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Abstract Mobile eye-tracking seems to be a very promisirg to behavioral research. This
study is commissioned by the University of Twemenvestigate the current situation of mobile eye-
tracking and the possibilities to implement thisatambulant lab at the university. Eventually thd

to a recommendation on what equipment would swgt. 3@ achieve this, the study is built up in four
phases. First, a case study is described to givedization about how mobile, out of the lab, reska

is performed en what the obstacles could be duhisgesearch. Second, a literature study is pesdr

on the current situation of (mobile) eye-trackim¢he fields of the five Behavioral Sciences deparits
that could profit from a possible purchase of aa-ggcking device: human factors, communication
sciences, educational sciences, eHealth and aut@nBbth the case as the literature study are tesed
set up a questionnaire that is used as a guidamgegdsix interviews with members of the different
departments. Using the MoSCoW-method, a set ofimreapents is marshalled from the interviews.
These requirements are eventually matched witleuhent supply of eye-tracking devices. This led to
the conclusion that no single eye-tracking devitisBes the needs of the departments. However, the
purchase of both a mobile (head-mounted) as a eefdesk-mounted) device is recommended. Only
the larger manufacturers, SMI and Tobii, satisfg treeds of the departments. Eventually the first

recommendation is the purchase of a combinatidrobfi Glasses 2 and Tobii TX300.

Samenvatting Mobiele eye-tracking lijkt een veelbelovend instemhte zijn bij onderzoek op het
gebied van gedragswetenschappen. Deze studie, edils evordt uitgevoerd in opdracht van de
Universiteit Twente, onderzoekt de huidige situatian mobiele eye-tracking en tevens de
mogelijkheden om dit toe te passen binnen een anblab op de universiteit. Uiteindelijk leidt ditt

een aanbeveling over welke apparatuur het besteiigekan worden aan de universiteit. Om dit te
bereiken is dit onderzoek opgebouwd in vier fagdiereerst wordt een casus beschreven waarin een
indicatie wordt gegeven over hoe mobiel, buiten ke, onderzoek uitgevoerd kan worden
tegenwoordig en wat hierbij de struikelblokken kennzijn. Als tweede is een literatuur studie
uitgevoerd over de huidige stand van zaken van igte)beye-tracking op de gebieden van de vijf
Gedragswetenschappen afdelingen die kunnen peofitean een mogelijke aanschaf van een eye-
tracking apparaat: human factors, communicatieveeteappen, onderwijskunde, eHealth en
automotive. Zowel de casus als de literatuur stagiegebruikt om een vragenlijst op te stellen die
gebruikt is als leidraad tijdens interviews met medewerkers van de verschillende afdelingen. Door
middel van het gebruik van de MoSCoW-methode zgguirements’ vast gesteld uit de interviews.
Deze requirements zijn uiteindelijk naast het lgedaanbod van eye-trackers gelegd. Hieruit kon
geconcludeerd worden dat één enkel eye-trackingrapp niet afdoende is om aan de eisen van de
afdelingen te voldoen. Echter is dit wel het gevahneer zowel een mobiel als een vaststaand apparaa
aangeschaft wordt. Alleen de grotere fabrikanten ege-trackers, SMI en Tobii, voldoen aan de
benodigde specificaties. Uiteindelijk wordt een bimatieaankoop van de Tobii Glasses 2 en de Tobii
TX300 aanbevolen.
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I ntroduction

Commissioned by the department of Social ScientéseoUniversity of Twente, this paper
will map the possibilities and requirements of égeking as a part of an ambulant campus lab.
This ambulant lab fits perfectly in the profiletbe University of Twente, which intends to be
an innovative university, oriented towards appliesearch: High tech, human touch.

The idea of a campus lab is for the present nothoge than an idea. Nevertheless, before
giving form to a large idea like this, it is wiselbok at the possibilities and obstacles. The aim
of a campus lab is to take research out of thentabthe real world. This will highly improve
the ecological validity of the current researchisiwill not only benefit the applied character
of the research at the university, but will alsorbkevant for the industry. An example of a
campus lab can be found at the University of Waggemn, at which they developed a food lab
that made it possible to experiment with food comgtion in a real restaurant environment.
When developing an ambulant social science cangtuatithe University of Twente, we must
think of automotive research while driving, consumesearch in the campus supermarket,

research at home or using the navigation on a $h@ne while walking through campus.

Eye-tracking seems to be a promising method toempht into a social science campus lab.
The method of eye-tracking is widely used in thaldfiof human factors, but also seems
promising to use at other fields of psychology andial sciences. With the upcoming rise of
for example Google Glass mobile eye-tracking isewetevant than ever. This paper aimed to
present the current state of eye-tracking on tiseslad both a case study and a literature study.
This knowledge helped thereafter to map the needspassibilities of eye-tracking in the
different fields of the social sciences departnadithe University of Twente; human factors,
communication sciences, eHealth, educational seeeand automotive research. Based on the
literature study, case study, and a look into theemt supply of eye-tracking devices a
guestionnaire was set up. Based on this questia)naierviews with employees from the five
social sciences departments of the University ok were held. Using the MoSCow-
method, these interviews were transformed intd afsequirements for an eye-tracker as part
of an ambulant lab. These requirements are usgi/éa well-considered recommendation
towards the stakeholders of the Social Sciencaklsdut which eye-tracking device will suit

best into an ambulant lab.



- Case study

- Literature study

- Questionnaire

- Interviews

- Requirements
- Current eye-tracking devices

- Recommendation

Fig. 1. Schematic setup study

During this study one main research question wilhtiempted to answer. To eventually answer
this question, four sub-questions were determined.

Main research question:

* What are the requirements for an eye-tracker deifab ambulant behavioral research?

Sub research questions:

* What problems can occur during out-of-lab eye-tiragk

* What is the current state of (ambulant) eye-tragRin

* What are the requirements for an eye-tracker atitkedepartments of the University
of Twente?

* Which eye-tracking devices (with what specificatipare currently available?



Short introduction important concepts eye-tracking

Most eye-tracking devices use infrared light to suea the reflection of the eye to determine
where the pupil is looking at. It is impossible &or eye-tracker to have an ongoing
representation of the direction of the pupil. There, all eye-trackers take snapshots of the
position of the eye at a fixed rate. Every snapshated as a representative of a larger
interval of time. These intervals are measuredznHhe higher the amount of Hz the eye-
tracker measures, the smaller the interval of tinleesnapshot represents. For example, a 50
Hz eye-tracking system takes a snapshot once @@emys. The amount of Hz is called the

sample frequency.

During the analysis of the gathered eye-trackirtg éigations are the most important factors.
A major part of the studies from the literaturedstiiocusses on fixations. Fixations are the
moments when a person shifts his gaze towardgaircg@oint. Using fixations, researchers
can track where the participants’ attention is fedaThe most used characteristics of
fixations are the duration and the amount. A sesfdations, or scanpath, can determine the
route of viewed objects. Fig. 10 shows a visuatesgntation of fixations and the scanpath.
The movements, or lines, of the gaze in betweeaatirs are called saccades. During
saccades no information is registered. Saccadesspeeially an important factor of eye-
tracking during analyzing reading behavior. At fi§. the blue lines between the dots are

saccades.
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Fig. 2. Graphic display of fixations. The blue dats fixations. The larger the dot, the longer fixation (Porta
et al., 2012).



To analyze where the fixations of participantslaoated, researchers often use Areas of
Interest (AOIs). Areas of Interest are the areatsdhe identified to measure the amount and
duration of the fixations at that regions. If tesearch purpose is whether customers look at
the ads placed at different spots on a websiteethds are the Aol's. When selecting these
areas as Aol’s, you can for example collect datautitvhen costumers first looked at the ads,
for how long they looked and how many times. In fig for example, are the different parts
of a television news clip marked as five AOI's. Skalifferent AOI's can be used at the data

analysis to analyze the amount and time of fixation the different parts of the clip.

Fig. 3. Still from data analysis of Rodrigues, \&gl@nd Mealha (2012). Five areas in the clip areked as
AQI’s.

Some mobile eye-tracking devices use markers té tharAreas of Interest (Aol’'s). The use
of markers significantly quickens the data analysspecially with mobile head-mounted eye-
trackers. The image of the scene constantly marestherefore it can be difficult to analyze
specific areas. Because the boundaries of the teapicireas are preset using markers, no

extra effort has to be taken during the analysis.

To visualize the results of the eye-tracking daatimaps can be used. Heatmaps are visual
representations of the area’s participants lookeByausing different colors, in one image a
clear oversight is given of how much, or for howmdahe participants looked at certain areas.

Figure 5 at page 14 shows an example of result@atkanade visual by using a heatmap.



|.  Eye-trackingin practice: case study on VT S-operators

A recent case study will be discussed to illusttheedifficulties and problems that can occur
during eye-tracking research in ambulant situatidiss study regarded research on Dutch
Vessel Traffic Services operators (VTS-operatotgligction points in the Dutch waterways.
Eye-tracking was conducted in the natural workingimnment at the controller posts. The
objective of the study was to determine the obetathat can occur during out-of-lab eye-
tracking research, with a regular desk-mountedteaking device. This study is a perfect
chance to take a look into the obstacles and diffes that can occur. On the other hand, it also
provides a look into the advantages and possé#slibf eye-tracking outside of the lab.

Setup
Setup VTS-workplace

The operators’ primary job is to regulate the tcaffow, using the radar, IVS (Information-
and Following system for Shipping) and AIS (Autoroddentification System), along with the
information supply towards the vessel traffic. Maerkplace of the VTS operator consists of
multiple monitors, a marine traffic communicatioevice (“marifoon”) and an ordinary
telephone. The top row of monitors, that are plaaggaroximately 2 meters above the ground,
are real-time camera’s which record the most ingmarsections of the waterway area. The
lower row of monitors consists of the marifoon-aeyia PC with internet which can be used
to fill out the details of incidents that shiftradar-device and IVS90.

IVS90 was the measured device for the eye-traakiagsurements. This device keeps track of
the ships that pass the concerned area. Imporéatatbout the ships, like their name, cargo,
size and amount of passengers are displayed. atashas to be tracked constantly to keep up

the necessary overview of the area.

A total of five VTS operators were studied durimgit real-time job. This implies that the
research setup had to be built at the traffic pagkplace. In contrast to a lab setting, the setup

had to be adjusted to the environment of the ctum@nkplace of the operator.
Setup eye-tracking

Eye tracking in a real-time working environment t@more challenging than lab experiments.

In the ideal situation, the eye-tracking of a cotepmonitor can be measured through a direct



connection of the device (i.e. laptop) on which #ye tracking software is installed to the
measured monitor. In this way the interface onrtlmmitor is measured graphically optimal.
However, the measurement of the IVS90 system coatdoe performed this manner, since

IVS90 is not an operating system that can be rua gular laptop or pc.

During the recordings of this research, an extevitldo source was used. This implicates that
the monitor of the IVS90 device was recorded thiloagcamera that was connected to the
laptop that had the eye-tracking software installdte camera was placed at the right of the
participant, approximately at the height of 150 dinis implies that the camera did not stand

directly in front of the monitor and eye-trackeut lbecorded in a diagonal angle.

The eye-tracking device was placed in front of teasured monitor. The angle of the eye-
tracker was adjusted to the position of the operdtbe eye-tracking software on the laptop

showed a real-time image of the eye-movementseopé#mticipant on the screen.

A Tobii X60 stand-alone eye-tracking unit (fig. \®as used during this study, in combination
with a laptop device running on Windows 7 and epet with the corresponding Tobii

Professional software.

Fig. 4. Tobii X60 stand-alone eye-tracking unit.



Occurred difficulties during resear ch
Limitations in reach of the eye tracker

The used eye-tracker had a limited reach. Beforelecting the experiments, several test-
recordings were taken to measure the reach ofygn&racker. If the patterns of eye movements
could be measured on multiple monitors, more datédcbe gathered about the used systems.
To measure multiple monitors which are placed oagalar desk, the range of the eye tracker
should be larger than the 60 cm area behind thdragker. Unfortunately, only one monitor
directly behind the eye-tracker could be measWw©aen trying to measure multiple screens,
the tracking of the eye-movements at both thedstft right side disappeared completely or
were unnatural jerky and rapid. This limited thgeshves of the study, because only one of
the multiple screens could be measured. A selebadrto be made in the monitor(s) that would
be measured. In lab studies this limited reachhefeye-tracker could be by-passed by using

another research design, but this is in real-wendronments frequently not feasible.

We have to note that the operators were sittinghyethe eye-tracker, approximately 1 meter.
Recordings that are taken further away could priyiadve a wider range to record. However,
the further away the participant is placed, thedbathe eye-tracking data could be obtained.
The eyes need to be in short distance of the expdr in order to capture the pupils. Besides,
most of the time when executing experiments intarabenvironment outside of the lab the
setting cannot be adjusted to the experiment Heuexperiment has to be adjusted to the already

existing setting.
Limitations in movement of the operator

The usage of a stand-alone eye-tracking unit irataral working environment had some
implications for the controllers on the possibégito move freely behind their desk. When the
controllers were not sitting directly in front dfe eye-tracker, most of the time the eye-tracker
lost the pupils of the controller out of sight. Té@ntrollers who had multiple screens to track
and control needed to sit at the same place, witlhawing too far to the right or left to acquire
the most accurate eye movement data. Even wheaottiellers moved back- or forwards, the
eye-tracker easily lost the pupils out of sighteTesearchers had to keep track of the eye-
tracking software to make sure that the pupils wexeked. If they were not, the researcher had
to ask the controller at a suited moment to reptheenselves at the right spot behind the eye-

tracker.
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Connecting equipment to the available systems

As described earlier, the optimal way to perform éye-tracking study was to have a direct
connection of the laptop with the eye-tracking wafe to the measured monitors. In a lab
experiment, this would probably not be a probleweri monitor would be controlled by the
experimenter, and the connection of the laptopéateasured screens would be easy to set up.
However, the measured monitor of the VTS-operatordd not be connected to the laptop

because this was a closed system that functionéd own, unlike a regular computer or laptop.

