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Abstract: This research deals with perception of informatéond advertisement
screens mounted in public transport vehicles. Wee lebnducted an exploratory
field study with 106 participants. Our main reskagoestion was aimed at finding
out to what extent people do look at such screamasfar how long they fixate
them. Further we investigated correlations betwemrient type and the amount of
focus time as well as the amount of time a perpatds on such a screen and the
number of things one can reproduce freely or reegrshortly after the
exposition. We researched whether certain contgmst can be considered as
attention catchers and if certain combinations aftent-types have the power to
bind persons’ focus-time longer than others. Resuiggest high awareness of the
info-screens among participants but no correlatibasveen fixation time and
content respectively fixation time and recall/regitign of content.

1 Introduction

Display Screens have become a very common elenfigntblic space recently. A walk
through almost any modern urban area is suffictentonfirm this. A glance at the
“Digital Signage in Europe: Opportunities for dajitout-of-home advertising” [SG07]
report confirms this notion by stating as one &f kiey findings that digital out of home
advertising revenues in Western Europe will qualdrupver the next five years.
Technological progress, enabling us to build s@erat are flatter and lighter than
previous ones, paired with increasing affordabitifydigital displays can be seen as the
key to this development.



One application area for digital displays is pultiansport. In public transport such
screens often are used to communicate with passengeoviding passenger

information, news, entertainment, and also advagisAs large numbers of people

everyday use public transport in urban areas teetrfom A to B display screens

mounted within these vehicles have the potentiatéah a big audience. However, it is
unclear whether passengers actually do pay attemtichese screens and how much
information presented they ultimately remember.oAlguestions dealing with optimal

content representation for this rather new formad¥ertising and the identification of

specific attention catchers remain unansweredrso fa

In order to find answers for these questions wedaoted a field study using state-of-
the-art mobile eye tracking equipment. We herehy i@ opportunity to work with a
large sample of test subjects: 106 subjects wemaited for the project and conducted a
test ride using a tram with mounted displays. Oftest subjects we captured eye
tracking data and recorded the user’s field of viseene video). Scene data then was
analysed using computer vision algorithms for theedtion of the information screens.
This way we had the possibility to study the usgagze behaviour in a naturalistic
context but still have the ability to process tlagadof a big sample.

What sets our study apart from many other eye-ingcétudies is the context in which it
was conducted. Many studies using eye-trackingnelolgy are performed in the lab.
That allows researchers a good control of experiatesettings and therefore enables the
study of very specific aspects of human behaviaudten controlled conditions. This
approach, as good as it is, is somewhat limitincabse we can not expect results being
applicable to the real world or being represengafior it, too many factors are being
eliminated and the context is highly artificial.

In contrast to that approach we decided to gomotthe field to study gaze deployment
and attention behavior, thereby allowing for a## tmforeseeable events and distractions
that form and shape our everyday life. Clearlys #ppproach has its drawbacks as it does
not support good control of experimental conditid@a the other side, our experimental
design allowed for a 3D representation of the cdante which the display screens were
presented. In the lab often a 2D representatidhetontext and the stimulus is used. In
order to make the findings of our study as repriedéme and relevant as possible we
recruited more than 100 subjects covering diffeegy® spans.



