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Abstract: Currently, there are a wide range of approaches to deploying digital ads, with advanced
technologies now being harnessed to craft advertising that is engaging and even tailored to personal
interests and preferences, yet potentially distracting and irritating. This research seeks to evaluate
contemporary digital advertising methods by assessing how annoying they are to users, particularly
when they distract users from intended tasks or cause delays in regular online activities. To pursue
this, an eye-tracking study was conducted, with 51 participants navigating a specially designed
website featuring seven distinct types of advertisements without a specific content to avoid the effect
of ad content on the collected data. Participants were asked to execute specific information-seeking
tasks during the experiment and afterwards to report if they recalled seeing each ad and the degree of
annoyance by each ad type. Ad effectiveness is assessed by eye-tracking metrics (time to first fixation,
average fixation duration, dwell time, fixation count, and revisit count) depicting how appealing an
ad is as a marketing stimulus. Findings indicated that pop-ups, ads with content reorganization, and
non-skippable videos ranked as the most annoying forms of advertising. Conversely, in-content ads
without content reorganization, banners, and right rail ads were indicated as less intrusive options,
seeming to strike a balance between effectiveness and user acceptance.

Keywords: eye-tracking; online ads; annoyance; user testing

1. Introduction

Digital marketing is the practice of promoting products, services, or brands through
digital channels, such as search engines, websites, social media, email, and mobile apps.
It leverages online communication technologies to reach and engage with consumers in
a targeted and interactive manner. It spans from building awareness to encouraging the
purchase of a product or service, leveraging diverse platforms and digital channels [1–3].

Online advertisements have brought major changes in the way information about
a company’s products are promoted. Consumers have a more enhanced perception of
a company’s products and services or better yet, they can discover, through digital ads,
a company that was previously unknown to them. Moreover, such ads provide a more
interactive environment, as the communication between customer and company becomes
more direct, and as a result, bonds are developed between them. Nowadays, consumers
themselves contribute through their actions to the formation of promotional and advertising
campaigns. Through these actions, valuable data are collected, measured and interpreted,
contributing positively to the development of new communication models and channels.

Digital ads appear in various forms and are delivered with different techniques on
each online platform. A summative table follows (Table 1) with the most widely utilized
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techniques of online ads, the types of ads each technique supports and a short descrip-
tion [3–8].

Table 1. Techniques and types of online ads.

Techniques of
Online Ads Types of Online Ads Technique Description

Modal Popup Ads,
Video Ads

Appears on top of a website’s content. User
must close the ad to interact with the website.

Nonmodal

Text Ads,
Flash Ads,
Native Ads,
Online Sponsorships

Usually appears in the bottom right corner of
the page. Does not move when scrolling.

Persistent banner (top
of content) Banners Ads Appears at the top of the page and remains

fixed to the top of the browser window.

Persistent banner
(bottom of content) Banners Ads

Appears at the bottom of the page and
remains “locked” to the bottom of the
browser window.

Intracontent with
content reorganization

Popup Ads,
Flash Ads

Appears while the page is loading and
pushes content down the page.

Intracontent without
content reorganization

Popup Ads,
Text Ads,
Native Ads

Appears within the main content of a website
without pushing any content down.

Right rail Text Ads,
Online Sponsorships Located on the right-hand side of the page.

Right rail animated Flash Ads Located on the right-hand side of the page
and “flashes” to attract your attention.

Prevideo no skip
Text Ads,
Video Ads,
Online sponsorships

A video plays on a website, but an
advertisement plays first. Cannot be skipped
until completion.

Prevideo with skip
Text Ads,
Video Ads,
Online Sponsorships

A video plays on a website, but an
advertisement plays first, which can be
skipped after 5 s.

Autoplay video
with skip Video Ads

Appears as a video and starts playing
automatically when you land on a website,
followed by video content.

Sponsored social
media content

Text Ads,
Video Ads,
Flash Ads,
Online Sponsorships,
Native Ads

Appears in the feed on a social media
website.

Related links Text Ads,
Paid Search Ads

Appear at the bottom of an article as related
links.

Deceptive links
Text Ads,
Interstitials,
Online Sponsorships

Similar links that are advertisements are
placed next to download links on a website.

Retargeting

Display Ads,
Flash Ads,
Social Media
Advertising,
Email Ads

Uses cookies to show users specific ads based
on their browsing history.
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Table 1. Cont.

