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Abstract: In this chapter we analyze the attention of usershe move towards
pervasive advertising media. We report the findiofjsvo multi-sensor eye track-
ing studies designed to provide a better understgraf the actual attentional be-
havior of users on the move in different public ieowments. In the first study 106
participants were equipped with eye tracking tedbgy and asked to use public
transportation vehicles equipped with informatiowl @dvertising screens. In a se-
cond study 16 participants were asked to strotitgh a shopping street for about
15 minutes, and during this time different indigatéor their behavior and focus
of attention (eye tracking, movement and pose tragkwere captured. Motion
and pose data was correlated with eye tracking tdaidentify typical patterns of
attention. We report the results of these studhes discuss the implications of
the main findings for pervasive advertising andliyreflect on the used research
methodology.

1 Introduction

Measuring the attention towards different kindsad¥ertising media is of high
interest in marketing research. Most existing resea this area focuses on a per-
son’s attention towards indoor advertising medie printed advertisements and
in-store placement. The more uncontrolled enviramnoé outdoor advertisements
has not been targeted and analyzed in detail yainlyndue to limitations of
available methods for tracking the user's focusttention.

Different investigators try to overcome the methiodaal difficulties of unre-
stricted situations by using virtual representaiohthe real world. This approach
allows studying a person’s attention in a contl#avay. However, due to the ra-
ther artificial situation concerns regarding théeemal validity arise, i.e. whether



the results obtained in the virtual representatiom comparable to those in real
life situations.

To investigate the characteristics and mechanidmssiaessful outdoor adver-
tisement design reliable data and knowledge atimutletailed visual attention of
users on the move is needed. By knowing how pep@ieeive different kinds of
advertisements in a realistic outdoor setting, ithpact of pervasive marketing
approaches can be increased through better des@yplacement of advertising
media.

In this article we describe two studies aiming deance the current knowledge
and methods in the field of visual attention onextisement media of users on the
move. We investigated the participants’ visual fiimas on digital displays in pub-
lic transport (study 1) and on brand logos whilelkivey through a pedestrian
shopping street (study 2). With the results ofstuglies’ explorative field trials we
want to answer basic questions about the percepfidghese outdoor advertise-
ment media. The data can also act as a referendartber research about visual
attention in public spaces.

2 Related Work

In this section we present previous work relateduo studies. The main focus is
on visual attention, eye tracking technology anéndion to public displays and
advertisement.

2.1 Special Importance of Attention in Pervasive and Mobile
Computing

Mobile computing technology allows having electmrmievices available
whenever and wherever we want. However, designaisdavelopers of mobile
applications like palmtop computers, PDAs, and neolphones have to face
unique challenges, because location and environarentusually less predictable
than in desktop applications (Barnard et al. 20G#ilar restrictions apply also
to public displays. Furthermore mobile computingides have the common prob-
lem of rather small visual displays and limited uhpechniques, wherefore per-
formance is often substantially worse than in tlesktbp context (e.g. Neerincx
and Streefkerk 2003). Multitasking and support tlsk interruption are of high
relevance, since in a mobile context the frequarfcglistracting events is much
higher than for a desktop application (Dunlop amdviister 2002) and tasks with
interruptions take longer to complete on a mobéeice than with a desktop ap-
plication (Nagata 2003). Therefore special interesin the increased competition



with regard to attracting the users' attention andnteraction as a non-primary
task in a certain context — which is also an igeug@ublic displays.

2.2 Human Visual Attention and Perception

Humans are continuously confronted with a vast arhadi information and
stimuli, but they are not able to process all dfiiparallel. Therefore it is believed
that the human information processing includesttdr®ck where attentional sys-
tems decide which information an individual proesssin visual attention this
bottleneck is quite obvious defined by the fovea,agea of the retina with the
highest resolution. In foveal vision humans tendixate objects which they are
attentive to. However humans are also able to a@tdects which are in their pe-
ripheral visual field and 24 degrees distant frdra fovea (Posner et al. 1980).
The spotlight metaphor considers visual attent®ma &ind of spotlight which can
be moved around to focus different objects in tisual field. The size of this
spotlight can vary (Erikson and St. James 1986)theagmaller the attentional ar-
ea is the higher is the processing capacity fardhea. When an individual wants
to attend another object in the visual field thpdttight” has to be moved. Is a
person involved in a visual search task, the fealtegration theory (Treisman
and Gelade 1980) postulates the existence of atpgative subsystem, which at
the earliest stage of visual processing decompasasual stimulus into its ele-
mentary features. At a more focused attentive Jaebelse independent basic fea-
tures are recomposed in order to obtain an intedrperception of an object and
the world.