Because of this, the measurements had to be pexfbtinough an external camera. This had
some considerable consequences for the resolutitre aneasured monitors. The resolution
decreased highly in comparison with the use of@ctimeasurement of the monitor through a
connection with the laptop. In this study a higbalation was not of high priority. Nevertheless,
problems could easily arise when conducting otkpeements in an equivalent situation that

need a higher resolution of the monitors.
Camera placement

Another problem that arose is the placement o€#mera. The camera had to stand at no more
than 150 cm away from the screens to capture thatams, and at the other side the camera
could not be placed nearby the monitor because ardgnall part of the monitor would be
captured. The placement of the camera turned obe tdifficult because the right angle and
distance nearly always interfered with the spaeedgerators needed to work freely. In this
setting a balanced approach between getting thHe dgta and maintaining a workable
environment had to be chosen. Unfortunately thiamhthat the camera was placed at a sloping
angle, which influenced the accuracy of the captudf the eye movements and the visibility

of the monitor.
Calibration time

The VTS-controller is a 24/7 workplace. This implies that every preparation preceding the
actual measurements had to be done during the mgptiours of the controllers. The most
problematic interruption of the controllers was tadibration. In order to measure properly, a
calibration had to be performed of the eye-trackea the measured monitor. This could be
done within a couple of minutes, which was not gehabstacle for the controllers. However,
during the calibration of one of the participantsyltiple wrong outcomes of the calibration

occurred. In a lab setting, this would not be apgblem, besides from the fact that the test

11



would probably take some more time. In the casi®fcontrollers, every minute they could
not work and scan their monitors counted. Thus,nyterforming (eye-tracking) research in a
natural working environment, an extensive prepamatian help to deal with problems that
occur during the actual measurements. When enaougpigroblems during the measurements
that were not anticipated on, there could be inagibims on the gathered data but even more on

the mood of the participants.
Sensitivity of the use of cameras

When performing research in a non-lab environméké, with the VTS-operators, some
privacy-related issues may be more sensitive. i ¢ase, the use of cameras became more
problematic than anticipated on beforehand. The ‘gp&ators refused to be filmed during
their work during a longer period of time. The dgsof the study initially included the use of

a camera that recorded the operators during thedoef eye-tracking. This would facilitate a
much easier data analysis, in which events dutiegrécordings could be matched with the
eye-tracking data. The alternative to the camerardings was to keep a written track of the
events. Luckily, in this case there were recordadilly any busy periods, which meant that
there were no problems with keeping track of thenés. However, in many research settings

this could become very problematic and may thretitemeliability of the study.
Conclusion

When research has to be performed out of the ldlnahon a regular computer or laptop, a
desk-mounted eye-tracker can cause several probMfinen conducting this research most
problems that occur are mobility problems. It canvery hard to adjust the eye-tracking
equipment to a working environment that alreadg®sxiThere is a chance that the eye-tracker
cannot reach the desired research surface andathieigants cannot behave like they would

without the presence of the eye-tracker.
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II. Literaturestudy: current situation (ambulant)eye-tracking

Eye-tracking has proven to be a useful tool in sdvesearch fields in the past decades. A
short literature overview should provide an indimatof the current state of eye-tracking. This
overview is based on the multiple research fieldhe behavioral science department of the
University of Twente that use, or could use, epeking within their studies. These research

fields are; human factors, eHealth, automotive, I€&ducation and communication sciences.
Human Factors

Eye-tracking has been a widely practiced tool witthie field of human factors. As cited by
Cinar (2009) is “eye-tracking a very successfueegsh method that is used in perception and
visual research as well as the other human faborgears. (p.672)” In 1999, Karn, Ellis and
Juliano discussed in their overview study on egeking the use at that moment and the
possibilities for the future. The use of eye-trackivas primarily confined to military aircraft
cockpit issues. Back in 1999, the possibilitiegey#-tracking as a behavioral measurement that
can overcome questions about design problems wdmetoften not easily be answered by

participant reports were already acknowledged.

This prognosis of Karn, Ellis and Juliano (19993 harned out to be correct. Eye-tracking has
been a very useful tool within the field of humarctbrs. Especially in-lab eye-tracking has
been practiced past decades. In-lab research masdato study the human-computer
interaction. With the rise of internet and computsage, the usability of websites has been a
popular research topic. For example, Cinar (2008)p studied the usage of a university
website, by observing participants who were trymfnish certain tasks at the current website
and a proposed better website design. By lookirtgeaamount of fixations and fixation time
during the tasks, they concluded that the propegsksite was more effective and efficient.

They illustrated the findings by creating heatm@dpsexample see fig. 5)
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Fig. 5. lllustration from Cinar (2009), pp. 674. Bitenap used to illustrate the findings on a usapitibmparison

of University websites.

Next to the research on computer and website ysdra&cking has also been used on the topic
of mobile phone applications usage the last coaplears. Kim, Thomas, Sankaranarayana,
and Gedeon (2012) showed that mobile phone usethasda much smaller screen, cannot be
compared to the use of much larger computer scEgentracking turned out again to be a very
useful tool to study these differences of behavath studies of Cinar (2009) and Kim et al.
(2012) can be used to improve the designs of webaid mobile phone applications.

The last couple of years eye-tracking is not exeilg used in lab environments. More and
more, researchers try to use eye-tracking in a nmaterral environment. Before, scene
perception was studied by using photographs orogag the real world (Henderson, 2003).
However, due to the development of more accuratienaobile devices, eye-tracking studies
can be performed out of the lab. Foulsham, Walker Kingstone (2011) made the transfer
from the lab studies using video’s and photogrdpfasstudy in a real world environment. They
compared the gaze allocation of participants whizked video clips of a route through the
university campus and participants who actuallykedlthe exact same route. They concluded

that although there were similarities between the tesearch conditions, the results were at

14



some points clearly different. Having real peopéanby, the engagement to the task and the
freedom to move their head and body were fact@sdhanged the behavior of the real-world
participants. In fig. 6 this difference in gaze aelor is visible. There are clear differences in
proportion of gaze on people, path and objecthé dnvironment when walking the route
instead of watching the same route at a screen.p@heipants watched for example more

towards far objects when they were watching théeron the screen.
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Fig. 6. Results from Foulsham et al. (2011). D#fares are found between walking through a real-life
environment and watching a video of that same rdeigticipants looking with different proportions the items

in the environment.

When performing studies out of the traditional éstyironment, more and different disciplines
can be researched. An example of a discipline mdrufactors that is hard to study out of the
natural environment is the subject of clinical esr&cye-tracking can be used as an objective
and qualitative measure of situational awarenedslarefore possibly reducing clinical error.
Williams, Quested and Cooper (2013) states thatn@s technology makes eye-tracking
devices both more affordable and more usable, wk forward to the insights that this
technology may reveal about the work of health gaogessionals in dynamic, uncontrolled,
and emergency situations, and particularly in padimeducation. (p. 26)”.

Eye-tracking seems to be one of the most promisiods in the development of coming
computer and mobile devices. Mateo, San Agustintéarasen (2008) for example, explored
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the possibilities of eye-tracking as a replacenoénihe computer mouse. The error rates were
comparable, however gaze pointing turned out ttabter than mouse pointing. These results
are promising for systems in which individuals ¢arse their hands, or need them for other

functions, for example gaming.

The study of Mateo et al. (2008) was exclusivelgmted towards computer devices. However,
comparable systems could be used for the upcomsey af mobile (phone) devices.

Nagamatsu, Yamamoto and Sato (2010) developedtatype interface, called MobiGaze,

which uses user’s gaze to operate a handheld midiiee. Although the accuracy sometimes
lacked, the results were promising, assuming tludtile devices will have increased processing
power. The system could also be used as a fedttdook readers. The reading history could
be recorded, which could for example be used t&ipate important passages or flipping
pages. These systems for commercial use are ngtirothe future, but are developed at the
moment. According to latest rumors Amazon is wagkon “a superphone that uses four
forward-facing cameras to track your face and dgesreate a 3D user interface (Anthony,
2013).”

Next to the “traditional” technologies like persbreamputers, mobile phones, tablets and e-
books, eye-tracking could have an enormous cortiobuo an upcoming device currently

known as HUD (Head up Display) glasses. A screemégrated into glasses, which makes it
a wearable device that can be used while still iligpkhrough the glasses. The possibilities
seem extensive. HUD glasses will be connectedtasriat and are location aware. Real-time
traffic information, navigation, integration of sat media, fast camera use and interactive
information are only some of the features that loanntegrated. Both Samsung and Google
have announced HUD glasses and it seems a matiereotvhen it will claim its place on the

market. However, research on the possibilities ODHylasses and the role of eye-tracking is
still in its infancy. Paletta, Santner, Fritz anayér (2013) state that “with the advent of Google
glasses and increasingly affordable wearable egkitrg, monitoring of human attention will

soon become ubiquitous (p. 1).”
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eHealth

eHealth is a relatively new concept within healtkand psychology. eHealth can be described
as electronic communication and information tecbgglin the health sector. Many aspects of
eHealth directly or indirectly meet the field ofrhan factors. Electronic communication and
information technology implies intensive communicat between humans and computer-
interfaces. Furthermore, eye-tracking can be used #ool to indicate or diagnose mental

disorders.

Because of the novelty of the concept of e-hedltis,not commonly studied in combination
with the use of eye-tracking. However, recent sisidhn the usability of internet-delivered
interventions increasingly discover the usefulnegs-tracking. Crutzen, Cyr, Larios, Ruiter
and de Vries (2013) studied the adherence to amniet-delivered intervention. By adding
social presence elements to the website, partitspaould conceivably use the website longer
and more frequent. Despite the fact that there werenotable differences between the
intervention-site with or without social presenckengents, eye-tracking made a major
contribution to the study. They marked the socrakpnce elements as Areas of Interest (See
Fig. 7). This way the eye-tracking results gavertten extra layer of information about how
the participants perceived the information, and tiwbe the presence of these elements
influenced the way participants looked at the ditdine with this study, Harris, Sillence and
Briggs (2009) studied the influence of positiveugtmarks) and negative (adverts,
pharmaceutical sponsorship) credibility cues onhileavioral response to quality health-risk
information. Again eye-tracking provided cruciafdrmation in whether the credibility cues
influenced the information search at health-relatethsites. Kules and Xie (2011) also used
eye-tracking to study behavioral responses onlmeiak information websites. Their objective
was to map the searching behavior of older aduitsealth information website MedlinePlus.
Fixation count and total fixation duration on peutar website Aol’'s (Areas of Interest) were
used in combination with data about clicking bebaaind interview data. This research shows
that eye-tracking should be accessible for all agesm young children to older care recipient,

an eye-tracking device should be versatile to saliviarget groups.
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WELCOME .
Hepatitis B - consequences

HEPATITIS A
In first instance, health complaints such as fatigue, bad appetite, stomache

TRANSMISSION complaints, and (symptoms of) fever are prevelant in about 40% of all people.
CONSEQUENCES Even if there are no health complaints, Hepatitis B can still affect one’s liver.

PREVENTION
The Hepatitis B-virus disappears in 9 out of 10 people within six months. If

somebody holds the virus over six months, it is denominated as chronic il
Hepatitis B. In that case, the virus is still present in the human body and can I had no health

HEPATITIS B

TRANSMISSION be transmitted to others, Even people who have chronic Hepatitis B, often do complaints at all. The

CONSEQUENCES not suffer from health complaints. diagriosis of chrenic
Hepatitis B came as a
PREVENTION shock te me. This
Main text website definitely
HEPATITIS C helps in raising

awareness!
TRANSMISSION

CONSEQUENCES Daniel, 22

PREVENTION
Social presence elements

Fig. 7. An example of how AOI's/lookzones are usegHealth research. The red lined areas are thespthe
researchers are interested in. The box at the rigtihe added social presence element describedeafierutzen
et al., 2013).

eHealth is, as already stated, an upcoming corazeptherefore much research still has to be
done. The use of healthcare from distance thromiginiet and computer-based systems seems
to be a matter of time. However, it takes efford &ime to design products (internet-delivered

interventions, health related information websitas} will function efficiently.

Automotive

In 1996, Tock & Craw studied the possibilities afia-car device that could measure the eyes
of the driver. This was part of a larger detecsgatem that could possibly detect drowsiness
of car drivers. The drivers’ handling of the cdeésing, throttle, braking, speed, etc.) was used
as a parameter to correlate with. Although the ltesuere promising, the researchers saw
mainly potential for using eye-tracking camerasdriving environments with professionals
(trains, aircrafts), rather than commercial usag@wadays, in-car fatigue detection is still a
very up-to-date topic within the automotive resbgidorak, 2011; Li, Y., Hu, Wang, & Ding,
2010; Tayyaba, Jaffar, & M., 2010).

Initial automotive research focused mainly on teage of eye-tracking in devices that could
trace fatigue in car drivers, as described aboaterion, more studies aimed to use eye-tracking
as a research tool, rather than use it as a résgaat. Eye-tracking turned out to be very useful
to study the possible loss or shifts of attentiBah and Hirst (1999) for example used eye-
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tracking to study the effects of music during dryi and in 2009, Uchida, Asano, Yokoya,
Ueda and lihoshi, performed a similar study ondffects of hands-free phone use on drivers’

visual behavior and detection performance.

Most of the current automotive studies on eye-fragkise simulator or in-car environments.
The absence of lab studies makes this field ofarebea perfect example of the usage of ambient

and out-of-lab methods of eye-tracking.

In line with the research on the effects on musit kands-free phone use, much research has
been done on real driving situations. Spies ef{24l11), for example, studied the use of a
touchpad with an adjustable haptic surface. Thidysts a good example of how eye-tracking
could be integrated into early development of neéeas, as well as on how eye-tracking could
be a tool that can be integrated into a wider rasfgembulant research measurement devices.
Spies et al. (2011) took a concept idea of theiplesadvantages that a haptic touchpad could
have on the distraction from the driving task. Thested this theoretical idea in a very early
stage of development. The theory turned out touseessful, and therefore very useful in the
further development of a new Audi user interfa¢end difference was found between a flat
and haptic touchpad, no further money and timetbdoke invested in the development of a
similar interface. Thus, including eye-trackingargarly stages of development could save a
considerable part of the budget. The researchersali only test their concept using eye-
tracking, but also video data from 4 cameras, dg\performance from the driving simulator
and comments of the subjects trough a microphone eaptured. This way a complete view

of the realistic circumstances could be made, veyachronizing the captured devices together.