Techniques of
Online Ads Types of Online Ads Technique Description

IP targeting

Display Ads,
Popup Ads,
Text Ads,
Video Ads,
Flash Ads,
Online Sponsorships,
Social Media
Advertising,
Email Ads,
Paid Search Ads

Uses a user’s IP address to select where an
ad is shown. Many websites sell ads for
specific geographic locations.

Rich media advertising Flash Ads,
Text Ads

Involves a virtual character or “avatar”. Uses
Flash technology and typically greets a
customer when they enter a website,
providing key information about a business’s
products and services.

3D visualization Interactive
Video Ads

Shows a three-dimensional model of a
product. Consumers can interact with the
simulation of a product to get a closer look.

1.1. Eye Tracking and Digital Marketing

Eye tracking (also known as oculography) is a technology that uses infrared sensors
or cameras to track where a user is looking in real time. This technology translates eye
movements into a data stream that provides information about pupil location and gaze
vector for each eye whilst providing an in-depth understanding about visual attention and
behavior. Through this technology, eye movements can be decoded, and subsequently,
different insights can be determined for use across a wide range of applications [9–11].

An eye-tracking system typically consists of one or more cameras, some light sources,
and computing capabilities. It is either built into or placed in front of an interface device.
As mentioned above, eye tracking captures the movements and characteristics of a person’s
eyes, calculating a number of useful data points, such as the presence, attention, and point
of gaze of the user, also known as fixations, as well as the position and size of the eye’s pupil.
The raw material captured by the camera is translated into data points using algorithms,
with the help of machine learning and advanced image processing.

More specifically, near-infrared light is directed at the eye’s pupil, causing detectable
reflections on both the pupil and the cornea of the eye. These reflections are tracked by
an infrared camera. This is the visual tracking of corneal reflections, otherwise known
as Pupil Centre Corneal Reflection (PCCR). An infrared light source is necessary, as the
accuracy of gaze estimation relies on a clear delineation and detection of the pupil as well
as the detection of the corneal reflection. Regular light sources, such as those used in
regular cameras, are not able to provide enough contrast, meaning that it is much harder
to achieve a useful amount of accuracy without infrared light. Light from the visible
spectrum is likely to create uncontrolled specular reflection, while infrared light allows for
precise differentiation between the pupil and the iris. Furthermore, because infrared light
is invisible to humans, it does not cause distraction as the eyes are being tracked.

This technology can be used in multiple fields of application, as it is a versatile tool.
Through data analysis, researchers and developers can gain insights into user behavior,
usability, and cognitive processes for a range of applications [12–16]. It can be used in
domains ranging from scientific research to consumer marketing, workplace training, or
even integration into products. Eye-tracking data can also provide valuable insights into
how users react to visual stimuli and potential patterns in the visual behavior of website
visitors, such as how long it takes to find a particular product or piece of information, what
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visual information is being ignored, where they focus their gaze, for how long, how many
times they re-fixate and revisit, and in what order fixations occur.

1.2. Online Ads and User Annoyance

Examining the evolution of online advertisement techniques and user interfaces over
the past few decades reveals a sophisticated interplay between technological advancements
and user perception. Studies by researchers such as Rejer and Jankowski [17] have signif-
icantly contributed to this field, particularly with their work involving a small group of
participants to observe the effects of intrusive advertising on brain activity. They noted a
marked decline in beta activity, pointing to a significant drop in concentration levels when
users were subjected to random ad displays, suggesting that user engagement with content
is markedly affected by such interruptions.

Eye-tracking technology, as utilized in studies by Lee and Ahn [18], provides deeper
insights into how consumers interact with online advertisements. Their research, involving
a sample of 118 participants, shed light on how different variables, such as ad animation and
speed, impact visual attention and subsequent brand recall. Interestingly, their findings
suggest that while animated ads are designed to capture more attention, they do not
necessarily lead to better memory recall, challenging the effectiveness of such ads in
increasing consumer engagement.

Further explorations into animated ads by Hong et al. [19] identified specific features
that either capture or fail to retain online consumer attention. Their study distinguishes
between effects of motion, lagging, and looming, noting that the latter two have a more
pronounced impact on user attention, especially in simpler web environments or when
users are browsing without a specific target.