2.3 Development of Eye Tracking Technology

To analyze a person’s gaze behavior is not a nea. iResearch on eye track-
ing is conducted since over 100 years. In thedashdes a strong focus was on
eye movement recording systems, with the aim thegabbjective and quantita-
tive data of a person’s visual attention (Duchow2@D2). Early eye tracking
methods were quite invasive, e.g. electro-oculdgrafgechniques or contact
lenses covering cornea and sclera (Poole and Ba#)2

Today we can look back to a variety of eye traclsggtems, differing in terms
of their appearance and their eye detection teciesiand algorithms (Hansen and
Ji 2010). Basically eye tracking can be infraredduh i.e. the different reflection
of infrared light between cornea and pupil is usedietermine the line of sight
(e.g. Poole and Ball 2005) or appearance-basedgdraputer vision techniques
are used to find the eyes and their orientatiog. (EBan et al. 2002). Furthermore
eye trackers can be head-mounted, build into thepcater screen, and - since



about the last decade - even portable. The developin the direction of more
and more non-intrusive and mobile eye trackers lesatesearchers to observe
close to natural behavior unaltered by limitatiohshe technical equipment. With
mobile eye trackers it is possible to go into thal world and gather data in realis-
tic settings (Hayhoe and Ballard 2005).

Eye tracking technology is further developed towandore light-weight and
low-cost systems (e.g. Babcock and Pelz 2004) whible eye tracking in vari-
ous situations and activities and to make it afitd for the general public. Most
recent developments try to expand the applicatioaye tracking to infants, for
whom the portable eye trackers for adults arevilesl (Franchak et al. 2010).

2.4 Eye-trackingin Public Spaces

The development of portable and less intrusive tegekers enables attention
measurements in the public space. However, onatteer small body of research
exists using eye tracking in real environmentssTgrobably can be explained by
two factors. Firstly, investigations with mobileeefracking imply a reduced con-
trollability of the setting and consequently difflies to realize an experimental
design arise. Secondly, it is a big challenge tal agth the free movements of
head and body. These movements make it harder poeya tracker coordinates
onto world coordinates, and often require a lahajananual processing of the
data (Henderson 2006). Thus, many researcher@nelyrtual environments sim-
ulating a real setting (e.g. Maughan et al. 200@hkopf et al. 2007) to investi-
gate visual attention in an environment as natasabossible but nevertheless al-
lowing experimental control. In this regard Hayteoa colleagues (2002) pointed
out the necessity to validate performance in virtuievironments by investigations
in real environments and - the other way around use gaze behavior in the real
world to generate hypotheses tested in a virtuégremment.

Early attempts to obtain measurements of eye montnie a natural context
and with free head and body movements typicallyceam everyday activities like
driving a car (Land and Lee 1994, Harbluk et aD2) playing golf (Fairchild et
al. 2001), washing hands (Pelz and Canosa 200hyaking a sandwich (Hayhoe
et al. 2003).

More recent research also targets the visual @temm public spaces mainly
with explorative field trials. For example Wesseadacolleagues (2007) investi-
gated the gaze behavior of science museum vigiboexamine which eye move-
ments are related to exploration behavior and d¢gnelaboration. The authors
could identify a common pattern. All participantssf scanned each exhibition
wall as a whole, and then explored single exhilittheir vicinity. Results show
an initial quick skimming of pictorial informationwhich is a rather automated
process, followed by processing like reading textn-elaboration pattern com-
monly assumed in research.



Gaze patterns usually depend on the given taskpefson. This was shown by
Droll and Eckstein (2009) who investigated gaze aramory for objects while
walking around a building with the aid of a mobége tracker. Participants being
told that they will be asked about what they sallofang their walk were much
more likely to notice exchanged objects along tpath. They also fixated objects
longer prior to the change than participants bsintply instructed to walk around
the building. The authors state that this resuligests task demand to have an in-
fluence on gaze control. Another study (Hart andhBuser 2009) investigated
natural gaze behavior while ascending and descgradimill in an urban environ-
ment for two different terrains (street with comstalope and irregularly spaced
sidewalk steps). The conditions resulted in différgaze distributions and the au-
thors claim that the task strongly affects gazeabiht even when instructing par-
ticipants and environment are kept identical.

Concrete implications for the placement of wayfirglinformation in nursing
homes could be drawn by a mobile eye tracking stoidchuchard and col-
leagues (2009). The authors investigated wayfindiing nursing home of older
adults with mild dementia. They could support earfindings that participants
look mainly at the floor and lower part of hallwand therefore rarely look at ar-
eas where wayfinding information is usually placed.