2 Related Work

Related work in the domain of out of home mediansteom a broad range of disciplines
and research techniques. Marketing research, Nearee and Psychology are all
contributing to the field. Prominent research mdthinclude the use of eye-tracking
technology and questionnaires. A questionnaire assearch study addressing the
visibility of the digital screens in trams reveakiet 23% of subjects were aware of the
display-screens on the trams. Shavitt et al comduatsurvey to assess attitude towards
different kinds of media channels for advertisemdite authors categorized available
media channels regarding self selected (e.g.,amaia) vs. highly intrusive (e.g., tv).
Results of the survey suggested that media chanaksving for self selected
experiences were favoured over highly intrusive sof@VL04]. The Digital Out of
Home Awareness Study, conducted in 2007 in the USA07], investigated the
effectiveness of digital out of home media by fangson awareness, attention, impact
and attitude towards advertising on digital signagd other media. Key findings of the
study suggest that digital signage has the powstdp people and catch their attention
(63% of adults). That is the highest level reportédll media surveyed in the study,
including TV, the Internet, billboards, magazineswspapers, radio, and mobile phone
advertising. Digital signage was rated more posijithan any other type of media. The
awareness with digital signage advertising, acogrth the study is very high. Sixty-two
percent of adults say they have seen ads on dgigahge over the past 12 months, and
the figure is even higher for young adults betw#@mand 24, at 75%.

Eye tracking as a means to measure the movemém efye is being used for more than
100 years now (it began in ca. 1879) [Da02]. Tlesoa why deployment of human gaze
for a long time has been studied almost exclusilielted to 2-D picture viewing is
because only in the last few years systems haveneecompact enough for use outside
of labs.

The Outdoor advertising association of America (@Q@onducted several research
studies on the topic. One two year study, carrigidover the period of 1999 to 2000 in
Los Angeles, New York and Minneapolis revealed tha% of outdoor posters in the
visual field of subject were seen. Of these 63%ewigely to be read. The authors of the
study made a visibility vs. recall study and thsufes indicated that visibility was about
3 times higher than aided recall levels (26%) woindicate. Additionally subjects
claimed to recall boards and brands that were neestied [OOO00].

Maughan et alter have investigated — also usingtragking - if people in a street scene
(the scene was presented as a virtual image onmputer screen) would notice bus
shelter advertisements. Their findings suggestad although posters did get attention
they were not the most salient features in theestseenes: only in 11.1 % of cases
participants did make their first fixation on thesper. The authors conclude that the
emotional appeal of a poster had effect on botlosue and memory [MGSO07].



Wedel M. & Pieters R. developed a model of the pssing that takes place to store
information in long term memory: It is assumed ttte number of fixations not their
duration is related to the amount of informatiogansumer extracts from an ad. The
authors applied the model to a sample of 88 consimleo were exposed to 65 print ads
in its natural context, two magazines. Results suppe assumptions [WP00].

Grundland G. and Eizenman M. conducted a studyoosumer exposure and awareness
of Outdoor advertising: eye-tracking was used t@snee peoples attention towards out
of home media such as trio boards, standard postepger boards and bus shelter
advertisements while driving a certain route inaa gnder various driving conditions
and different times of the day. Data came from lsthers of the car and passengers. As
in our work subjects were not informed about tha af the study. Over 55% of the ads
were seen. Passengers were more likely to seetlzats,drivers. Among those, who
looked at the advertising, on average they look&d fimes on a single drive by [GEO6].

Visual perception research currently is not so mechised on where we look, but more
with why we look (where we look). In the field thigew focus in research emerged some
years ago: away from the experimental understanfiting where in a scene the eyes
fixate in an image, to why the eyes choose a longdtHiB05]. According to Ballard D.
and Hayhoe M. three principal complementary advamegesearch can be seen as the
cause of the shift in focus:

The description of the role of eye movements incakag everyday visually guided
behavior driven by the development of portable &gekers, the recognition of the role
of internal reward in guiding eye and body moverseand thirdly theoretical
developments in the field of reinforcement learniiggether, these three developments
have allowed the simulation of reward based systewmrporating realistic models of
eye-movements over extended time scales [HBO5].

Findings from this new approach have resulted i tiundamentally different
approaches that exist in current research: bottorand top-down [RBHO7]. “Attention
can be focused volitionally by "top-down" signalerided from task demands and
automatically by "bottom-up" signals from salietitrauli.” [BM07]

Also other theories and hypothesis are being inya&std. Karacan and Hayhoe [KHO8]

investigate whether attention is drawn to changefamiliar scenes? They examined
mechanisms that control attention in natural scenbe results of the study support the
hypothesis that humans learn the structure of abssenes over time and that attention
is attracted by deviations from the stored scepeegentation.

