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ABSTRACT

Although gaze is an attractive modality for pervasive inter-
actions, the real-world implementation of eye-based inter-
faces poses significant challenges, such as calibration. We
present Pursuits, an innovative interaction technique that en-
ables truly spontaneous interaction with eye-based interfaces.
A user can simply walk up to the screen and readily interact
with moving targets. Instead of being based on gaze location,
Pursuits correlates eye pursuit movements with objects dy-
namically moving on the interface. We evaluate the influence
of target speed, number and trajectory and develop guidelines
for designing Pursuits-based interfaces. We then describe six
realistic usage scenarios and implement three of them to eval-
uate the method in a usability study and a field study. Our
results show that Pursuits is a versatile and robust technique
and that users can interact with Pursuits-based interfaces with-
out prior knowledge or preparation phase.
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INTRODUCTION

Gaze holds great promise as an input modality because it in-
dicates what our attention is directed at and is faster than a
mouse as a pointer [24]. Gaze-based interaction is well estab-
lished under controlled conditions and for person-dependent
use. Applications range from desktop control [12, 29], eye
typing [9] and target selection [25] to password entry [2] and
videogame control [10]. But gaze also make a very attractive
input modality for ubiquitous applications. It is a particularly
promising modality to interact with the increasing number of
out-of-reach displays as our eyes naturally point at what we
are interested in and indicates our spontaneous attention [27].
Gaze interaction also offers an alternative to touch input in
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Figure 1: Pursuits matches the user’s eye movement with the
movement of on-screen objects.

environments where hygiene is critical, such as during surg-
eries [13].

Although gaze is an attractive modality for pervasive interac-
tions, the real-world implementation of eye-based interfaces
poses significant challenges. Current interfaces typically re-
quire an additional modality to confirm input commands,
such as touch [25], a calibration phase from the user [2] or
previous knowledge on how to operate the system [4]. This
makes spontaneous eye-based interaction in everyday envi-
ronments particularly challenging. Previous efforts focused
on detecting whether a user is attending a device [23] or on
using gaze to select areas on a large screen [30].

In this work we present Pursuits, a method that enables spon-
taneous eye-based interaction with pervasive screens that dis-
play moving targets. Our method enables users to walk up
to a display and immediately interact with it in an engaging
way. The key idea of Pursuits is that the eyes perform the
same trajectory as the object they are following (see Figure
1). Thus, by correlating a moving object’s trajectory with the
eyes’ trajectory in real time, it is possible to detect which ob-
ject is being looked at. Because it is based on eye trajectory
rather than direct point-of-gaze, it does not matter how that
data is translated on the screen or in space: the trajectory of
the eyes still resembles that of their moving target. Thus, this
approach does not require any calibration phase from the user.

Pursuits is named after the movement our eyes perform when
they latch onto a moving object, called smooth pursuits. Al-
though the dynamics of smooth pursuits are well understood
[21] they have not yet been leveraged for human-computer
interaction. In Pursuits, smooth pursuit movements are em-
braced for the selection of objects for interaction, contrast-
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ing conventional gaze-based interaction where objects are se-
lected by fixation using dwell-time. Dwell-time requires the
user to keep their gaze on a fixed location, which is highly
unnatural for our eyes since we usually perform three to four
fixations per second [20]. We naturally dwell on an object
that moves, which makes Pursuits a much more natural inter-
action technique.

This natural behaviour, combined with the fact that Pursuits
does not need calibration, means any user can simply walk
up to the display and readily interact without needing instruc-
tions. The use of correlation also implies that Pursuits can be
used with any eye-tracker or any size of screen. This is be-
cause the correlation formula inherently normalises the data:
the gaze coordinates do not need to be in the same range as the
objects coordinates. Finally, because the core of the interac-
tion is based on moving targets, Pursuits opens up new possi-
bilities for interface design. While HCI research has attended
to target movement as a problem [17], Pursuits embraces it
and allows for dynamic interfaces which naturally attract the
eyes.

This works makes the following contributions. We first intro-
duce the concept of correlating pursuit eye movements with
the trajectory of moving objects on the screen. We then eval-
uate the influence of several target parameters on the perfor-
mance of Pursuits and deduce guidelines for future interface
design. Finally, we identify six example real-life applications
of Pursuits-based interfaces and evaluate three of them in a
user study and an uncontrolled field study.