The various insights in gaze patterns in publiccepaare only possible due to
the evolving mobile eye tracking technology. Althbuauthors point out con-
straints like limited conclusions on cognitive pegsing, obtrusiveness of meas-
urement, limited temporal and spatial accuracy, labdrious data analysis (Wes-
sel et al. 2007), mobile eye tracking has the p@tkto explore eye movements in
a more natural setting than every other technoh&jgre.

2.5 Attention in Guidance Systems and Driver-Environments

The user in public spaces who is typically on thevenin public transport or
car traffic has to face the challenge of filterimgt the relevant information from
the large number of available information. To faate this filtering process the
design of signs in guidance systems (like platfawmbers or speed limits) is es-
sential. Early studies in this regard are concemitidl differential effects in traffic
sign perception, like smaller reaction times formiag than for regulatory signs
(Dewar et al. 1976) and longer reaction times fetravert participants (Loo
1978). More recent research in this field (Ben-Basnd Shinar 2006) could
show that ergonomic design principles play an irtgodrrole in the comprehen-
sion of traffic signs. The results show a stronigtienship between the compre-
hension level and the three principles of compltibifamiliarity, and standardi-
zation for drivers of different cultural backgrowdNg and Chan (2007)
considered the participant’s experience with icomfbey identified semantic
closeness as being most important for signs nobéebbefore, and that sign fea-



tures determining sign usability change as the eapee with the sign grows. The
authors conclude from this result that designersraffic signs should consider
different user groups.

Research was also conducted on how the attentionivers can be distracted
from relevant information like traffic signs, elgy advertisement. Since for the
advertising industry it is desirable that roadsad@ertisements gain a lot of atten-
tion, it can be a seen as source of distractiameasing the complexity of drivers’
visual environment (Wallace 2003). In the worstecHss can result in a fatal ac-
cident. An interesting question in this regardasvimuch attention different kinds
of roadside advertisements really attract. A dgvsimulation study found that
roadside advertisements increase mental load aedixgtions and can distract
the attention from more relevant road signage (goand Mahfoud 2007). How-
ever, the visual attention on ads is high espsacialkituation which are monoto-
nous and with a lower workload. Another driving glation study investigated
differences between static and video adverts (@igatin et al. 2009). The authors
found that video advertisements cause a signifigareater impairment of driv-
ing performance than static ones (indicated fomgta by longer and more fixa-
tions and a greater variation in lateral lane pasjt Besides the type of adver-
tisement also placement seems to be an influerfaictgr for amount of attracted
attention. Crundall and colleagues (2006) usedtgking of participants watch-
ing a video clip to study the influence of diffetéocations of adverts. They found
that adverts placed at the height of bus shelt#rach and hold attention at inap-
propriate times compared to adverts placed in thmeters altitude. The findings
have direct implications for the representatiorrazdside billboards as means of
marketing. Nevertheless they shouldn't be a riskcéy drivers.

2.6 Attention in Advertisement

The question how people attend advertisementsnergéhas concerned many
researchers in the fields of marketing, psycholagg neuroscience. Research was
done for all kinds of media including print adveeinent in magazines and papers,
in-store marketing and outdoor advertisement.

Effects of the placement and appearance of adeerést on the amount of
visual attention of observers is a frequently resteed topic in printed advertise-
ment. A study investigating eye movements whileodng businesses from yel-
low pages (Lohse 1997) could show that 93 percktiteoconsumers notice quar-
ter page display ads but only 26 percent of thapistings, and that color ads are
noticed before and viewed longer than non-color. &dsthermore consumers
spent 54 percent more time viewing ads they enchapsing than ads they didn't
choose, which demonstrates a certain relationshigvden visual attention and
choice behavior. A study by Dreze and colleagu@94) investigated the con-
sumer choice for brands on different shelf levelthie context of in-store market-



ing. The authors found brands on shelves nearyeehand level being chosen
more often than brands on the lowest shelf. Simimults were found with a

study applying eye tracking technology (Chandomle009). Investigations of

the visual attention of (potential) observers didoor advertisement are also often
about whether and how long the observer looks atifip aspects of boards,

brands, banners, or posters. Basically outdoorepestatch a lot of attention, e.qg.
in a study of the OAAA (1999-2000) 70 percent ofdmor posters in the visual

field of the subject were seen, and 63 percenthesd were likely to be read.

Maughan and colleagues (2007) found a correlateiwden the fixations of par-

ticipants on advertisements and whether they ltkedadvertisement or not. Inter-
estingly there is a strong relationship betweemeiasing humber of fixations and

increasing preference for the advertisement, thawathing can be told about the
direction of causality — i.e. which factor is theuse and which the effect.

