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Web Site Usability Testing with faceLAB Eye Gaze Tracking System
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Abstract

This paper describes an experimental study which utilised eye gaze tracking as
a method for usability evaluation of web sites. There were 39 participants involved in
this experiment; each participant visited the same three web sites from three categories
(information, entertainment, e-commerce) and completed given use scenarios. All par-
ticipants’ eye gaze patterns were recorded automatically with the remote eye gaze track-
ing equipment called faceLAB. The following measures were investigated and com-
pared across three web sites: average fixation duration, cumulative fixation time, num-
ber of fixations, and average PERCLOS. It was found that some of the measures were
different across web sites. Average fixation duration, in particular, was found to be

different in two out of the three comparisons.
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1. Introduction

Eye gaze tracking is a relatively new
technique used to observe users while browsing
web sites. It is also non-intrusive (when remote
eye gaze tracking equipment is employed) and
provides statistical data promptly for usability
analyses. For the past few years, it is considered
by many theorists and practitioners to be one of
the most promising techniques for usability
evaluation. However, at present, the number of
eye gaze tracking studies related to web site
usability is fairly small; Stanford-Poynter
(2000), Cowen, Ball, and Delin (2002), Gold-
berg, Stimson, Lewenstein, Scott, and
Wichansky (2002), and Pan Hembrooke, Gay
Granka, Feusner, and Newman (2004) are some
examples of such studies. In order to explore
this technique in further details, this study util-
ised the faceLAB eye gaze tracking system to
compare the usability of three web sites.

The faceLAB system, marketed by an
Australian company named Seeing Machines,
combines head, face, and eye tracking into one.
The faceLAB system is non-intrusive to the user
because it does not require any device to be
worn by the user. Instead of the usual single

camera, the faceLAB system uses dual cameras.

The following quote from Seeing Machines
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explains how faceLAB works: “faceLAB is a
monochrome video-based tracking system, that
is able to find a face in an image sequence and
then home in on facial landmarks, such as the
lips, nose and eyes, to obtain accurate position
estimates of the features in each image. Data is
then combined from two video sources (stereo),
to generate 3D measurement information. Once
the head-pose is located, the eye images are ex-
amined and the gaze direction is inferred from

pupil orientation.” (Seeing Machines, 2003)

2. Details of the faceLAB system

The version of faceLAB used in this ex-
periment is faceLAB 3.2.1, which contains dual
cameras, PC, and accessories. The dual cameras
are mounted on a stand (called Stereo-Head).
The distance between the two cameras and their
tilt angle can be adjusted easily according to the
position of the user whose eye gaze is to be
tracked. It is recommended that the distance be-
tween the cameras and the user be between 0.5
to 2.0 metres, while the tilt angle of the cameras
must not exceed 15 degrees. It is best to select a
user distance and a tilt angle that enable the cameras
to capture the whole face of the user. During the
tracking process, faceLAB can measure head-

pose, gaze direction, saccades, attention, what
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objects people are looking at, eye closure, PER-
CLOS fatigue measure, and eye blinks.

To track the user’s face and head posi-
tion, faceLAB first builds a model of the user’s
face. This process relies on unique features of
the face, such as eye and lip corners, or artificial
markers that can be applied to increase tracking
accuracy. Therefore, it is necessary to build a
unique model for each user under specific
lighting conditions and camera settings. If any
of these factors change (e.g. marker position,
lighting, camera tilt angle, etc.), the model
previously created cannot be used any longer
and a new model has to be built. It is simple to
build a model as faceLAB provides a built-in
semi-automated - application for this purpose.
The application takes snapshots of the user and
allows the experimenter to select unique fea-
tures of the user’s face. Two types of models
can be created within faceLAB: full head and
front-only. While a full head model is more
suitable in the case where the user’s head rotates
more than 30 degrees to the left or right during
the tracking process, it requires more unique
features to be tracked, usually around the sides
of the head, e.g. ears, side-burns, earrings, etc.
In addition to face/head model building,

faceLAB also requires the calibration of eye

gaze in order to track the user’s eye gaze accu-
rately. This can be done by having the user look
into each camera for a few seconds. The follow-
ing parameters can also be adjusted to increase
the accuracy: pupil radius, iris radius, and eye
opening. Further details of the procedures for
using the faceLAB gaze tracker are provided in

the next section.

