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Summary: Internet companies collect a vast amount of data about their users in order to personalize banner ads. However, very
little is known about the effects of personalized banners on attention and memory. In the present study, 48 subjects performed
search tasks on web pages containing personalized or nonpersonalized banners. Overt attention was measured by an eye-
tracker, and recognition of banner and task-relevant information was subsequently examined. The entropy of fixations served
as a measure for the overall exploration of web pages. Results confirm the hypotheses that personalization enhances recognition
for the content of banners while the effect on attention was weaker and partially nonsignificant. In contrast, overall exploration of
web pages and recognition of task-relevant information was not influenced. The temporal course of fixations revealed that visual
exploration of banners typically proceeds from the picture to the logo and finally to the slogan. We discuss theoretical and prac-
tical implications. Copyright © 2014 John Wiley & Sons, Ltd.

In the last decade, personalizing banner ads has become
common practice and a major source of income for leading
internet companies. Social networking sites and personalized
online services give rise to new possibilities to collect and
aggregate consumer information and to match advertise-
ments to individual users. Worldwide expenditures on digital
advertising are expected to reach $137.53 billion in 2014
(www.emarketer.com), and 23% of all online advertisements
are presented on social networking websites (www.comScore.
com). The main purpose of personalized banners is to increase
ad effectiveness.
Referring to general advertising models, banner effective-

ness may be evaluated with respect to a processing stage
(e.g. attention, recall, recognition and mental workload), to
the communication effect (e.g. attitudes towards the adver-
tisement) and to user behaviour (e.g. click-through rates)
(Rossiter & Bellman, 1999). Personalization is expected to
increase attention towards a banner, the remembrance of its
content, and to motivate clicks by the user. However, the po-
tential effects of personalized banners on attentional and
mnemonic processes have been widely neglected in media
and experimental psychology so far. The aim of the present
study is to systematically scrutinize these effects.
There is no unified definition for the term personalization

in the context of online advertising. The term might refer to a
variety of methods, including customization, individualiza-
tion, segmentation, targeting and profiling (for an overview,
see Sunikka & Bragge, 2008). In the current study, personal-
ization is achieved by matching the contents of banners to
the demographical properties of the users, also referred to
as demographic targeting (cf. www.iab.net).

Research on personalized banner ads

Recent field studies on the personalization of banners pro-
vided the first evidence for the effectiveness of personalized

advertisements (Bragge, Sunikka, & Kellie, 2013; Seckelmann,
Bargas-Avila, & Opwis, 2011; Tucker, 2011): consistently,
these studies reported higher click-through rates, that is number
of clicks per presentation, for personalized as compared to
nonpersonalized banners. In addition, Bragge et al. (2013) re-
ported beneficial effects of personalized banners on consumer
behaviour. The findings of Seckelmann et al. (2011) indicated
that a precise matching of advertisements to the profile of the
consumer can further improve the click-through rate. The per-
sonalized banner ads in the study of Seckelmann et al. (2011)
were targeted using different keywords matching the user’s
Facebook profile. Facebook offers to estimate the reach of an
ad by taking into account the used keywords in the ad. As users
provide substantial information about themselves, Facebook
can assess the reach of each keyword. Results showed that a
smaller estimated reach of personalized banner ads lead to a
higher click-through rate, indicating that ads being highly
targeted to special interests work better than ads being targeted
towards more generic interests.

Importantly, Tucker (2012) found an increase of effective-
ness of personalized banners only when customers previously
agreed on privacy policy. This policy allowed the presentation
of personalized advertisements but was obligatory and did not
influence the actual display of the advertisement. These find-
ings draw attention to possible negative effects of personalized
advertisements like discomfort or reactance, caused by privacy
concerns or feelings of intrusion (White, Zahay, Thorbornsen,
& Shavitt, 2008). Malheiros, Jennett, Patel, Brostoff, and
Sasse (2012) found a higher number of fixations for personal-
ized as compared to nonpersonalized banners. In this study,
discomfort with personalized contents in banners increased
with the degree of personalization: the highest discomfort
was reported for banners that included the name or the photo
of the participant.

In summary, former research provided evidence for the ef-
fectiveness of personalized banner ads. However, privacy
concerns can lead to negative effects of personalized banners
and therefore have to be considered when investigating the
effects of personalized advertising. The reported findings

*Correspondence to: Moritz Köster, Institute of Psychology, University of
Osnabrück, Seminarstr. 20, 49074 Osnabrück, Germany.
E-mail: morkoest@uni-osnabrueck.de

Copyright © 2014 John Wiley & Sons, Ltd.

Applied Cognitive Psychology, Appl. Cognit. Psychol. 29: 181–192 (2015)
Published online 18 September 2014 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/acp.3080

http://www.iab.net


are also subject to the limitations of field studies (Bragge
et al., 2013; Seckelmann et al., 2011; Tucker, 2011) or are
restricted in validity due to a small number of stimuli used
(Malheiros et al., 2012).

Experimental research on banner ads

Experimental research until now has focused on the effects
of spatiotemporal and physical properties of banners, for ex-
ample the positioning of banners within web pages or anima-
tion of banners. Findings on this issue indicate that an
optimal position of a banner seems to be the right-hand side
of the web page (Kaspar, Ollermann, & Hamborg, 2011;
Simola, Kuisma, Öörni, Uusitalo, & Hyönä, 2011), but not
above (Simola et al., 2011) or below (Kaspar et al., 2011)
the content area. With regard to the corners of a web page,
banners capture more attention in the top-left and bottom-
right corners than in the top-right and bottom-left corners
(Lim & Wogalter, 2000). As outlined in detail elsewhere
(Hamborg, Bruns, Ollermann, & Kaspar, 2012), the animation
of banners led to controversial results: an increased effective-
ness of animated compared to static banners was reported in
some studies (e.g. Li &Bukovac, 1999) but not found in others
(e.g. Benway & Lane, 1998). The aforementioned study of
Hamborg et al. (2012) itself found an increase in attention
and recall for the contents for continuously animated banners
as compared to static or single animation banners. Banner ad
position and degree of animation were revealed as strong
bottom-up factors that modified the impact of banner ads on
attention and recall performance. However, personalization
as a potential top-down factor has been neglected so far in
experimental research. The present study intends to bridge this
empirical gap.