To provide passengers of public transportationesgstwith advertisements on
digital displays is a rather new advertisement mnedithus there is still a lack of
research investigating the mechanisms of this tfpsdvertisement. Research on
attention towards public displays in general pregidaluable information also for
digital displays in public transport. Huang andeagues (2008) for example state
that attention towards public displays is diffictdt attract and hold, and define
valuable design recommendations regarding e.gtipoisig and content format.

2.7 Methods of Attention Measurementsin Advertising

As measurement of the effect of specific markestrgtegies, researchers fre-
quently rely on recall and recognition as a meastirattention to the advertise-
ment in question (e.g. Barlow and Wogalter 1993)isTapproach follows the ra-
tional that objects gaining more attention willaalse remembered more likely.
But the relationship between attention and recalhot unambiguous as was
shown by a series of studies of the OAAA (1999-200We studies reveal that
people tend to recall only a third of outdoor baatttky looked at and also recall
boards which were never shown. This is why the @stlelaim unaided recall not
being the best method to assess ad effectiveneds¢cansider aided recall and
recognition as more accurate. Another possibiliggfiently used in marketing is
to measure brand choice or numbers of sales (eagelet al. 1994). On the one
hand these measures seem comfortable in the couftedxdtdoor advertisement,
since they are a simple assessment and deliveablalinsights about the effec-
tiveness of pervasive advertisement. On the othadlit is questionable if these
rough measures can really teach us detailed abeuidrson’s attention in a com-
plex advertising situation including many factoredarating between attention
and memory (and respectively purchase). Justifiatelsearchers claim for better
marketing metrics of visual attention than selfetpd recall or number of sales
(Chandon et al. 2009).



In the context of advertisements eye tracking ra@mising and increasingly
used method, since it supplements subjective meadike questionnaires with
objective data, telling if people really look atesffic objects in their visual field.
Eye tracking provides rich data about the gaze \iehamore accurate than ques-
tionnaires and can't be easily manipulated by thesgn (Wessel et al. 2007).
Considering the little amount of research using ileobye trackers in a realistic
context, much work has to be done in technical@mteptual regards to advance
findings in this field.

3 Attention in Public Transport towards Digital Displ ays
(Study 1)

The driving idea behind the first study was to stigate human attentional be-
havior towards digital displays (so-called infoesns) in urban public transport
with the aid of mobile eye tracking under naturahditions. More specifically the
focus was on the attention, awareness, attitudenagmory of people related to
such displays, as well as the influence of differeontent-types, like advertise-
ments and news.

3.1 Method

Field Study ContexiThe info-screen is a display mounted in tramshin ¢ity

of Graz in Austria (see Fig. 1a). Four info-screeiith a size of 17 inches are in-

stalled in each tram (two in the middle of thertrand two in the front part). They

are either pointing against the driving directions@leways, wherefore their visi-

bility and the viewing distance varies dependingimn observers’ location in the

tram. The info-screen is broadcasting its contertyicles that get repeated every
14 minutes, which is about the length participamése in the tram in one direc-

tion. The content-types forming a cycle at the timi¢he experiment were adver-

tisement, news, culture, entertainment, sportshezatevent-tips and passenger
information.

Participants. A random sample of 106 people (51 female, 55 mai¢h a
mean age of 30 years took part in the study. Raatts were located in Graz and
had different educational (bachelor, master) andfggssional (apprenticeship,
teacher) backgrounds. Due to technical problemsfinezion of the information
displays in the tram and problems with the mobyle #acking system) six partic-
ipants were excluded from the data analysis.



Material. The eye tracker used in the experiment was amiKeHED mobile
eye tracker of the company SMI, consisting of & sidjustable, lightweight hel-
met, tablet pc (carried in a daypack), and a samgphte of 50 Hz (see Fig. 1b).

After the eye tracking in the public space a qoestaire consisting of 22 ques-
tions was provided, which includes the followingits: subjective measurement
of how long participants paid attention to the wsfreen; inconvenience by the
helmet and the daypack; attitude about the infeests; likability of the content-
types; likability of different kinds of advertisememedia; and demographic data.
Furthermore recall and recognition of content shamnthe info-screen was as-
sessed. As a recall test participants were askéellton no specific order which
content they had seen during their ride. Then gpgnts were asked to recall
which specific ads, logos and brand names theydcoerhember. For measuring
recognition participants’ were provided with a tedtlist including ads actually
being broadcasted and ads that were not showneanfihscreen.

Fig. 1 a) Placement of two info-screens in tram eithanted against the driving direction or
sideways b) Mobile eye tracking system

Procedure.Participants were informed about the general dirthe study to
measure attentional behavior in public spacesnbtthat the focus lies on the at-
tention towards the info-screens. After presenttrgymobile eye tracking system
participants could decide if they still wanted rticipate in the study.