3. Experimental procedures
In this study, an eye gaze tracking ex-
periment was conducted with 39 participants, all
of whom were undergraduate students. Three
Web sites were selected for the experiment to
keep the duration within reasonable limits, and
the selection was made so that one Web site was
chosen from each of the three -categories
(information, entertainment, e-commerce). The
three web sites selected were:
A) Full Sail (information site)
B) Madonna (entertainment site)
C) Chronicle Books (e-commerce site)
The eye gaze tracking experiment was
conducted in a specialised laboratory equipped
with Seeing Machines’ faceLAB 3.2.1 head/eye
tracking system (released in 2004 ), which in-
cluded faceLAB PC (for running the tracking

software), Stereo-Head (dual cameras for captur-
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ing face/eye images), and the Overlay Unit. The
installation of the faceLAB system was
completed one week prior to the experiment. In
addition to the faceLAB PC, another PC with a
17-inch monitor (User PC) was used to display
web sites to the user during the experiment.
While eye gaze tracking was in process,
faceLAB PC also generated screen Intersections
that displayed the approximate area on the
screen where the user was looking at, repre-
sented as a red dot on the screen. screen Inter-
sections were also shown to the user during the
screen calibration process, just before the start

of the experiment. During screen calibration, a

white dot appeared on the screen and moved to

Control Interface
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different points around the screen. The user was
required to stare directly at the white dot, so that
the cameras could capture images of the user’s
eyes when he/she looked at different parts of the
screen. When the screen calibration finished, the
user could no longer see screen intersections.
Instead, he/she was presented with stimulators
(Web sites). However, both screen intersections
and web sites were visible to the experimenter at
all times. They were also combined (using the
Overlay Unit), and then recorded for future
analyses. Figure 1 depicts the schematic diagram
of the connection of all equipment within the

laboratory.

faceLiB PC

I
Stereo-Head
(Dual Cameras)

Screen Intersections
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User Monitor
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Monitor

Web Sites

l I User PC

B .-

Observation
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Figure 1 Schematic diagram showing eye gaze tracking equipment and its connection
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During the two-week experimental
period, each of the participants visited the eye
tracking laboratory one by one. Each participant
was given a one-hour time slot for the experi-
ment, and he/she was monitored by the
researcher who was also present in the labora-
tory while the experiment was taking place.
When entering the room, the participant was
asked to put four markers on their face (as
shown in Figure 2 ) and sit on an adjustable

chair in front of the cameras and PC monitor.

Figure 2 Positions of four markers on the user’s face

Markers were used on all participants
(except one participant who was allergic to La-
tex material used in the markers) because they
were recommended by Seeing Machines for
increasing tracking accuracy. After the user

applied the markers and adjusted the height of

the chair, their face model was created as per
faceLAB guidelines, and then eye gaze calibra-
tion and screen calibration took place.

After the screen calibration, the partici-
pant was asked to view a brief PowerPoint pres-
entation on the screen to measure the accuracy of
the tracking process. The presentation displayed
multiple five-digit numbers on the screen, one by
one, on different parts of the screen, and the user
was asked to read the numbers out loud in order
to aid the experimenter in verifying the accuracy
of eye gaze tracking. When the presentation fin-
ished, the user was directed (via an onscreen
message) to a web page where they were pre-
sented with links to the three web sites men-
tioned earlier. The user then followed use sce-
narios for each web site. While the participant
was browsing the web sites, their eye movement
data was collected automatically by the faceLAB

system.