The intrusiveness of ads and their potential to disrupt not only user experience but
also perceptions of credibility were highlighted in a study by Zha and Wu [20]. Through an
experimental setup involving different versions of a news website with varying levels of
ad relevance, they examined how different types of ads affected user perceptions of site
credibility. Their findings indicate a nuanced viewer response, where ad relevance did not
directly correlate with perceived credibility, except when ads closely matched the content,
potentially raising suspicions about content bias.

The research from Thota et al. [21] delves into the psychological impact of animated
banners, suggesting a complex relationship between ad perception and user attitudes
towards both the host website and the advertised brand. Their comprehensive study, first
leveraging qualitative methods to identify key themes and then quantitatively analyzing
these through user surveys, found a pronounced skepticism towards websites featuring
animated ads, affecting both brand perception and the likelihood of revisiting the site.

McCoy et al. [22] explored the influence of website familiarity and ad presence on
perceived site quality, revealing that ads could positively impact user perceptions of familiar
sites. This counterintuitive finding challenges the conventional wisdom that ads generally
degrade user experience, suggesting that in contexts where users have preexisting positive
associations, ads might reinforce or even enhance quality perceptions.

The mechanics of ad presentation and user control—or lack thereof—over their view-
ing experience significantly influence perceptions of intrusiveness and annoyance. Fes-
senden’s survey work [23], building on foundational research by Nielsen [24], underscores
the enduring frustration users feel towards modal ads, autoplay videos, and other intrusive
ad formats that disrupt content consumption.

The study of Rigou et al. [25] explores the features of online ads that contribute to user
annoyance, focusing on eight specific characteristics, among them the ease of ad closure,
ad coverage of content, and auto-play functions including video and sound. Surveying
132 computer science students who documented 462 ads they found annoying, the study
revealed that ads which automatically activate and cover significant portions of the browser
window are deemed most irritating. Additionally, non-personalized ads with automatic
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sound or video, regardless of the viewer’s ability to close them, significantly disrupted user
attention and increased perceived intrusiveness.

Addressing the strategic dimensions of digital marketing, Smith’s [26] research high-
lights the delicate balance between attracting consumer attention and avoiding tactics
that lead to ad avoidance and negative brand perceptions. This includes recognizing the
importance of web design, ad personalization, and the subtle use of incentives to foster a
more engaging and less intrusive online ad environment.

The role of ad content in shaping user reactions was thoroughly investigated by Zeng
et al. [27], who, through an extensive survey, mapped out the spectrum of user attitudes
towards online advertising, pointing to a critical need for content strategies that avoid
negative consumer reactions while effectively communicating brand messages.

Personalized advertising, as explored by O’Donnell and Cramer [28], emerges as a nu-
anced field where user device preferences, ad relevance, and personal interests converge to
shape ad effectiveness. Their study emphasizes the importance of understanding consumer
behavior across different platforms to optimize ad personalization strategies effectively.

Finally, the discussions around ad avoidance strategies, especially in the context of
e-lifestyles and social media usage, reveal a complex landscape where user behavior and
attitudes towards ads vary widely. From Kim and Seo’s [29] examination of YouTube ad
avoidance to in-depth analyses of ad avoidance on Facebook, it is clear that understand-
ing the specific contexts and motivations of online engagement is crucial for developing
effective advertising strategies that respect user preferences and enhance the overall on-
line experience.

In this increasingly complex digital advertising ecosystem, it is evident that a balance
must be struck between innovation in ad technology and formats, and a respect for user
experience and engagement. As these studies show, successful online advertising strategies
are those that not only capture attention but do so in a way that is perceived as non-
intrusive and relevant, thereby fostering a positive relationship between the advertiser and
the consumer.

2. Materials and Methods

The present study aims to contribute to the research and delve deeper into the field
of digital marketing, and more specifically into the various digital advertising techniques
and types, their effectiveness as visual stimuli and the impact on user experience (in terms
of user-perceived annoyance). With the assistance of the laboratory equipment provided
by the Department of Management Science and Technology of the University of Patras
and specifically the eye tracker Tobii Pro Nano, an experiment was conducted to evaluate
the user experience regarding advertisements encountered while navigating a website. A
website containing advertisements was created for these research purposes. During the
users’ browsing throughout the website, the eye-tracking equipment recorded their eye
movements. The collected data extracted from the experimental procedure were analyzed
and used to draw conclusions about the participants’ visual attention and behavior.

2.1. Experimental Procedure

The experiment was conducted during the period 23 May 2023–2 June 2023. The
number of participants in the experimental procedure totaled 51 people.