The actual testing procedure started with the catiibn of the eye tracker once
subjects had the helmet on. The calibration wa® drsng a five-point calibration
target. Then participants were asked to carry batdimple task to bring back
books and magazines to the return box of a puibliarly located about 25 minutes
away from the starting point, and then to come b&¢ith a detailed description
of the route, a ticket, a mobile phone (in casg tieeve additional questions), and
an umbrella (to protect the eye tracker in cassuafden rain), participants left.
The calibration was checked again when the pasitipleft to go to the public li-
brary and when they came back to see if the hetmetgotten out of place. In to-
tal participants were on their way for about 50 unhés.

When the participants returned the questionnanesgnted in electronic form,
was filled out by the facilitators with the parpeints providing the answers, be-
cause some participants were not familiar withabwaputer technology.
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Data analysisThe data from the eye tracker, consisting of ttene video and
the data of the eye movements, was recorded otalhest pc that had been carried
in the daypack. The operators of the info-screeasiged the corresponding time-
stamped log-files. The quantitative data set (withlog-files and the eye tracking
data) enabled to determine on a frame by frameshiftie info-screen was in the
visual field of a participant and which content wiisplayed. With the question-
naire it was possible to compare whether a paditip memory and self-
assessment regarding length of attention towarelsrtfo-screen was consistent
with the quantitative data.

3.2 Results

Participants’ attitudes towards testing and advegthentsFirst of all we in-
vestigated how inconvenient participants felt bseaof the testing equipment.
Overall participants reported in the questionntiia they were not bothered very
much by the helmet and the daypack (23 percertieparticipants were not dis-
turbed at all, 70 percent were disturbed a lititeSopercent felt severely disturbed
by the equipment). Furthermore most participangored that they didn't feel
nervous (64 percent) during the ride at all, 34eet felt a little nervous and only
one percent reported having felt very nervous. Rbigg the participants attitude
towards the info-screen two thirds of the partioigarated the presence of the in-
fo-screen as being good, 20 percent where indifteaad ten percent didn't like it
at all. The preferred advertising media in genassessed with the questionnaire
were television and posters.

Attention towards the info-screenhe eye tracking data reveals that of the 100
subjects included in the data analysis 61 perasatefd the info-screen at least
once. The respective data from the questionnainetisn line with the eye track-
ing data since 88 participants reported to hava Hezinfo-screen.

From the 48,7 hours all participants together spetite tram, 23,06 percent of
the time the info-screen was in the visual fieldhaf participants, and in 3,64 per-
cent of the time attention was directed towards ittie-screen — i.e. the info-
screen was fixated. Participants focused on tteesnfeen between some seconds
and 9 minutes - on average for 104 seconds (se@#&ifpr the frequency of fixa-
tions durations overall participants). Subjectsenaiso asked in the questionnaire
to measure their subjective feeling about the &terspan towards the info-
screen. Most subjects thought about their attergmam being up to two minutes
(see Fig. 2b), which corresponds to the measuredhge value of attention-span.
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Fig. 2 a) Percentage of participants’ duration of fixatan the info-screen over the whole time
spent in the tram b) Participants’ estimation altbatoverall duration of fixation

Differential effect of content-typ&®ne of the main questions in this research
was to investigate the visual attention on diffétgpes of content. Analyzing the
fixation-time of different content-types shows tHaéws” got most fixation-time
(4.54 percent of the overall testing time) followy “sports/weather” (3.98 per-
cent) and “entertainment” (3.81 percent). The reingi categories got around 3
percent except for “culture” which got 2.65 percefithe overall testing time. A
further analysis with the distributions of the nwenbf fixated frames on the info-
screen for each participant and content-type, shwwsignificant differences be-
tween the content-types (p = 0,39).

The differential effect of content-type was alsai@dsed in the questionnaire
by asking the participants whether one content-tgpaf interest for them or not.
The (due to an organizational error left) 96 p@tats rated “news” and “event-
tips” as most interesting, followed by “weather'dafsports” (see Fig. 3). These
differences in interest towards the content-tymastde found in the eye tracking
data in terms of a higher number of fixations.

Differential effect of daytimelhe investigation of the attention towards the in-
fo-screen at different daytimes shows the longesamfixation times between 8
and 10 a.m. and between 2 and 4 p.m. (see Fig. @9ssible explanation for this
might be the fact that in the morning participaritgérest for news is higher than
during the rest of the early day hours. The evghéri peak in the afternoon could
result from a relationship between the daytime twednumber of travellers in the
tram, which is in the early afternoon probably dmal
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Fig. 3 Percentage of participants rating the differemttent-types as interesting in the question-
naire
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Fig. 4 Mean duration of fixation on the info-screen (grgent of the whole testing time) of par-
ticipants’ at different daytimes

Recall and recognition of the info-screen inforrmaatiFrom all participants 80
percent were able to recall categories, and onageeparticipants recalled three
different categories. 27 percent were able to tepacific spots and logos and 18
percent recalled brand names. In the recognitisk 48 percent of the participants
were able to recognize spots correctly, but thdy cecognized between 1 and 4
advertisements (mean 1.37).