Another simulator study (Di Stasi, Contreras, CdaodiCanas, & Catena, 2011) focused on
other road users: motorcyclists. Eye-tracking wasduto map the differences between
experienced and inexperienced drivers. Like Sgiak €011) a simulator and a head-mounted
device were used to perform the measurements. &eege-related measures could be
identified as predictors for the amount of expereedrivers have. Studies like Di Stasi et al.

(2011) could be a starting point to use these figslin for example training of motorcyclists.

In contradiction to the research methods of DiiStaal. (2011) and Spies et al. (2011) which
used simulators and head-mounted eye-trackersnif2@d.2) used a real-time car and route in
combination with a dashboard mounted eye-trackystesn. They used this setup to research
roadway messaging. They compared the glance otrdfiie signs with the answers on the

identification of the signs. One of their findingas that the participants could correctly answer
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guestions about the speed limit, without glanciniipa signs. However, the same did not apply

for warning signs (fig. 8).

O Warning O Speed Limit

L0
0.9 (.50 0,78 0.81
0.5
0.7
(L6
0.5 4
0.4
0.3
0.2
(1
(L0 =

0.37

Prohability Correct Identification

Mo Glance Cilance

Fig. 8. Table from Inman (2012). The identificatmfrwarning signs was dependent on glancing orsidpes. For
speed limit signs, glancing did not make any diffice.

Most of the discussed automotive studies are higimhpulant. None of the studies were
bounded to only a computer screen and a lab setdogever, there is a tendency towards
preferring driving simulators instead of real-tioar settings. This could likely have small

implications on the validity of these studies.

Educational Sciences

Ever since the mid-1970s, eye -tracking is used irast number of studies. Early research
focused mainly on the role of eye movements inirga@Rayner, 1998; Just, Carpenter, &
Masson (1982). Reading plays an important roleanrling, and because of this it is a widely
researched topic within educational sciences. Bt without reading, eye-tracking can be of

great value to both the research on educationalghena, as well as a tool to support learning.

Nearly all educational sciences studies are latiessuFirst of all, much research has been done
on topics that are connected to the education&l: filearning from multimedia materials,
concept-map formation, cognitive styles, comprelmnsf language, educational computer
games and learning on computer based interfacestl{B8ridharan, McNamara, Grimm, &
Bailey, 2013; Dogusoy & Cagiltay, 2009). A studyStie and Chen (2009) on the impact of

multimedia on science learning is an example tithtide eye-tracking in their research setup.
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This study can be seen as a good example of hovir&gking is used in the field of education
and learning. Like in many studies in this fielddgnts (with an average age of 12) are used.
They used the biological process of mitosis asitfi@mation that had to be learned, and
employed a two (narration/on-screen text) by twar(etion/simulation) design. The 60 Hz
Eye Gaze System was used to track the gaze ofattieipants. They used the number of
fixations, total inspection and mean fixation dimaton the Areas of Interest from the eye-
tracking data. This way they could link betweea-eyovement behavior and cognitive process.
Next to learning, some studies in the field of eation target to research attention and object
recognition. For example Underwood, Templeman, Lamgrand Foulsham (2008) who used
eye-tracking to study how and whether incongruépgas attract visual attention. Again, eye-
tracking played a great role in understanding thg people process information. The current
research on educational phenomena could in margs dses improved by using eye-tracking.
For example Arguel and Jamet (2009), who studied taouse video and static pictures in the
learning process of procedural contents. They staite“in a future study, it could be relevant
to observe the process of visual exploration dul@agning by using online measures with an

eye-tracking device (pp. 359).”

Next to using eye-tracking as a tool to study etlanal phenomena, current research focuses
also on the usefulness of eye-tracking systemsaming processes. Cantoni, Perez, Porta and
Ricotti (2012), for example, aimed to build an Brl@ng platform that is able to recognize
students’ emotional and cognitive conditions. Usthgse conditions, this could help the
platform to match eye behaviors to crucial poimtgroblem solving, regions users look for
when searching for an answer, ignoring certain dath whether users waver between two
answers. Pupil size, fixation duration, saccadeesl gaze plots and heat maps (see fig. 9) were
used. Such use of eye-tracking could be an indicain how to use the human gaze to support
people during their learning process. Now the legrenvironment becomes more and more
digital, the way to support people could shift tAtithough the studies on this topic are limited,
the study of Cantoni et al. (2012) shows the exterpossibilities. Knowing where people look
at, could reveal a short look into their thinkinggess and therefore could be very helpful to

support learners.
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Fig. 9. An example of how eye-tracking could beduseimmediately help learners by looking at thgaze-
locations. When learners look at the wrong areaisthe answer, real-time hints could be given (@anet al.,
2012).

As already stated, mobile eye-tracking seems totmdie an urgent need in the field of

educational science. This is not any different frdm University of Twente, where the

educational research targets ICT applications. Wewenon-ambulant eye-tracking is used a
lot in the field of educational sciences. And ihdz even more important, for example Rosch
and Vogel-Walcutt (2012) state that ‘developmentraining systems should begin by using
eye-tracking to gauge user interactions with pnogrdo gauge where, how, and when the
instruction should or could be altered (pp. 322).”

Communication Sciences

The use of eye-tracking in the field of communieatsciences was initially mainly used in

marketing. Attention and findability play a greale in the marketing of products. Initially only

advertisements in papers and billboards were tektdtse (1994), for example, studied how
characteristics of yellow pages advertisementuamted consumer information processing
behavior.
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Later on, the expanding use of internet triggetedresearch on online advertisements. Eye-
tracking could point out many aspects of consunsdralkior on websites. Kuisma, Simola,
Uusitalo and O6rni (2010) studied the effects dgfmated banners on consumers’ memory of
advertisements. Fixations were used to explain &lsensumers were looking, and whether
animated banners influenced their viewing behavipart from the outcomes of the study, this
is a typical lab study in the field of communicatisciences. Eye-tracking has a great share in
explaining human behavior in combination with faample advertising. For advertisers it is
crucial to know where, how and how many ads togtata website to get the desired attention.
Another example from the field of communicationeswes is the study of Daugherty and
Hoffman (2014) where fixations were used is to aesle the capturing of attention in a website
environment. They studied the effects of word-todthoon the internet (eWOM) within social
media on consumer attention. They used fixationsoosumers to measure the attention that
was focused onto negative, positive and neural agess Fixations are the major eye-tracking
factors that are used during these studies. Whetdaa how long consumers are looking at

certain areas is crucial information for the inadyst

Mean Number of Fixations to Ad Formats
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0.8 B Banner
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Baith still Banner still + Banner animated + Bath animated
Skyscrapar animated Skyscraper still
Condition

Fig. 10. Results of the study of Kuisma et al. @0The mean number of fixations to the ad forra#sner or
Skyscraper) changes when one or both types of @darémated.

Both the studies of Kuisma et al. (2010) and Daughend Hoffman (2014) are examples of
recent lab studies in the field of communicatioiesces. However, consumer research out of

the lab seems scarce. Mobile eye-tracking is osgdun very recent studies. Harwood, Jones
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and Carreras (2013) used a mobile eye-trackingcddwi study the influence of shedding light
on consumer behavior in real retail environmentss Btudy could be seen as an example of
how mobile eye-tracking could be performed in tleamfuture. The researchers used a real
shoe shop as their research environment. Costuneesasked to participate. Due to the fast
calibration, the study of the individual participsudid not take long. To keep the circumstances
approximately the same for all participants someamchanges were implemented in the shop.
For example no other costumers were present ishbp and the background noise or music
was removed. The participants were asked to expharéarget merchandising unit. Between
the setups the participants were interviewed irtte@raroom, so the light conditions could be
changed. This research out of a lab setting gaeerésearchers more opportunities. The
research was done in a real shopping environmehtla participants were easy to recruit.
These sorts of research can directly provide pralctdvice for marketers and the industry.
Furthermore, Behe et al. (2013) explored the pdg&b of mobile eye-tracking in the retail
environment. They recognize that eye-tracking cquiéy a key role in understanding what
consumers view, using mobile eye-tracking equipmtemtexample product placement on a

retail shelf.

Thus, the use of mobile eye-tracking seems to kélladeveloping and therefore a lot of
possibilities exist. The current research on adsiag is focusing mainly on lab research.
However, it could highly increase the validity diese studies if they conducted their
experiments in a more natural environment. For g@tamutcomes of research on billboard
advertising on bus stops could be considerablgdfit when they were performed on people
who actually take the bus, instead of people wlecagked to look at an advertisement in a lab

setting.
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Table 1. Schematic overview of studies from the literature study from all 5 departments.

Research Study Eye-Tracker Sampling Head Desk Amount Fixation First Heatmaps Pupil AOIs Gaze Fixation
Field rate mounted mounted of Duration Fixation size Path Density
fixations

Mateo, San Opensource 30 Hz X X X
Agustin, Eyetracking
Hansen(2008) system

eHealth Crutzenetal.  Applied 60 Hz X X X X
(2013) Science Lab
Model 504

Harris, et al. SMI iViewX 1250 Hz X X X X
(2009)
Di Stasi et al. EyeLink Il 500 Hz X X X X
(2011)
Educ. Sc. Cantonietal. Tobii 1750 50 Hz X X X X X
2012)

Underwood SMI Eyelink | 500 Hz X X X X
et al. (2008)

Harwood et Tobii Glasses 30 Hz X X X X
al. (2013)



Based on the literature study, it can be conclubtatithere are differences in the use of eye-

tracking at the different fields of social sciences

In some fields eye-tracking is used for a long timbkereas in other regions it is relatively
new. Studies about eHealth are all from the pastsy@nd therefore the use of eye-tracking
does not have a large history in that field. Infiekls of Educational Sciences and Human

Factors eye-tracking is a widely used tool for mgesrs.

The use of mobile eye-tracking is widely used imedields, but never in others. The fields
that can benefit the most from a mobile eye-tragkiavice are Communication Sciences and
Automotive. At the field of Human Factors there al® research opportunities. However at
the fields of eHealth and Educational Sciences,ilm@ye-tracking is not widely used and
the need to introduce it to these fields seems Regearch questions from these fields can

rarely be improved by a more mobile setting.

Overall, the measurement on screens is the modtiog#ementation of eye-tracking. Only at
the automotive department the majority of eye-tireglstudies is performed in a more mobile
setting. At the fields of Educational Sciences aH@alth eye-tracking is a very useful tool,

however only on computer-, phone- and tablet ssreen

From table 1 it can be concluded that fixationstheemost important eye-tracking factors.
Every study used fixation duration and a large migjased the amount of fixations. In most
studies AOIs are used to analyze these fixatioa. dahen AOIs were not used, it concerned
mobile eye-tracking studies. This could implicdtattAOls are less important when
measuring mobile eye-tracking. Fixation densitystffixation, pupil size and scan paths are
less widely used factors. Also heatmaps are lesd, @d seem to be more an extra

visualization tool than a necessary analyzing tool.

The sampling rate between studies varies from 3@H250 Hz. Between the different fields

there are no clear differences. All sorts of Hzwsed in all research fields.



[Il1. Interviewsamongst futureusers

To get a full insight in the needs of the universeégarding eye-tracking, the future users are
a very important factor. Eventually the eye-tragkdievice needs to fit the research at the
university and capable of answering the variousaesh questions. Therefore employees

from the concerned Social Sciences departmenistamiewed.

Based on the case study, literature study andlkaildo the specifications of the current
available eye-tracking devices, a set of questi®eemposed. The designs of the studies
described in the literature study are accuratediéa into. All factors described in these
designs were divided into 3 groups: software, harévand mobility. Afterwards these factors
were matched with the specifications of severattegeking systems to see whether all
specifications of eye-trackers were mentionedef@mple the possibility to measure both
EEG and Virtual Reality. At last the case study wssd to recognize possible pitfalls in
mobile eye-tracking research. Those pitfalls treeefmerely were related to the “mobility”
group. At last all factors that were distinguishaete transferred into questions. These
questions are used as a guide when interviewindoy®@gs from the five departments of the
university that could take advantage of a purchasesdtracking device. The complete set of

guestions can be found in appendix A.

The use of this set of questions implies that tiverviews were semi-structured. The
questions were used as a guideline during thevietes. In this way, every aspect that is
determined by using the case study, literatureystindl a look into the specifications of the
current available eye-tracking devices is discusBedry interview was taken by the same
researcher. When interviewees did not understaneesation, or did not have any experience
with the topic discussed in the question, the inésver explained the topic and tried to give
examples of studies and designs in which this tpfaiged a role. The interviewer encouraged
the interviewees to explain their answers. A “yes"no” answer usually was followed by a
question to explain their answer further. The negiof the interviewees to like or dislike
certain aspects of an eye-tracker were at least@astant for the researcher. Frequently the
interviewees were asked whether their opinion wasexl with other members of their
department. After the set of questions the inteveies were given the opportunity to ventilate

topics that were not included in the questions.
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The outcomes of the interviews are subdivided théogroups “hardware”, “software” and
“mobility”, preceding by a short description of theactice of eye-tracking at the university.
These groups contain the different categoriesdbald be important when purchasing an
eye-tracking device. Each category is divided iatojntroduction, which gives a short
description about why this category can be crutied;outcomes of the interviews, which
describes the opinion of the interviewees on theses; and a conclusion, which gives the
importance of the category, as well as which ingtlans the importance of this category has

on the requirements of an eye-tracker.
Respondents

A total of 10 persons from the 5 departments ofUh&ersity of Twente were contacted
through e-mail to participate with the interviewsis e-mail explained the objectives of the
current research and emphasized the importande aftinion of the researchers at the
different departments. The set of questions thatwged as guideline was sent attached to the
mail, so that the interviewees could prepare feritierviews. Three of the contacted persons
declined participation because of a lack of expeeeand/or future interest in the subject.
One of the contacted persons did not respond. dh&acted persons consisted of post-doc
researchers, doctors, PhD students, teachers afegsgors. All of them had, or could have
interest in eye-tracking at the UT. Some of thespes had former experiences with eye-
tracking research and/or education. This was imdhge of teaching eye-tracking in a course
once a year to being part of multiple eye-traclshglies.