Upon entering the laboratory, participants were given a prior introduction to the
experimental procedure and the set objectives, including a brief explanation of the study’s
topic. They were further informed that they were free to stop and withdraw at any given
time, for any reason, during the experimental procedure. They were also informed about
the nature of the data that would be collected and analyzed, as well as the eye-tracking
technology and its safe use, ensuring that there was no risk of damage to vision. They were
asked to take the necessary time to read the Participant Consent Form before signing it,
to begin the process. To guarantee the health and safety of the participants, all standard
regulations regarding COVID-19 were followed throughout the experimental procedure.
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Thus, participants were given a document to fill in with their full name, date, and signature,
giving their consent to the provision of personal data for the purpose of the research. Once
the consent form was completed, participants were asked to complete the first of the two
questionnaires used in our research process.

The purpose of the first questionnaire was to collect demographic data with questions
related to gender, age, etc., as well as their level of computer literacy and whether they
use any ad blocking software on their personal computers. Completing this questionnaire
allowed us to correlate the questions with the sample’s behavior and response to adver-
tisements and with the second questionnaire, which followed. It should be noted that the
questionnaire was created in such a way as not to arouse suspicion about what was to
follow, as we did not want to influence the results of the experimental procedure.

Then, the Tobii Pro Nano was used to carry out the experiment. After the necessary
procedures were completed, such as making the user comfortable and preparing the eye
tracker, data recording began. Upon completion of the recording, participants were given
the post-test questionnaire. Its purpose was to examine, firstly, users’ attitudes towards
advertisements and the degree of annoyance. Secondly, the degree of annoyance with other
types of advertisements that did not appear on the website was examined.

2.2. Website and User Scenarios

The website used during the experiment was implemented with the free tool “Figma”.
With the help of various plug-ins, the different advertising techniques that were the focus
of this study were added. Then, the website was presented locally on the computer on
which the eye-tracking equipment was operated using a website link.

The website consisted of seven articles, which the user was asked to open in order. In
each of these articles, there was one advertisement placed—right rail, right rail animated,
modal, non-modal, banner, intracontent with content reorganization, intracontent without
content reorganization—of a different type and size and neutral content that served our
research purposes. Figure 1 depicts the seven ads placed on the pages of the pilot website
that was designed for the experiment. The content of the pages was in the Greek language,
so that no participant would have difficulty reading and searching through the text.

Starting from the “Homepage”, users were exposed to a right rail ad on the right-hand
side of the page. In the second article, there was a non-modal ad on the right-hand side of
the page, which could be closed if the user wished. The first pop-up ad of the modal type
was placed in the third article, where it appeared above its main content and could be closed
if the user wished. In the next article, there was the banner at the top of the page. The next
pop-up ad was in the fifth article. It was of the intracontent with content reorganization
type and appeared suddenly in the main content of the page, readjusting/moving it. In the
sixth article, there was an intracontent without content reorganization ad, which was in the
main content of the page without causing any problems and could not be closed. In the last
article that opened on the website, there was a right rail animated ad, which was on the
right-hand side of the page and animated, gif-type.

At the beginning of the user testing session, users were given verbal instructions to
ensure that they all would enter all of the pages that made up the website. Users were
introduced to the procedure by the following: “In this experiment you will see a tech blog
that consists of seven articles. You will observe these articles and during the experiment you will
be asked to identify a specific piece of information that will be available in each of these articles”.
As the eye-tracking experiment started, participants were initially exposed to the home
page. They were asked to “take a look” at the specific article, and after a short period of
time, they were tasked to locate the definition of digital marketing. Once the users had
identified the requested information, they were asked to open the first article from the
links at the bottom of the page. This guidance was intended to ensure that none of the
articles on the website (nor any of the studied ads) would be skipped. When users opened
the first link, they were again given time to observe the page before being asked the next
question about the content of the new page. The questions were intended to ensure that
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the experiment would be completed in a reasonable amount of time and that users would
not become fatigued from reading articles without a specific purpose. In addition, the
questions resembled the information needs that typically drive users to navigate tech blogs
and also kept users’ attention focused on responding without being absorbed by ads more
than they typically would.
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(f) intracontent with content reorganization, and (g) intracontent without content reorganization.