RELATED WORK

Gaze-based interfaces traditionally aim to use the eyes as a
direct replacement for the mouse for tasks such as pointing
or object selection [6, 12]. This is usually achieved by us-
ing dwell-time selection, which means that a selection is trig-
gered once the eyes have been looking at a target for a certain
amount of time [12, 24, 16]. These works exploit eye fixa-
tions, which means the eye needs to stay still on the target for
a longer amount of time than natural [12, 20]. In contrast, the
eyes naturally dwell on moving objects. As a result, Pursuits
uses dwell time but does not require the users’ eyes to perform
any unusual tasks. This approach has also been used by two
eye-based text entry systems: Dasher [26] and StarGazer [9].

These works, however, all require calibration, in order to map
the user’s gaze to the screen coordinates. This means users
generally need to keep their head still and look at several cali-
bration points on a screen, which is time-consuming and pre-
vents spontaneous interaction. Eye gestures have been pro-
posed as a way to overcome this problem. Eye gestures are
sequences of pre-learned eye movements that trigger a prede-
fined reaction from the system [4], for instance to control a
video game [10]. Our work is similar to eye gestures in that
it is based on raw eye movement rather than direct gaze coor-
dinates. However, Pursuits does not require prior knowledge
from the user, as it exploits the natural occurence of pursuits
when a moving object is being followed. This means that Pur-
suits is destined for spontaneous interactions, for example in
public spaces.
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Interaction with pervasive screens altogether is a challenge,
and is commonly based on using intermediary devices such
as mobile phones [1, 3] or on the necessity that the screen is
within reach, through the use of multi-touch [19, 28]. More
specifically, the use of eye-based interfaces for realistic ubig-
uitous interactions has not been explored much. A reason is
that passer-bys do not have time to learn how to use a sys-
tem or to calibrate, which makes eye-based interaction partic-
ularly challenging. So far, the use of eye gaze has been lim-
ited to the awareness that a user is attending a device [23] or
to the selection of large areas on a screen [30]. Pursuits offers
a new range of possibilities for pervasive screen interaction
in public spaces as it does not require any additional device
from the user and can be used even out of reach. However, it
requires a dynamic interface.

Many applications, such as games, involve moving tar-
gets [18]. Selecting moving target has previously been ad-
dressed as a problem [17]. Gunn et al. pointed out the diffi-
culty of moving target selection with a mouse and developed
different ways to cope with it [8]. In daily life, the eyes fre-
quently lock on moving objects, such as a person or car pass-
ing by. They behave as a closed-loop system in that adjusts
over time depending on the perceived velocity of the object
being followed and are thus not a ballistic movement like a
saccade [14, 21]. This means our eyes are fast and extremely
good at judging speed of moving stimuli [7]. Pursuits is there-
fore not only natural for interaction with dynamic interfaces
and content that moves, but also highly effective for fast and
accurate selection of moving targets.

Although the eyes are not meant for controlling an interface,
they still indicate a lot of the context a person is in and where
their attention is focussed, which can be used to create seam-
less interfaces. Because the eye is a perceptual organ, atten-
tive user interfaces (AUIs) aim at using eye gaze in a subtle
way, e.g. to adapt interface behaviour to the user [11, 27]. For
example, Zhai et al. have explored the context information
held by gaze to help users performing tasks quicker without
using the eye as a direct means of control [29]. Others have
aimed at using eye gaze to infer about user behaviour [22],
infer context in ambiguous situations [15], and augment de-
vices with visual attention sensors to act depending on where
the user’s attention is directed [23]. While our work is not
an AUI by definition, it shares conceptual similarities with
AUISs in that it is aimed at providing a non-disruptive, natural
interaction for the user.

THE PURSUITS METHOD

The key idea of Pursuits is to match in real time the move-
ments of the eyes with the trajectories of objects moving
on the screen. The matching is performed using Pear-
son’s product-moment correlation method. The input to this
method are the synchronised time series of horizontal and ver-
tical gaze coordinates and the coordinates of all objects on the
screen. For each object on the screen, the method evaluates
the similarity between the corresponding time series and that
of the eyes’. The method outputs the single object whose
trajectory is most similar to that of the eyes or nothing if no
object is detected as being followed. In the following we ex-



Session: Novel Interfaces

plain the calculation for horizontal dimension z only for read-
ability purposes, but it is computed the same way for vertical
dimension y.