Additionally to the staff members of the UniversitiyTwente, one expert on eye-tracking and
former member of the University of Twente was coted. He/she did not participate with an

interview, but gave advice that could be helpfulhe ‘Recommendations’ part.

To take the privacy of the participants in accowttich explicitly was asked for by several
interviewees, no real names are used. Also there¢li@r exact position (i.e. professor, PhD
student, etc.) of the participants is not descriledhe text, the following names are used to

describe the participants:

Interviewee A = Member of Communication Scienc&3ofporate and Marketing
Communication (CS — CMC) department of the UT.

Interviewee B = Member of the Educational Scieraned eLearning department of the UT.

Interviewee C = Member of the Human Media Inte@attiepartment of the UT.

28



Interviewee D = Member of the Psychology, Healtd @echnology department of the UT.

Interviewee E = Member of the Communication Scienre€orporate and Marketing
Communication (CS — CMC) department of the UT.

Interviewee F = Member of the Automotive departnadthe UT.

Practice of eye-tracking at the university

Previous practice of eye-tracking systems at the University of Twente

At the university an eye-tracker is available te tise last couple of years. This concerns a 60
Hz video based desk-mounted eye-tracker that redmrth eyes simultaneously, and that
runs on Facelab 4.5 (Seeing Machines In. Acton, JJ8Aemarkable fact that came forward
during the interviews is that only few interviewdes/e worked with the device. The
interviewees that have worked with the device dtadéit is a practicable device, but it has
some major disadvantages. The 60 Hz sampling frexyus experienced by the interviewees
as too low. For many purposes this frequency didsatsfy the needs. The placement of the
participant behind the eye-tracker was highly dafirthe results of the gaze data. When the
participants moved slightly behind the desk, theMeye-pattern would displace. This was
experienced as highly disturbing. The eye-trackas mounted onto the desk permanently.
This kept several interviewees from using the devi@cause they wanted to use it at

different locations, with participants other thandents.

Tobii and SMI are the eye-tracking manufactureat #re mentioned most when asked for
former experiences with eye-tracking devices; 5aduihe 6 interviewees mentioned Tobii
and 4 out of 6 SMI. At the HMI department the ITpen-source eye-tracking device is used.
Their experience is that it could become problectfati researchers with a non-technical
background to control the device. Furthermore, #gountered major problems with

different light conditions.

Factors that were encountered as highly undesidhbyiag former research were eye-trackers
that only functioned with a head-rest. Especialhew studying small children this turned out
to be very problematic. Also large head-mountedasvthat were clearly uncomfortable

were mentioned as highly undesirable.
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To get a better view on how eye-tracking was uséldeauniversity in the past years, the
contents and directions of the master theses Heat eye-tracking are very interesting. We
can learn that nearly all studies on the diffed@partments of social sciences are done using
a computer screen. Even when the used objecta agalitime rarely perceived on a screen.
For example a master thesis on consumer behawiel Uised eye-tracking to measure the
impact of social cues and nutrition claims on pgokg designs. These package designs were
presented on a screen. One can imagine that thegeza validity of this study can possibly
be improved by using a device that can measureucogisbehavior in a more natural
environment. However, in many cases the structarettonment is preferred by researchers

to rule out uncontrollable factors, and thus makearsolid claims.

At the department of communication sciences mastdh are performed that used eye-
tracking. Besides the research on packaging desagimsr examples are the use of eye-
tracking to research the influence of trust feature an online financial service website and

research on the use of different lay-outs of wedsstjonnaires.

An example of the practice of eye-tracking at tegdRology department is a research on
factors that influence the trust in Wikipedia. Byaeking was used to measure the eye-
movements towards different parts of a Wikipedigegpa® comparison could be made
between what the participants reported to be inapbifactors when judging its credibility

and where participants actual looked at.

At the theses of the HMI department eye-trackingsisd for example to research the
influence of textual cues to illustrations in attébhis is also done by using a computer
screen. Also research is done on how to improvepcoen screens. For example by using

eye-tracking to study how participants handle tosmieens.

It is common to use students as participants duragter thesis research. Therefore the
variety of participants is narrowed. Kids and elgare rarely used as participants, and the

equipment does not have to be adjusted to them.

The look into several master theses of the lastsygiaes an indication about how eye-
tracking is used at the university. Because of#séricted mobility of the available eye-
tracker, all studies are performed in a lab sethn@ screen. Participants could barely move

behind the eye-tracker, because of the sensititiie device.
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Current use of eye-tracking at the University of Twente

At the moment only one of the five departmentdatWniversity of Twente use eye-tracking
in their education and research program. At the @amcation Sciences department every
student is required to perform one small reseaiith an eye-tracker during a practical

course. Eye-tracking is used in a few researchspl@ne example that is mentioned is a study
on whether children notice the “kijkwijzer’-icon (fich version of Parental Advisory) on

DVD-covers.

At the Human Factors -department, not long ago;teaeking was a part of their “Research
Methods” course. In this course students activadyked with an eye-tracking device.
Because of personnel changes, both the educaternhe research activities on eye-tracking
has been brought to zero.

At the Educational Sciences department eye-tradkimgt used at all at the moment. In the
past eye-tracking research was performed at thartheent. This concerned research on so
called “agents” in a digital environment, for exdenpnimations that help children when they

work with educational computer games.
At the other departments eye-tracking is not useéddeamoment and/or in the past.
Future use of eye-tracking at the University of Twente

Four out of the five departments are planning ®ejge-tracking in the future. Only at the
automotive department the interviewee does notgmze eye-tracking being a direct added

value to the current situation.

At the Communication Sciences department eye-tngcls seen as a very promising tool for
the future. When an available eye-tracker becomme fitexible in where to use and mobile
during the use, the interviewee(s) see many oppiieta. Currently the ideas often don't fit
the capabilities of the available eye-tracker: “Wamt to transfer our ideas into concrete
research plans, but at the moment this is impassibé to the available device”.

At the Educational Sciences department, concretesptxist on the use of eye-tracking as an
important field of research. Eye-tracking couldveey useful when creating learning
environments. The interviewee has already lay a@bmgh eye-tracking manufacturers to
inform him/her about the available devices. Alsthatrest of the department there exists

much enthusiasm about the possible purchase ofeatr&cker. Especially with their research
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on kids, eye-tracking could give an extra dimensmtheir research. Interviewee B:
“Following children’s eyes can give us a uniquaghsin their mode of thought”.

At the Cognitive Psychology and Ergonomics there meed for eye-tracking to make its
revival at the department. However, at the momeaeixpertise is not present to set up either

research or education.

At the eHealth-department eye-tracking would bedusehe near future to test and design
their intervention. These interventions are forregle mobile applications for nurse
practitioners or patients. To know how these apilimis are used, preferably in real-life

situations, eye-tracking could be a very useful.too

At the automotive department no future plans dristising eye-tracking.

More ambulant use of eye-tracking at the University of Twente

When an ambulant lab is carried out at the unitgriiis important to know in which

ambulant directions and area’s the intervieweeseszarch- and educational opportunities.
Like the future use of eye-tracking, most interéew see potential in more ambulant eye-
tracking at the university. Interviewee A states:benefit of mobile eye-tracking is the
possibility to set up studies in a more naturaliremment”. And even in the lab the mobility
of an eye-tracker could be of added value: “If geaan walk around freely in the lab, this
would add many opportunities to the current res€glaterviewee C). Interviewee D
recognizes especially the opportunities in the-tiea¢ lives of participants: “With eye-gaze
we can accurately know how we can stimulate petmpéeljust their lifestyles and how to
unlearn unhealthy patterns of behavior by usingrietogy”. Furthermore, Interviewee E has

worked with eye-tracking glasses, and was satisfiigld the results.

At the other side, comments are made about thelpp@sownfalls of mobile eye-tracking.
For example when using glasses (head-mounted delnterviewee A has his/her concerns
about whether these head-mounted devices mak@sattieipants more conscious of the fact
that their eye-movements are being measured. inteee B states that the mobility of the
eye-tracker can’t interfere with the quality of Wa&ta: “The quality of the data can’t suffer
because of the mobility.”
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Hardware
Sampling rate
Intro

It is impossible for an eye-tracker to have an amgsampling frequency. Therefore, all eye-
trackers take snapshots of the position of thea¢ygefixed rate. Every snapshot is used as a
representative of a larger interval of time. Theservals are measured in Hz. The higher the
amount of Hz the eye-tracker measures, the sntakenterval of time the snapshot
represents. For example, a 50 Hz eye-tracking sy&ikes a snapshot once every 20 ms. The

amount of Hz is called the sample frequency.

Different kinds of research require different amisusf sample frequencies. When
researchers aim to study saccadic movements adohgeshe amount of Hz should be higher

than research on the visibility of billboard adisrg or traffic signs.
Outcomes interviews

At the campus of the University of Twente a 60 Blzl¢é-mounted eye-tracker is available.
Some interviewed persons have worked with thistegeker. Nearly all state that 60 Hz is a
too low sample frequency to work with. Interview®aoticed that “while working with the
device the eye movements went too fast for thetegiker, and therefore the data missed the
essence of what | tried to measure.” InterviewesgEed with this conclusion and stated:
“for my research, | need equipment that is moregrfwl than 60 Hz.” The future research
plans of the Educational Sciences departmentsneeqihigh sampling rate. To accurately

perform reading research, a 60 Hz device is ndicserfit.

The lower the amount of sample frequency, the rdata has to be recorded to get accurate
answers to research questions (Andersson & Nystkigr-iolmavist, 2010). Researchers of
the university already encountered the difficultybtaining enough participants. When the
sample frequency will be low, even more and lorigsting is necessary. Anderson, Nystrom
and Holmqvist (20103tate out that with research using babies or pamas participants, the
raise of the amount of trials is sometimes impdses#nd therefore eye-tracking equipment
with a high sample frequency is required. Howethas does not apply to the research at the

university.
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Previous research shows that at a certain thresheldmount of sample frequency could rule
out the problem of sampling errors. Andersson, iystand Holmqgvist (2010) state that this
threshold lies around 200 Hz. Above 200 Hz, themainimal benefit regarding sampling

errors.
Conclusion

Concluding, a sample frequency 60 Hz is too lowntet the requirements of the research at
the university. This statement is shared by theetuiditerature, which shows that 200 Hz is
needed to bail out sampling errors. Thus, 200 lemseto be the minimum required sample
frequency for an eye-tracker at the university.réhes little difference between devices with
higher than 200 Hz frequencies. Which means ti2808 Hz device does not by definition
meet the requirements better than a 500 Hz device.

I mportance of measuring interfaces
Intro

The measurement of interfaces has turned out tmbef the most important practices of
eye-tracking. Especially desk-mounted eye-trackezsnearly always focused on measuring
screen-interfaces. This concerned primarily compgteeens, but in the last couple of years
this extended to mobile phones, tablets and navigalystems.

Even when mobile interfaces are measured outsidestriictured lab-setting, this lab-setting
will still be often be the basis of these stud@fen, before measuring interfaces out of the
lab, the research is tested profoundly in a strectilab setting.

Outcomes interviews

All departments, except for Automotive, that usewdl use) eye-tracking, are interested in
the measurement of interfaces. This research viraescomputer screens and laptops to TV-
screens, mobile phones and tablets. InterviewderBxample, notes that “computer screens
are at the moment the most important interfacesglier devices like tablets are becoming
more important in our research.” Every possibletdignterface will be measured, if a
practicable device is available. Because the fo€usultiple departments lays on children
and youth, it is important that they can work vittle devices they use on a daily basis.

Mobile phones and tablets are important factothefives of today’s youth, and therefore
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can’t be missed out because of a lack of suitetpatgnt. Interviewee D: “Mobile phones are
nowadays very important factors for the youth, treefore the demand for eye-tracking

devices that can measure this, is fairly high.”

Not only the type of screen, but also the purpdsbai screen varies significant, for example
usability at HMI, serious gaming at eHealth andre® through applications at educational

sciences.
Conclusion

An important aspect of the eye-tracker should b¢ iths suited to measure screens. Besides,
ideally the eye-tracker should be able to conrethié measured screen. This will highly
improve the quality of the measurements, becauesdadta is not obtained through an external

camera.

A built-in eye-tracker that can only be used at fcamputer) screen is not recommended.
This will highly limit the possibilities of the eyiacker. There are no possibilities to measure
devices other than that certain computer scredneisand mobile phones should be

measured accurately with the eye-tracker.

Variable distances
Intro

In our daily behavior, we constantly look at bothexts close to us, for example our phone at
30 cm away, as at objects much further away, likadvertisement sign 100 meters away.
Not every eye-tracker is capable of measuring datances accurately. Especially desk-
mounted eye-trackers are not build to measurengelodistances. Most mobile eye-trackers

are capable of measuring at longer distanceshewaccuracy can differ a lot.
Outcomes interviews

The measurement of objects at variable distancestia direct must-have according to the
interviewees. Especially when using a desk-mouayedtracker, interviewees do not
recognize the utility of the possibility to measatdonger distances. However if a mobile
eye-tracker can measure accurately at both lorggeharter distances, this would be used at
the university. At the eHealth department, in-haesearch is something that will be focused

on in the near future. When a mobile eye-trackeafsable of being accurate when looking at
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the other side of the room, considering the deptiat room, this would surely enhance both
the validity as the opportunities the eye-trackdr pvovide. Variations of interviewee A’s
guote was heard multiple times on this subject:th&t moment this [eye-tracking at longer
distances] is not a very important factor, howerehe future this could surely be useful. The

more eye-tracking comes out of the lab, the mogomant depth and distances will be.”