Personal relevance of banner ads as a top-down factor in
attentional control

From a theoretical perspective, users are assumed to better
attend and remember the content of personalized banners
since it implies personal relevance and facilitates processing
(Bargh, 1982). Personal relevance leads to the experience of
involvement, which plays a motivational role in attention and
comprehension processes (Celsi & Olson, 1988). Personal
relevance fosters approach motivation (Simons, Dewitte, &
Lens, 2003). This functional link has also been demonstrated
in neurophysiological studies (Harmon-Jones, Lueck, Fearn,
& Harmon-Jones, 2006). Accordingly, recent studies showed
a strong effect of motivational dispositions in terms of
personality traits (Kaspar et al., 2011; Rauthmann, Seubert,
Sachse, & Furtner, 2012) and current motivational states
(Kaspar et al., 2011) on eye movements (for a current review,
see also Kaspar & König, 2012). For example, higher interest
in visual scenes increases saccade frequency, the extent of vi-
suospatial scene exploration, and reduces the interindividual
variance in fixated location in favour of the most relevant im-
age regions (Kaspar &König, 2011b). Also, Nguyen, Owens,
Chaparro, Chaparro, and Palmer (2012) found that the user’s
goals influence eye movements on web pages in a top-down
manner. Therefore, the effect of personalized banners may in-
terfere with a given task a subject intends to accomplish on a
web page. Both the intention of task achievement and the

motivation to pay attention to a personalized banner may be
considered as top-down processes involved in human percep-
tion. The conflict between two concurrent top-down pro-
cesses can be framed in terms of the selection-for-action
account (Allport, 1985). According to this theory, sensory
information is integrated with respect to its relevance for
current and subsequent actions. The selection of a stimulus
for an action depends on this integration. In the context of
an information search task, the task-relevant content of a
web page is assumed to primarily attract attention. Highly
salient features of web pages, for example animated objects
(Hamborg et al., 2012) or moving parts (Mahapatra, Winkler,
& Yen, 2008), can break through the task-related top-down
process and catch the attention of the user. However, while
we have moderate knowledge about the interaction between
bottom-up and top-down factors in attention, our knowledge
about potential interferences between the current task and a
secondary top-down factor, such as the motivational compo-
nent of personalized web page content, is very limited.
Kaspar (2013) proposed a time-scale-oriented categorization
of factors influencing attention control in order to better un-
derstand when, how long and how strong the effect of a factor
on viewing behaviour can be. Given that personalized ads
commonly refer to characteristics of the user that are striking
and relatively stable over time (e.g. demographic properties,
but also hobbies and basal needs), they presumably trigger
approach motivation persistently as far as this information
is detected. However, it is unclear so far whether personalized
ads on web pages have sufficient power to break through the
top-down process previously initiated by the current informa-
tion search task. It is possible that being in a searching mode
hampers the recognition of personal relevant content overall.
Nevertheless, following Allport’s theoretical considerations
(1985), personalized content of banner ads, in contrast to
nonpersonalized content, should have higher relevance for
potential actions (e.g. consumer behaviour to satisfy a per-
sonal need) and hence should attract attention more effec-
tively in a top-down manner. Indeed, an attentional bias
towards self-relevant stimuli has been reported (e.g. Hall,
Hogue, & Guo, 2011; Isaacowitz & Choi, 2011), and the cen-
tral role of gaze behaviour for motivation and goal-directed
behaviour has been emphasized (Isaacowitz, 2006).Thus, at-
tentional resources might be (at least partially) distracted
from an information search task towards personalized adver-
tisements. In this sense, the present study focuses on a poten-
tial interference between two separate top-down processes in
visual attention.

The present study

More specifically, in the present study, we hypothesized that
personalization of banner ads (H1a) increases overt attention
in terms of a longer visual exploration of banners due to
higher self-relevance for the observer. In line with this
hypothesis, Poole, Ball, and Phillips (2004) suggested that
more fixations on a certain image region indicate that it is
more important to the observer than other regions. In turn,
(H1b) personalization is expected to reduce the overall spa-
tial exploration of web pages (including areas with task-
relevant content) in favour for an in-depth processing of
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banner ads. In addition to these hypotheses about overt atten-
tion, we intended to scrutinize the spatiotemporal course of
attention across different ad elements. We were interested
in whether visual processing of a complex banner ad is of id-
iosyncratic nature or whether it reveals a systematic pattern
across observers. Some previous studies on scan path analy-
ses suggest the development of systematic spatiotemporal
courses across subjects (e.g. Josephson & Holmes, 2002;
Kaspar et al., 2011) and a strong attentional bias towards
the upper left corner of a web page (Betz, Kietzmann,
Wilming, & König, 2010), while others reported rather indi-
vidually distinct scanpaths (Burmese &Mast, 2010). Accord-
ingly, we hypothesize that (H1c) a systematic spatiotemporal
pattern of eye movements across the banner ads would occur.
Besides the effects of personalization on eye movements,

(H2a) increased attention for personalized banners should
coincide with an improved recognition performance for the
banner content because self-relevant stimuli were found to
be memorized better than less personally relevant stimuli
(Carstensen & Mikels, 2005; Tomaszczyk, Fernandes, &
MacLeod, 2008). Moreover, recognition memory for pic-
tures was additionally found to be a function of the number
of fixations placed on pictures (Loftus, 1972), while some
authors pointed out that this finding cannot be generalized
across all types of visual stimuli (Tversky, 1974). At the
same time, (H2b) personalization is expected to withdraw
the memory for the task-relevant content of web pages, that
is the information from the search task.
In order to test these hypotheses, a search task on web

pages with personalized and nonpersonalized banners was
applied while overt attention was measured by means of
eye-tracking. The memory for the content of the banners
and the search task was subsequently examined in a recogni-
tion task. All potential effects of personalized banners were
investigated, while privacy concerns were ruled out.