The similarity between the gaze and object trajectories is cal-
culated using the Pearson’s product-moment correlation coef-
ficient corr, of the horizontal coordinates of an object Obj,
and of the eyes Eye,, defined as

E[(Eye, — Eye,)(0bj, — Obj,)]

0 Eye, TObj,

corry =

where Eg;ez and opy., are the mean and the standard de-
viation of the horizontal gaze position. The coefficient is
calculated for both horizontal and vertical positions. The
closer the coefficient is to 1, the more correlated the two
time series are and thus the more similar the eyes’ trajec-
tory is to the object’s trajectory. For real-time interaction we
use this measure in the following way: For every new data
point we calculate corr, and corr, for all eye-object couples
(object(i), eye),i = 1..n, with n the number of objects, on
a window covering the last w ms of data. If both the corr,
and corr, of the object with the highest corr, and corr, are
above a threshold th., then the object is detected as being
followed with the eyes; otherwise no object is selected. This
means Pursuits has two parameters: the size of the time win-
dow w over which the correlation coefficients are calculated
and the threshold of the correlation coefficient th.;r.

Implications for design
The use of trajectory correlation in Pursuits has a number of
implications and properties for interface design.

Independence of target size. Because Pursuits matches trajec-
tories, the size of the target does not matter, only its move-
ment does. Pursuits allows the selection of very small targets
that would be difficult to select accurately by using gaze posi-
tion or any other position-based selection technique.

Use of dynamic interfaces. Using trajectories also means that
the technique requires interfaces that contain moving targets.
The correlation formula relies on standard deviations of both
the eyes and the objects: if the latter are static, the correla-
tion coefficients could not be computed. Pursuits is thus only
applicable to dynamic interfaces.

Difference of trajectories. To accurately distinguish between
objects, Pursuits requires the correlation coefficients to be sig-
nificantly different for different object trajectories. The differ-
ence between two linear trajectories can be characterised by
the angular difference of their vector and is thus tightly linked
to the maximum number of objects on the screen.

Alignment with line-of-sight. Finally, the use of correlation
requires that the eye data follows the same evolution as the
screen graphics, i.e. if the object’s horizontal coordinate
value gets bigger when moving to the right of the screen, so
should the eye’s horizontal coordinate value. The use of cor-
relation also has underlying implications about the setup: the
screen should be positioned orthogonal to the line of sight.
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ALGORITHM EVALUATION

The accuracy of detecting whether a specific object is being
followed with the eyes depends on the interface design as
well as the method and parameters of the correlation. We con-
ducted a controlled laboratory study to analyse the influence
of the number, speed and trajectory of objects and the corre-
lation parameters on the detection performance. We aimed
to characterise the key parameters of Pursuits and to provide
insights that may guide the design and implementation of
Pursuits-enabled interfaces.

Experimental procedure

Participants performed a series of interactions with different
interfaces (each called a trial). To collect synchronised eye
and object trajectory data in a controlled manner, in each trial
participants were instructed to look at a single red object mov-
ing across the screen. Additional objects were present and
moved at the same time, so that we could study the effects of
the number of objects on the method, but they had the same
colour as the background of the interface so that participants
could not see them (see Figure 2a, additional objects only
shown here for illustration purposes). This was to ensure that
participants followed a single object throughout without be-
ing distracted by other objects moving on the screen. Each
trial was repeated three times. In each trial either the num-
ber, speed and trajectory of all objects varied, always one at a
time while the other two stayed constant (see Table 1). These
variables varied as follows:

e Number of objects: We always maximised the distance be-
tween two objects, so that when four objects moved simul-
taneously the vectors they were moving along had a /2
difference, when there were eight objects, the vectors had
a /4 difference, etc (see Figure 2a). In other words, the
more objects on the screen, the more similar their trajecto-
ries were, which means we expected the correct detection
rate to drop as the number of objects increases.

e Trajectory of objects: We assumed that the objects’ trajec-
tories in future applications will be a combination of a lin-
ear and a circular movement component. We thus ran the
test once for objects moving in a linear fashion, starting
from the centre of the screen towards its borders, and once
for objects moving along a circle.

e Speed of objects: We tested both when objects move at
the same speed, and when speed between objects differs
(see Figure 2b). We expected this last case to potentially
increase the detection rate in cases where the number of
objects would otherwise have a negative influence on the
detection performance. When there were only two objects
going at a different speed we had them move in parallel
along the same line.