Though promising concepts and models of human baxe been developed, none of
them so far can explain fully what mechanisms diege movement.



3 Goals

The driving idea behind our work was to investigatienan attentional behavior towards
digital display systems in urban public transpartier natural conditions. Are people

aware of them and what is the attitude towards th&an those displays act as attention
catchers? Do different content-types result inedéht fixation times? Is some content
more appealing and how long do subjects fixatehenscreen on average? Further we
investigated correlations between content typetaadamount of focus time as well as

the amount of time a person fixates on such a scaed the number of things one can
reproduce freely or recognize shortly after thegsion.

4 Method

In order to answer these questions we conducteiélé $tudy using state-of-the-art
mobile eye tracking equipment. In the rest of g@stion we will describe the field study
in detail.

Field Study Context. The info-screen is a screen mounted in tramsercity of Graz in
Austria and it is used to display out of home medgiaypical configuration is shown in
Figure 1:Two info-screensin a tram. There are 4 info-screens installed in each tram.
The size of the screen is 17 inch. Two of themmaoeinted towards the middle of the
train and two in the front part. They are eithemting against the driving direction or
sideways, as seen in the Figure 1. Visibility todgathe screens is different depending
on the location in the tram. Subjects were standindifferent places within the tram
and so the viewing distance was different as vildlle info-screen is broadcasting its
content in cycles that get repeated. One cycls fast14 minutes (840 seconds), which
is about the length subjects were in the tram i@ dinection. The categories forming a
cycle at the time of the experiment were the foltgyv Advertisement, News, Culture,
Entertainment, Sports/Weather, Event-tips and pagsanformation.

T NN

Figure 1. Twoinfo-screensin atram



Participants. Invitation of test participants was based on a ocamdsample of the
population of the Austrian city of Graz, where 8tady took place. We started with the
intention to have a representative sample, but rtunfately due to practical reasons
(mainly willingness to participate in the study) tvad to allow for an unbalance towards
younger people. Alltogether 106 persons (47,9 %afeb2,1 % male) participated in
our study. Mean age was 30 years, and participame drafted from different
educational (bachelor, master) and professiongbréapiceship, teacher) backgrounds.
Due to technical problems (malfunction of the imf@tion displays in the tramway
respectively problems with the mobile eye-trackaygtem) the date of 6 subjects could
not be used for analysis.

Procedure. Participants were contacted by phone based om@ona sample. Study
participants were left uninformed about the dethdéms of the study, but they were
provided with a general explanation of what thedgtuvas about: “to measure the
attention behaviour in public spaces.”

Participants were invited for a certain time anteda come to one of the researcher’s
office. After the participant arrived at the insté# we would show the mobile eye-tracker
and provide a description of the study, not tellihgt it was about the measurement of
attention towards the info-screen in trams.

After this outline of the experiment subjects wergked if they still would like to
participate in the experiment or not. If they agrée do so the next steps consisted of
calibrating the eye-tracker once subjects had #imét on their head. The calibration
was done using a 5-point calibration target. Weckbd the calibration again at the time
subjects left the institute and when they came Hemk the public library to see if the
helmet had gotten out of place.

The eye-tracker that was used in the experiment avag/iew X HED mobile eye-
tracker from SMI that consists of a size adjustaligtweight helmet and a tablet pc
that is carried in a daypack. The sampling rat¢his eye-tracker is 50 HEigure 2:
The mobile eye-tracker shows the helmet with the mounted eye-tracker wes used
in the experiment.

Figure 2: The mobile eye-tracker



Each subject was asked to carry out a simple teék. had borrowed books and

magazines from a public library that is locatedwtt2b minutes away from the institute

were we met subjects. Subjects were asked to bary a book to the library and then

return to the institute using tramways. Particisantre also instructed to use only the
newest generation of tramway types, as in the adaeration trams info-screens are not
mounted in all vehicles.