Conclusion

Desk-mounted devices are rarely used for purpdsgsequire long distance measurements.
The interviewees made clear that this is also emqired. However, when using head-
mounted devices, accurate long distance measuraraemite an important factor. To measure
long distance objects accurate, distinguishinglidepone of the key factors. The difference

in depth when measuring for example a computeesdrestead of an environment of
variable distances can be seen in fig. 9. Whembedd at C, in this case the computer
screen, hardly any error in depth occurs. Howewés,could become problematic when
calibrated at C, but also A and B have to be meakaccurately in an environment of
variable distances. The errors that occur when omggsA and B are called parallax errors.
Not every eye-tracker is capable of correctingeh@arallax errors. Most eye-trackers that can
correct for parallax errors use binocular dispanfgrmation, to rule out the errors that occur
at A and B at fig. 9. An eye-tracking device thah correct parallax errors would be
advisable, because of the decreased accuracy. ltowelren looking at the interviews,

accurate measuring on longer and variable distaareesot essential requirements.

Fig. 13. Parallax errors can occur when there idilsated at C, but the eye-tracker cannot corréet rrors

that occur when measuring at A and B (Evans, Jacbasiuno, & Pelz, 2012).
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Accuracy of measurements
Intro

The accuracy of measurements varies between ditfesee-trackers. Not every research topic
needs a high accuracy to answer the research gogsiknowing whether drivers notice

traffic signs (Shinoda, Hayhoe and Shrivastava,120fbnsumers noticing products placed on
the upper shelf (Harwood et al., 2013) requires Bescuracy than knowing what words were
read at a website (Kules & Xie, 2011), or wheth@mnputer-users noticed the red exit button
at the top corner (Habuchi, Kitajima, & TakeucHi08).

Outcomes interviews

All interviewed persons highlight the importanceaofas high as possible accuracy.
Interviewee C, for example, commented: “for oulegsh it is absolutely required to have
detailed and accurate data.” At their departmeludt af research is performed on reading and
for example recognition of words. If the eye-traxckdevice is not capable of showing
accurately at which word participants are lookimgearch questions cannot be answered with
certainty. Thus, accurate measuring of detailsseetial in their research. When researchers
cannot be certain whether details are noticed bycgzants, their research questions can
impossibly be answered with certainty. Especiadlsearchers that primarily test on screens
state that high accuracy can be seen as a key .fs¢iit lower degrees of deviation, the

accuracy will be better and therefore the resuilisbe better.
Conclusion

The accuracy of eye-trackers can be measured antloeint of degrees. From the literature
study we can learn that amount of degrees tha&tes as acceptable when measuring
computer screens lies between 1.0 and 0.5 dedfeggever, some of these studies are
outdated if it comes to eye-tracking devices amdedfore the processing power and
specifications of the devices. When looking atspecifications of today’s eye-tracking
devices, a threshold of 0.5 degrees or lower issteato meet the standards of the
interviewees. Devices with an accuracy of 0.5 deg lower are suitable to determine the
examples of mentioned in the description; distisguig words and the ‘close’- button at the

upper right corner of the screen.
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Use of markers
Intro

Some mobile eye-tracking devices use markers t& tharAreas of Interest (Aols). Aols are
the regions that are interesting to be measurdlelfesearch purpose is whether customers
look at the ads placed at different spots on a iekibese ads are the Aols. When selecting
these areas as Aols, you can for example coll¢atatzout when costumers first looked at the
ads, for how long they looked and how many timée Tise of markers significantly quickens
the data analysis, especially with mobile head-nedieye-trackers. The image of the scene
constantly moves, and therefore it can be diffitmlanalyze specific areas. Because the
boundaries of the important areas are preset usargers, no extra effort has to be taken

during the analysis.
Outcomes interviews

According to the interviewees the effort of anatggspecific areas in a moving image can be
very time consuming, and therefore markers can umsetul feature. However, some eye-

trackers have built-in features that can mark mgWiol’s.

None of the interviewees that used markers besmes the use of them as very difficult
during testing. Interviewee C: “Markers are relalyveasy to work with.” However it could,
in some cases limit the research questions foral sm)mount. The preparation of the setup
will need some extra time and effort, but this cmaontrast to the time and effort that is
needed when every Aol has to be marked by handhaftds. As Interviewee A states: “I
don’t think the use of markers would be problemat¥ith a decent preparation, for example
a shelf can be measured easily. However when nmalyes should be measured, this could

become troublesome.”
Conclusions

Markers can be a good solution for making Aols lass effort- and time-consuming manner.
The use of markers is accepted by the intervienwgeaever the most ideal solution will be

eye-trackers that can make accurate AOIs in mowvirages, without the use of markers.
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Measuring for a longer period of time
Intro

Not every eye-tracker is capable enough to usengielr periods of time. Especially mobile
eye-trackers frequently have a limited period @&.\When looking at the literature study,

only a few studies do use eye-tracking for longant30 minutes.

Another issue when measuring for a longer periotihad, is the processing of the captured
data. The processing can be very time consumingnwiultiple participants are tested for

longer than 30 minutes.
Outcomes interviews

The effort- and time consuming processing of lasgts of data is something that is highly
recognized by the interviewees. In their reseanely have experienced that the data of tests

that take longer than 30 minutes can be overwhgraimd therefore hard to analyze.

When looking at the use of eye-tracking at the ersity in the near future, there is not a vast
need to measure for longer periods of time at mepartments. However, at for example the
eHealth department (Interviewee D), the use of headyje-tracking for even several hours is
mentioned. There are plans to measure several piggibal measurements at the homes of
elderly, to know how and when to support them girthaily lives. Eye-tracking is mentioned
to be a possible tool. If this kind of research wd implemented, eye-tracking should be
mobile and capable of measuring for several hdditser departments do not completely
exclude the possibility of measuring longer periotiEme, but do not have a clear vision of
how this will be brought into practice. Interview®e“At the moment | don’t have
experiences with research practices that are lahgar30 minutes, however | can imagine

that it will be used in the near future.”
Conclusion

In the near-future it is not a must to measuremgeements for a longer period of time.
However, if it is possible, there is a possibitityat it will be used. Most desk-mounted eye-
trackers can measure for longer periods of timeefboking at the case study, nearly all
participants were measured for longer than 30 resywvithout failure of the eye-tracker.
However, most mobile eye-trackers depend on batigey and therefore are not always

capable of measuring for a longer period of time.
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EEG integration
Intro

Some current eye-trackers are capable of integr&tG data with eye-tracking data. In
several studies eye-tracking is one of the seveadds that is used. For example Spies et al.
(2011) used eye-tracking in combination with vidizta from 4 cameras, driving
performance data from a driving simulator and sttjeomments via a microphone. Eye-
tracking is sometimes just an extra, but not nesgssool. At the Human Computer
Interaction department of the University of Tweaye-tracking is used several times as an

extra measurement to obtain a more complete sktaf
Outcomes interviews

At the Communication Sciences department only oaengle of a graduation thesis that used
as well eye-tracking as EEG is known. However,umrent and past research at the
University of Twente this integration is of botlots is very rare. Skin conductance seems to
be a slightly more used measuring instrument toloenwith eye-tracking, especially as an

extra tool that can give more information aboutuged.

If EEG integration is available, it will be usedthre future. At several departments EEG
integration is seen as a usable extra tool. AsJigeee B notes: “If EEG integration is
available, it will be used. For example in serigasning.” However, none of the interviewed
persons points EEG integration out to be a strintigessary feature of an eye-tracking
system. If researchers need to use both EEG anttagleng, an integration of both tools is

useful, but not a must.
Conclusions

EEG integration is not a necessary tool. When rebeguestions require both the use of EEG
and eye-tracking measurements, this can be pertbsearately. If the possibility exists, it

will probably be used once in a while.
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Virtual reality/3D/6D
Intro

Similar to EEG, it is possible to combine the agetiion of Virtual Reality with eye-tracking.
Virtual Reality is a completely computer operatedisonment that gives the users the
illusion they are in another space than they areatity. Virtual Reality is most known for its
usage on gaming purposes, but has also enormoeistigbfor more functional applications
like training of pilots and soldiers. The trackiofghead- and eye-movements gives Virtual
Reality-devices the change to change with the petsge of the carrier. Eye-movements can
play a crucial role in the development of VirtuadRty environments and interactions, and

also in research on the human behavior in a vignglronment.
Outcomes interviews

Interviewees from the departments of Human Comgateraction and Communication
Sciences have to a small extent experience withalireality in combination with eye-
tracking. Interviewee E has seen the possibiliegirtual Reality and eye-tracking: “I have
seen that it can work decently. If this is wouldawailable at the university, | would certainly
consider to use this integration.” At the HMI depagnt oculus rift is used several times.
Thus, the expertise of working with such systenavelable at the university. At the social

sciences department however, there is nearly apgrence with Virtual Reality.

Virtual Reality is not seen as a strict necessaajure of an eye-tracker. Nevertheless, the

possibilities of Virtual Reality in the future arecognized by most interviewees. Especially at
the department that partly is occupied with marigegees the potential. When Virtual Reality
is one of the features of an eye-tracker that ishpased by the University, some interviewees

indicated that they will use it.
Conclusions

Virtual Reality is an option in which participargse the possibilities, but which surely is not
a necessary feature. Some interviewees stateththatvould use the feature if it was
available. This is however not enough to see th@damentation of Virtual Reality as a
necessary requirement. If the system has an omionegrate with Virtual Reality it is seen
as an extra, but for the time being no extra csistalld be spend for this integration.
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Software

User-friendly software
Intro

There are major differences in the software ofdifierent eye-tracking devices. Some
software require a decent amount of knowledge apdréence to work with it fluently. This
software is mostly accompanied with the possibtlityadapt in a larger extend to the needs of
the researcher. Software that is more user-friemillybe less adaptable, but a lot easier to

use and quicker to learn.
Outcomes interviews

User-friendly software is seen as one of the nmapbrtant features of an eye-tracker. Every
interviewee underlined the important role of easyde software. Social scientist have, as
stated by the interviewees themselves, often rotdthnical knowledge and background.

This could interfere with a system that is hartiandle. Besides, if it takes the researcher a
lot of time and effort to gain the experience takwwith it fluently, the threshold of using the
system could be too high. Interviewee A state ithat“important that the software helps with
the so called “x’s and y’s”. The software has tachpable of doing the technical work and
therefore facilitate the use of the different opioFor example heatmaps and lookzones have
to be easy to analyze, without needing extra techknowledge.” Interviewee E adds that
“when Matlab and C++ have to be used to analyzeldit@, this will raise the threshold to use

the device and software.”

Furthermore, in actual practice students are dfterones who work with the software. They
do not have the time and skill to apply complexgoasnming. To allow both students as
researchers to work with the equipment, all ineamees highlight the importance of easy to
use software that can be mastered quickly. Likeritwee B states: “Especially at a non-
technical department like Psychology, support ftamsoftware will be an important factor.”
If user-friendly software is not included, techrisapport from the university will be needed

to facilitate use of the eye-tracker.

However, it could be of value when there is anymmdor making adjustments to the software
to the preferences of the researchers, only whenstlpossible without harming the user-

friendliness of the software.
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Conclusions

User-friendly software is an important feature ofegye-tracker. The software has to be used
without programming language. Options like selex#ol’'s and computing the duration and
amount of fixations have to be included into thivgare. These options should be able to be
used naturally, without any knowledge of the sofev&Vhen other programs and many
adjustments are needed to make the software werknical support from the university is

needed.

Analyzing whether software is user-friendly or wah be difficult. The statements of the
interviewees about the different manufacturerskmorucial to know how they experienced
the different software. The difference especia#tg in the fact to what extend the software
guides the user through the different options. Maahufacturers provide information or
previews about their software. When this is possithle main factors that have to be paid
attention to are: does the software needs othgrames to conduct for example heatmaps or
statistical analysis? Is the software based orooptio deal with the data, or does the software
provide the data and is it difficult to understaalthe options? Can the analysis be done by
using a strict predestinated order, or has to éighe user this out themselves?

Fixations
Intro

Fixations are the most important factors while gnialg the eye-tracking data. A major part
of the studies from the literature study focussefxations. Fixations are the moments when
a person shifts his gaze towards a certain poisindgJfixations, researchers can track where
the participants’ attention is located. A seriedixdtions, or scanpath, can determine the

route of viewed objects.
Outcomes interviews

All interviewees acknowledge that the measuremgfixations is crucial when conducting
eye-tracking research. Both with research on ttexaction with interfaces, as research on
communication between humans, fixations are a akfactor. Interviewee E: “Fixations are

the most important factor when measuring eye mowestie
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In the literature study, mobile eye-trackers otk of accurate measurements of fixations.
An eye-tracker that can only tracks to what regipaticipants approximately look, but at

which the fixations are not available or inaccur&dighly undesirable.

Important aspects that are mentioned as used wopieresearch are the duration of
fixations, the amount of fixations and the locatadriixations. Interviewee D: “Position,
duration and amount of fixations are the factoed Hre needed in almost every eye-tracking
research.” Also the averages of these fixationsthaanerged fixation data of multiple

participants are important.

The interviewees highlight the importance of thpart from the software while analyzing
the fixation data. “The program should definiteffeo options to calculate this [fixations]
data. If not, this would be very disappointing, armebuld think twice before using the eye-

tracker. (Interviewee A)”
Conclusions

The accurate and easy measurement of fixationkighgriority, and should be one of the
most important features of the eye-tracker. Thetipos duration and amount of fixations

should be easy to obtain through the software.

Saccades/ rapid eye movements
Intro

Saccades are the movements of the gaze in betwedioris. During saccades no information
is registered. Saccades are especially an impdeetar of eye-tracking during analyzing

reading behavior. At fig. 10 the blue lines betwdendots are saccades.
Outcomes interviews

Overall, saccades are seen as less essentiabthtiarfs. For example Interviewee A who
states that “At the communication sciences departnsaccades are not important.”
However, mainly at the Educational Sciences departreaccades will be used extensively.
Reading is an important aspect of the learninggseof children. To research the reading

behavior of children, accurate measurement of slscis essential.

44



At this moment, no research can be done on redsihgvior, because the sample frequency
of the current available eye-tracker at the uniters insufficient (60 Hz). This problem is
supported by the literature about eye-trackingolyhlantti and Pyykk (1985) argue that to
accurately measure saccadic velocity, the sametpiéncy should be at least 300 Hz.
Inchingolo and Spanio (1985) showed that even ar2008evice would satisfy in most cases.
This was tested with saccades larger than 5 degiéasn it comes to reading behavior,
saccades are mostly shorter than 10 degrees. Balies underline that 60 Hz is insufficient

for analyzing reading behavior.
Conclusions

Not every department will use the measurement@fastes. However, it is a desirable
function on an eye-tracker to measure saccadesaectrom the literature we know that
eye-trackers higher than 200 Hz will be neede@search reading behavior.

