
1. 
Introduction

With a worldwide increase in the number 
and nature of mobile devices, interest in 
eye tracking studies on these devices has 
also increased. With continuing technolog-
ical advancement, today‘s mobile devices 
are able to run complex applications, carry-
ing out tasks such as information searches 
or online shopping. The task of creating 
graphical interfaces that are enjoyable 
and easy to use for these applications is 
challenging. The small displays of mobile 
devices restrict the amount of information 
that can be visually displayed at once and 
the means of human-device interaction 
are somewhat limited. Because of these 
difficulties, there is an increased interest in 
adopting traditional usability engineering 
methods, such as user testing, to evaluate 
the usability and user experience of mobile 
user interfaces.

Until today, eye tracking has not played 
a major role in usability evaluations of 
mobile devices. Traditional eye tracking 
hardware has not been able to deliver the 
high resolution video and accurate gaze 
data that is required for studying mobile 
device graphical interfaces. Recently, more 

sophisticated eye tracking systems have 
become available which are supposed to 
provide a more robust and accurate plat-
form for conducting eye tracking studies 
on mobile devices. This paper introduces 
two state of the art eye tracking systems, 
the Tobii Technology Tobii Glasses and the 
Tobii Technology Mobile Device Stand, 
and discusses their strengths and weak-
nesses when testing either in a laboratory 
or in a field setting.

2. 
Special Characteristics 
of Mobile Devices

Typically, evaluation methods that have 
been developed for assessing the usability 
of desktop applications are also used to 
evaluate mobile devices and applications. 
However, those devices differ significantly 
from laptops and desktop computers. Cer-
tain characteristics of mobile devices call 
for a fundamentally different approach to 
interface design. Accordingly, methods for 
the evaluation of mobile interfaces need 
to take these special characteristics into 
consideration.

The most obvious difference that calls for 
special considerations is the form factor 

of mobile devices. Mobile devices are 
designed for handheld usage. Therefore, 
they tend to be significantly smaller than 
their stationary relatives. This presents a 
challenge for evaluators because it makes 
observation of the participant‘s actions 
while handling the device difficult. Mobile 
devices are designed to be used by one 
person only and are usually held close to 
the body during interaction (Hagen et al. 
2005, 3). Therefore, observing the small 
screen of a mobile device can either be 
physically impossible for the observer, or 
require her to sit very close to the par-
ticipant. This may cause participants to 
feel uneasy as somebody is invading their 
personal space which in turn might bias 
the test results.

The nature of computer and laptop usage 
tends to differ significantly from mobile 
device usage. It is not un-common to 
spend several hours sitting in front of a 
desktop computer, browsing and navigat-
ing through multiple windows (Salmre 
2005, 20). Mobile device usage is usually 
done in short sessions and more focused. 
Most activities that are carried out on 
mobile devices can be completed within 
a few seconds, e.g., checking an appoint-
ment or reading a text message. Good 
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mobile applications offer a focused experi-
ence to the user, taking into account what 
tasks she most likely wants to accomplish 
while using the mobile device.

3. 
Mobile Context 

It is very important to consider what con-
text systems will be used in when develop-
ing new applications or planning usability 
evaluations. Because desktop computers 
are stationary devices, it is fairly easy to 
determine in which environment they will 
be adopted. Typically, the participant will 
be sitting at a desk, interacting with both 
hands and attention will be primarily on the 
computer. In contrast, mobile devices are 
portable. They are used while riding a bus 
or while sitting in a café. Each specific situ-
ation has major implications on how mobile 
applications are used. The mobile user is 
frequently interrupted and distracted by a 
variety of sources. Background noise might 
make it hard to understand a caller and 
bright sunlight might have an impact on 
screen readability (Ballard 2007, 10–16). 

Consequently, it is important to consider 
the mobile context when evaluating 
mobile device graphical interfaces. The 
different methods used in mobile usability 
evaluation offer various approaches on 
how to do this. For example, field usability 
studies take place in a real world environ-
ment such as a shopping mall. In that 
way, participants are exposed to the same 
influence factors as real life users (Ballard 
2007, 173–74).

4. 
Laboratory vs. Field Testing 

When evaluating the usability of mobile 
applications the two most commonly 
used methods are laboratory testing and 
field testing (Kjeldskov and Graham 2003, 
325). Laboratory studies take place in a 
controlled environment which is set up 
for the purpose of research. It is often the 
preferred choice because standard non-
portable equipment like high resolution 
video cameras can be used to observe and 
record participant actions and statements. 
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However, many researchers argue that 
laboratory testing does not sufficiently take 
mobile context into account as interrup-
tions, movement or noise are not present in 
laboratory testing (Kaikkonen et al. 2005, 5). 