We had prepared a detailed description of the roodé¢ subjects were supposed to
follow including pictures describing the way frofmetinstitute to the tram station, the
model of the tram subjects were supposed to taketlzan way from the station where
subjects got of the tram to the public library. Skdé of the public library a box is
located enabling people to return books 24 houlsya Subjects were told to just use
this box to return books. Also this was documentsithg pictures in the description of
the task. Subjects were also asked to make a ifidtee smumber of the tram they were
riding in. This description was given to subjeagdther with a mobile phone in case
they would have any additional questions on thelywiwo more things were given to
subjects: a ticket for the tram ride and an umabrfdl the case of sudden rain to protect
the eye-tracking system.

In total subjects were on their way for about 5@umtés. Weather conditions and time of
day were recorded in a protocol.

When subjects returned they were asked to fill @aujuestionnaire consisting of 22
guestions covering the following topics:

» had subjects realized and seen the info-screethg ittam

e subjective measurement of how long they in theiniop had paid attention to the
info-screen

» recall and recognition of content shown on the-sfceen; for recognition we
provided a list with the ads actually shown onitife-screen including fake ones

» did subjects feel bothered by the helmet and tlypatzk

» general feeling about the info-screens

e questions about their usual behavior on the tram

* general questions about the content — what codidrthey like and what not

e questions covering advertisement — whether or migjests like advertisement, what
kind of advertisement they prefer (emotional véoimative), which medium they
prefer for advertisement

e demographic data

The questionnaire — presented in an electronic fomas filled out by us with subjects
sitting nearby providing the answers. This was ddmg way because we also had
subjects that were not familiar with computer tezbgy.



Data resulting from the experiment. As described above subjects wore a mobile eye-
tracker while on their way. The data from the epelter, consisting of the scene video
and the data of the eye movements, was recordétedablet pc that had been carried in
a daypack. The company operating the info-screeméded us with the corresponding
time-stamped log-files. The log-files, put togethéth the data from the eye-tracking
provided us with a solid set of quantitative ddbawt each participant’s behavior. This
data was supplemented by data resulting from tlowealdlescribed questionnaire. The
guantitative data set enabled us to determinefoemae by frame basis if the info-screen
had been in the visual field of a subject, if thdject had been looking on the info-
screen and what content was displayed when paatitspwere looking at the info-
screen. Qualitative data enabled us to comparehehgiarticipant’s self-assessment
regarding length of attention towards the info-earvas consistent with the quantitative
data we obtained. We also investigated whethepthportion of attention towards the
info-screen would correlate with recall respectuecognition results.

5 Resaults

2.1 Eye Tracking Results

Of the 100 subjects 61 % fixated the info-screamj&cts spent a total of 48.7 hours in
the tram. Of this time in 23.06 % the info-screeasvin the visual field of subjects. In
3.64 % of the 48.7 hours attention was directecatde/the info-screen. That is: 16 % or
1.7 hours of the time in which the info-screen tha&en in the visual field of subjects
they were focusing on it. Attentive participantsdeed on the info-screen between some
seconds and 9 minutes. On average subjects foausttke info-screen for 104 seconds
(2615 frames). Figure 3: on the horizontal axisvehthe fixation time in minutes and
on the vertical axis the according percentage dfgigants.

Percent

Figure 3: Fixation time in percent



As described above the content on the info-screas womposed of 7 different
categories, not of equal length. Figure 4: Distiitru of different Content-types in

percent provides an overview of the distribution tbé different content-types in
descending order.
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Figure 4: Distribution of different Content-typesgarcent

One of the main questions in this research wasntb dut about correlations between
focus time and content-type? Does the type of caribave an influence on the time
participants fixate on the info-screen? To ansvwés tjuestion we have compared the
proportions of fixation time for each of the 7 ocemit types. Figure 5: Distribution of
attention against content types i shows the digtidn of fixation-time against content
types measured in percent over all participantg ddntent type “News” (4.54 %) got
most fixation followed by “Sports/Weather” (3.98 %hd “Entertainment”(3.81 %).