The correlation between fixation time on the infween and recall/recognition
was tested next. The results show no significantetation between number of
frames fixated and number of content recalled @¢02) and respectively content
recognized (r = 0,341).
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3.3 Discussion

The results of this study show that according te tracking data more than
half of the participants did focus on the info-sreand nearly nine out of ten re-
ported to have noticed the screen. Therefore tleesicreen gains a considerable
amount of attention of the participants - even uniie given free-exploration
condition.

The content-type seems not related to the lengfixation time. For example
few participants found “advertisement” interestibhgt nevertheless the fixations
on “advertisement” did not differ from any otherntent-type. A possible ex-
planation for this could be the fact that fixatithme on the info-screen does not
imply that participants’ were actively followingétpresented content. Or maybe
participants’ have the mental model of ads beirngmteresting.

Further, no significant correlation between dumataf fixation on the screen
and recall/recognition exist. One explanation fus tresult might be the experi-
mental setup that participants had no idea abaupthpose of their ride and no
order to look at the info-screen. Another explamatould be the fact that - as al-
ready mentioned above - fixating the eye trackesdwt implicitly mean perceiv-
ing its content.

Considering the fact that participants did not kratvout the aim of the study
and the natural environment, those results are meeyesting because of their ex-
plorative character. We learn from this study tidation time on digital displays
in public transport seems not to depend on corngr- Also, fixation time per se
does not seem to be a suitable indicator for cdntemmorization.

The findings from this study can serve as a basi$uture research, e.g. if we
can actively and reliably catch people’s attentioa natural environment like this
one (or any other urban environment) and how weogdimize content for such a
form of advertising to improve content memorizati@espite their similarities
with TVs digital displays like the info-screen dassiaudio as a channel for com-
municating with its audience, which requires sefgacansiderations for pervasive
advertisement.

4  Attention in Shopping Streets towards Logos (Study)

In this section we describe the second field stwtich aimed to better under-
stand, which areas and objects receive attentigmelgstrians in an urban setting
(shopping street). The basic research questionwhasher there is a significant
influence of the users’ movement on the directibattention. Additional research
questions address the influence of context varsatdey. daytime and frequenta-
tion) on the relation of motion and attention ahd effects of the relation of mo-
tion and attention on memory.
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4.1 Method

Field Study ContexfThe study was conducted in the inner city of Qraas-
tria) in a pedestrian shopping street, which repmssa realistic urban setting.

Participants. 20 participants - males without contact lenseglasses (to en-
sure a stable recording of eye tracking data) -ewecruited. A financial allow-
ance as a compensation for the participants’ eff@$ offered. Because four of
the participants could either not be tested becafidead weather or cancelled
their participation, 16 study participants remained

Material. The same mobile eye tracking system as in theditsly was used to
capture gaze movement data and scene video. Addlitjobuilt-in sensors of the
Google Nexus One smartphone were used to captugep®Fition data. The posi-
tion fixing component of the device is a GPS reegiwhich is integrated directly
within the chipset. The device is also equippedhwitegrated accelerometers and
a tilt compensated magnetic sensor. Only the GR&li#l be used as the sensors
do provide more accurate data. The conducted guestires include questions
regarding e.g. demographic data, familiarity witle test area (Herrengasse), and
free recall of shops in the test area.

Procedure.The study started with a detailed briefing. Tha aif the study to
investigate the visual attention in a shoppingedtreas not revealed to the partici-
pants — instead of that they were informed thatstiidy focuses on the improve-
ment of eye tracking equipment. The participantsevasked to act as natural as
possible and try to ignore the eye tracking equipinas far as possible. Test par-
ticipants signed a consent form and were askedl tout a pretest-questionnaire.
Then participants were equipped with the techrtiestl setup and accompanied by
a test facilitator on their way through the inndéy of Graz. Participants were
asked to follow a specific route (to reference @GR& tracks). Overall time of da-
ta capture per test person was about 15 minutem Tite technical equipment of
the participants was demounted and the data waslsBarticipants were asked to
fill out a final post-questionnaire and the final@llowance was paid.