METHODS

Participants

Forty-eight university students (all female, Mage = 20.32,
SDage = 2.04) participated in the experiment and received
class credits in return. Participants were selected according
to five demographic properties, which were used to target
the advertisements: gender (female), age (under 26), interest
(students of the faculty of human sciences), place of

residence (City of Osnabrück, Germany) and occupation
(student). Participants were blind to these selection criteria.
None of the participants reported any neurological or psychi-
atric disorders, and all participants had normal or corrected
to normal visual acuity. Informed consent was obtained from
each participant. The study conformed to the Code of Ethics
of the American Psychological Association and the Declara-
tion of Helsinki.

Stimuli

The stimulus set consisted of web pages of a popular German
news portal (see Figure 1A for the layout of the web pages).
Sixteen different content areas (i.e. compilations of news arti-
cles) were combined with the personalized or nonpersonalized
version of 16 banner ads each; that is, two versions were
created for each of the 16 web pages, and each participant
saw only the personalized or nonpersonalized version of an
ad. Web pages were displayed in a full-screen browser
window to provide a realistic setup. We used a within-subject
design to compare potential effects of personalized versus
nonpersonalized banner ads. In order to avoid artificial recog-
nition effects due to the presentation of the two web page ver-
sions, each subject only saw a set of 16 different web pages,
including eight personalized and eight nonpersonalized ads.
A balancing plan ensured that the frequency and the
pseudo-randomized order of presented web pages were ade-
quately counterbalanced across the 48 participants.

Content areas of the web pages were composed of five
news articles. Articles included a headline and three to five
sentences with the content of the article. Two articles on each
web page included a picture and were placed on the left-hand
side of the content area. The news in the articles was inde-
pendent of current events (e.g. a report about the number
of stars in the Milky Way).

Banners were a compound of a Leaderboard banner and a
Wide Skyscraper banner (cf. www.iab.net). The Leader-
board banner was placed on top of the content area and
contained a slogan of a few words (e.g. dating service for
young people) as well as a logo of the advertising company
(e.g. the name of a German online dating service). The Wide
Skyscraper banner was placed on the right-hand side of the
content area and contained a picture related to the advertised
product or service (e.g. a happy young couple). The slogan,
the logo and the picture advertised the same product and thus
formed one banner. This banner combination was chosen as

Figure 1. Experimental design of the study. (A) The structure of the web page is illustrated. Shaded regions show the extensions of the banner
region (dark gray) and the content area (light gray). Dotted lines indicate the regions of the banner. (B) The sequence of one single trial
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it covers a large area of the screen and therefore increases the
likelihood to be noticed. Furthermore, this type of advertise-
ment is currently widely used.

Half of the banners were personalized by demographic
targeting. Specifically, targeting was realized by recruiting
a sample of female psychology students with specific
demographic properties, that is gender (only female), age
(between 18 and 25), interest (human sciences), profession
(student) and habitation (place of study). The personalized
versions of banners were matched to these five user charac-
teristics. The other half of the banners was not personalized
and differed from the personalized versions only in the
slogan and the picture. Slogans of the personalized and
nonpersonalized banners differed in one key expression,
which either matched to the characteristics of the subjects
(e.g. young people) or not (e.g. elderly people). Pictures
displayed scenes or products. These were targeted to the
characteristics of the participants in the personalized version
(e.g. young couple) but not in the nonpersonalized version of
the banners (e.g. elderly couple), so the visual properties of
the pictures for the two conditions only differed slightly
(see the computational validation below). We kept constant
as many features of the image as possible, that is the number
of persons and objects, the observer’s perspective, location
and optical appearance of peripheral objects, colours, forms
and basal image statistics. We only manipulated the key
element of the image, for example faces (young versus old)
or objects (women shoes versus men shoes). See Table 1
for examples. The logos of well-known German companies
were used to increase ecological validity.

Privacy concerns were avoided: participants were blind to
the selection criteria and thus unaware that the advertise-
ments could be targeted. In addition, the targeting was not
very specific (e.g. the content of the banner referred to the
whole group of young people or the female gender).Thus,
personal targeting was not very obvious or intrusive. None
of the subjects reported any suspicion about the real purpose
of the experiment during the pilot study (see below).

In order to rule out stimulus-driven attentional biases be-
tween the pictures used in the personalized and nonpersonalized
banners, picture regions of both conditions were compared by
means of saliency maps (Harel, Koch, & Perona, 2006; Itti,
Koch, & Niebur, 1998). The standard Itti and Koch algorithm
(Itti et al., 1998) predicts fixation patterns by a decomposition
of pictures into various physical features (e.g. contrast, colour
and orientation). In addition, we applied the more recent
graph-based visual saliency algorithm (GBVS), which predicts
fixations more reliably (Harel et al., 2006). Both algorithms
were applied to the picture region of the personalized and
nonpersonalized versions of the banners. Neither the Itti and

Koch algorithm nor the GBVS algorithm revealed any differ-
ences in saliency between conditions, t(30) = !.005, p= . 914
and t(30) = .001, p= .999, respectively.

Procedure

Participants performed a search task on the web pages while
their eye movements were captured by an eye-tracker. After-
wards, recognition of relevant elements of the web pages
was measured by the means of an unannounced recognition
task. Prior to the search task, subjects were told that a newly
developed structure and design of a popular German news
portal was being tested. They were told to thoroughly read
the main article about a topic that was announced just before
the trial. Each web page contained several small articles,
while only one of them served as the to-find-and-read target.
We did not inform participants about the subsequent recog-
nition test.
During the search task, 16 web pages were presented to

each subject on a computer screen. Eight of the 16 web pages
were displayed with the personalized version and eight web
pages with the nonpersonalized version. Web pages were
presented for 45 seconds each. The presentation time was de-
rived from a pilot study with five subjects. In the pilot study,
duration of the presentation time of the webpages was deter-
mined by the participants themselves. To avoid time pressure
during the main experiment, we used the average time partic-
ipants of the pilot study viewed the web pages plus one stan-
dard deviation.
Figure 1B shows the sequence of one experimental trial.

