result in lack of control and fatigue to the user. When users
start to select a menu by the eye mark, they first look at
each menu (obtaining information task). When they find the
target, they select it by gazing at the menu (selection task).

To find the difference between obtaining and selection
tasks, we compared the operating time of the two pro-
cess when the users employed the Quick Glance Selection
Method . The eye mark data of subject A was used because
thevariancein the sel ection time using the eye mark wasthe
smallest and the difference in the error rate was only about
5.4%.

Figure 6 shows the average operation time for both the
obtaining information task and the selection task. The ob-
taining information task is 0.10 seconds faster than the se-
lectiontask (p < .001). Thisisbecause, when usersselect a
menu, they first look at the name of the menu (this processis
the same as the obtaining information task), visual feedback
is displayed, and after confirming the feedback, they finish
gazing at the target. This process is more complicated than
obtaining information. When they use the mouse to select a
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Figure 6. Operation time of subject A.

menu, they simply move the mouse cursor to the menu and
do not have to confirm whether their selection is correct or
not. Thismay initially result in poor levels of control.

Thedifferencewill be reduced if they repeat the task and
learn the position of menus because when they know the
position of the menu, they do not have to confirm whether
or not the selected menu is correct.

6. Reducing Selection Error

When usersgaze at the menu, it should be selected. How-
ever, the results of the experiment showed that they some-
times could not select correctly. There are two reasons for
incorrect selection: (1) the eye mark was not on the rectan-
gular menu area when the users looked at the menu. When
they looked at the menu, the eye mark was sometimes out-
sidethe menu; and (2) the accuracy of the eye mark recorder
wasdecreased during thetask. Two methodsto reducethese
problems are discussed now.

6.1. Effects of Eye Mark Cursor

When users start to select amenu and it is not selected,
they find that the position of the eye mark is not on the
menu. However, they cannot find where they should look to
select it because they cannot find the current position of the
eye mark. If a cursor on the screen indicates the position
of the eye mark, users can find the direction in which they
should move their eyes, and thus can finish their selection.
To confirm whether the use of a cursor would improve the
selection task performance, | built a prototype environment
and conducted an experiment.

Tasks Three subjects participated in the experiment and
there were four data collection sessions. Each session had
14 trials with and 14 trials without the eye mark cursor.

Results Figure 7 showsthe number of errorsand themedian
selection time with and without the eye mark cursor. When

Selection time € With the cursor A Without the cursor
Number of errors. With the cursoD Without the cursor|

6 3.0
o I I )
S £,
= - ]
54 20 8
o =]
g g
g 2 10§
z 3

0 0.0

A B C
Subjects

Figure 7. Number of errors and the median
selection time with and without the eye mark
cursor.

the eye mark cursor was used, the number of the errors
was reduced for subjects A and B, but not for subject C.
The selection times of subjects B and C with the eye mark
cursor were slower than without the cursor. These results
showed that the eye mark cursor did not improve selection
task performance.

The reason for these results is that, when the cursor was
shown on the display, the users’ task changed from just
gazing to moving the cursor onto the target. P-1 and P-2
(above) makeit difficult to control the cursor. It was hard to
control the cursor with eye movements, especially when the
accuracy of the eye mark recorder was poor and the cursor
was in a different position from the one at which the users
were gazing.

6.2. Improving Eye Mark Recorder Accuracy

When | analyzed the eye mark data, | found that their
absolute position slipped out a bit with subjects G, H, and
K. If the eye mark recorder can detect the distance of the
gap, it should be possible to correct the absolute position
and maintain the accuracy.

“ Active Calibration” is one of the techniques we have
developed to correct for accuracy during the task. It detects
situations where the eye mark recorder cannot track the po-
sition of the eye mark correctly, calculatesthe error distance
and fixes it in the next trial. The feature of this method
is that users do not have to suspend their task in order to
re-calibration. When the error is large, fixation points will
not reside on amenu item but at a place somewhere between
two menu items. In such a case, Active Calibration is used
to calculate the center of gravity of thefixation points and to
compute the distance between the center of gravity and the
center of the menu expected to be selected, inferred from



the user's selection. If the selection is incorrect and the
system cannot infer the correct menu, it will calculate the
distance wrongly. However this will be fixed in the next
Active Calibration.

An experiment was conducted to confirm the effect of
Active Calibration.

Tasks Six subjects participated in the experiment. The task
consisted of 14 trials with Active Calibration (calibration
task) and 14 trials without Active Calibration (no calibra-
tion task). The tasks were mixed and the subjects were not
instructed about Active Calibration.

Results Active Calibration was valid for three subjects
and was not used for the reminder because there were no
inaccuracies. The selection timefor thevalid users’ calibra-
tion tasks was 38% to 170% faster than for no calibration
tasks (average of 104%). The selection time for the invalid
users’ calibration tasks was 0.9% to 6.2% faster than for
no calibration tasks (average of 3.1%). This data shows
that Active Calibration significantly improves the selection
performance.

7. Discussion

Threefeatures of the above experimental results can help
to improvethe usability of the eye gaze interface.

Natural eye movement in the selection task. In the ex-
periment related to the menu selection with the eye mark,
it took longer to select the menu with the eye mark than by
just looking at the menu. Moreover the indication of theeye
mark pointer wasinsufficient to reduce the error, and the se-
lection time became longer than the task without the pointer.
When the eye movement has a specific function instead of
just looking at the display, the operation time may become
longer and users cannot maintain effective control. Toavoid
this problem, we should reduce the difference between the
natural eye movement and the operation. This concept is
used in the Quick Glance Sdlection Method . As shown in
Figure 2, aselection mark isindicated in the selection area.
Thismark assiststhe user to find focus on the selection area
easily. We have not yet confirmed the effect of the mark
experimentally, but subjects reported that it is effective.

Selection cancellation mechanism. After the experiment,
some subjectsreported feeling frustrated when they sel ected
asub menu. Thiswas because they could not cancel the se-
lection. Thedifferenceintheerror ratein Table 1 also show
the necessity of being able to undo the selection. We should
consider providing the eye gaze interface with an effective
cancellation method in afuture study.

Eye gaze interface robustness. In the experiment, there

was a wide variance in performance levels among users.
Figures 4 and 5 showed that some subjects could not use
the eye gaze interface well. We need a robust interface if
we use the eye gaze interface in conventional environments.
The solution to this problem definitely involves improving
the eye mark recorder and supporting software would also
prove effective. Active Calibration, which improved the ac-
curacy of the interface, is one example of a way to support
robustness. It is also effective to prepare a mechanism to
detect situations that cannot be controlled and then help the
user. The eye mark cursor was not effective in the experi-
ment, but if it is displayed when userslose control, they can
find their current position and recover the situation.

8. Conclusions

An eye gaze interface experiment was conducted. Based
on theresults, | presented three factors we should consider
when designing the interface. The design methodology of
the eye gaze interface is not yet established, and this result
isapreliminary step in developing it.
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