Data Analysis.The main focus of this study is the relationshgiween eye
tracking and motion tracking data. Therefore theckyonized data was investi-
gated according to correlations between eye ang bmyement metrics. But also
the general visual attention while walking throufjle shopping street was ana-
lyzed by considering how many fixations particigatiad in different areas of
their visual field and on commercial logos.
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4.2 Results

Visual attention and orientation while walking tlhugh a shopping streethe
first part of the data analysis focused on thenéitia on different areas of the vis-
ual field based on the eye tracking data. Withautsidering the body orientation
this — of course - doesn't tell anything about ¢bacrete direction of visual atten-
tion. As can be seen in Fig. 5 most times the gdgmrticipants falls in the hori-
zontal middle in a somewhat lowered position. Tieisult indicates that partici-
pants direct their eyes most of the time towardsdbfault position so to say.

Number of fixations

x-axis

(rlght)

Fig. 5 Number of fixations over all participants at ditfat areas of the visual field from left to
right and bottom to top (752x480 pixels)

Also the horizontal head orientation of the alodgsihe shopping street mov-
ing participants is mostly aligned centered (seg &ia and b), with a stronger ori-
entation towards the right side (where the shopthefstreet in our test scenario
were located). For this analysis the orientatiothefstreet was taken into account.
Regarding the vertical alignment of the head ofgstiibin users (see Fig. 7 a and
b) the average orientation is directed towardsghtsy elevated position (mean =
4,10 degrees), and there is more orientation tosvétnd upper sphere than the
lower sphere.
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Relationships between head and body orientatiom.dBlhe relationship be-
tween head and body orientation was analyzed wighdata of the two motion
sensors. The results show a distribution of oriérteas might be expected: In the
majority of cases the head orientation is alignett whe body orientation, with
decreasing numbers for relative orientations tostes (see Fig. 8).
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Fig. 8 Relative horizontal head orientation (differena#vieen head and body orientation) ex-
pressed in degrees across all test participants

Relationships between situational factor, visuaéiation, and motionThe re-
lationship between the number of people on the @ingpstreet (categorized into
“few” and “many”), the motion speed of participanthie number of fixations on
commercial logos and the horizontal centrality lvé head orientation was calcu-
lated. The results (see Table 1) show an intergstorrelation between motion
speed and horizontal deviation: higher speed iscésted with a smaller deviation
from the centered orientation (r = -0,26, p < 0.0mhe other correlations (alt-
hough also statistically significant) are rathera$irbut indicate e.g. that a lower
motion speed is related to the fixations of lognd a higher number of people on
the street. A subsequent comparison of means shosignificant difference in
motion speed while fixating a logo and fixating sghing else than a logo (0,92
compared to 0,99 m/s) and between few and manyl@eopthe street (1,00 com-
pared to 0,97 m/s).

Table 1 Pearson correlations between the situational fdotamber of people on the street”, the
attentional factor “fixation on logos” and the nastifactors “motion speed” and “horizontal de-
viation of the head”

. Horizontal Number of o
Motion o Fixation on
deviation of | people on

speed the head the street logos
Motion speed 1 -0,26 -0,05 -0,05
Horizontal deviation of the head - 1 -0,02 -0,03

Number of people on the street - - 1 -0,02
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Attention to logosBesides its relationship to other variables (se®ipus sec-
tion), the attention on advertising media in thepgling street was investigated al-
so in general. The fixations on logos were anndthiemeans of the scene videos,
and it was coded for each frame if the participditated a logo or something
else. The results show that big size logos in Hopging street received a consid-
erable amount of attention, because about fourepéwa the fixations are on them
(89,5 percent are on something else, than logos6amgercent couldn't be as-
sessed in the videos). In 60,4 percent of the fogaions the head orientation of
participants was ahead right, which means that tbeked at logos on the same
street side in front of them and didn’t turn thie@ads too much to look at logos
(see Fig. 9). 29,7 percent of the logo fixationgsen@n the other side of the street.

70
60,4
29,7
7.4
0,3 ] 2,2 0,0
T T T T _ T

back left middle ahead left ahead middle back right
left right right

o

o

o

Number (in percent)
o

= N W b OO O®
o

o O

1

Fig. 9 Head orientation over all participants while thisgted on logos

4.3 Discussion

The investigation of pedestrians’ attention andiamotvith the aid of mobile
eye tracking delivers initial results relevant &tvertisement strategies in a shop-
ping street. The eye, head, and body orientatioth@fparticipants may indicate
how advertisement should be placed. The eye gapartitipants were in average
on a slightly lowered position, whereas the head wéit elevated from straight
ahead (4,10 degrees). This can easily be expldigatie needs of pedestrians to
navigate between other pedestrians, the usageocmsaltation of personal devices
(e.g. looking on the watch, consulting written mils, using electronic devices,
etc.) and watching objects of interest in shoppigdows, for which the head
orientation doesn’t need to be necessarily loweheigrestingly four percent of
fixations are directed to logos, and these fixatitend to relate slightly with the
lower motion speed of participants’, which is agegtated to the number of peo-
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ple on the street. Furthermore people tend to dhesvvariation in their horizontal
head orientation when they move faster. Since gpaints’ fixated mainly logos

which were straight ahead of them, and didn’'t lablogos beside of them, it may
be advantageous to place logos so that they caadrefrom more distance.

