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Objective: The aim of this study is to investigate how well eye movement times in
visual target selection tasks by an eye input device follows the typical Fitts' Law
and to compare vertical and horizontal eye movement times.

Background: Typically manual pointing provides excellent fit to the Fitts' Law model.
However, when an eye input device is used for the visual target selection tasks, there
were some debates on whether the eye movement times in can be described by
the Fitts' Law. More empirical studies should be added to resolve these debates.
This study is an empirical study for resolving this debate. On the other hand, many
researchers reported the direction of movement in typical manual pointing has some
effects on the movement times. The other question in this study is whether the
direction of eye movement also affects the eye movement times.

Method: A cursor movement times in visual target selection tasks by both input
devices were collected. The layout of visual targets was set up by two types. Cursor
starting position for vertical movement times were in the top of the monitor and
visual targets were located in the bottom, while cursor starting positions for horizontal
movement times were in the right of the monitor and visual targets were located
in the left.

Results: Although eye movement time was described by the Fitts' Law, the error rate
was high and correlation was relatively low (R? = 0.80 for horizontal movements
and R? = 0.66 for vertical movements), compared to those of manual movement.
According to the movement direction, manual movement times were not significantly
different, but eye movement times were significantly different.

Conclusion: Eye movement times in the selection of visual targets by an eye-gaze
input device could be described and predicted by the Fitts' Law. Eye movement times
were significantly different according to the direction of eye movement.

Application: The results of this study might help to understand eye movement times
in visual target selection tasks by the eye input devices.
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1. Introduction

An eye tracker is a measurement device to measure the positions of eye-gaze and
the time duration that the eyes stay in a position. As the eye tracker technology
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improves, eye-gazes' positions and duration times can be reported in the real time nowadays. The technological advance allowed
people to use the eye tracker as a computer input device. Recording the positions of eye-gaze in the real time indicates that
users are able to point visual targets on the monitor by an eye tracker. However, there are indeed many arguments against the
use of eye tracker as a pointing device. Vetegaal (2008) summarized four weak points as a pointing device. Firstly, eye trackers
are very sensitive to user head movements. Secondly the accuracy of eye trackers in pointing is about 1 degree on screen,
indicating the inaccuracy of measuring eye-gaze position. Thirdly, eye trackers need to be calibrated. Finally, eye trackers suffer
from Midas Touch Effects (Jacob, 1991), namely that selections can happen unintentionally. However, some researchers consider
that the eye tracker can be a useful pointing device with the advance of computer vision technology in the future, in particular
for the disabled people.

The first goal of this study is to investigate whether the eye movement times in visual target selection tasks by an eye input
device can be described by the Fitts' law model. Typically, Fitts' law is a robust model that describes the relationship between the
movement time and the index of difficulty (Fitts, 1954; MackKenzie, 1992). Fitts (1954) proposed that MT = a + b log,(2A/W),
where a and b are empirical constants, A is a movement amplitude, W is a target width and where log,(2A/W) is termed as the
index of difficulty (ID). It has been reported that the movement times in the visual target selection tasks by a hand mouse is
high fit with Fitts' Law model. However, there were just a few studies that investigated how well eye movement times in visual
target selection tasks by the eye input device follow typical Fitts' Law.

Ware and Mikaelian (1987) assessed the use of an eye tracker in a selection task, using a Fitts' Law experimental paradigm. They
did not compare the performance of selection tasks by a hand mouse with that of an eye input device. However, they suggested
that movement times for eye input were significantly affected by target width, particularly with smaller than 1.5 degrees for
visual angle. Error rates were high in all eye tracking conditions, with about 12% of trials. Chi and Lin (1997) suggested that the
eye-movement time was significantly related to the target size and distance between targets, but the speed-accuracy trade-off
was significantly different from that predicted by Fitts' Law. They also reported the reaction time was not significantly changed by
the direction of eye movement. Zhai (1999) found correlations that were very low in the order of R? = .75. The most likely cause
for this was the presence of eye tracker noise in their experiment. Miniotas (2000) reported the highest fit with an R? = 0.98.

Unfortunately, there are few empirical studies on the efficiency of eye input devices in visual target selection tasks. They did
not provide consistent results to ensure that the eye movement times are described by Fitts' law model. Therefore additional
investigation is required to understand the eye movement times in visual target selection tasks, analyzing the fit with the Fitts'
law model.

Another goal of this study is to investigate whether eye movement times in visual target selection tasks are different according
to the direction of eye movement. There were a few studies on the effect of movement direction on the manual movement times.
However, their results were not consistent. Gan & Hoffman (1988) reported that movement times were not significantly changed
with the movement direction. However, Murata & Iwase (2001) proposed an extended Fitts' law for three-dimensional pointing
task, on the assumption that manual movement time is changed with the movement direction. A question in this study is whether
the direction of eye movement affects the eye movement time in the visual target selection tasks by the eye input device.