2.3. User Sample

The pre-test questionnaire aimed to create a profile for our sample consisting of 51 par-
ticipants. At the first stage, we attempted to understand how the sample was classified in
terms of demographics such as age, educational level, and gender. At the second stage, we
included questions about the use of ad blocking software on their personal computers, the
time they spent browsing the internet each day, and their level of computer literacy. The
aim was to understand the sample’s degree of familiarity with online advertising, without
giving users any idea of the experimental procedure that would follow. The profile of the
sample is depicted in Table 2.
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Table 2. User Sample.

Question Response Frequency Percentage

Usage of ad blocking Yes 28 54.9%
No 23 45.1%

Internet usage
1–2 h 2 4%
2–4 h 10 19.6%
5 h or more 39 76.4%

Computer literacy
Basic skills 4 7.8%
Good 26 51%
Very good 21 41.2%

Gender
Male 26 51%
Female 25 49%

Age 18–25 49 96.1%
41–50 2 3.9%

Educational level

Undergraduate
student 48 94%

Graduate 1 2%
Post-graduate 1 2%
PhD 1 2%

Occupation

Full-time employed 3 5.8%
Part-time employed 8 15.7%
Self-employed 1 2%
Unemployed 1 2%
Student 37 72.5%
Other 1 2%

3. Results
3.1. Post-Test Questionnaire Results

Immediately after the completion of the experiment, the post-test questionnaire was
filled in so that the participants could recall all related information. In the first phase, we
had recognition questions, in which all of the advertisements on the site were displayed to
see which ones were noticed and to what extent participants were influenced by them. In
the second phase, we examined the degree of annoyance with other forms of advertisements
that did not exist on the experiment’s website. This information would further help us
in the broader research. Table 3 depicts the data collected when users were asked to
rank the online ad techniques based on the degree of annoyance (1: Not annoying at
all, 5: Extremely annoying). It is evident that the most annoying advertisement was the
modal popup advertisement, with 72.5% of the users (37 users) placing it in this position.
Following immediately were the intracontent with content reorganization ads, deemed
annoying by 13.7% (7 users). The right rail and nonmodal techniques were considered less
annoying, by 49% (25 users) and 23.5%of users (12 users), respectively.

Initially, we had the right rail advertising technique, which was located on the right
side of the page and could not be closed. Among the participants, 80.4% (41 people)
noticed the advertisement during their navigation on the website; 34.1%, with 14 valid
responses answered “1-Not annoying at all” for this specific type of advertisement; 31.7%
with 13 valid responses answered “2-Slightly annoying”; 19.5% with 8 valid responses
answered “3-Annoying”, meaning it annoyed them to a more neutral degree; 12.2% with
5 valid responses answered “4-Very annoying”; and just 2.4% with 1 valid response found
this advertisement “5-Extremely annoying”. The overall conclusion from the above results
for the right rail advertisement was positive, as the majority of the participants did not find
this form annoying or were only mildly annoyed.
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Table 3. Responses to post-test questionnaire (1—Not annoying at all, to 5— Extremely annoying).

Question Noticed 1 2 3 4 5

Did you notice the right rail ad? If YES, how annoying do you consider it? 41
(80.4%) 14 13 8 5 1

Did you notice the nonmodal ad? If YES, how annoying do you consider it? 37
(72.5%) 9 15 10 3 -

Did you notice the modal (popup) ad? If YES, how annoying do you consider it? 51
(100%) 1 3 3 12 32

Did you notice the banner ad? If YES, how annoying do you consider it? 42
(82.4%) 8 16 9 7 2

Did you notice the intracontent with content reorganization ad? If YES, how
annoying do you consider it?

46
(90.2%) 5 16 14 9 2

Did you notice the intracontent without content reorganization ad? If YES, how
annoying do you consider it?

44
(86.3%) 3 18 12 9 2

Did you notice the right rail animated ad? If YES, how annoying do you
consider it?