Each trial of the search task started with a fixation dot pre-
sented at the centre of the screen, which also served as the
drift correction for the eye-tracker. After the fixation dot dis-
appeared, a search topic was displayed on the screen that the
participants were instructed to look for in the articles of the
following web page. Participants could terminate the presen-
tation of the search topic by pressing a button after at least
2 seconds. Thereafter, a blank screen with a variable duration
of 1–2 seconds was displayed, followed by a web page com-
prising of several articles together with the target article, pre-
sented for 45 seconds. Subjects were instructed to look for
the article that included the search topic (see Figure 1A)
and read it before exploring the rest of the page. The proce-
dure was explained and demonstrated to the participants be-
fore the experiment.
The recognition test was done with the help of an unan-

nounced questionnaire consisting of four parts that asked
for (i) the content of the articles, (ii) the slogans of the ban-
ners, (iii) the pictures of the banners and (iv) the logos of
the advertising companies. The first part of the questionnaire

Table 1. Examples for personalized and nonpersonalized versions of banners

Demographic
variable Logo of

Picture of Slogan

Personalized Nonpersonalized Personalized Nonpersonalized

Gender (female) fashion store women’s shoes men’s shoes 20% discount on all
women’s shoes

20% discount on all
men’s shoes

Age (under 26) online dating
service

young couple elderly couple dating service for
young people

dating service for
elderly people
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was comprised of 32 correct statements, taken from the 16
articles the participants were asked to look for (two items per
article), intermixed with 32 distractor statements containing in-
formation that was not part of the articles. Subjects were asked
to mark ‘yes’ (for correct statements), ‘no’ (for new statements)
or ‘don’t know’ (if participants were not sure whether the state-
ment was given in the articles). The last category was used to
avoid guessing and thereby achieve a purer measure for the rec-
ognition performance. In the second part of the questionnaire,
the slogans of the banners presented on the web pages had to
be identified out of a set of 32 banner slogans, comprising the
16 true slogans and 16 slightly altered versions of these slogans,
given the same response categories as in the first part of the
questionnaire. In the third part of the questionnaire, the recogni-
tion of the pictures of the banners was tested. Each of the pic-
tures of the 16 banners was presented in combination with a
set of four similar distractor pictures. Participants had to mark
the correct picture for the banner or indicate that they ‘don’t
know’ which picture was part of it. Finally, in the fourth part
of the questionnaire, each of the logos of the companies was
presented in combination with a set of four distractor logos of
similar companies. As before, subjects had to mark the logos
that were part of the banners presented during the search task.
The set of distractors for the pictorial targets was larger than
for the slogans and article statements because words are more
polysemous than pictures. Pictures have fewer semantic inter-
pretations and make recognition easier, as previously shown
(Feenan & Snodgrass, 1990).
At the end of the experiment, subjects signed a confiden-

tiality agreement that they would not inform other students
about the content of the experiment.

Apparatus

Participant’s eye movements were recorded by a head-mounted
EyeLink I system (SR Research, Ontario, Canada). It uses in-
frared pupil tracking at a sampling rate of 250Hz and com-
pensates for head movements. The stimuli were presented
on a Samsung SyncMaster 204B (20 in.) TFT screen. The dis-
play resolution was 1600× 1200 pixels, and refresh rate was
75Hz. The screen distance was set to 75 cm. The web pages
covered an average visual angle of about 29.5× 22.0°. Sub-
jects were not restricted in their viewing behaviour by a head-
rest. In order to calibrate the eye-tracker, participants made
saccades to a grid of nine fixation dots on the screen, which
appeared one by one in a random order. Eye position data
were collected binocularly and, as according to previous
studies, analyzed for the eye that produced the better spatial
accuracy (Kaspar & König, 2011a). The eye-tracking session
started as soon as the calibration error was below 0.5° visual
angle. To control for slow drifts in measured eye movements,
a fixation spot appeared in the middle of the screen after each
stimulus presentation. If the automatic drift correction did not
work properly due to large deviations elicited by too extensive
head movements, the calibration procedure was repeated.

Eye-tracking parameters

The attention directed towards the banner ads was quantified
by three measures: (i) the total fixation duration, that is the
summed duration of all fixations within a region of interest;

(ii) the total number of fixations within a region of interest
across the whole observation time; and (iii) the number of
entry fixations on a region of interest. Parameters were calcu-
lated for each subject, condition and banner region, which
were averaged across trials. The number of entry fixations
indicates how often subjects placed one fixation on a region
of interest after the preceding fixation was located outside
this region; that is, this number represents how often a sub-
jects reentered a certain region. The banner regions are indi-
cated in Figure 1A.

Fixations and saccades were detected and parameterized
automatically by the eye-tracker. The timings of eye move-
ments were extracted automatically from raw data along with
the coordinates of saccade as well as fixation start-points and
end-points by the EyeLink I system. We conducted further
analysis of the data with MATLAB (MathWorks, Inc.). Prior
analysis, fixations with a duration below 40milliseconds
(Rayner, 1998) or beyond two standard deviations from the
grand mean fixation duration (Kaspar et al., 2013) were
discarded. This limits the potential influence of outliers and
biases in results. Furthermore, the first fixation of each trial
was excluded from analysis since its position was deter-
mined by the spot fixated on before the presentation of the
actual stimulus.

In order to test whether personalized banner ads reduce the
overall spatial exploration of web pages when compared to
nonpersonalized ones (including areas with task-relevant
content), an entropy value was calculated (c.f. Acik et al.,
2010; Hooge & Camps, 2013; Kaspar & König, 2011b).
The entropy quantifies the spread of fixation distributions
independent of specific geometrical arrangements and hence
is a suitable signature of the explorativeness of an observer’s
viewing behaviour on web pages. Higher values indicate a
more spread out distribution. The maximum value occurs
for a singular distribution, whereas the minimum value cor-
responds to a flat distribution. Absolute entropy values are
negligible in the present case due to a comparison between
conditions. Absolute values depend on several parameters
(see Kaspar et al., 2011 for a detailed description). In order
to calculate entropy values, the fixation distribution map of a
subject observing web page was combined with a Gaussian
kernel to produce a corresponding fixation density map. Fol-
lowing previous studies (e.g. Kaspar & König, 2011b; Kaspar
et al., 2011; Kaspar et al., 2013), the full width at half maxi-
mum of the Gaussian kernel defining the size of the patch
was set to 1° of visual angle. The entropy E was calculated
with the standard MATLAB (MathWorks, Inc.) function ac-
cording to E w; sð Þ ¼ !∑

x
FDM x;w; sð Þ%* log2FDM x;w; sð Þ,

whereby x indicates the image space. The mean entropy for
each subject and condition was calculated and compared be-
tween conditions. A lower entropy value for web pages with
personalized banner ads (versus nonpersonalized ads) would
indicate that the ads elicited a reduced spatial exploration of
the web pages (see H1b).