The specific parameter values that we evaluated are sum-
marised in Table 1, where each line represents a different set
of trials. For example, the first line describes a series where
the number of objects varies, but all objects move at the same
speed and in a linear fashion.

We further evaluated Pursuits for different values of its two
parameters — window size w and correlation threshold th:o.-
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(a) Left: Example for nbObj = 6 and linear trajectory. Right:
Example for nbObj = 3 and circular trajectory.
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(b) Left: Example for speed=200px/s for all objects. Right: Ex-
ample for speed,..q=650px/s and speed,tpers=450px/s.

Figure 2: Example stimuli consisting of a red dot moving on
the screen. Only the red object is visible to the participant,
additional dots are shown here only for illustration purposes.

Number of objects Speed of objects (px/s) Trajectory

{2,3,4,6,8,10, 15,20} 450 linear
{2,3,4,6,8,10,15,20} 450 circular
4 {100,200, 450, 650,850}  linear
red object other objects
{2,8,10,15,20} 200 450 linear
{2, 8,10, 15,20} 650 450 linear
{2,8,10, 15,20} 850 450 linear

Table 1: Summary of the parameter values evaluated in the
different experimental trials.

— by comparing the prediction of which object was being fol-
lowed with the recorded ground truth. We evaluated whether
the red object was detected as being followed (correct detec-
tion), detected as another object (wrong detection) or not de-
tected as being followed at all (missed detection). All calcu-
lations were based solely on the first object being detected
given that the first detection is the only important one for real-
world applications. We evaluated the following values:

e Window size: Because Pursuits aims for instant interaction
and is based on dwell-time, the window size needs to be
quite short. Smooth eye pursuits last for a minimum of
100ms [14], so this is the smallest window size we tested.
We also ran Pursuits on w = 500ms as this is similar to
conventional dwell-time based gaze interactions.

e Correlation threshold: We processed the data for values of
theorr € {0.2,0.3...0.8,0.9}. For small values of th.op
we expected a high detection rate, while for large values of
theorr We expected a lower detection rate but less wrong
detections.
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Figure 3: Experimental setup consisting of a Tobii X300 re-
mote eye tracker (a) and a public display (b).

Apparatus and participants

For recording gaze data we used an uncalibrated Tobii X300
remote eye tracker. The horizontal angle of the tracker was
adjusted depending on the participant’s height to ensure it
properly tracked their eyes. The stimulus was presented on
a 40” 1920x1080px screen mounted perpendicular to the par-
ticipant’s line of sight. The eye tracker was placed on a plat-
form under the screen (see Figure 3). The participant’s gaze
data and the trajectories of all visible and hidden objects were
logged at 40Hz, which corresponds to the refresh rate of the
screen. On average across all participants, the gaze estimation
error of the eye tracker was 12.5° visual angle.

Eight participants (three female, five male) aged between 24
and 32 years (mean=26.3, std=2.8) took part in the study.
None of the participants wore glasses during the study. Upon
arrival they were first introduced to the goals of the study as
well as the system and the stimulus. They were asked to stand
85 cm away from the screen.The total experiment time was
about 10 minutes for each participant. To minimise fatigue,
they was allowed a break in the middle of the experiment.

Results

Effects of the Number and Trajectory of Objects

Figure 4a shows that the detection rate highly depends on the
number of objects. The percentage of detection starts to drop
with eight or more objects on the screen, i.e. the lower the
number of objects on the screen the higher the performance.
Circular movements allow for more robust detection perfor-
mance for up to 15 objects. The style of trajectory does not
seem to considerably impact performance up to four objects
given that the correct detection rate stays above 80%. For
both trajectory types, we note that when the correct detection
rate decreases, the missing rate stays stable. This means that
the algorithm still detected objects, but detected the wrong
ones.

Effects of Speed

Figure 4b shows the correct and missed detection versus the
speed of objects. The figure indicates that the speed of ob-
jects, when moving at the same speed, does not have a strong
influence on detection performance. When objects move fast,
from 650px/s we can see a significant increase in the missed
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Figure 4: Results of the algorithm evaluation study. For figures a, b and c, the datapoints are generated from the average value

given by correlation thresholds set between 0.2 and 0.9.

detections for the larger window size, while performance re-
mains high for the shorter window size. This can be ex-
plained by the fact that the objects moved so quickly that par-
ticipants did not manage to follow them long enough before
they reached the border of the screen, as the high missing rate
shows. This can be avoided with a circular trajectory.