44
(86.3%) 11 17 8 6 2

How annoying would you consider an ad that depends on information you have
seen in the past? - 5 19 18 5 4

How annoying would you consider a sponsored ad? - 4 9 13 19 6

How annoying would you consider a non-skippable ad? - 2 - 1 7 41

How annoying would you consider a video ad that starts playing with sound
when you land on a page? - 2 1 1 11 36

How annoying would you consider a video ad that you can skip after 5 s? - 3 5 14 22 7

How annoying do you consider an ad that you can not close or skip at any time? - 1 - - 8 42

How annoying do you consider an ad that you can close or skip at any time? - 6 27 14 4 -

For the nonmodal technique, 72.5% of the users (37 people) noticed this particular
advertisement, which also appeared on the right side of the page, had a smaller size
than the previous one, and could be closed if the user wished. Of the sample, 23.7%
with 9 valid responses answered “1-Not annoying at all” to the question “How annoying
did you find this advertisement?”; 39.5% with 15 valid responses answered “2-Slightly
annoying”, 28.9% with 10 valid responses said “3-Annoying”, and 7.9% with 3 valid
responses said “4-Very annoying”. None of the participants found this advertisement
extremely annoying. The overall conclusion from the above results for the nonmodal
advertisement was positive, as the majority of the participants were only mildly annoyed
or did not find this form annoying.

The modal technique was noticed by all participants, with 51 valid responses. It
appeared over the main content of the website in the form of a pop-up window, as shown
in the picture. This type of advertisement does not go unnoticed. Among the participating
users, 2% with 1 valid response found this advertisement “1-Not annoying at all”, 5.9% with
3 valid responses answered “2-Slightly annoying”, 5.9% with 3 valid responses answered
“3-Annoying”, 23.5% with 12 valid responses answered “4-Very annoying”, and 62.7% with
32 valid responses answered “5-Extremely annoying”. The overall conclusion from the
above results for the modal advertisement was negative, as the majority of the participants
found this form extremely annoying.

For the banner ad format, 82.4% of the participants (42 people) noticed this particular
advertisement on the website. This advertisement appeared at the top of the page and
remained fixed in its position, changing its display at regular intervals. As seen, it was
noticed by the majority of users, of whom 19% with 8 valid responses found this form of
advertisement “1-Not annoying at all”, 38.1% with 16 valid responses found “2-Slightly
annoying”, 21.4% with 9 valid responses found “3-Annoying”, 16.7% with 7 valid responses
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found “4-Very annoying” and just 4.8% with 2 valid responses found “5-Extremely an-
noying”. The overall conclusion from the above results for the banner advertisement was
positive, as the majority of the participants were only slightly annoyed.

For the intracontent with content reorganization technique, 90.2% of users (46 people)
noticed this advertisement. It is an advertisement that dynamically appears on the page
in the form of a pop-up window and redefines the main content until it finally stabilizes
in a fixed position. Of the users who noticed it, 10.9% with 5 valid responses found this
form “1-Not annoying at all”, 34.8% with 16 valid responses found it “2-Slightly annoying”,
30.4% with 14 valid responses found it “3-Annoying”, 19.6% with 9 valid responses found it
“4-Very annoying”, and 4.3% with 2 valid responses found it “5-Extremely annoying”. The
overall conclusion from the above results for the intracontent with content reorganization
advertisement was positive, as most of the participants found this form slightly annoying.

For the intracontent without content reorganization technique, 86.3% of the partici-
pants (44 people) noticed the particular advertisement. It was fixed in the main content
of the website without the possibility of closing it. Among the users who noticed it, 7%
with 3 valid responses answered “1-Not annoying at all”, 41.9% with 18 valid responses
answered “2-Slightly annoying”, 27.9% with 12 valid responses answered “3-Annoying”,
18.6% with 8 valid responses answered “4-Very annoying”, and 4.7% with 2 valid responses
answered “5-Extremely annoying”. The overall conclusion from the above results for
this specific advertisement was positive, as the majority of the participants found the
advertisement slightly annoying.

For the right rail animated technique, 86.3% of users (44 people) noticed this adver-
tisement, which was located on the right side of the page, could not be closed by the
user and was animated. Of those who noticed it, 25% with 11 valid responses found it
“1-Not annoying at all” this specific form of advertisement, 38.6% with 17 valid responses
answered “2-Slightly annoying”, 18.2% with 8 valid responses answered “3-Annoying”,
13.6% with 6 valid responses answered “4-Very annoying”, and 4.5% with 2 valid re-
sponses answered “5-Extremely annoying”. The conclusion from the above results for the
right rail animated advertisement was positive, as a larger percentage of users found the
advertisement slightly annoying.

The subsequent questions aimed to examine the degree of annoyance with other forms
of advertising, which did not appear on the experiment’s website.