To scrutinize the spatiotemporal course of banner explora-
tion (H1c, Figure 3), the presentation time of the web page
was divided into nine time windows of 5 seconds each. The
average number of entry fixations per trial and time window
was calculated and plotted with the respective standard
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errors. The spatiotemporal course was displayed for the
whole banner region as well as for the single elements of
the banner (i.e. picture, logo and slogan). These courses
called for a further analysis; the sequence in which the ban-
ner elements were attended is depicted in greater detail in
Figure 4. The 25 fixations following the first fixation on
the picture region were accumulated over subjects, trials
and conditions, and plotted for each element of the banner.

Data analysis

The three eye-tracking parameters and the relative number of
correct recognitions (hit rates) from the questionnaires were
compared by means of a two-factorial repeated measures
analysis of variance (ANOVA) with the factors PERSON-
ALIZATION (personalized versus nonpersonalized) and
BANNER REGION (slogan, picture and logo) as within-
subject factors. The ANOVA was separately calculated for
each eye-tracking parameter (entry fixations, number of
fixations and fixation duration). Reported results are
Greenhouse-Geisser corrected. Tests were performed at a
significance level of 5%. As the hypotheses regarding the
factor PERSONALIZATION were one-sided, we report
halved p-values for the corresponding F-values as suggested
(McNeil, Newman, & Kelly, 1996), because they are identi-
cal to the p-value of one-sided t-tests that could be alterna-
tively calculated to test this main effect (Rutherford, 2001).
Reported effect size is Cohen’s d for t-tests and analyses of
variance (Cohen, 1988). To estimate the 95% confidence
intervals (CI) of the effect size d, we used the procedure
proposed by Grissom and Kim (2005, pp. 59–60). Memory
effects were further quantified by d′ values, a standard metric
from signal detection theory that describes the performance
in memory tasks and accounts for acquiescence biases (Green
& Swets, 1966). All subjects were included in the analysis.

RESULTS

Eye movements

The averaged total fixation duration for the banner region was
850.5 ± 89.7 milliseconds per trial, indicating that only 1.9%
of the total presentation time of the web page (45 seconds)
was spent exploring the banner. The average number of

fixations located at the banner region was 4.02 ± 0.42, which
corresponded to 2.4% of the total number of fixations per trial
(164.89 ± 2.40). Furthermore, an average of 0.88 ± 0.07 entry
fixations on the banner region was recorded, indicating no re-
peated attentional switching between the banner region and
outside elements.
The main effect PERSONALIZATION was only signifi-

cant for the number of entry fixations. To test our directional
hypothesis, we halved the p-value: F(1,47) = 2.908, one-
sided p = .048, d = 0.198, 95% CId = !0.203 to 0.600. The
number of fixations on banner ads and the total fixation du-
ration on banner ads were not significant and only showed
a tendency in the case of halved p-values, F(1,47) = 2.117,
one-sided p = .076, d = 0.151, 95% CId = !0.250 to 0.552,
and F(1,47) = 2.156, one-sided p = .075, d = 0.150, 95%
CId= !0.251 to 0.550, respectively. These effects point into
the expected direction, namely towards higher values for
personalized as compared to nonpersonalized banners. A
posteriori analysis of the entry fixations revealed a signifi-
cantly higher number of entry fixations on slogans for the
personalized than for the nonpersonalized banners (Figure 2A).
Following our directional hypothesis, we again halved the
p-values, t(47) = 1.940, one-sided p= .029, d=0.263, 95%
CId= !0.139 to 0.665. The same difference in entry fixa-
tions was found for the logo region, t(47) = 1.717, one-sided
p= .047, d=0.186, 95% CId= !0.215 to 0.587, but no such
effect was revealed for the picture region, t(47) = 0.834,
one-sided p= .205, d=0.094, 95% CId= !0.306 to 0.494.
See Table 2 for the total scores of the eye-tracking param-

eters. To sum up, with respect to H1a, the expected effect of
banner personalization only revealed for entry fixations on
the logo and slogan region of the banners.
In addition to the effect of PERSONALIZATION, a sig-

nificant main effect for the factor BANNER REGION indi-
cated differences between banner regions for the number of
entry fixations F(1.252, 58.858,) = 72.466, p< .001,
d=1.776, 95% CId=1.304 to 2.248, the total fixation duration,
F(1.365, 63.870) = 39.265, p< .001, d=1.475, 95% CId=
1.023 to 1.926, and the number of fixations, F(1.657,
77.864) = 42.495, p< .001, d=1.411, 95% CId=0.964 to
1.858. These effects are possibly strongly biased due to the
different sizes of the three banner regions and therefore were
not further analyzed or interpreted. None of the ANOVAs
showed a significant interaction between factors

Figure 2. (A) Number of enter fixations for the personalized and nonpersonalized versions of the banners and (B) memory performance for
banner content. Whiskers indicate one standard error of the mean. (*p= .05, **p< .01, ***p< .001, one-sided)
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PERSONALIZATION and BANNER REGION, all F
0.620, p ≥ .488, all d ≤ 0.09, 95% CId= !0.311 to 0.490.
To test the directional hypothesis H1b that the personaliza-

tion of banners reduces the overall spatial exploration of web
pages, we halved the p-value but did not observe a significant
effect on entropy, t(47) =!1.273, one-sided p= .105, d=0.115,
95% CId= !0.285 to 0.515.
In order to scrutinize whether a systematic spatiotemporal

pattern of subjects’ attentional focus across the banner re-
gions occurred (H1c), the temporal course of entry fixations
for the whole banner and for each of the three banner regions
were visualized (Figure 3). An obvious increase in entry
fixations was visible after the time windows four and five