5 Attention on the Move - Summary of Findings

The two presented studies investigated the atterdio advertising media in
two different situations: within a digital displag public transport and towards
logos in a pedestrian shopping street. The reshlbsv that the attention towards
advertising media is in both situations not negligi 61 percent of the participants
fixated the info-screen at least once, and 3,64querof the time the participants’
attention was on the display, although they coully see at the displays at certain
positions in the tram. Similarly four percent oéthisual attention of pedestrians
in a shopping street was targeted on advertiselngas. The results also indicate
that daytime and crowdedness (which are probalbte@ to each other) may
have an impact on the visual attention on adveris#, but for clear results this
has to be investigated in a more systematic wagrdsting are the main orienta-
tions of attention of participants walking througlshopping street, which lies in
position horizontally centered, and vertically loeg for eye gaze and respective-
ly elevated for head orientation. While walking redoshops, participants mainly
looked at advertisement logos which were distarfrant of them, so that they
didn’t turn the head to the side much. Furthermog® fixation has been found
related to a slower motion speed.

6 Implications for Pervasive Advertising

Initial implications for pervasive advertising irulglic spaces can be drawn
from the presented studies. Digital displays ihsthin the public transportation
systems evoke a decent amount of visual atterteémgrdless of the actual content
(news, entertainment, advertisements etc.) theyransmitting (study 1). This re-
sult is even more interesting considering the faet participants were not in-
structed to stand near by the displays to haveptissibility to look at them. For
plain advertisement logos the location and placémseems to be of high rele-
vance, since people fixate logos located in frdthem (study 2). Therefore logos
which are mounted at right angle to the house walight be seen better from
their perspective (see Fig. 10) than those moupéedllel. The results of study 2
also indicate small relations between the logotiixa motion speed, and number
of fixations. A slower motion speed as well as feyweople on the street, slightly
relates to logo fixations. This instance seemsamaslie, since on the one side pe-
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destrians with a higher motion speed have to beenated more on where they
are walking and on the other side viewing logoslaaecelerate them. Further-
more people on the street could block the viewogo$. However, because of the
field design of the study, with many uncontrollegriables, the correlations are
(although significant) very small. To clarify calisathe relation between speed
and logo fixation has to be investigated more syatecally, within an experi-

mental setting. The eye tracking and motion datéhefpedestrians’ reveals the
ideal placement of logos at medium height, sincstrage gazes and vertical head
orientations are at this level. For future resedretould be interesting to analyze

Fig. 10 Shopping street “Herrengasse” with logos mountethat angle to the house walls

7 Discussion of Research Methods for Analyzing Atterndn

The used method of mobile eye tracking to investiglae concrete visual focus
of participants in public situations has a greaeptal for researching perception
and attention processes. Only by tracking the @pgnts’ eye gaze and motion
valuable data about the actual attention and aiemt towards advertisement can
be assessed. However, the procedure needs a fdehelopment of tools for au-
tomatic processing, because so far the data haniliquite laborious. Also less
obtrusive technology would be very much desirablaninimize possible influ-
ences of the tracking equipment on the users’ hehav

Even though these are two serious methodologicaless we still think eye
tracking provides very valuable research data eg ftave the chance to also pro-
vide situational and not only out-of-context andnsoative data (as recall and
recognition rates), therefore this method allowslging the involved perception
processes in much more detalil.

In future work we plan to develop formal modelstod users’ attention behav-
ior to be able to quickly and cheaply estimatenditbe distributions in virtual



21

models of the environment, thereby allowing considethese data already in the
design phase of buildings and public spaces.

8 Limitations of the Studies

As for all research, for understanding the regtkslimitations of our two stud-
ies should be considered. Whereas the number ofwee very high in the first
study the results of the second study need to teepireted more carefully as the
number of users was much smaller. However, witlangtgo mobile eye tracking
studies the number of users is still on the topwvatilable research.

Another limitation that should be considered is gilole effects of the used
tracking technology on the movement pattern of ukers. As the equipment is
very well visible people might have behaved diffehg compared to casual situa-
tions. Users were asked after the tests whethetetteology had an influence on
their behavior or not, and a majority of usersiegpivith minimal to no effect.
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