Figure 4c shows the detection performance when object speed
varies as a function of the number of objects. Each colour
corresponds to a specific speed of the red object, while other
objects move at a different, constant speed. As we can see
from the figure, if two objects have different speed but simi-
lar trajectories Pursuits can still differentiate them especially
for larger window size (w = 500ms). A speed difference of
200px/s seems enough to increase the correct detection rate.
A variation in speed also appears to help considerably to iden-
tify two objects that have exactly the same angle.

Effects of Correlation Threshold

Figure 4d shows a sweep over the correlation threshold th o
for six objects moving linearly at 450px/s and four objects
moving linearly at 650px/s. The correlation threshold does
not seem to have a significant impact on detection perfor-
mance. However, if accuracy is crucial, preference should
be given to higher thresholds (beyond 0.5). Indeed, a higher
thresholds results in a higher missing detection rate but also
in less errors. This also implies that the time for a detection
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should be longer, as it is possible that Pursuits will miss a
detection if the threshold is too high.

Effects of Window Size

Figure 4a shows that the detection performance is better for
a larger window size w. This means that Pursuits performs
better if the correlation is based on a longer amount of time,
which implies the data contains a better excerpt of what the
trajectories look like. Circular movement is significantly eas-
ier to detect with a larger window size, especially when there
are eight objects or more. In Figure 4b, for lower speeds the
accuracy of the smaller window size decreases while larger
window size still yields a high detection performance. This
was to be expected given that a slow pursuit resembles a fix-
ation if considered only for a small period of time. The cor-
relation on a fixation is not computable because the devia-
tion of the data points will be too small. In contrast, even if
the pursuit is slow but analysed for a longer period of time
(w = 500ms), it can be robustly detected by Pursuits. Figure
4d shows the case where a smaller window size seems to be
better than a bigger one, however it corresponds to the case
where objects were too quick to be followed by the eyes for
long enough.

Summary
This controlled laboratory study provides a number of impor-
tant insights for choosing parameters that also have implica-
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tions for interface design. First, detection performance de-
creases for eight objects and more if the objects move in a
linear fashion and at the same speed. This can be avoided
by using circular trajectories and a larger window size, or by
varying the speed of objects moving on the screen. This is
also the case if two objects move in parallel along the same
trajectory. If objects on the screen have to move slowly a
larger window size is required for Pursuits to properly differ-
entiate between fixations and pursuits. The window size is
a particularly important parameter and should in general be
set around 500ms. It is still possible to perform a high de-
tection with a shorter window size but it is more error-prone.
This should only be favoured for high speeds and for systems
whose reactivity is essential.

APPLICATIONS

Current gaze-based interfaces typically use on-screen gaze lo-
cation as the sole input. In contrast, Pursuits is based on move-
ments and thus opens up a whole new range of dynamic user
interfaces. The algorithm evaluation highlighted which fea-
tures are desirable and are likely to produce better accuracy
when designing interfaces for Pursuits; to illustrate the spe-
cific characteristics and potential of Pursuits, in the following
we describe six example real-world applications.

Public information display. A Pursuits-enabled public dis-
play on a university campus provides information to visitors
of the university. The interface shows three large boxes each
containing snapshots of information that a visitor might be
interested in: bus times, a map, or upcoming events. These
boxes smoothly “float” on the screen and attract the attention
of bypassers. Once the interactive display detects that a box
is being followed with the eyes, the screen fades out and dis-
plays the corresponding information. The content is left avail-
able for the visitor to read, and the only moving object on the
screen is a small “back” box drifting slowly in a corner for
the user to go back to the main menu by looking at it. This ap-
plication demonstrates the possibility of creating harmonious
interactions that exploit slow motion and large-sized targets.

Music shop display. A Pursuits-enabled display in a music
store shows the covers of the latest music albums. A cus-
tomer standing in front of the screen can follow the trajectory
of one of the covers with their eyes to listen to a music extract
from that album. Playback will fade out after 30 seconds or if
the customer decides to look at another album cover. This ap-
plication demonstrates how Pursuits can be used as a natural
interaction trigger. It is important to note that in this example
the feedback is not visual but auditive to prevent from a possi-
ble visual field saturation. This application also demonstrates
a way to use Pursuits with a greater number of targets.