Remaining categories got around 3 percent exceptdalture” which got 2.65 % of
focus time.
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Figure 5: Distribution of attention against contgtes in percent

Next we compare the distributions of fixated fram@ms the info-screen for each
participant and each type of content (only partiois with a frames fixated > 0 where
considered). We get the following image: Over ahtent-types the distributions are
right-skewed and the medians reflect relative sirity (min=3.4; max=7.4). To test
whether differences between the content typestatistically significant we performed
a Kruskal Wallis Test. The result (p = .392) is sagnificant at am-level of 0.05.
Figure 6: box-plots showing distribution of fram@s percent) for each category over all
persons shows the distribution of fixated framesefach category.
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Figure 6: box-plots showing distribution of fram@s percent) for each category over all persons

From the obtained results we conclude that theerdnype does not necessarily have an
influence on the fixation time on an info-screerdeinthe given circumstances. We
addressed the question whether one content tygfegi®ater interest than another also in
the questionnaire: we asked participants to indicahether a given content type
interests them or not. Due to an organizationadreimr the beginning of the study we
were left with data from only 96 participants iresfeof 106. “News” and “Event-tips”
were rated by most participants as interestingestrtypes, followed by “Weather” and
“Sports”. The questionnaire data and the data ftbeneye-tracker do not correspond
fully here. There are some discrepancies betwesadtual fixation-behavior in the tram
and the way participants rated contents at the @nthe study. For example, few
participants found “Advertisement” interesting ($6gure 7: Interest in Content). None
the less the number of participants’ fixating ond$A did not differ from any other
content type. One possible explanation for thiddde the fact that fixation time on the
info-screen does not automatically mean that theigi@ants’ eyes were actively
following the content presented; it just means that participants’ eyes were focusing
on the info-screen. So, even while participantseweving their eyes on the info-screen
they might have thought about something completdbe. We address the issue of
length of fixation time and its correlation withettmemorized content in greater detail
below.

Figure 7: Interest in Content shows in percent huamy of the participants rated a given
category as interesting or not.
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Figure 7: Interest in Content-category in percent



We were also interested in finding out whether tiofeday has an influence on the
fixation behavior towards the info-screen. FigurénBuence of day-time on fixation on

info-screen (x*100 = percent) shows peaks of mesatibn time on the info-screen

between 8 and 10 a.m. and again between 14 andri6Ampossible explanation for this

might be the fact that in the morning-hours pgpticits’ interest for news is higher than
during the rest of the early day hours. Howeveg, élien higher peak in the afternoon
remains unexplained.

9 .
8
7 4
- 6 ]
3 5
o
o 44
o
3 4
2
1 4
0 4
8-10 10-12  12-14 14-16 16+p.m.
am am p.m. p.m.
Daytime

Figure 8: Influence of day-time on fixation on irforeen

2.2 Questionnaire

As described above additionally to the eye-tracklata we have used a questionnaire in
this research. We have done so to complement anpgae the two sources of data and
to assess participants’ thoughts on the subject.

Participants were not bothered much by the helmet the daypack: 23 % of the
participants were not disturbed at all, 70 % regubto be disturbed a little bit and only 5
% felt severely disturbed by the equipment. Als@mstmparticipants reported to not
feeling nervous (64 %) during the ride at all, 34félé a little nervous and only 1 %
reported having felt very nervous.