2. Method
2.1 Participants

Ten paid volunteers (5 males, 5 females) were recruited from Korea National University of Transportation. Participants ranged from
22 to 28 years old (mean = 25). All were daily user of computers. None had prior experience with eye tracker. All participants
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had normal, or corrected to normal vision. They took part in all experimental conditions.
2.2 Stimuli and apparatus

Input devices used in this experiment were a hand mouse and an eye input device. Typical optical mouse was used for a hand
mouse. A head-mounted eye tracking systems, Eyelink Il from SR Research Ltd, served as the eye input device (Figure 1). The
measurement method was Pupil and Corneal Reflection for greater tolerance to head movements. A chin rest was used to
minimize participants' head movements. The monitor was a 21-inch 1,280 x 2,014 pixel LCD. Participants sat at a viewing distance
of approximately 60cm. The eye tracker sampled at 250Hz with an accuracy of 0.25° - 1.0° visual arc. Calibration was performed
at the beginning the experiment using a 9-point calibration, with re-calibration as needed. Raw eye data and event data were
collected using the software provided from EyelLink Il system. When the fixation time on the target is longer than 100msec, the
device recognized as the target was selected.

Adjustment

Eye Camera —_ ,

Camera Handle ~~

Figure 1. A head-mounted eye tracking system used as an eye input device

Figure 2 shows an example of stimuli for visual target selection tasks. The same stimuli were used for a hand mouse as well as
an eye input device. Participants moved a cursor from starting position to a visual target. In case of vertical movement, the visual
target was presented as a box with W width in the bottom of the monitor and the starting point was located in the top of the

W: Width

<—>

®

Starting
Point

A: Amplitude

Figure 2. An example of stimulus for visual target selection tasks (in case of horizontal movement)
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monitor. In case of horizontal movement, the visual target was presented in the left of the monitor and the starting point was
located in the right of the monitor. Position and width of visual target were changed according to the experimental conditions.
When a visual target selection task by a hand mouse starts, the position of cursor is automatically fixed on the starting point.
However, in order to start a visual target selection task by an eye input device, participants using their eyes moved the position
of cursor to the circle around the starting point.

2.3 Tasks

All participants performed visual target selection task, moving a cursor to the visual target in vertical and horizontal direction.
For the one direction and one input device, target width and amplitude in a stimulus set were varied as shown in Table 1. The
index of difficulty was not evenly distributed and was ranged between 1 and 5.64. The experimental condition shown in each
cell of the Table 1 was repeated two times by the each participant. The total number of trials by the each participant was 200
for two input devices and two movement direction.

Table 1. Experimental conditions of visual target selection task by each input device for each movement direction

Index of diffculty Amplitude (pixel), 1 pixel = 0.294mm

100 200 300 400 500

20 332 432 491 532 5.64

40 232 332 3.91 432 464

Target width (pixel) 60 1.74 2.74 332 374 406
80 1.32 232 2.91 332 3.64

100 1 2 2.58 3 332

3. Results

3.1 Error rates
The input error is an important factor to measure the efficiency of input systems. This study defined the input error as an

outlier of observation points. First of all, the observations were flagged based on measures such as the interquartile range. An
outlier was defined as any observation outside the range in the following.

[Q - 1.5(Qs - Q1) Qs + 1.5(Q; - Q)] (1)

Table 2 shows the error rates as a percentage of trials per input technique and movement direction. The error rate in an eye

Table 2. Error rates during vertical and horizontal movements

Error rate Vertical movement Horizontal movement
Hand mouse 11 out of 500 (2.2%) 22 out of 500 (4.4%)
Eye input device 49 out of 500 (9.8%) 33 out of 500 (6.6%)
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input device was higher than that of a hand mouse. This may mean that it is difficult to control the eye input device, compared
to a hand mouse.

3.2 Factors influencing on eye movement time

Generally, the times of visual target selection by the hand mouse can be described by the Fitts' law. The time is positively in
proportion to the distance (amplitude) of visual target, while the time is in inverse proportion to the width of visual target. A
question is whether or not such a relationship exists in the times of visual target selection by the eye input device. The analysis
of variance was performed on the input times measured in the experiment. The main factors considered were direction eye
movement (vertical and horizontal), target width (20, 40, 60, 80, 100 pixels), and target amplitude (100, 200, 300, 400, 500 pixels).