• Advertisement based on data the user has seen in the past: To the question “How annoying
would you find this advertisement?”, 9.8% of the users with 5 valid responses replied
“1-Not annoying at all” 37.3% with 19 valid responses replied “2-Slightly annoying”,
35.3% with 18 valid responses replied “3-Annoying”, 9.8% with 5 valid responses
replied “4-Very annoying”, and just 7.8% with 4 valid responses stated they found such
an advertisement “5-Extremely annoying”. Therefore, the conclusion that emerged
from the above results was partially positive, as a larger percentage of the participants
found such an advertisement slightly annoying or just annoying.

• Sponsored advertisements (this is an advertisement that usually appears in the feed of social
networking media and explicitly states that it is sponsored): 7.8% of the users with 4 valid
responses answered they would find this form of advertisement “1-Not annoying at
all”, 17.6% with 9 valid responses answered “2-Slightly annoying”, 25.5% with 13 valid
responses answered “3-Annoying”, 37.3% with 19 valid responses answered “4-Very
annoying”, and 11.8% with 6 valid responses answered “5-Extremely annoying”. From
these data, we conclude that this type of advertisement is very annoying.

• Video advertisements, without the option to skip to see the content of a page or the video
of interest (the video advertisement must be completed): 3.9% of the users with 2 valid
responses stated they found it “1-Not annoying at all”, 2% with 1 valid response stated
“3-Annoying”, 13.7% with 7 valid responses stated “4-Very annoying”, and 80.4%
with 41 valid responses stated they found it “5-Extremely annoying”. Therefore, we
conclude that this form of advertising is extremely annoying.
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• Video advertisements that start playing with sound when a user enters a page: 3.9% of the
users with 2 valid responses answered they found it “1-Not annoying at all”, 2% with
1 valid response answered “2-Slightly annoying”, 2% with 1 valid response answered
“3-Annoying”, 21.6% with 11 valid responses answered “4-Very annoying”, and 70.6%
with 36 valid responses stated they found it “5-Extremely annoying”. The majority of
the sample found this specific form of advertising extremely annoying.

• Video advertisements with the option to skip after 5 s to see the content of a page or the video of
interest: 5.9% of the users with 3 valid responses rated this “1-Not annoying at all” for
the degree of annoyance, 9.8% with 5 valid responses answered “2-Slightly annoying”,
27.5% with 14 valid responses answered “3-Annoying”, 43.1% with 22 valid responses
answered “4-Very annoying”, and 13.7% with 7 valid responses stated they found it
“5-Extremely annoying”. The conclusion that emerged from the above statistical data
for this type of advertisement was negative, as the majority declared they found it
very annoying.

• Advertisements that we cannot close or skip at any time: 2% of users with 1 valid response
responded “1-Not annoying at all”, 15.7% with 8 valid responses answered “4-Very
annoying” and the largest percentage, at 82.4% with 42 valid responses, answered
“5-Extremely annoying”. The final conclusion was negative, as this form of advertising
seems to be at the maximum level of annoyance according to the participants.

• Advertisements with the option to close or skip them at any time: 11.8% of the users with
6 valid responses answered that they found this type of advertisement “1-Not an-
noying at all”, 52.9% with 27 valid responses answered “2-Slightly annoying”, 27.5%
with 14 valid responses answered “3-Annoying”, and 7.8% with 4 valid responses
answered “4-Very annoying”. No participant found this specific advertisement ex-
tremely annoying. The result that emerged from the above statistical data was positive,
as the majority found such an advertisement slightly annoying. In the last question
of the questionnaire, users were asked to rank the advertisements they saw on the
website from the least annoying to the most annoying. The analysis of the ranking for
each advertisement is presented in the following table. Each row represents a type of
advertisement, and each column represents a ranking. The values show how often
each advertisement was placed in each ranking by the respondents.

Table 4 depicts the data collected when users were asked to rank the online ad tech-
niques based on the degree of annoyance (1: Not annoying at all, 5: Extremely annoying).
It is evident that the most annoying advertisement was the modal popup advertisement,
with 72.5% of the users (37 users) placing it in this position. Following immediately were
the intracontent with content reorganization ads, so ranked by 13.7% (7 users). The right
rail and nonmodal techniques were considered less annoying, by 49% (25 users) and 23.5%
of users (12 users), respectively.

Table 4. Ranking of online ad techniques based on the degree of annoyance (1: Not annoying at
all, 5: Extremely annoying). The numbers indicate the number of users that ranked each ad in the
respective place.