(the epoch from 15 to 25 seconds). This confirms the selection
of the presentation time and suggests that the banner was ex-
plored when the search task was finished. The time courses
of entry fixations for the whole banner region of interest did
not differ between the personalized and nonpersonalized con-
dition. For the picture region, a peak was visible at the seventh
time window (30–35 seconds) corresponding to the peak of
entry fixations for the whole banner. Interestingly, the logo
and the slogan region showed a peak of entry fixations in the
subsequent time windows eight (35–40 seconds) and nine
(40–45 seconds), which was only visible in the personalized
condition. As illustrated in Figure 3, both differences were sig-
nificant, t(47) = 2.720, p= .008, d=0.520, 95% CId=0.113 to
0.927, and t(47) = 2.397, p= .019, d=0.484, 95% CId=0.078
to 0.890, respectively. Effects within the first three time win-
dows are not further described or interpreted due to the small
number of entry fixations within these time windows. Note
that the number of entry fixations for the whole banner region
does not equal the sum of entry fixations across the distinct
banner regions since one entry fixation on the banner region
might be followed by several entry fixations on the distinct
regions of the banner. The time characteristics of entry fixa-
tions indicated that the first entry fixation was often made on
the picture region and that this first entry fixation was indepen-
dent of the condition (personalized versus nonpersonalized
banner). The content of the picture seemed to be decisive for
the further exploration of the banner, namely for entry fixa-
tions on the region of the logo and the slogan in this temporal
order.

Consequently, the sequence of fixations within the banner
region was analyzed in more detail. As suggested by the

Table 2. Eye movement parameters for banner regions

Personalized Unpersonalized

Number of fixations
Picture 19.48 (2.40) 18.60 (2.04)
Logo 3.98 (0.47) 3.90 (0.63)
Slogan 10.02 (1.34) 9.00 (1.39)

Number of entry fixations
Picture 6.84 (0.75) 6.39 (0.64)
Logo 2.92 (0.35) 2.46 (0.36)
Slogan 3.24 (0.39) 2.55 (0.37)

Fixation duration in seconds
Picture 4.460 (0.614) 4.096 (0.469)
Logo 0.839 (0.102) 0.812 (0.138)
Slogan 1.854 (0.256) 1.712 (0.267)

Note: Values indicate the total number of fixations, entry fixations and the
total fixation duration for eight personalized/nonpersonalized banners.
Values are the arithmetic mean (M) and the standard error (SE) in parenthesis.

Figure 3. Time courses for the number of entry fixations on the banner region, separated for the personalized and the nonpersonalized con-
dition. The mean number of entry fixations per trial on (A) the whole region of the banner as well as (B) the image, (C) the logo and (D) the
slogan is displayed. The presentation time of 45 seconds was binned into nine time windows of 5 seconds. Shaded regions indicate one

standard error of the mean. (*p= .05, **p< .01, one-sided)
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aforementioned results, the majority (68.21%) of the first fix-
ations on the banner landed on the picture region. Figure 4
depicts the accumulated number of the first entry fixations
on the picture region and the 24 fixations following this first
fixation on the picture. We selected a time window of 25 fix-
ations to capture the frequency distribution appropriately.
Those 25 fixations are depicted for each of the three banner
regions. Overall, and in accordance with H1c, the temporal
order expected from Figure 3 was confirmed; a prototypical
spatiotemporal exploration of the banner seems to start in
the picture region, followed by the logo and finally by the
slogan. The number of fixations on the banner region was
close to zero for fixations beyond the 25th fixation after the
initial one placed on the banner (not depicted).

Memory effects

Subjects showed a clear memory effect for the content of the
target articles, recognizing on average (mean ± SEM)
54.95 ± 2.05% of the statements from the target articles (hits)
and judging 15.69± 1.26% as new (misses). Of the distractors,
11.46± 1.11% were judged as recognized (false alarms) and
55.46 ± 1.99% were correctly classified as new (correct rejec-
tions). The rates of hits and false alarms correspond to an
average d′ value of 1.562 ± 0.117, indicating a detection rate
above chance level, t(47) = 13.388, p< .001, d = 1.927, 95%
CId = 1.443 to 2.411. In contrast to our directional hypothesis
H2b that personalized banners hamper task performance, no
difference in recognition performance was found between
news articles presented on web pages containing personalized
banners (d′=1.61± 0.129) and news articles presented on web
pages containing nonpersonalized banners (d′=1.53± 0.129).
The halved p-value did not reach significance t(47) = 0.472,
one-sided p= .320, d= .088, 95% CId= !0.312 to 0.488. A
total of 31.05 ± 1.66% of all items were answered with ‘don’t
know’. Hence, personalization of banners did not affect

recognition performance for the content of the target articles; that
is, personalized ad-banners did not hamper task performance.
With respect to the recognition performance for the con-

tent of the banners, on average 20.83 ± 1.82% of all pictures,
22.27±2.25% of all slogans and 21.61±2.55% of all logos
were correctly recognized. d′ values for the respective hit and
false alarm rates were 1.091±0.141 (pictures), 1.068±0.135
(slogans) and 0.874±0.179 (logos), indicating a recognition
performance above chance level for pictures, t(47) = 7.728,
p< .001, d = 1.617, 95% CId = 1.156 to 2.078, for slogans,
t(47) = 7.888, p< .001, d=1.429, 95% CId=0.981 to 1.877,
and for logos, t(47) = 4.877, p< .001, d = 1.224, 95%
CId= 0.788 to 1.660.
In the next step, we analyzed the hit rates for the three

regions of personalized and nonpersonalized banners. Ac-
cording to the directional hypothesis H2a, personalization
of banners should improve recognition performance for
the banners content. We found a significant main effect of
the factor PERSONALIZATION by using halved p-values,
F(1, 47) = 15.012, one-sided p< .001 , d = 0.628, 95%
CId= 0.218 to 1.038, with higher hit rates in the personalized
condition (Figure 2B). However, the factor BANNERREGION
revealed no effect on the hit rate, F(1.990, 93.551) =0.275,
p= .759, d=0.097, 95% CId= !0.304 to 0.497. In addition,
the interaction effect PERSONALIZATION ×BANNER
REGION for the hit rates was significant, F(1.882,
88.455) = 4.351, p = .018,d= 0.282, 95% CId = !0.120 to
0.684, indicating that the memory effect for personalized
banner content differs between banner regions. Nonetheless,
higher memory performance for personalized as compared
to nonpersonalized contents was found for all banner regions
(see Figure 2B) as predicted; that is, the interaction is ordinal:
subjects remembered 24.31 ± 2.54% of the personalized
and 17.15 ± 1.99% of the nonpersonalized pictures (halved
p-values), t(47) = 2.683, one-sided p= .005, d = 0.446, 95%
CId= 0.041 to 0.851. An even higher effect was found for
the slogans, with 28.68 ± 2.90% compared to 15.72 ± 2.38%
remembered items, t(47) =4.733, one-sided p< .001, d=0.698,
95% CId = 0.286 to 1.110. Recognition rates for the logos of
personalized banners (23.92 ± 3.16%) differed not significantly
from logos in nonpersonalized banners (20.00 ± 2.81%) but
showed a tendency into the expected direction, when halved
p-values were used due to our directed hypothesis t(49)=1.398,
one-sided p = .085, d = 0.189, 95% CId= !0.212 to 0.590.
To sum up, in accordance with our expectation (H2a), the