I dentifying Areas of | nterest
Intro

Areas of Interest are the areas that are identifiedeasure the amount and duration of the
fixations at that regions. For example, differeattp of a website (ads, text, pictures, etc.) are
marked as AOI's. These different AOI's can be uakethe data analysis to analyze the

amount and time of fixations on the different pavedb site.
Outcomes interviews

All interviewees state that Areas of Interest (Adkre essential for analyzing eye-tracking
data. Again, interviewees highlight the importan€éhe assistance of the software when
making these Aol’s. It is seen as a required famctf the software. In the software of desk-
mounted eye-trackers this is certainly a feasibiefion. When the image is not moving, it is
in most devices quite easy to set up Aol’'s. Howewdren the image is moving, like in head-
mounted devices, it is way more difficult to detBeed and not moving Aol’s. In the ideal
situation, the software is capable of identifyingl’A in moving images. If this is not
possible, markers can be a practicable alternative.
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Conclusions

For a desk-mounted device it is required that Aafls effortless to make by using the
software. When moving images are made through @ imemunted device, it would be ideal
when the software could recognize Aol's. Some d&vitan recognize selected Aol’s by their
borders in the image, even when it's moving. Whes is not possible, are markers a fair

alternative.

Use of heatmaps
Intro

Heatmaps are visual representations of the ar@aiipants looked at. By using different
colors, in one image a clear oversight is giveha# much, or for how long the participants

looked at certain areas.
Outcomes interviews

The interviewees state that heatmaps are gene@lysed for analyzing the data.

Interviewee A, for example, remarks that “heatmagsused for the visualization of the data,
rather than for data analysis.” In some cases tatigk research is done using heatmaps. Most
of the time they will be used to make the data ssibée and the images of heatmaps will be

used to place into articles.

Despite the limited role in the data analysis, gomnitg of the interviewees account that it is
very important for an eye-tracker to have a functizat can easily produce heatmaps. The
eye-tracker that is used in the past at the uniyed&l not have an option in the software that
could produce heatmaps. By different interviewéesis seen as a shortcoming. Thus, in the
past there was a strong need for making heatmagdghay state that this would not be any
different in the future.

Interviewee D suggest that the heatmaps shoulddzkiped by the accompanying software,
instead of importing the data into other prograltnis. the interviewee’s experience that this is

much easier to use.

Heatmaps of multiple participants in one imageasincluded in every devices’ software.
Four interviewees stated this as a desired optidretincluded.
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Conclusions

The software should be capable of producing heagmathout extra effort and without
importing the data into other programs. Furthermtire option to merge multiple participants

into one image is desirable.

M obility
Mobility of eye-tracking system during testing
Intro

When looking at the case study, one could condiidemore mobile equipment could
prevent several problems that occurred duringrtgstivhen participants could walk around
freely, without being obstructed by the placemdrihe eye-tracker, multiple screens could
be measured, and the eye-movements could be cealdiinet whole time. This could give

crucial information about the loss of concentratdthe participants.
Outcomes interviews

Every interviewee recognizes the possibilities af@bile eye-tracking device. For example
Interviewee A, who states that: “Mobile eye-traakimill give us a lot more opportunities to
research. At the moment we are very limited.” Hogrett is not seen as an absolute necessity
by every interviewee. There are many research oppities that are at the moment
impossible. Examples of studies that are stateithéynterviewees to be done with a mobile
eye-tracking device are the measurement of prireelngol students in more natural school
environments (Interviewee B), research on groupvemations (Interviewee C) and research

in supermarkets and shops (Interviewee A).
Conclusions

The mobility of an eye-tracking system should be ohthe key factors when applied in an
ambulant lab. However, the interviewees have higitéid the importance of a system that is
accurate and that can measure on interfaces bkenguter screen and tablets. If an eye-
tracker is suitable for these purposes, then nmplzibuld be a very interesting feature. To
meet the purpose of an ambulant lab, mobility sthalvays be a requirement, but only if

other important requirements are not neglectedusecaf the mobility.

47



Setup and calibration time
Intro

As concluded in the earlier described case stimdytiine to set up and calibrate the eye-
tracking system can be crucial. Especially in duliab studies, time could be crucial. Many
times participants in the field do not have unladitime to participate, and therefore the
setup of the eye-tracking system cannot take tog.IBuring the case study, calibration took
several times before succeeding with several patnts. This affected the time they could

spend on their job, and therefore their mood arlihgness to co-operate with the study.
Outcomes interviews

The interviewed persons state that it is importhat the system could be used at different
locations, for example at schools. However, In@mge A point out that “this would only add

value if the setup of the eye-tracking system wadtitake much extra time and effort.”

Interviewee E points out that much of the practpat of the eye-tracking will be executed
by students. This implicates that the thresholdomple who want to practice the eye-
tracking without major experience with the systeas to be low. Therefore, both the setup
and calibration should be as easy as possibleputitheeding much technical skills.

Both at the Educational Sciences department as@iniinication Sciences, much research is
done with adolescents and kids as participantgrdaious research Interviewee A and B have
perceived that when the procedure before the atggtihg (i. e. calibration) takes too long,
kids and adolescents soon get bored and distratitedefore they point out that an as low as

possible calibration- and setup time is requiredrireye-tracking system.
Conclusions

An easy setup that requires no extra technical keaye is crucial. No extra knowledge of
other statistical programs, like transporting data Matlab or R, should be required.
Besides, the setup of the hardware should be edsylement, without external technical

help.

Calibration has to be run in less than a minutés TEhnecessary to counteract the loss of
attention of children and prevent irritations oftpapants that are held from their job or have

restricted time to cooperate.
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The calibration of a desk-mounted device is oftéiei@nt from head-mounted devices. With
a desk-mounted device, a 5-points calibrationdaselr) will be presented on the screen.
When looking at the literature studies, this wowmtd cause many problems. Only when the
eye-tracking device cannot be connected to the unedscreen, like in the case study,
calibration can be problematic. With head-mountedaks there are often options to calibrate
as well before and after measuring. Calibratioarafteasuring is desirable. This will prevent
agitation among the participants when calibratias to be repeated multiple times. When
participants can get to work immediately, they Wil way less aware of the device, which

leads to more valid results.

Outdoor use of eye-tracker
Intro

Outdoor use of eye-trackers is currently not comimpracticed. One example that is
described in the literature study, is the studFadlsham, Walker and Kingston (2010). They
compared the eye-movements of participants dumnguadoor walk through campus with
those who watched that same walk at video scré@éest results show that there are
differences between real-life outdoor situationd simulated outdoor situations. Thus, if
research questions focus on outdoor environmectisalaoutdoor use of the eye-tracker

would be the most valid.

Especially head-mounted devices are currently boilderform outdoors. Many desk-
mounted devices are affected by the lighter ancerabanging environment caused by the
sun and weather. However, not all head-mounteccds\are capable of dealing with natural
infrared light that floods the eye camera. Evara.€2012)were forced to let participants

wear hats to prevent problems. On cloudy dayswhis not necessary.
Outcomes interviews

Outdoor use of eye-tracking is by none of the wnved persons executed in the past. Only
a few persons mention outdoor use of an eye-traakéeing relevant in future research. For
example Interviewee A, who states that in commuignasciences research “outdoor
measurements certainly have potential, for exampken measuring traffic signs, signals on
buildings or outdoor advertising.” The majority dagot think outdoor use will be used on a

regular base. Semi-outdoor use of eye-tracking,ilika car, is also not practiced at the
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university. Interviewee F states that “this regsiiegjuipment that is suitable for these
conditions. | have no idea whether this will bediaethis department if this is available.”

Conclusions

The measuring of eye-tracking outdoors, and theeafoopen air is not seen as a direct
criterion when purchasing an eye-tracker. Howewevpuld add extra value to the practice of
eye-tracking in more realistic environments. Esplcivhen automotive research would
implement eye-tracking more in their research, ateacker that can easily record in open
air would be essential. In many automotive stutti@s the literature study, the importance of
changing light conditions is mentioned. Eye-traskiat can measure outdoor should be able
to deal with many different light conditions. Maaye-trackers are not capable of dealing
with those conditions. The criterion for eye-track#hat should be functional in open air is

that it demonstrable works in for example car- aparts environments.

I ndoors research out of thelab
Intro

All'in field research is done outside of the labt bot necessarily in open air. Many eye-
tracking studies are for example performed at padints’ homes, at schools or at rooms at
participants’ work environments. For these purppoese is no direct necessity for the eye-
tracker to be fully mobile and head-mounted durmeasurements, but it has to be easy to

relocate from the lab to the environment of measerd.
Outcomes interviews

In contrast to outdoor research, there is a greadl flor measuring indoors out of the lab. As
stated before, most interviewed persons have woskitda desk-mounted eye-tracker that
could not move anywhere besides its stand at theersity. By the interviewees this was
encountered as a huge obstacle. The need for amasker that can easily be moved to the
field is high.

Indoor, but out of lab, research environments #hatmentioned are especially supermarkets
and schools. In schools an eye-tracker that candasted onto a laptop would be sufficient.
For research at a supermarket, interviewees higfeligthe necessity of head-mounted, and

therefore more mobile, equipment.
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Conclusions

An eye-tracker that is easy to relocate, is a Figlelsired option. Such an eye-tracker should
fulfill some criteria. The eye-tracker should netlbounded to one particular place, like the
current situation at the University campus. The&egeker should be easy to move, for
example by a suitcase with all the supplies foraye-tracker, and the eye-tracker itself. The
eye-tracker should be capable to connect to the cmmputer, without extra applications that
have to be installed. Also the computer that hasettecutive program installed should be
mobile. This will be in the form of a laptop, tabte even mobile phone. A basis computer
running the executive program that is a not movabklsonal computer, is highly undesirable.

Free movement
Intro

In the case study is already seen that particighatscan’t move freely behind the eye-tracker
can be very disturbing. The participants were igstl in their job because the eye-tracker
easily lost track of the eye movements when motarttpe left or right, or ahead or
backwards. Especially in less structured envirortsiins could have a negative influence on
the results. Data could be lacking or incompleteabise of the lack of registration of the eye-

movements when the participants moves too much.

Mobile eye-trackers are built to move freely, andstthese problems are not applicable.
However, when working with desk-mounted devicess, itha factor that can be a factor to

keep in mind.
Outcomes interviews

Interviewees have mainly worked with desk-mountedeks. Both Interviewee A and B
state multiple times that is experienced as vestudoing that when participants moved
behind the eye-tracker, the whole gaze patterngdthrSome freedom to move behind the
desk should be very desirable, certainly because riimes there will be worked with small
children and youths. These groups of participargsaccording to the interviewees, often not
capable of being located at one exact spot fongdoperiod of time. Interviewee B: “6 year

old children that have to sit at the same positorra couple of minutes was a disaster.”
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To counteract the loss of data when participantgatehind the desk, some eye-trackers
have a built-in head rest. Due to this head restjgipants are highly restricted in their
movements, but the data will be completer and raoceirate. Interviewee B has worked with
such head rests in the past and advices agaings¢hef it in a future eye-tracker. Again,
small children and youths are often incapable afkimg with a head rest. When measuring
children, is of great importance that the equipme&mbt disturbing. A head rest clearly

disturbed the participants in former research efitiberviewees.

Conclusions

An eye-tracker with a head rest is absolutely weisable. However, an eye-tracker that does
not have a head rest should offer the possibilibesnove freely behind the eye-tracker,

without loss of data. There are limits to all des&unted eye-trackers as it comes to freedom
of movement, because every device has its limgadh. If we look at the literature, problems
occurred when the participants had no space to rabak. When this space is approximately

30cm x 15cm (width x height) the freedom of movemsrsufficient.

Furthermore it is a must that when participants eniovand out of sight of the range of the
eye-tracker, the eye-tracker automatically keegsktof the gaze, without any interference of

the researcher.
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V. Requirements

MoSCoW- Method

To categorize the requirements that came forwarshgthe case study, literature study and
eventually are conceptualized during the intervielvs MoSCoW-method is used. Using the
MoSCoW-method a classification is made based omtpertance of the different
requirements (Tudor & Walter, 2006).

The MoSCoW-method is subdivided into 4 categofikkist have”, “Should have”, “Could
have” and “Won’t have”. The requirements that fialb the “Must have” category should be
certainly be aspects of the eye-tracker. If thegglirements are not aspects of the eye-tracker,
the eye-tracker won't fit the demands of the deparits and/or the ambulant lab. The criteria
used for this category is that there is no altéveananner to get a satisfying result. For
example to measure saccades, a minimum sampleefiegof 200 Hz is needed. There are
no alternative ways to measure saccades with alsaeple frequency. If an eye-tracker is
purchased that is missing one of the “Must havguimements, this could be seen as a bad
bargain, and therefore not a success. The “Shawd’lrequirements do not determine the
success of the purchase of an eye-tracker, bugtidiref great importance of the proper
functioning of the device into an ambulant envir@mt Contrary to the “Must have”
category, there are alternatives for these requngsn Although it is not the ideal way, if
these requirements would be missing other optioasaailable to take place for this
requirement. For example it is easiest to makenmaas directly with the software of the eye-
tracker. However this is also possible by transgiwtdata from the eye-tracking software to
other data processing programs. The “Could hawglirements can be of value, but are less
important than the “Should have” requirements. “lDdwave” requirements can be seen as
nice extra options, but not directly necessaryaftswering current and near future research
questions. The “Won't have” category are featufemoeye-tracker that are seen as highly

undesirable.

The requirements are selected from the outcom#geahterviews. In the conclusions of
every topic the specifications of eye-trackers thiditcover the needs of the interviewees are

outlined. Due to the prior case- and literaturelgtall the factors that are important during
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(mobile) eye-tracking are covered. To ensure cotapéss of the list, the specifications of
some eye-trackers are revised to look for possitiésing requirements.