4. Data collection and analysis

Raw eye gaze data collected from the
faceLAB system is in a binary form and contains
various eye/head movement measurements.
Therefore, it is necessary to extract only some
data fields that are relevant to this study as the

first step towards quantitative data analysis. The
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faceLAB eye tracking system records the user’s
eye gaze position at 60 Hz frequency, i.e. it cap-
tures the user’s eye gaze every 1/60 of a second.
Each time faceLAB captures eye gaze data, it
writes that data to disk, together with a unique
numeric identifier called frame. Frame number
increases as more data is captured over time,
and it is reset once the system is restarted (in
this experiment, this was done every time a new
participant came in, to prevent overflow in the
frame number). During the experiment, a binary
file with FLL extension (short for faceLAB
Log) is created for each participant. It contains
all data captured in a proprietary format
(already compressed). The size of the data file
depends on the duration of the experiment. The
longer the experiment, the larger the file. On
average, the size of a faceLAB log file is ap-
proximately one megabyte per minute recorded.

Seeing Machines, the provider of
faceLAB, offers a software application named
FaT (faceLAB Toolbox) which allows selected
data (user-defined frame numbers and data
fields) to be exported into an ASCII (text) file,
which can be further analysed with other soft-
ware applications, e.g. Microsoft Excel, SPSS.
In this study, each log file (for each participant)

was exported into three ASCII files, one for
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each Web site visited. The following data fields
were selected for exporting because they were
crucial to the analysis of web site usability:
frame number (for reference only), saccade,
PERCLOS, and gaze-screen intersection. The
saccade field contains a Boolean value (0 or 1),
where 0 means there was no saccade detected
during that frame, and 1 means there was a sac-
cade. PERCLOS is a fatigue measure endorsed
by the National Highway Traffic Safety Admini-
stration (U.S. Department of Transportation),
which is the percentage of the intervals with
closed eyes in a fixed time window (disregarding
regular blinks). PERCLOS values range between
0 and 1. For example, if a user has 5 eye closures
of 3 seconds each (for a total of 15 seconds)
within a 6 0 -second period, his’her PERCLOS
value is 0.25 (=15/60). The gaze-screen intersec-
tion field contains a Boolean value, where 0
means that the user’s eye gaze did not intersect
with the computer screen, while I means the
opposite. Therefore, it is particularly useful for
checking whether the user is looking at the
screen or away from it.

Once the required data was extracted, it
was imported into Microsoft Excel for further
analysis. First, the gaze-screen intersection field

was used to filter out any frame that the user’s
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eye gaze fell out of the screen area (gaze-screen
intersection = 0 ). After the unwanted frames
were removed, fixations were extracted by us-
ing the information from the saccade field. This
method was chosen because fixation informa-
tion was not available directly from the
faceLAB system. However, Seeing Machines,
the provider of faceLAB, suggested that at any
time when there was no saccade (saccade = 0),
there had to be fixation. Therefore, the number
of consecutive frames with no saccade was
counted as one fixation and the duration of each
fixation (in seconds) was calculated by dividing
the r_1umber of frames in the fixation by 60 (as
the gaze data was recorded at the rate of 60
frames per second). Fixation before the first
saccade or after the last saccade was omitted
because its length could not be determined
(incomplete fixation). This makes the first real
fixation happen after the first saccade and the
last real fixation happen before the last saccade.
For the same reason, any incomplete fixation
_occurred immediately before the user looking
out of the screen or immediately after the user
looking back into the screen was also removed.
A Visual Basic macro was written to help auto-

mate the extraction process within Excel.

For the usability evaluation of a com-
puter user interface, including web sites, several
eye gaze measures can be used. However, only
the following measures were selected for this
study because they were effective in measuring
web site usability and supported by the faceLAB
system:

Average fixation duration. This is the
average duration of all fixations over the period
of viewing the web site. Average fixation dura-
tion is the most frequently used measure for us-
ability evaluation, as it is accepted that more
complex information/representation usually re-
quires a higher level of processing and therefore
leads to longer fixation duration time. This is
emphasised by Goldberg and Kotval (1999) that
representations which require long fixations are
not as meaningful to the user as those with
shorter fixation durations.