Field testing is characterized by taking 
place in a real world setting. Typically, 
researchers follow participants while they 
are on the move and ask them to work 
on prepared tasks (Ballard 2007, 173–74). 
Data collection with methods such as 
think-aloud, video or audio recording 
tends to be more difficult in field testing 
compared to laboratory testing. Videotap-
ing participants while they walk around a 
shopping mall with conventional cameras 
can be extremely disruptive and may feel 
unnatural (Hagen et al. 2005, 3). 

Various studies have compared the trade-
offs between laboratory and field usability 
evaluation (Duh, Tan, and Chen 2006; 
Kaikkonen et al. 2005; Kjeldskov et al. 2004; 
Nielsen et al. 2006). They aimed at explor-
ing whether field tests are critical to mobile 
application evaluation and are worth the 
extra time and effort. In summary, the 
literature review reveals that there is cur-
rently no consensus on the better evalu-
ation methodology for mobile devices. 
While Kjeldskov et al. (2004) and Kaikkonen 
et al. (2005) identified laboratory testing as 
to perform better than field testing, Duh et 
al. (2006) and Nielsen et al. (2006) contra-
dict these results. Consequently, testing 
methodology should be chosen carefully 
when planning a usability evaluation of a 
mobile application or device.

5. 
Introduction to 
Human Vision and Eye Tracking

In a simplified view the human eye works 
similarly to a photographic camera. Light 
reflected from an object enters the eye 
through a lens, which projects it onto a 
light sensitive surface, called the retina. 
Unlike film the retina does not provide the 
same resolution across its entire surface. 
Sharp and clear images can only be per-
ceived in a small, centrally located part of 
the retina, which is called the fovea. 

Foveal vision subtends 1-2° of the entire 
visual field. This amounts to the size of a 
thumbnail or one to two words on a com-
puter screen at a 60 cm viewing distance 
(Nielsen and Pernice 2010, 6). The largest 
part of the retina, the peripheral area, pro-
vides only blurry, monochromatic images. 

Though high resolution foveal vision 
accounts for only 1-2° of the total visual 
field, humans perceive a clear image of 
their entire environment. The eyes move 
constantly, placing any object that might 
be of interest on top of the foveal area. 
The moment when the eye is resting on 
a specific area of the visual field is called 
a fixation. The eye‘s rapid movements 
between two fixations are called saccades. 
Eye movements are very fast, typically a 
saccade only lasts between one-hundredth 
and one-tenth of a second. During the 
rapid movement the optical image on 
the retina blurs significantly so that one is 
effectively blind during a saccade (Nielsen 
and Pernice 2010, 7). 

The way the human visual system works 
sets certain limitations when using eye 
tracking to study mobile interfaces. A 
mobile device is typically held at a distance 
of 45 cm from the eyes during interaction. 
At this distance the high resolution image 
perceived by the fovea is about 0.8 to 1.5 
cm in diameter and only one or two fixa-
tions are needed in order for our brain to 
register all of the mobile device‘s display. 
Therefore, in some cases it can be difficult 
to determine what object a participant 
was exactly interested in. This has to be 
kept in mind when planning and analyzing 
eye tracking studies on mobile devices 
(Tobii Technology 2010a, 23). For exam-
ple, eye tracking should probably not be 
used to study how users perceive websites 
developed for desktop systems on their 
mobile phone. Even if users zoom into the 
website the content is often simply too 
small to tell exactly what a participant was 
looking at (cf. figure 1 left). This problem 
does not occur when using eye tracking 
to study mobile websites or applications 
which have been optimized for interaction 
and viewing on a mobile device (cf. figure 
1 right). Mobile websites and applications 
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typically feature one column style layouts 
with only the most important content 
present. Furthermore, links and other inter-
action elements tend to be larger for easy 
tapping with a finger. [fig. 1]

6. 
Eye Tracking in Field Usability Testing

When testing in the field researchers 
typically observe participants while being 
on the move. Therefore, the eye tracking 
equipment has to be mobile as well. Mobile 
eye tracking solutions are usually head-
mounted. Head-mounted tracking systems 
typically consist of an eye tracking unit 
which contains the eye tracking hardware 
and a portable recording unit which powers 
the eye tracker and records the data for 
post-testing analysis. With new generation 
eye trackers like Tobii Technology’s Tobii 
Glasses, all eye tracking hardware is inte-
grated into a light-weight eyeglass frame 
(cf. figure 2). The recording unit is about 
the size of a wallet, weighs only 200gr and 
can be worn clipped to a belt or concealed 
under a jacket. Hence, the whole system is 
considered to be fairly unobtrusive.