Game for waiting areas. People spend a lot of time in wait-
ing areas, such as at bus stops or airports. A Pursuits-enabled
display is placed on a wall to entertain passengers while wait-
ing. It offers to play a simple game with a frog in the center
and flies that randomly fly around. As the player follows a
fly with their eyes, the frog unfolds its tongue to eat the tar-
get fly. The more flies are eaten, the higher the score of the
player. Flies gradually become faster and smaller to increase
the challenge. This application demonstrates that the target
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bus times

Figure 5: The public information display. This is an example
of a harmonious, slow interface with large targets.

Figure 6: The music shop display. This presents an interface
with a greater number of targets and audio feedback.

(

Figure 7: The frog game. This demonstrates several capabil-
ities: the accurate selection of very small and quick targets,
and the possibility of targets with more complex trajectories.

size does not matter for Pursuits. This is important for eye-
based interfaces whose accuracy on the screen is often lim-
ited. This application would also be difficult to implement
using other modalities. The flies are too quick and random to
allow mouse or finger selection.

Gaze-aware museum display. A Pursuits-enabled screen in a
museum shows the solar system with planets rotating around
the sun along different trajectories and at different speeds. A
child interested in the interface walks up to the display and
looks at the planets. If a specific planet is followed the screen
smoothly displays additional information such as the planet’s
rotation time, temperature and size. While the previous sce-
narios offer gaze control, this use of Pursuits develops gaze-
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Figure 8: The gaze-aware museum display. This is an exam-
ple of a more subtle, gaze-aware attentive display.

Figure 9: The fish password screensaver. This shows Pursuits
could be used for discrete password entry.

Confirm

@ Are you sure?

ﬂOK

Figure 10: The hospital screen control. This is an example of
how Pursuits could be used to control static desktop interfaces
in touch-sensitive environments.

awareness of displays. This is different in that the display
is attentive and enhances the user experience without explicit
control.

User authentication. Secure user authentication is particu-
larly challenging in public spaces and in situations where tra-
ditional authentication devices, such as a keypad or keyboard,
are not available. For example in an office environment, if a
user has been away from their computer, a Pursuits-enabled
screen displays a screensaver-type animation, such as fish
swimming in a fish tank in a cyclic fashion. As the person
walks back up to the display, they look at four specific fish
in a precise sequence. This is actually their own password
for this computer, as they previously defined which fish they

445

UbiComp’13, September 8-12, 2013, Zurich, Switzerland

were going to look at, in which order. The user looks at the
first fish out of the five on the screen, then the second one
as it appears, and so on. The fish do not give feedback that
they are being looked at. After the four-fish password is en-
tered, the screen unlocks, allowing the user to interact. This
application demonstrates how to use Pursuits for gaze-based
graphical passwords [2].

Hospital screen control. Pursuits could also be used as an al-
ternative input method for static desktop environments. In a
hospital, nurses need to interact with a screen that contains
a patient’s information. However, touch is a problem in this
environment as it can carry germs [13]. The screen interface
has added stimulus around buttons, for example “yes” or “no”
buttons have a small stimulus moving along their edge clock-
wise and anti-clockwise. As the nurses moves closer to the
display, they can immediately select options by following the
added stimulus, without needing to calibrate or to touch an
input device. This interface is similar to Fekete et al. which
raised the idea of driver movement mimicking for interface
control [5] and that of Drewes ef. al which introduced eye-
based gestures for desktop control [4].

USABILITY EVALUATION

To assess the usability, accuracy and speed of Pursuits we
evaluated three of the aforementioned applications in a con-
strained laboratory study. Findings from the parameters eval-
uation informed the choice of parameters for their implemen-
tation.

Public information display. Because the interaction needed
to be robust and rapid to avoid user frustration we used a
mid-long selection time w = 400ms and a high threshold
theorr = 0.9 with three content boxes. The boxes moved at
a speed of 300px/s, which is low enough to be harmonious
but high enough to avoid a high error rate. The boxes moved
linearly along one axis, either horizontal or vertical (see Fig-
ure 5). Because the correlation formula divides by the stan-
dard deviation it is not possible to calculate the correlation
coefficient on both axis when an object moves on one axis
only. We thus adapted Pursuits to compute the correlation
coefficient on the relevant axis only.