personalization of banners increased the memory perfor-
mance for the contents of the banner, although not signifi-
cantly for logos. In contrast, the memory performance for
task-relevant content did not differ between the personalized
and the nonpersonalized condition; that is, contrary to hy-
pothesis H2b, the task performance was not lowered by ban-
ner personalization.

DISCUSSION

Summary

In this study, a search paradigm on web pages was used to
investigate the effects of personalized banners under experi-
mental conditions. Overt attention was measured by means

Figure 4. Characteristics of the banner exploration. Twenty-five
fixations following the first entry fixations on the banner region

are displayed. Fixations were accumulated over subjects, trials and
conditions
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of eye-tracking, while recognition of the banner content and
the results of the search tasks were examined with question-
naires. Nonpersonalized banners were used as control stim-
uli. Eye-tracking parameters partially support hypothesis
H1a, while hypothesis H1b was not confirmed; the results
only show an increase regarding entry fixations on the slogan
and logo area of the banner when it was personalized com-
pared to nonpersonalized. However, the number of fixations
and the fixation duration were not significantly different.
Even when applying a one-sided test, these parameters only
revealed a tendency into the expected direction. Contrary to
H1b, the entropy analysis indicated that the personalization
of ad banners did not lower the extent of spatial exploration
of whole web pages. In line with hypothesis H2a, recognition
performance was higher for the picture and the slogan of the
personalized banners. For logos, we only found a one-sided
tendency into this direction. Inconsistent with hypothesis H2b,
no difference in recognition performance was found regarding
the content of the target articles; that is, task performance was
not hampered by the degree of banner personalization.
Overall, it is important to note that relatively small and

only partially significant differences in gaze behaviour be-
tween personalized versus nonpersonalized ads lead to sub-
stantial differences in memory performance. Hence, future
studies should scrutinize whether the small effect of personal-
ization on overt attention actually accounts for the substantial
effect on memory performance or whether further processes
mediate the effect on memory.

Effects of personalized banners

The results of the present study revealed for the first time the
effectiveness of personalized banners on some attention
parameters and memory performance under experimental
conditions. Models of web ad effectiveness assume that user
behaviour like clicking on a banner is preceded by a processing
stage, including attentional processing of an ad (see Rossiter &
Bellman, 1999). Thus, the presented findings may explain
effects of personalized banners on user behaviour found in field
studies, that is on click-through rates (Bragge et al., 2013;
Seckelmann et al., 2011; Tucker, 2011) and consumer behav-
iour (Bragge et al., 2013).
However, besides such beneficial effects of personaliza-

tion from the view of advertisers, negative effects of person-
alized banner ads were also reported previously: White et al.
(2008) considered privacy concerns, the intrusive feelings
personalization of advertisements can elicit in the consumer.
These negative effects have been tested and confirmed in a
number of studies (e.g. Malheiros et al., 2012; Tucker,
2012; van Doorn & Hoekstra, 2013). Consequences may in-
clude negative reactions or attitudes towards the advertised
company. Thus, the question of whether the benefits of per-
sonalized banners outweigh the negative effects is manifold.
Some implications on this issue might be derived from recent
findings and from the present study: perceived control over
privacy settings seems to increase the readiness to accept
personalized banners (Tucker, 2011). In a study of Malheiros
et al. (2012), participants reported a high degree of discom-
fort when their name or their picture was used but not when
demographic information (age) or user statistics (selected

holiday destination) were employed to personalize banners.
These findings demonstrate that the way in which advertise-
ments are personalized matters (see Sunikka & Bragge,
2008) and that acceptance decreases with the intimacy of in-
formation used for personalization. The trade-off between
beneficial and negative effects of personalized advertise-
ments is further discussed elsewhere (Tucker, 2012; van
Doorn & Hoekstra, 2013).

In the present study, demographic targeting was used to
personalize the banners, and privacy concerns were ruled
out. The results suggest that personalization may direct the
attentional focus to banner ads and enhance recognition per-
formance, at least when personalization is not intrusive or in-
timidating, and hence, privacy concerns can be circumvented.
Additional studies are required to evaluate methods of person-
alization with regard to their acceptance. Moreover, it would
be interesting to explore whether recall performance benefits
from personalized banner contents in the same way that recog-
nition performance does in the present study. A recent study
showed that more fixations on animated ad banners, compared
to nonanimated banners, were paralleled by better recall of
banner aspects afterwards (Hamborg et al., 2012).

Exploration of banner ads

Despite the large spatial extension of the banners, relatively
low visual exploration (in terms of overt attention) of the
banner region was found in the current study. This is in line
with the literature, which generally reports low rates of ex-
ploration (e.g. Benway & Lane, 1998; Dreze & Hussherr,
2003). Similar effects were found for click-through rates
(e.g. Sigel, Braun, & Sena, 2008) for banners. Benway and
Lane (1998) coined the term ‘banner blindness’ to describe
these phenomena. Banner blindness was found to be more
pronounced when the ad, in accordance with the present
study, is placed on the right side of the web page (Owens,
Chaparro, & Palmer, 2011). It was found that even task-
relevant information might be neglected when placed in
banners (Spool, Scanlon, Schroeder, Snyder, & De Angelo,
1999). Furthermore, click-through rates of online advertise-
ments in field studies decreased over time (Dreze & Hussherr,
2003). However, the present study found that about 22% of the
elements of the banners, including the slogan, picture and
logo, were memorized in the recognition task. This finding is
in line with a former eye-tracking study (Hervet, Guérard,
Tremblay, & Chtourou, 2011) and indicates that a few gazes
onto the banner may suffice to create lasting memory traces.
In line with the beneficial effects of personalized banners
reported in field studies (Bragge et al., 2013; Seckelmann
et al., 2011; Tucker, 2011), the current study demonstrates that
personalization further increases attention and recognition of
the banner content. In conclusion, personalization depicts an
effective method to increase the awareness of banners.