Contrary to remote eye trackers, the 
Glasses only track one eye at a frame-rate 
of 30Hz. This does not allow for studying 
fast eye movements such as saccades but 
is sufficient when studying fixations. Usabil-
ity studies typically care about the later. As 
has been explained, a person is essen-
tially blind during a saccade. Information 

processing occurs while fixating on an 
object (Bojko 2005, 2). Hence, saccades 
can be disregarded when evaluating the 
usability of an interface. [fig. 2]

For testing purposes, 3 participants were 
asked to interact with a mobile phone and 
a tablet computer while wearing the Tobii 
Glasses which tracked their eye move-
ments in the field. Unfortunately, people 
wearing glasses cannot be tracked with the 
head-mounted eye tracker. This does make 
recruiting more difficult. Participants did 
not receive a formal list of tasks as this test 
was aimed at evaluating the eye tracking 
setup only. Instead, they were asked to 
explore anything they liked on the Web. 

Unfortunately, eye tracking is not possible 
in all lighting conditions. As has been 
explained, eye trackers use small diodes 
emitting near infrared light to cause 
visible reflections on the cornea. While 
this usually works well indoors, it can be 
problematic when conducting eye tracking 
studies outdoors. The infrared sunlight can 
interfere with the near infrared light emit-
ted by the eye tracker‘s diodes. Therefore, 
testing outdoors with the Tobii Glasses is 
not recommended. But even when testing 
indoors researchers should always conduct 
a pilot test to check whether the eye 
tracker works under the given light condi-
tions. This is due to some lamps emitting 

near infrared light which can interfere with 
the eye tracking system.

Usability testing is about observing user 
interaction and documenting real behav-
ior. When testing mobile applications or 
websites, this tends to be difficult. Because 
mobile devices are designed to be used by 
one person only and are usually held close 
to the body, it can be physically impossible 
for the test facilitator to watch the user 
interacting with the device. Unfortunately, 
the Tobii Glasses do not allow for any live 
viewing while recording. Hence, the facili-
tator has to be very close to the participant 
in order to observe her actions. While this 
might be an option when testing in the 
lab, it is hardly possible in the field. We 
found that watching a user interact with 
her mobile phone while walking through a 
real-world environment is not feasible. 

When analyzing the recordings of the three 
test sessions it was noticed that most of 
the time the bottom parts of the different 
mobile devices were cut off in the video. 
Though participants were tilting their head 
downwards while interacting with the dif-
ferent mobile systems, the recording angle 
was not wide enough to capture the whole 
device. Figure 3 shows a snapshot of one 
of the recordings with a tablet computer. 
As you can see the left part and the bot-
tom part of the tablet are cut off. [fig. 3]

fig. 1. 
Area covered by 
foveal vision

fig. 2. 
Field Testing with Tobii 
Glasses

fig. 3. 
Tobii Glasses Snapshot
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Furthermore, the camera‘s video reso-
lution is only 640x480 pixels. This was 
not enough to get a sharp, high-quality 
recording of the mobile phone‘s screen. 
Even when operating under optimal light-
ing conditions, the small icons and the text 
blurred so much that they were no longer 
discernible (cf. figure 3). 

Another drawback, to working with a 
mobile eye tracking system, is that it will 
not be possible to generate gaze plots 
or heat maps to visualize the eye track-
ing data. Gaze plots and heat maps are 
both static images which aggregate eye 
tracking data across multiple users. In the 
field participants change the position of 
the mobile device‘s screen all the time. 
Hence, it is impossible to generate a 
static representation of a user‘s looks on 
a mobile screen. Therefore, the recorded 
data can only be analyzed by watching 
the gaze replays of the single sessions.

In conclusion, conducting an eye tracking 
study on mobile devices with the Tobii 
Glasses in the field cannot be recom-
mended. While some pitfalls may be 
avoided by planning the study carefully 
such as pilot testing if the eye tracker will 
work under the given light conditions or 
recruiting the right participants, some 
factors really cannot be influenced by the 
test facilitator.

7. 
Eye Tracking in Laboratory 
Usability Testing 

Conducting an eye tracking study is easiest 
in a laboratory setting. In a laboratory set-
ting the lighting can be arranged in a way 
that does not interfere with the eye tracker. 
Because test participants are typically 
seated and do not move around, capturing 
their interaction with the mobile device will 
be much easier. Tobii Technology was the 
first company to offer a non-portable eye 
tracking solution for mobile device testing 
that can be used in a laboratory context, 
the Tobii Mobile Device Stand.

Tobii Technology‘s eye tracking solution 
consists of two main components. A Tobii 
X120 or X60 eye tracker and a mobile test-
ing stand. The Xs are remote standalone 
eye tracking systems. The systems are 
considered to be unobtrusive as they do 
not require participants to wear anything 
on their heads. 