Cumulative fixation time per second.
Cumulative fixation time is the sum of duration
of all fixations over the period of viewing the
web site. Cowen et al. (2002) has suggested that
cumulative fixation time (they call it total fixa-
tion duration) is a global measure of the total
amount of processing performed on each page

(or in this study, each web site), rather than just
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the mean amount of processing on each part of a
page (or a web site). However, since different
users spend different amounts of time viewing
the same web site, this cumulative fixation time
is divided by the total amount of time viewing
the web site, so that the cumulative fixation
time of each person is comparable to others.
Cumulative fixation time per second can also be
calculated by summing the total number of fixa-
tion frames and dividing it with the total number
of all frames; this method was implemented in
the analysis of this experiment.

Number of fixations per second. The
number of fixations is the total number of indi-
vidual fixations over the period of viewing the
Web site. Tzanidou (2003) suggests that an in-
crease in the number of fixations indicates the
difficulty in extracting information or the frus-
tration of the interaction with the user interface.
However, the number of fixations could also
indicate the amount of interest in a specific area
of the screen. For the same reason as the previ-
ous measure, the total number of fixations is
divided by the time used for viewing the web
site, to provide the number of fixations per
second.

Average PERCLOS. This is the average

PERCLOS value over the period of viewing the
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web site. PERCLOS is an effective indicator of
fatigue (or alertness), as it is the percentage of
eyelid closure over the pupil over time and re-
flects slow eyelid closures (droops) rather than
blinks (Federal Highway Administration, 1998).
The higher the value, the greater tiredness indi-
cated. PERCLOS measurement is often used in
detecting a driver’s alertness while driving a
motor vehicle. However, it is hypothesised that
PERCLOS could also be used in user interface
evaluation as well, because the effectiveness of a
user interface should have a negative relation-
ship with the user’s boredom (lack of engage-
ment), whose effect is very similar to that of the

user’s fatigue.

5. Results of the study

After the measurement data was calcu-
lated for each participant, quantitative analysis
was performed by considering Web site category
(information, entertainment, e-commerce) as
independent variables, while eye gaze tracking
measures, as discussed in the previous section,
were regarded as dependent variables. The fol-
lowing research question and hypothesis were

formulated and tested according to the quantita-

tive eye gaze data collected from the experiment:
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QI: Areusers’ eye gaze measures affected by category of web site

version viewed (information, entertainment, or e-commerce)?

HI: Users’ eye gaze measures can be affected by category of web site version

viewed (information, entertainment, or e-commerce).

Table 1 depicts descriptive statistics of eye gaze measurements considered in this study.

Table | Descriptive statistics of eye gaze variables

Variable N Min Max Mean SD
Average Fixation Duration 117 .629 4.787 1.834 771
Cumulative Fixation Time per Second 117 .790 985 941 035
Number of Fixations per Second 117 204 1.336 .601 238
Average PERCLOS 117 .000 .140 .022 .032

In order to test hypothesis HI , cases
were grouped according to the Web site visited,
as there were three Web sites, each of which
falls in a different category. In this case, paired-
sample t-tests were performed because each

participant had visited all three Web sites. Com-

parisons between the information site and the
entertainment site (A-B), between the entertain-
ment site and the e-commerce site (B-C), and
between the information site and the e-
commerce site (A-C) were made, as shown in

Tables 2, 3, and 4, respectively.