Music shop display. The algorithm evaluation showed that
performance dropped for more than eight objects. To pro-
duce individual motions that are different but still harmonious
the trajectories of the album covers follows a figure-of-eight,
with circular and linear sections alternating (see Figure 6). To
make the selection robust and not flicker constantly we chose
a very long window size, w = 2s and a rather high correlation
threshold, th.qr = 0.7.

Game. For the frog game robustness is not as important as
speed of action, since time is controlled. The algorithm thus
operates with a w = 300ms reaction time and a correlation
threshold th,, = 0.4, which ensures quick selection instead
of waiting for a perfect correlation fit. Flies move along suites
of randomly generated bezier curves, adding to the difficulty
to follow their trajectories. They start with a peak speed of
650px/s and for each eaten fly, a new fly reappears with an
increased speed and decreased size.
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Procedure

15 participants (5 female, 10 male) aged between 21 and 47
years (mean=26.4, std=7.8) participated in this study, none
of which wore glasses, and three of which had already par-
ticipated in the algorithm evaluation. Participants were asked
to follow a scripted sequence of the previous tasks. For the
public information display, they had to select a box randomly
chosen by the researcher ten times. For the music shop dis-
play, they were asked to try to listen to different albums ten
times, again randomly chosen by the researcher. In the case
of the game they were asked to play it twice and to make the
frog eat as many flies as possible. For the frog game, par-
ticipants were instructed to tell the researcher when the frog
was catching a different fly than the one they were looking at.
The setup was the same as in the algorithm evaluation (see
Figure 3). We recorded participants’ success rate for each
task as well as the time it took to perform a selection.

Results

Figure 11 shows the target selection times and detection rate
for each task averaged over all participants. Participants were
able to successfully use all three example applications, with
the lowest success rate being 80% for the shop display appli-
cation and the highest 98% for the public information display.
This demonstrates that Pursuits can be robustly used for differ-
ent tasks, independently of the nature of the application. For
the public information display the selection time is almost
seven times longer than the window size (w = 400ms). This
can be explained by the high correlation threshold (th.orr =
0.9): most of the time, Pursuits did not detect any object was
being looked at. However, when it did detect that an object
was being followed it was almost always accurate.

The selection time of the shop display application is twice as
long as the window size (w = 2s), which may result from
the rather high correlation threshold (th .- = 0.7) but also
from the difficulty of following the complex trajectory of the
albums. Moreover, we found that in most cases an album
wrongly selected had a trajectory similar to the target, but was
circular if the target was linear and vice-versa. This highlights
the importance of selecting significantly different trajectories
in future applications.

Finally, for the frog game, participants could select the flies
89% of the time, which shows that a quicker system or com-
plex trajectories can be successfully used with Pursuits. The
average highest score was 15.5 flies in 30 seconds, which is
one fly every 1.94 seconds. The average completion time is
thus six times as long as the correlation time w = 300ms,
which can be explained by the trajectory of the flies. When
updating the trajectory from a curve to another, the fly would
slow down before accelerating again. During that slow part,
the eye pattern resembled that of a fixation and was thus too
slow to be detected. This again highlights that Pursuits is only
relevant on targets that are constantly moving.

FIELD STUDY

To demonstrate the spontaneity and simplicity of the interac-
tion, we conducted a field study with real environment set-
tings. During the university open days, we placed the system
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Figure 11: Selection time (boxes in blue, median as red line
and outliers as red crosses) and percentage of accurate detec-
tion (green dots) for the three applications and the field study.
Public information display: median = 2.63s, detection = 98%.
Music shop display: median = 3.99s, detection = 80%. Frog
game: median = 1.88s, detection = 89%. Frog game in field
study: median = 2.64s.

in the department’s lobby area, next to the main door. We
displayed the frog game ready to be used. We placed fliers
in the lunch area on the tables, to entice people to come and
try to catch as many flies as possible with their eyes. The
flier indicated that they had to step on footmarks on the floor
depending on their height — this is to palliate to the narrow an-
gle of view of the remote eye tracker, whose angle we adapted
to the height of the user during the controlled studies. It also
asked them to place themselves so as to turn an indicator light
green (the color, green or red, depended on whether the eye-
tracker could see their eyes properly).On the screen frame, a
notice read “Try me! I work with your eyes!”. The setup
is presented in Figure 12. The study was filmed from the
back so that participants are not identifiable. No researchers
were present during the study: the system was left for visiting
prospective families to discover on their own.