When testing mobile devices the eye 
tracker has to be placed above the 
mobile device in an upside position to 
avoid participants from blocking the eye 
tracker’s camera with their arms during 
interaction. By positioning the eye tracker 
above the stimulus participants’ eyes are 
tracked while looking down. Therefore, 
the eyelids or eyelashes can obstruct the 
eye tracker’s view of the eyes. This does 
bring down the number of participants 

whose eye movements can be tracked by 
about 25%.

The testing stand is equipped with pre-
configured mounting positions for the eye 
tracker (figure 4: 1) and a mobile device 
holder (figure 4: 2). These positions have 
been chosen in a way that does enable 
participants to interact comfortably with 
the device, without obstructing the eye 
tracker‘s field of view. [fig. 4]

The mobile phone is mounted by attaching 
it to a thin metal plate which acts as a sled-
type device holder. Therefore, nothing is 
obstructing the screen of the mobile device 
and participants can grasp the phone 
with both hands. Furthermore, the device 
holder enables users to rotate the mobile 
device so that the screen orientation can be 
changed from portrait to landscape mode. 
The holder protrudes slightly from the 
testing stand, moving the mobile phone‘s 
position closer to the eyes of the partici-
pant. This does increase the precision of the 
eye tracking data as foveal vision covers a 
smaller area of the device‘s display.

Once the eye tracker and the mobile device 
holder are snapped into the stand, they are 
completely immovable. This prevents any 
data offsets or parallax issues and enables 
researchers to aggregate data from dif-
ferent eye tracking sessions to generate 
visualizations such as heat maps or gaze 
plots which can be used for analysis of all of 
the collected data (cf. figure 5). [fig. 5]

fig. 4. 
Tobii Mobile 
Device Stand

fig. 5. 
Eye Tracking Visualizations: 
Gaze Plot (left) and Heat 
Map (right)
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Because eye tracking visualizations map 
gaze data onto a static background, they 
can only be created as long as the back-
ground image does not change. Therefore, 
the evaluator has to review the recordings 
and check that the participant did not 
scroll, change the screen orientation or 
zoom into a mobile interface before creat-
ing a scene. Unfortunately, during interac-
tion with a mobile device, participants tend 
to do all of these things frequently. As the 
small display significantly limits the amount 
of information that can be displayed at 
once, most mobile websites and applica-
tions require users to scroll and navigate 
between multiple pages. Reviewing the 
recordings and manually creating scenes is 
very time consuming. It might happen that 
aggregated gaze plots and heat maps can-
not be created at all because some par-
ticipants used the device in landscape and 
others in portrait mode. The most effective 
way to analyze eye tracking sessions on 
mobile devices is to watch a slow-motion 
gaze replay. Because gaze replays visualize 
the gaze data superimposed onto a video 
recording, the evaluator will be able to 
see what parts of an interface were looked 
at, even if the participants scroll, zoom or 
rotate the device. 

During the eye tracking session the screen 
of the mobile device is recorded by a high-
quality scene camera (figure 4: 3). The cam-
era delivers the high-quality video needed 
to monitor interaction on small devices. 
Furthermore, the system also supports live 
viewing. Therefore, the test facilitator can 
observe the participants behavior in real 
time on an external screen. Being able to 
observe what the participants are looking 
at is extremely valuable. That way the facili-
tator is able to see which options are con-
sidered before selecting a link, which texts 
are actually read by the participants, and 
where in the interface participants expect 
certain design elements to be found.

As has been mentioned before, eye track-
ing does not work in all light conditions. 
Using the X eye trackers in an inverted 
setup with the mobile device stand causes 
the eye tracker to become more sensitive 
to natural light. Testing in a room with 

natural light can result in less participants 
being trackable and offsets in the col-
lected eye tracking data (fixation point 
being displayed several degrees away from 
where participants were actually looking). 
For those reasons it is recommended that 
you test in a windowless room. A well-lit 
room with indirect lighting typically works 
very well and provides controllable testing 
conditions.

8. 
Conclusion

Eye tracking is a powerful tool that can be 
used to complement traditional self-report 
and behavioral measures with exact physi-
cal data. For many academic and com-
mercial researchers, eye tracking is already 
a valuable component of the usability 
toolkit. This paper showed that using eye 
tracking in usability testing on mobile 
devices requires specialized knowledge 
and additional effort. It was found that eye 
tracking in a laboratory setting is currently 
the better choice. However, research-
ers also face some additional challenges 
when working with lab based eye track-
ing systems. Less people are going to be 
trackable, the system is very sensitive to 
natural lights and creating eye tracking 
visualizations to analyze the collected gaze 
data is also more difficult.
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