Differences

Most of the time, the MoSCoW-method is used fordpiais that still have to be designed and
produced. This differs from the current case, inclithe supply of eye-trackers already
exists. The university is not planning to make @#/n eye-tracker. Therefore, the design of
the MoSCoW categories and the interviews diffeighdlly from the normal use.

Firstly, because the supply of eye-trackers angpieifications was already known, the
interviews were, as already stated, semi-structurkd possibilities of specifications of an
eye-tracker are not endless for the interviewdmrs the researchers had to consider these
limited specifications. To an extent, the intervé®s had to be informed about the
possibilities that are currently available. If tlvas something that was still to be build, the
interviews would be way less structured. This waaigly that the direction of the answers

would depend more on the interviewees, insteatefrterviewer.

Because of the semi-structured fashion of the vieess, it had no added value to count the
amount of quotes of the interviewees, and categarsing that numbers. This study used a
more qualitative fashion to structure the requireteeBecause the categories already roughly
exist before the interviews took place, there isi@ed to count the quotes. By using the
quotes of the interviews about the topics that vdgseussed during the interviews, an

accurate categorization could be made by the relsee.

The “Won’t have” (or sometimes “Would not”) categas normally used for requirements
that are not important enough, or perhaps may Ipeitant in the future. In the current study
this category is used to categorize requiremeiatisate seen as highly undesirable by the
interviewees. These “requirements” are highly umsathle to be included into an eye-tracker.

Structureresults

The categories during the interviews were divided Hardware”, “Software” and
“Mobility”. To keep the data uncluttered, the reguments are also firstly divided into these

categories. Thereafter the requirements were mengedne overview.

When the four MoSCoW-categories were all mergea ame overview, they were laid out

side by side with the current supply of eye-trask@&his supply of eye-trackers is created by
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looking at the literature study, the experiencemtarviewees and a thoroughgoing look into
the most up-to-date devices.

Schematic outcomes requirements

Tab.6. Requirements MoSCoW Hardware

Hardware

Must

Minimum sample frequency of 200 Hz | There are no alternatives to measure saccades with a
device that has a lower sample frequency.

Capable of measuring computer Computer screens, mobile phones and tablets all are

screens, mobile phones and tablets included in the research objectives at the university.
Performing phone and tablet studies on a computer will
harm the validity.

Accuracy under 0.5 deg. Accuracy above 0.5 degree will have an adverse effect on
the reliability of the results.

Should

Could

Measuring accurate at longer Will create more options to research and is crucial for

distances some purposes, but most research questions can be
answered without measuring at longer distances.

Measuring longer than 30 minutes. Can be useful for several research questions. However
setups can be adjusted to overcome this problem, for
example by splitting the measurements up in multiple
sessions.

Full integration with EEG Can be useful in some specific research questions.
However, the absence of this integration does not mean
that EEG and eye-tracking can’t be measured at the same
time.

Integration with Virtual Reality Can enhance the possibilities in the future. At the
moment and near future Virtual Reality is not used.

Wont

Tab. 7. Requirements MoSCoW Software

Must
User friendly software In the current situation at the university, where no expert
on eye-tracking is available, the software should be
accessible for researchers with less knowledge of eye-
tracking, and students.

Measuring position, time and amount | Most important factors of eye-tracking. The position,

of fixations time and amount of fixations are all measured factors in
current and future research at the university.
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Option for making Areas of Interest
for static eye-tracking

To analyze the fixation data, Areas of Interest are a
necessary tool. External programs are capable of making
AOIs but often require time-consuming methods to count
the fixations.

Options for measuring saccades

Crucial for research at Educational Sciences.
No alternatives available.

Should

Option for making merged heatmaps
for multiple persons

Merged heatmaps can be made by using alternative data
programs.

Option for making heatmaps for a
single person

Heatmaps for a single person can be made by using
alternative data programs.

Could

Option for making Areas of Interest
for moving eye-tracking

Feature that facilitates easy data processing. However,
markers are a decent alternative.

Wont

Tab. 8. Requirements MoSCoW Mobility

Mobility

Must

Calibration in less than 60 sec.

Crucial for research questions that need to measure kids.
No alternatives available.

Portable eye-tracking device

If the eye-tracking device is not portable, research
questions that target environments out of the university
lab setting are not possible to answer.

Should

Calibration after measuring

Reduces the time spent on calibrating. However with a
calibration time below 60 seconds this is not a huge
obstacle.

Portable device that runs the software

Eye-tracking can still be performed without a portable
device that runs the software, although it gets more
restricted.

Could

Mobile eye-tracking system during
testing

Participants still see a lot of research opportunities
without a mobile eye-tracking system.

Proven to be capable in open air

Outdoor use gives more opportunities, but the research
guestions of the respondents does not directly aim to
measure in open air.

Wont

Large head-mounted device

Research objectives with kids are hard to perform with a
large head-mounted device.

Extra technical knowledge to apply
setup

The threshold to use the equipment becomes to large
when extra technical knowledge is needed. Only can be
moderated by an expert that is not available at the
university.

Eye-tracker with head-rest

A head-rest is a huge obstacle on studies with kids and
longer studies.
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Tab. 9. Merged Requirements MoSCoW Hardware, Skadftarad Mobility.

Minimum sample frequency of 200 Hz.

Capable of measuring computer screens, mobile phones and tablets
Accuracy under 0.5 deg.

User friendly software

Measuring position, time and amount of fixations

Option for making Areas of Interest for static eye-tracking
Calibration in less than 60 seconds

Portable eye-tracking device

Options for measuring saccades

Should

Option for making merged heatmaps for multiple persons
Option for making heatmaps for a single person
Calibration after measuring

Portable device that runs the software

HD-quality

Could

Measuring accurate at longer distances
Measuring longer than 30 minutes.

Full integration with EEG

Integration with virtual reality

Mobile eye-tracking system during testing
Proven to be capable of outdoor use

Won’t

Large head-mounted device

Extra technical knowledge to apply setup
Eye-tracker with head-rest
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Overview selected eye-trackers

Based on the literature study and a look into tiveent offer of eye-tracking devices, a

selection is made of nine eye-trackers that shooler the whole spectrum.

SMI Glasses 2.0

Head-mounted

60 Hz

Tobii Glasses 2

Head-mounted

500 Hz

60 Hz %
~
.y
ASL XG Eye Head-mounted
30 Hz
)G/Q
Mobile ITU Head-mounted
40 — 150 Hz
Tobii TX300 Desk-mounted
300 Hz
SMI RED-500 Desk-mounted
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Tobii X2-60 Desk-mounted
60 Hz

SMI RED-M Desk-mounted
60 Hz

EyeLink Il Head-mounted

500 Hz
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Tab 10. Requirements MoSCoW combined with eyehtigadevices. Green boxes stand for the fact thatdévice scores positive for that
certain requirement. Red implies a negative score.

00 REDS00 60 RED

Minimum sample frequency of 200 Hz.
Capable of accurate measurement of computer
screens, mobile phones and tablets

Accuracy of 0.5 degree or lower

User friendly software

Measuring position, time and amount of
fixations

Option for making AOI’s for static eye-tracking
Calibration in less than 60 seconds

Movable eye-tracking device

Options for measuring saccades

Option for making merged Heatmaps
for multiple persons

Calibration after measuring

Free movement of participants
HD-quality

Option for making Heatmaps for a single person
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Correction for parallax errors

Measuring longer than 30 minutes.

Full integration with EEG

Integration with virtual reality

Proven to be capable of outdoor use

Measuring accurate at longer distances

Option for making AOI’s for dynamic eye-
tracking

Portable device that runs the software

Completely mobile during testing

Large head-mounted device

Extra technical knowledge to apply setup

Eye-tracker with head-rest
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V. Conclusion and Recommendation

None of the devices meets all the requirementshitnad been set. Also none of the devices
even meet the “Must’-requirements. The device toald potentially meet all requirements
that are set as a “Must” is the EyeLink Il. Thiwvide has the power of at least 200 Hz sample
frequency (500 Hz) and an average accuracy of €gbees, but is also capable of head-
mounted, and thus more mobile, measurements. $lai€ombination that is unique in the
current supply of eye-trackers. At the first hahe best option to purchase. However, the
device has some serious shortcomings, especiakywieasuring with the scene camera. The
video quality (NTSC/S-Video) of the scene camemisappointing. Compared to other
devices this quality is too low, and can be anadistduring various types of research, for
example on handheld devices. The software canlmnhan on a Windows XP computer with
FireWire, which is a computer that is becoming rdieat same software could be another
obstacle. The form of the data of the scene cameayaantitative. Analysis of this data can be
complicated, because there are no options forrsg@tic. This should be done by hand by the
researcher. And at last, the mobile characterisfitead-mounted device is a little delusive.
The subject is tethered to the earlier describest R€ by a 6 meter cable. This implies that

although it is a head mounted device, the resaaramited to a lab setting.

This absence of one ideal device requires a selookdat the Table 10. As stated in the
paragraph above, the EyeLink Il is a rare eye-gathkat has both the specifications of a
higher sample frequency and mobility. This distimietiies in the fact that most eye-trackers
are either head-mounted and mobile, or are deskatadwand have more power. Nearly all
head-mounted devices are incapable of having adagiple frequency and measuring
saccades, whereas desk-mounted devices obviollsthdat on the mobile aspects that are
required. Unfortunately, we know from the interveethat both sides are required at the
university. This distinction is also remarked dgrthe interviews by Interviewees D and E.
They recommended that it was going to be diffitoiind one device that can meet all the
requirements, and therefore a distinction betwesaddmounted and desk-mounted devices
could be a logical solutioiFrom my point of view, | would suggest to buy batmemote as
a mobile eye-tracker (Interviewee E).” When divglioth categories into two separate
tables, this distinction becomes clearer. This@dehd to a purchase of eye-tracking

equipment that still meets all the requirements éne set.
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Head-Mounted

In Table 11 mobile head-mounted devices are grauged both categories are grouped, the
requirements that are less necessary for both @aésgare scored out. This should lead to
requirements that are more specific for both caiegoThis won’t cause any problems, at
least if the same requirement is not scored oubdbin head-mounted as desk-mounted
devices. If so, this would not probably not be @ requirement, because it is not needed in

both categories. The following requirements aregestout in the head-mounted section:

Minimum sample frequency of 200.Hzsample frequency of 200 Hz is absolutely not

necessary for a head-mounted device. Only if s&scadd real short fixations are measured,
this frequency is needed. 30-60 Hz will be suffitiezhen not measuring computer monitors.
In real-life measurements factors that can be miedswith 200 Hz or higher do not play any

role.

Accuracy under 0.5 degree&ccuracy is important, but an accuracy under @@&rees is not
absolutely necessary. When measuring in real-iferenments, the difference between 0.3
degrees or 0.7 will not even be noticed. This dusively needed when performing specific

research on computer screens.

Options for making AOI’s for static eye-trackir&s the name already gives away, static
AOI’s are exclusively used with static eye-trackiagd thus desk-mounted eye-tracking. For

head-mounted eye-tracking, dynamic AOI’s are ratéva

SaccadesSaccades go in hand with sample frequency. Mosilembead-mounted eye-
trackers do not have the amount of Hz to measw®adas decently. Using head-mounted
eye-trackers to perform reading research can baustive, although when reading on paper

they will have its’ advantages.

Head-restHead-mounted eye-trackers never work with heat$rbscause they are built to
operate as mobile as possible. Therefore the uaédead-rest is not an issue when

purchasing a head-mounted eye-tracker.
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Tab. 11. Requirements MoSCoW mobile eye-trackimgeke Green boxes stand for the fact
that this device scores positive for that certaquirement. Red implies a negative score.

SMI GI. 2.0 Tobii Gl. ASLXG Mobile EyelLink Il
2 137/ ITU

Capable of accurate measurement of computer
screens, mobile phones and tablets

User friendly software
Measuring position, time and amount of
fixations

Calibration in less than a minute
Movable eye-tracking device

Option for making merged Heatmaps
for multiple persons

Option for making Heatmaps for a single person
Calibration after measuring

Free movement of participants

HD-quality

Correction for parallax errors

Measuring longer than 30 minutes.

Full integration with EEG

Integration with virtual reality

Proven to be capable of outdoor use
Option for making AOI’s for dynamic eye-
tracking

Portable device that runs the software

Large head-mounted device

Extra technical knowledge to apply setup
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Interpretation assembled requirements and eye-tngc#levices

With the separation of the types of eye-trackestar deletion of the non-relevant
requirements in both categories, the distinctiamvben suited and non-suited eye-trackers

becomes clearer.

When looking at Table 11, two eye-trackers scosefiicient to even be considered as a
suitable eye-tracker; Mobile ITU and EyeLink Il.@Mobile ITU eye-tracker seemed to be a
decent optioeforehand. The costs are very low, but the pd&sbkiand challenges seemed
to be interesting. However, if we only look at wres at the “Must” category, the
specifications of the Mobile ITU are unsatisfactorpis eye-tracker meets only 2 of the
requirements. If we look at the “Should”, “Couldicd“Won't” categories, the only
requirements that are scored sufficient are theilibtelated ones. The Mobile ITU eye-

tracker is not a serious option to purchase authigersity of Twente.

The second head-mounted eye-tracker that sconeiament is the EyelLink Il. This eye-
tracker falls into a higher price range than thebMoITU. It is already discussed that this
eye-tracker could meet the requirements capalietbf mobile and desk-mounted devices,
and is built to use for both purposes. Howevewngflook at it as a mobile eye-tracking
device, it does not meet the requirements. The niyajaf the “Must’- requirements are
insufficient. Also half of the “Should” and “Could&quirements satisfy the needs. The
EyeLink Il only meets half of the requirements thed set. It seems that the versatility of the
device becomes its’ disadvantage when dividing lbategories into separate tables. Where
the EyeLink Il was the most suitable option wheokiog for a purchase that is both mobile
and has the power to measure above 200 Hz, ibbasany shortcomings when looking at it

as a pure mobile device.