There were outliers defined as errors in input times. The outliers were removed for the analysis of variance. The missing data
regarded as errors were substituted into the mean value at the corresponding experimental condition. The results of ANOVA
showed that the effect of 3 main factors were significant. Eye movement times significantly changed according to the amplitude
(A4, 966) = 846, p<0.001) and the width of the visual target ({4, 966) = 17.14, p<0.001) and the direction of eye movements
(A1, 966) = 166.75, p<0.001). The interactions were not significant.

Figure 3 shows the relationship of mean of input times with the target width (20 to 100 pixels), while Figure 4 shows the
relationship of mean of input times with the target amplitude (100 to 500 pixels). Regardless of the direction of eye movement,
the mean times were positively in proportion to the distances (amplitude) of visual target, while the times were in inverse
proportion to the widths of visual target.
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Figure 3. Relationship of input times with target width according to the eye movement direction

3.3 Fitts' model fit
It was analyzed whether the input times for visual target selection can be described by the Fitts' law model. In case of the hand

mouse, the mean of input times followed Fitts' law model as expected (cf. Figure 5). The mean of input times in the vertical
movements changed with the index of difficulty (R* = 0.95), while that of horizontal movements also changed with the index of

http://jesk.or.kr



24 Seung Kweon Hong

400

350 - * ®
300 - + <

250 - s g ® B
200

¢ Times of V

150
M Times of H

100

Mean of Input Times (ms)

50 -

0 100 200 300 400 500 600
Target Amplitude (Pixels)

Figure 4. Relationship of input times with target amplitude according to the eye movement direction

J Ergon Soc Korea

difficulty (R? = 0.97). However, the input time gap in between vertical movement and horizontal movement was not noticeable.

The mean input time in vertical movement was 790ms, while that of horizontal movement was 773ms.

Vertical hand movement : MT, =375.8 +124.7 X ID (R2 = 0.95)
Horizontal hand movement: M T = 378.5 +199.0 X ID (R? = 0.97)
4 Vertical Movement M Horizontal Movement
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__ 1000 -
£
~ MT =124.7 X ID + 375.8
g 800 - 5 +
= R“=0.95
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Figure 5. Fitts' model fit to input times by a hand mouse
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The mean of input times by the eye input system also followed Fitts' law model (c.f. Figure 6). The mean of input times in the
vertical movements changed with the index of difficulty (R> = 0.66), while that of horizontal movements also changed with the
index of difficulty (R? = 0.80). Although the obtained data indicated the relatively low fit to Fitts' model, it may suggest that input
times by the eye input device still follow the Fitts' model. The input time gap in between vertical movement and horizontal
movement was noticeable. The mean input time in vertical movement was 319ms, while that of horizontal movement was 238ms.
It may indicate that input times in case of eye movement in different directions can be described by the same Fitts' model.

Vertical eye movement : MT, =219.4+29.9 X ID (R? = 0.66) 4
Horizontal eye movement: M1y = 189.1 + 17.7 X ID (R? = 0.80) (5)
+ Vertical Movement M Horizontal Movement
450
400 > o >
. MT=299xID +219.4 //’
@ 350 — <
% o R2=0.66 .o ’/.7” _
£ L 2 * < _—=
£ 250 s, == —_ et
el e B gf B
] 2
£ 200 — -
g MT =17.7 x ID + 189.1
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= R? = 0.80
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Index of Difficulty

Figure 6. Fitts' model fit to input times by an eye input device

4. Conclusion

Eye movement times in visual target selection tasks by eye input device were influenced by amplitude as well as target width.
The eye movement times also provided a good fit to the Fitts' Law Model (R* = 0.66 for the vertical movement and R = 0.80 for
the horizontal movement). However, compared to visual target selection by a hand mouse (R? = 0.95 for the vertical movement
and R? = 0.97 for the horizontal movement), the eye movement times provided lower correlations.

Vertical eye movement time was significantly longer than horizontal eye movement times. Fitts' law model for the vertical eye
movement time also was different from that of the horizontal eye movement time. This result might be caused by the fact that
human move their eyes more naturally in the horizontal direction than in the vertical direction. However, movement time by
the hand mouse was not significantly changed according to the movement direction. The results of a few previous studies also
indicated that the effect of movement direction in the selection tasks by a hand mouse was not statistically significant (Gan &
Hoffman, 1988). Nevertheless, Murata and Iwase (2001) suggested an extended Fitts' law with new type of ID, adding a direction
factor to typical ID.
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ID = Typical ID + c sin® ©®)

According to the results of this study, it might be desirable to apply this extension of Fitts' law model to the selection tasks by an
eye input device, rather than the selection tasks by a hand mouse. Since this study only investigated the vertical and horizontal
eye movement times, the extended Fitts' law model was not applied. In the future study, eye movement times in the diverse
directions would be measured in order to apply the extended Fitts' model in the selection tasks by the eye input device.
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