The experiment lasted 2.5 hours. During this time, 16 unique
persons interacted with the display, totalling 21 interactions
(four persons came back at least once). Two persons were un-
able to interact with the system. This means 87.5% of people
were able to successfully interact with the display, with no
help from the researchers and no other instructions than these
on the flier. The median time between the time participants
placed themselves on the footmarks and a first successful in-
teraction was 2.64 seconds (see figure 11). This is slightly
longer than the same game during the controlled user study,
which comes from the fact that a researcher was not there to
place them in the ideal position or to adjust the eye tracker’s
angle to their height. The percentage of accurate detection
could not be computed, since we could not ask participants to
indicate when the wrong fly was selected.

This field study shows that the system is simple enough to be
used by naive users. It also shows that, even though users had
never seen the system before, they were able to interact with
it quickly, without having to adjust themselves other than by
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Figure 12: The setup of the field study. (a) Screen with frog
game. (b) Eye tracker. (c) Placement footmarks with colours
depending on the user’s height. The field study showed that
users were able to interact without given assistance.

placement. This is to palliate to the narrow angle of view of
the eye tracker: The use of an eye-tracker with a wider angle
of view, or a mobile eye-tracker could solve this problem and
further speed interaction.

DISCUSSION

Results from our user studies suggest that Pursuits is a ver-
satile and robust technique for interaction with moving ob-
jects. It opens up new perspectives on the design and imple-
mentation of a new class of gaze-based interfaces that rely on
smooth pursuits as input. A key difference to interfaces that
use absolute point of gaze is that smooth pursuit movements
require the interface to be dynamic, i.e. with the objects of
interest moving with different trajectories and speeds. While
this requirement might be problematic for interfaces that fol-
low the traditional WIMP (windows, icons, menus, pointer)
paradigm or use static interface elements, Pursuits is predes-
tined for highly dynamic interfaces, such as interactive mul-
timedia installations or games. Beyond such special-purpose
interfaces, Pursuits also encourages to break out of conven-
tional thinking with respect to how future gaze-based inter-
faces might be designed and look like.

Pursuits’ inherent necessity of a dynamic interface has sev-
eral implications for the design of such interfaces. First, the
constant movement might be a source of confusion or fatigue
for users if used for longer periods of time. This should be
investigated in more detail in order to establish how straining
for the eyes the technique might be. This dynamism is also po-
tentially unsuitable for objects that contain more than a short
segment of text as it may be difficult to read and follow the
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moving text at the same time. Objects that move too slowly
may also cause bad performance, which can be difficult to
assess when designing an application. Another problem to
consider is its vaddiulnerability to head movements: If a user
moves their head as the same time as they move their eyes, for
instance if the target performs a very large movement, then
the eye trajectory will not look similar to that of the object.

Because the eye tracker we used is remote, its field of view
was limited which is why we had to adjust its angle to view
the eyes of users that were particularly tall or short. This
could be avoided by using a mobile eye tracker. It would
also be interesting to use a device that can detect the eye
movements of several persons at the same time, thus enabling
multi-user interactions. This could potentially be done to-
gether with a comparison of the effect of algorithms other
than Pearson’s product-moment correlation.

The current work presents several challenges that would be in-
teresting to explore in future work. While it offers a solution
to the problem of selection of very small targets, additional re-
searcher would be beneficial to understand the impact of large
moving targets on gaze scanning behaviour and user distrac-
tion. The effect of non-smooth pursuits on the technique’s
performance would also be an interesting area to explore. Ad-
ditionally, a qualitative study comparing different gaze inter-
action techniques would certainly provide valuable insights
for further interface and interaction design. A quantitative
comparison of selection speed and accuracy against touch in-
teraction would also be highly valuable in the case of the frog
game, for example.

CONCLUSION

We presented Pursuits, a novel method for eye-based interac-
tion that we believe is compelling in its simplicity — simply
matching eye movement against the trajectories of on-screen
objects. Yet it facilitates robust selection of moving objects,
in ways that are spontaneous and pervasively deployable. Our
studies have shown that users can simply walk up to a dis-
play and readily interact. As Pursuits embraces movement, it
opens up a compelling design space in which moving targets
can be used to create engaging user experiences.
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