The three devices that are serious options to psechre the SMI (SensoMotoric
Instruments) Glasses 2.0, the Tobii Glasses 2lad 8L XG Eye. All three have nearly all
“Must” and “Should” requirements positive. Howevee have to take the “Won’t”
requirements also in consideration. If a deviceexoegative on one of those factors, this
means that it has disadvantages that are mentambyhly undesired. The ASL XG Eye has
one of those unwanted factors; a large head-mouwlgeide. As already discussed this is
considered to be a major disadvantage, due to #my studies with kids and the
interviewees’ previous experiences with these kofd¥evices. A major disadvantage like

this rules the ASL XG Eye out as a possible detogeurchase. Although the specifications
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of the device are good, from the interviews catebened that the appearance of the eye-
tracker can cause too much trouble for the reseesch

This leaves only the SMI Glasses 2.0 and the Teélasisses 2 as possible purchases. Both
devices have the maximal score on both the “Mustl’ ‘&hould” categories. Only on the
“Could” section, the SMI Glasses 2.0 score better @ the full integration of EEG and

Virtual Reality. If we look at the experiences bétinterviewees, both SMI and Tobii are

rated as reliable and user-friendly. These aretalsonanufacturers that are most used in both

the interviewees’ research as in the literaturdystu
Desk-mounted

As already explained in the Head-mounted secti@ve@bsome requirements are scored out
due to their irrelevancy on one of the two categgriThe following requirements are scored

out in the desk-mounted section (tab. 12):

Option for making AOI’s for dynamic eye-trackii@esk-mounted eye-trackers are not
functional to perform dynamic research, in which timage of the recorded scene constantly

changes. Therefore an option to make AOI’s foréhegions is not necessary.

Calibrating after measuringCalibration after measuring is usually used witbbite eye-
trackers, because the camera is constantly changfiily desk-mounted eye-trackers the
image is unchanged for the whole time, and theeetioe calibration only takes place once,

before the actual measurement.

Completely mobile during testinBesk-mounted eye-trackers are not mobile atad,

therefore thigequirement is not applicable.

HD-quality of the cameraDesk-mounted eye-trackers usually do not use &c@arbut are
connected to a computer device. When a cameratdedelike in the case study, the use of a
head-mounted device more suitable. Besides, ifreecaneeds to be used in combination
with a desk-mounted device, this camera needs puthased by the user and is not

included in the equipment.

Correction for parallax errorsParallax errors occur when the camera has to tditeclepth
of the objects in the environment. This is irrelevahen measuring only a computer screen.

Only mobile eye-trackers experience these errors.
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Proven to be capable of outdoor u§inly mobile eye-tracking research is performedpen
air. There is no need in desk-mounted researck tesbd outdoors. The only factor that can
be important is that the eye-tracker needs to palda of dealing with minor changes of the

light conditions that can occur indoors.

Tab.12. Requirements MoSCoW desk-mounted devics=n Goxes stand for the fact that
this device scores positive for that certain regment. Red implies a negative score.

00 00
00 REDS00 60 RED
Minimum sample frequency of 200 Hz.
Capable of accurate measurement of computer
screens, mobile phones and tablets
Accuracy of 0.5 deg. or lower
User friendly software
Measuring position, time and amount of
fixations
Option for making AOI’s for static eye-tracking
Calibration in less than a minute
Movable eye-tracking device
Options for measuring saccades

Should

Option for making Heatmaps for a single
person

Measuring longer than 30 minutes.
Full integration with EEG
Integration with virtual reality

Portable device that runs the software

O
Large head-mounted device
Extra technical knowledge to apply setup
Eye-tracker with head-rest
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Interpretation assembled requirements and eye-ingc#levices

Again, the specifications of the EyeLink Il seenbtwinsufficient due to its versatility.

Overall it seemed to be the most promising optiot,after dividing head-mounted and desk-
mounted eye-trackers into separate categoriegyekeink Il device seems to be
unsatisfactory. Although the EyelLink Il scores tlg better on the requirements for a desk-
mounted device, it has too many disadvantagesnidre complicated software, longer
calibration and the fact that it is a large headnted device that needs extra technical
knowledge apply the setup all contribute to the fiaat this is not a device that comes in

consideration as a possible purchase.

Similar to the head-mounted eye-trackers, Tobii &Nt are the manufacturers that deliver
the best suiting eye-trackers. However for deskmexali eye-trackers the supply is larger.
From the four remaining eye-tracking devices, we diatinguish two sorts. Eye-trackers that
are smaller and easier to carry, but do only h& k6 and eye-trackers that are a bit larger
but have way more power. Although mobility is imamt in an ambulant lab setting, the
possibility to measure at 200 Hz or more has psipcdertainly if the university decides to
purchase a head-mounted device as well. The priokithe higher amount of Hz rules out the
Tobii X2-60 and the SMI RED-M. Both devices haveHisampling frequency, which is
mentioned several times as too low in the intergiehhis leaves the Tobii TX300 and the
SMI RED500 as possible options. Both devices ameparable. The Tobii TX300 has less Hz
(300) than the SMI RED500 (500). However from titer&ture study and interviews can be
learned that above 200 Hz the noticeable differeiace negligible. The Tobii TX300 has the
option for full integration with EEG and Virtual Bity. This is the opposite of the head-

mounted devices, where SMI had this integration.
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Recommendation

The purchase of both a desk-mounted and head-nistecommended to satisfy the set all
requirements. From the interpretation of the rezqants and the current eye-tracking devices
the conclusion is formed that both Tobii and SMietae requirements at both categories.
Thus, both large manufacturers could supply theersity from eye-tracking equipment that
will satisfy the future users. Because the spedtifbnis of both manufacturers are reasonably
comparable, it is highly recommended to purchask ege-trackers from the same
manufacturer, and not for example a head-mountedragker from SMI and a desk-mounted
eye-tracker from Tobii. The software of differenamufacturers can differ to a great extent.

This implies that it needs more time and efforise both programs fluently.

Both SMI and Tobii are known as reliable compaies comes to support. This is
confirmed by Interviewee E, who worked with eyeck@rs from both manufacturers. She
stated that support can be important when faciffigualities with the equipment. With other

companies, the support was of less quality

Because the purchase of eye-trackers

from both SMI and Tobii is proven Costs SMI and Tobii without discount
by the requirements analysis to 80000

satisfy all the needs of the universit' 75000

a factor that can become crucial are 70000

the costs. Both companies promise( 65000

a combined system discount after 60000

contacting them about the costs. SN ss000

could name an exact discount on th soooo

. .. 1 2 3 4 5 6
normal price. Tobii could for the
. . . Tobii SMI
being time not name a discount,
because of the fact that Fig. 14. Costs of the SMI and Tobii devices withdistount.

the Glasses 2 are only released a shortrhe horizontal axis are the amount of years, ardvirtical
time ago. However, it is ensured that thexis are the costs in euros.

university would be considered a “substantial distt Without the discount, Tobii is still
7.6 percent cheaper than the SMI package. Howthemonthly license use of Tobii is not
included. If this license would be paid every montithin 16 months the costs of both

systems are the same. We have to keep in mindhilsas without the discount of Tobii. To
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get the most out of a possible
Costs SMI with discount and Tobii

deal, the increase of the costs ) .
without discount

of Tobii which exceed the
80000

costs of SMI already after 1.5 __

year can be used. If the 20000
planning of the university is 65000
that the eye-tracker will be 60000
used for, for example, at least >>090

10 years, this can be used to ~ *%°%

1 2 3 4 5 6
negotiate with Tobii. The exaci Tobi Sl
costs can be found in Appendia
B. Fig. 15. Costs of the SMI with discount and theiiTadwvice without

discount. The horizontal axis are the amountears, and the

vertical axis are the costs in euros.

Because of this small differences in price, theeeigmces of both the researcher of the case
study, the interviewees and the eye-tracking exgrertecisive. Although the case study had
some major problems during testing, this was nettdithe Tobii equipment. The equipment
was simply not suitable for the testing environm@ihe software and support of Tobii was
experienced as highly pleasant and straightforw@arge. Interviewee E, who worked with
both manufacturers, recommends both equally. lr@eme B already contacted Tobii for
information about an eye-tracking device. Her eigrares were positive. At last the eye-
tracking expert recommended Tobii to be the besiceh He/she did use many different eye-
tracking devices and also took part in the develapnof specific eye-tracking devices, which
are not included into this study due to their sfi@ty. Thus, is we look at the former
experiences of the persons involved in this stidpii can be seen as the most reliable

purchase.

This study has led to the first recommendationuxeipase a combination-deal of the Tobii
Glasses 2 and the Tobii TX300. The recommendedmstippckage for the Glasses 2 is the

Tobii Glasses 2 Live View Wireless Package. ForitR800 only one package is available.

If, for example, the costs are too high to purchtasehigh-end eye-trackers, some
alternatives exist. These alternatives will mess leequirements, but still can be suitable at
the university. It could be conceivable that thevarsity only has the possibilities to purchase

only one eye-tracker. This eye-tracker should omget the most important features and
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therefore primarily the “Must” requirements arede. If we look at the “Must”
requirements, only desk-mounted devices can pgsiilgossibly all requirements. Head-
mounted devices can give a lot of extra opportesitor future research, and could be
indispensable in the future. However, at this mantiegy are not entirely necessary to meet
the basic needs of the university. Both Tobii TX20@ SMI RED500 meet the “Must”
requirements, except for measuring on mobile phandgablets. After contacting both the
manufacturers they state that although the measunsnon such devices is better by using a
head-mounted device like described in the firsomemendation, there are external camera
packages available to facilitate these measuremeénésonly downside is that this external
camera packages can lead to problems that ocaduraty the case study, if the research will
be done in an unstructured environment like atridiic posts. Although from the interviews

can be learned that research in such an environwikite very scarce at the university.
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VI. Limitations

The absence of members of the Cognitive PsychaogyErgonomics Department of the
university that are experienced with, or interesiteeye-tracking means a gap in the
information that could be acquired. If a research&s available who had future plans with
eye-tracking, he/she could provide some crucia dathow eye-tracking would be applied at
this department. This gap is partly filled withiaterview with a member of the Human-
Computer Interaction department, which has somdagevith the Cognitive Psychology and
Ergonomics department. Furthermore a former emplaye¢he University of Twente was
contacted. He/she could be seen as an expert dielihef eye-tracking. No interview was

conducted, but he/she could provide some very Uspfuon the choice of different devices.

The use of the MoSCoW-method could have some siisaltivantages. Due to the fact that
most interviewees are not experts on eye-trackeggirements that are slightly less
important could be forgotten. Despite the fact thatinterviewees are highly stimulated by
the interviewer to visualize their future reseaitkpuld be hard to know and name all the
different factors that will be important. The casel literature study that formed the structure

of the interviews should moderate these disadvastag

Multiple interviewees mentioned the suggestiongpant one port of call for the ambulant
lab or the eye-tracking equipment. This would featié, and therefore lower the threshold, for
the eventual use of the equipment. If eye-trackwigbe used more frequently, a member of

the university who exactly knows how to use theijapent is advisable.

Despite the fact that this study partly focussetherrequirements specifically at the
University of Twente, the results presented in shigly can be used as a tool when other
institutions need to make a choice between (mobye}trackers. Besides, this study will be
very informative to anybody who is interested ia gossibilities and obstacles of mobile eye-

tracking.
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VIII.Appendices

Appendix A

Set of questions used as guideline during intersiew

1. Member of which department?

2. What areas of research?

3. Is eye-tracking used in research or education airytepartment at the moment?

4. Could you name some examples of studies that ysetlazking at your department?

5. If there would be other/better eye-tracking equipme/ould it be used more and/or

differently?

6. a. Have you ever worked with eye-trackers?

b. If so, which one?

c. What are your experiences with this eye-tracker?

7. Could current eye-tracking studies be improved vdoaicerns the ecological validity

and relevance in a natural environment?
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8. What would be the role of eye-tracking as regacdsther components of an
ambulant lab (skin conduction, EEG, etc?)

b. Does the need exist to integrate data of EEGegmdtracking in one dataset?

9. Is virtual reality and 3D something that currentyworked with, or maybe for in the

future?

10.1f it's possible, is there a need to measure egeking out of the house (in open air)?

11.1s it in your (future) work important that the sptand calibration takes little time and

effort?

12.a. In what environments will eye-tracking be contdd® Does your research always
focus on specific factors, or also on the wholaremmnent itself?

b. Is it the use of markers to mark the area yontwa measure (for example an shelf
in a shop) disturbing?

Could you think of research setting in which th@nd be impossible?

13.a. Is it important for your research to measurewwete on screens (laptop,

smartphone, navigation, tablet, etc.)?

b. Welke rol speelt het meten van schermen irtagk@mstige)

onderzoek/werkzaamheden?

14. Are heatmaps an important tool when analyzing data?
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15. Are the amount and duration of fixation importaettbrs in your research?

And Saccades?
16.There are so called “open source” eye-trackers &alae at the market that have to

be built by the users. This will reduce the cadsts,probably also the functions. Could

this be a replacement for commercial eye-trackersist an extra option?

17.How important is it to get a detailed image (foeeyple HD quality) of the data?

18.To what extent is it important for the eye-tractebe as mobile as possible (for
example a control system could be the size of alenplone or as laptop)?

19.1s eye-tracking used to measure cognitive loacour gurrent/ future work?

20.To what extent is it important to effortless analg#ferent lookzones?

21.Do participants in your research or future reseatwve to look from different

distances? For example 10 meters away?

22.Do you measure eye-tracking for longer periodsrmoét(longer than 30 minutes)?
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Appendix B

Tobii Technology EUR
Hardware

Tobii Glasses 2 Live View Wireless Package 13,800
Tobii TX300 Eye-tracker 32.900,00
Combined System Discount ?*

Softwar e

Licence Tobii Glasses Analysis Software Subscrniptio

280,00 (monthly)

Licentie Tobii Studio Professional 6.900,00
Sub total 53.700,00

Packing, Transport, Insurance 150,00

Tax code -/- Academic Discount (-10%) 4833,00
Sum Total 58.522,00

*Still to be agreed.
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Appendix C

SensoMotoric I nstruments EUR

Hardware

SMI Eye-Tracking Glasses 2 26.900,00

iView X RED500 29.900,00

Combined System Discount -9.000,00

Software

Experiment suite 360 — Professional 4.900,00
Subtotal 52.700,00

Packing, Transport, Insurance 250,00

Tax code 19.00% 10.060,50
Sum Total 63.010,50
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