The observed temporal characteristics of entry fixations on
the banner region draw a clear picture: attention towards the
banner increased during the second half of the presentation
time, presumably when the search task was completed. This
finding could indicate that participants simply followed the
instruction and completed the search task first before
exploring the rest of the web pages. In fact, the task was
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revealed as a strong factor on internet users’ fixation behav-
iour in general (Betz et al., 2010; Kaspar, 2013). However,
the present finding should be interpreted with caution, as the
web pages did not vary in structure, and it was therefore easy
for the participants to direct their attention towards the task-
relevant regions. Importantly, a former study with one single
trial reported a peak in the number of fixations on the banner
at the beginning of the exploration (Hamborg et al., 2012).
This time course of banner exploration was also reported in a
study by Wang and Day (2007). These studies, however, used
animated banners. In contrast, Simola, Kivikangas, Kuisma,
and Krause (2013) used nonanimated print ads. They also
found that when participants were instructed to read a newspa-
per article, they looked at an irrelevant pictorial ad early during
the task. Hence, one might speculate that the unchanging and
consistent structure of web pages used in the present study fa-
cilitated information seeking such that the focus of attention
was directed towards task-relevant regions instead of being
distracted by the banner at the beginning of the task.

In the present study, the majority of all entry fixations on
the banner region landed on the picture area. Superiority for
the pictorial content of banner ads was reported previously
(Pieters & Wedel, 2004). Analyses of subsequent fixations
illustrate that prototypical exploration proceeds from the
banner on the logo region and finally to the slogan region.
More specifically, the time courses of entry fixations on the
regions of the banner (Figures 3B–3C) and the comparison
of entry fixations between conditions indicate that personal-
ized pictures lead to a higher exploration for the rest of the
banner (i.e. logo and the slogan) than nonpersonalized pic-
tures; entry fixations did not differ for the picture region,
but for the subsequently explored banner regions (i.e. logo
and slogan). It should be noted that the elements of the ban-
ners are confused with their position: the picture was always
placed on the right-hand side of the web page, an area that
was reported as a favourable position for banner ads in for-
mer eye-tracking studies (Kaspar et al., 2011; Simola et al.,
2011). Thus, the question remains whether the picture itself,
the position of the picture or the combination of picture and
position attracted the initial attention. While this question
was not in the focus of the present study, future research
might disentangle this confusion by variable positioning of
banners and counterbalanced arrangements of design ele-
ments (picture, slogan and logo) of a banner.

The entropy value, which provided an objective measure for
the spread of fixations on webpages, did not differ between ex-
perimental conditions. This result contradicts H1b that person-
alized banners reduce the overall exploration of the web page as
it detracts attention from the task-relevant web page regions. In
addition, the recognition task revealed no differential memory
performance for the content of the articles between conditions.
This null effect might partially be explained by the aforemen-
tioned low overall exploration of the banner and the initial at-
tention focus on the task-relevant area.

Theoretical implications

Contrary to our expectations, a distraction from the ongoing
search task caused by personalized banners is supported nei-
ther by recognition performance nor by eye movement data.

According to the selection-for-action paradigm (Allport,
1985), integration of information is strongly determined by
the relevance of the respective information for ongoing or
future actions. Self-relevant information provided by person-
alized banners was expected to (at least partially) draw the
attention from the ongoing search task and corresponding
regions of the web page. Personalized banners, compared to
nonpersonalized ones, contain more self-relevant information
and hence are supposed to be of higher priority for potential
actions (e.g. consumer behaviour to satisfy a personal need).
However, the present data contradict the assumption that per-
sonalized content of banners has sufficient power to break
through the impact of the task on viewing behaviour. Person-
alized banner ads did not hamper the processing and later
memory for task-relevant content. One possible explanation
is the blindness towards banner ads, which is more pro-
nounced in search tasks (Pagendarm & Schaumburg, 2006).
Moreover, because the recognition test was announced after
web page observation, the banner ads were probably regarded
as irrelevant for the task at hand (i.e. the information search
task). Hence, the personalized banners apparently did not un-
fold their full distraction potential. It is conceivable that per-
sonalized banner ads will show a stronger impact if subjects
are browsing and are allowed to interact with the web pages
(e.g. by clicking at banners). Importantly, in contrast to the
findings from studies on banner animation (Hamborg et al.,
2012; Wang & Day, 2007), no early exploration of the banner
was found in the current study. Perhaps the missing early
exploration and processing of the banner content reduced
the potential impact of the banner on subjects’ motivation to
explore these banners in depth by directing more attention to
them. Note that the exploration of the web page was influ-
enced by characteristics of the experimental design.
Furthermore, it should be taken into account that the current

study used demographic targeting with relatively global and
unspecific demographic parameters such as gender or age, in-
stead of a more distinctive targeting, e.g. to special interests of
the individuals. The more precisely the content of an ad is
matched to the interest of a user, the more attraction towards
the advertisement is to be expected (Seckelmann et al.,
2011). However, although most fixations did not fall on the
banner region, and although attention as well as memory for
task-relevant content was not affected by personalization, the
targeting in the present study led to increased attention and
memory for the banner content. At the end, this finding might
be well explained by the importance and motivating effect of
self-relevant information in the personalized banners.

CONCLUSION

The present study provides evidence for the effectiveness of
personalized banners on attention and memory performance
under experimental conditions when privacy concerns are ruled
out. New insights into the temporal course of the exploration
of banner ads could be gained. Contrary to the initial
assumptions, no influence of personalized advertisements
on task-relevant information processing and the overall
exploration of the web page was found. The results support
and complement the results of current field studies.
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