88 participants reported to have seen the infoesgréhat number is not in line with the
data we obtained from the eye-tracking (61 pargictp were fixating the info-screen for
at least one frame (1/25 of a second) on the iofees). Subjects were asked to measure
their subjective feeling about the attention-spawards the info-screen. Four
possibilities were given: no attention, up to 2 utés, between 2 and 5 minutes and
more than 5 minutes. Most subjects thought aboeit thttention-span being up to 2
minutes, which corresponds to the measured averalye of attention-span of 104
seconds. Figure 3: also shows that most subjeeti® fthe info-screen up to 2 minutes.
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Figure 9: how long (do you think) you have you ledlat the info-screen

As already mentioned above we researched an eveotualation between the length of
fixation on the info-screen and the amount of cont@emorized. To measure what
participants had memorized from the content preskan the info-screen we asked them
after they returned from the library to tell usnio specific order which content they had
seen during their ride. The remembered contentg wategorized by us. Additionally,
subjects were asked to recall what specific adgpdoand brand names they could
remember. From all participants 80 were able talfeategories. On average, subjects
recalled three different categories. 27 subjectsevable to recall specific spots and
logos. 18 persons recalled brand names.

60
50
- 40
]
o 30
jo)
o 20
10
0
o & ? & & @
& &
& A& $\° & @)
& & 2 &
2 & §F
Q < R
Category

Figure 10: recall of categories in percent

Additionally to letting participants reproduce whhey had remembered we measured
recognition. For this purpose we composed a listidsf actually being broadcasted with
ads that were not shown on the info-screen. 4Bephrticipants were able to recognize

spots correctly; however, they only recognized fpots, between 1 and 4 ads (average:
1.37).



The hypothesis of an eventual correlation betwéatiébn time on the info-screen and

recall/recognition was tested next. Although intuit might suggest a correlation

between the two our data does not support thatthggts; correlations are r = 0,102
between number of frames fixated and number ofesdntecalled respectively r = 0,341

between the number of frames fixated and numbeadsf recognised correctly. One
explanation for this result might lie in the expeeintal setup: participants had no idea
about the purpose of their ride and no order tdklab the info screen or to even

remember any of the content being broadcasted.h&naxplanation could be the fact
that, as already mentioned above, fixating the tegeker does not automatically mean
perceiving its content.

Ultimately we would like to report on results dabirg the phenomenon info-screen and
what participants think about it in general as vesllpreferences regarding the medium
of advertisement. Two thirds of the participant®edathe presence of the info-screen as
being good, 20 % where indifferent and 10 % didike it at all. Subjects in the
guestionnaire were asked about their preferred arfediadvertising: TV-ads and posters
were the preferred medium.

6 Discussion

The results we obtained suggest that more thanofialfe participants did focus on the
info-screen and nearly nine out of ten of our pgrtints reported to have noticed the
screen. Content type does not influence lengtlixafibn time, nor does any noteworthy
correlation between length of fixation on the soraed memory or recall exist. One has
to take into account that an eye-tracker only cankt where a person does look, not
what the person is doing when looking. Regardingeat types as attention catchers we
identified “News” as the content type on which magention chains started; a change
from “News” to “Sports/Weather” provided the conteombination that was followed
through most often. We think that - considering fact that participants did not know
what the research was aimed at (attention behéweeards info-screen) and the natural
environment the study was carried out in - thoseillte are very interesting because of
their explorative character. We learn from thigdgtthat fixation time on a digital screen
in public transport seems not to depend on coriigr- Also, fixation time per se does
not seem to be a suitable indicator for content-orézation. This result directs towards
the findings from [WPO0O]. Future research coulduoon an eventual correlation
between the frequency of fixations on content @edriemorization. Despite the eye-
tracking results we have found that on averageigi@ants recalled three different
categories out of seven. That seems to be a gamd firat the content presented on the
info-screens comes through to people. The findfng® this work can serve as a basis
for future research; e.g. can we actively and bédizatch people’s attention in a natural
environment like this one (or any other urban emvinent) and how can we optimize
content for such a new and challenging form of aikiag to improve content
memorization? We shall not forget that digital sor® positioned in the urban area
despite their similarities with TVs do miss a chelnflor communicating with its
audiences - the audio part.
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