Table 2 Results from paired t-tests comparing information and entertainment web sites (A-B)

Variable Mean Diff. SD SEM t Sig. (2-tailed)
Average Fixation Duration .019 486 .078 244 .808
Cumulative Fixation Time per Second -.007 .028 .004 -1.661 105
Number of Fixations per Second .010 176 .028 367 716
Average PERCLOS -.004 .021 .003 -1.234 225

-
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Table 3 Results from paired t-tests comparing entertainment and e-commerce web sites (B-C)

Variable Mean Diff. SD SEM t Sig. (2-tailed)
Average Fixation Duration 240 .505 .081 2.967 .005*
Cumulative Fixation Time per Second 013 .032 .005 2.500 017*
Number of Fixations per Second -.061 142 .023 -2.661 011%
Average PERCLOS -.005 .020 .003 -1.495 .143

* = significant at .05 level

Table 4 Results from paired t-tests comparing information and e-commerce web sites (A-C)

Variable Mean Diff. SD SEM & Sig. (2-tailed)
Average Fixation Duration 259 .682 .109 2.368 .023*
Cumulative Fixation Time per Second .005 .037 .006 912 367
Number of Fixations per Second -.050 213 .034 -1.471 150
Average PERCLOS -.009 024 .004 -2.303 .027*

* = significant at .05 level

As shown in Table 2, no significant dif-
ference was found in the eye gaze variables
between information and entertainment web
sites. However, there are significant differences
in average fixation duration between entertain-
ment and e-commerce web sites, and also be-
tween information and e-commerce web sites,
i.e. participant’s fixation duration was shorter in
the e-commerce Web site than the other two
Web sites. This could be because the
e-commerce Web site is more organised, so that

the user does not need to fixate on specific areas

of the site for so long to understand what they
represent. The significant difference in cumula-
tive fixation time between entertainment and
e-commerce Web sites can also be interpreted
the same way, as cumulative fixation time also
indicates the amount of processing required to
understand the representations. The lower
number of fixations in the entertainment Web
site (compared to the e-commerce Web site)
could be resulting from longer fixation durations,
because when fixations are counted during a

specific period of time, longer fixations usually
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generate a smaller counted number. In addition,
the e-commerce web site incurred a signifi-
cantly higher average PERCLOS value than the
information web site. This could indicate that
the e-commerce web site is less interesting to
these users than the information web site, and
therefore engages the user less strongly.
According to these significant differ-
ences found in some eye gaze measures across
the Web sites, it could be concluded that
hypothesis H1 is partially supported. Although
the order of viewing the web sites was the same
for all participants (web site A, then B, then C),
the possible effects of web site order on eye
gaze behaviours were found to be minimal, be-
cause there were only three web sites used in
the experiment and no significant difference in
eye gaze variables was found between the first

two web sites.

6. Conclusion

Results from the eye gaze tracking
experiment show some differences in eye gaze
patterns across web sites. The difference in
average fixation duration was found in two out
of three comparisons, while the difference in
other measures was found in one comparison

only. This could be due to the nature of eye

tracking technologies which are not yet in their
prime and still evolving, or it could be because
the difference is too subtle for the eye tracking
method to perceive. This could be confirmed by
future research. In addition, one web site
selected for each category may seem to be a
small representative of web sites in that cate-
gory; therefore, further investigation with a lar-
ger number of web sites could be undertaken, so
that the chosen web sites could better represent
their category.

It is also worth noting that the partici-
pants in this study were all undergraduate stu-
dents. Therefore, the findings in this study are
only able to be generalised to parts of the user
population with the same characteristics. How-
ever, if the results need to be applied to different
population groups, such as children or working
professionals, it is recommended that further
research be undertaken with samples from those
population groups, in order to gain results which
are more relevant to the groups in consideration.

Regarding the eye gaze tracking tech-
nique in general, more research studies have to
be undertaken, possibly with different tools and/
or methodologies. This is because there are
many eye tracking systems available, which can

support different kinds of measurements. For
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example, gaze trails and look zones, which may
be beneficial for the usability evaluation of web
sites, are not supported by the faceLAB system
utilised in this study. It is also inevitable that
further research needs to be conducted with

various eye tracking systems, so that the eye
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gaze tracking technique can be evaluated more
effectively, as results from several studies can be
compared and comparative performance can be
measured, which in turn will benefit practitio-
ners who are seeking suitable eye tracking

systems for usability applications.
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