Online Ad Technique 1st Place 2nd Place 3rd Place 4th Place 5th Place 6th Place 7th Place

Right rail 25 11 5 2 5 2 1

Right rail animated 2 16 10 10 5 7 1

Nonmodal 12 10 11 5 6 4 3

Modal 1 1 1 2 1 8 37

Banner 5 6 10 15 11 3 1

Intracontent with content reorganization 1 4 5 9 9 16 7

Intracontent without content reorganization 5 3 9 8 14 11 1
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3.2. Eye-Tracking Results

The experiment was conducted using the Tobii Pro Nano device and the iMotions Lab
software (version 9.4) [11]. iMotions provides the option to define areas of interest (AOIs)
based on the object we want to study. In our case, the defined areas of interest included
the advertisements. Thus, we could extract information concerning these specific areas.
The AOIs in our research were renamed based on the type of advertisement for better
representation in the statistical analysis of the data. The following metrics were used for
analyzing the effectiveness of each online ad technique as an attractive visual stimulus
(measured values per metric are depicted in Table 5):

• Time To First Fixation: Average time that passed until the first fixation was detected
inside an active AOI (relative to AOI onset). It indicates the amount of time that it
takes a respondent (or all respondents on average) to look at a specific AOI from
stimulus onset.

• Fixation Duration: Average duration of all fixations/visits detected inside an active
AOI. A visit is defined as the time interval between the first fixation on the active AOI
and the end of the last fixation within the same active AOI where there have been no
fixations outside the AOI.

• Revisit Count: Average of how often the respondents looked back at the AOI after the
first dwell.

• Dwell Time: Average of how long the respondents fixated on the AOI in relation to
the time during which the AOI was active.

• Fixation count: Average amount of fixations/visits detected inside an active area Of
interest (AOI).

Each of the advertisements displayed on our experiment’s website was fully functional,
meaning the user, by clicking on each link, navigated to a separate functional page. Thus, we
extracted the data in such a way to examine where and for how long users looked when they
entered the pages containing the advertisements. The first advertisement was placed on
the homepage and was of the right rail type. The data from the eye-tracking device showed
that 48 out of 51 individuals saw the advertisement. Next, the nonmodal advertisement
was seen by 33 out of the 51 individuals. Regarding the modal advertisement, 48 out of
51 individuals focused their attention on it. Additionally, 47 out of the 51 individuals
looked at the intracontent without content reorganization advertisement, and 46 out of the
51 looked at the banner. For the intracontent with content reorganization advertisement,
the results showed that 46 individuals looked at the advertisement, and finally, although
there was movement in the animated right rail, only 20 individuals focused their attention
on it. The above results emerged from the respondent count metric, which presented the
number of participants who looked at a specific area of interest, which in our case was the
advertisement on each page. The following table presents the results that emerged from the
tracker software after analyzing the experimental process for each type of advertisement
we placed on the website.

The first metric presented in the table is Time to First Fixation. Thus, we see that
for the first advertisement, which was the right rail advertisement, the average time to
first fixation was 3172.73 ms. Converting this time to seconds, we observe that it took
participants just 3.172 s to focus their gaze on this particular type of advertisement. The
results for the metric in seconds are presented below for better understanding. The next
advertisement was the nonmodal, for which it took participants an average of 2.097 s to look
at. This was followed by the modal advertisement with a time of 0.41 s. For the intracontent
without content reorganization, the TTFF was 1.124 s; for the banner advertisement, the
TTFF was 1.427 s; for the intracontent with content reorganization, it was 0.566 s; and
finally, for the animated right rail, this time was 3.247 s. According to this metric, the
advertisements that initially attracted users’ attention were the modal and intracontent
with content reorganization forms.
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Table 5. Eye-tracking metrics for the tested Online Ad Techniques. TTFF, Revisit and Fixation count
are average values, and the standard deviation is in parentheses.

Online Ad Technique Time To First
Fixation/TTFF (ms)

Average Fixation
Duration (ms) Revisit Count Dwell Time Fixation Count

Right rail 3172.73 (3854.57) 1888.58 (1041.12) 3.44
(2.02) 6.72% 8.44 (4.17)

Nonmodal 2097.50 (1719.84) 967.54 (1903.95) 1.15
(1.20) 8.83% 3.88 (3.22)

Modal 410.11 (212.42) 2681.10 (1654.44) 1.10
(1.36) 53.18% 8.31 (4.52)

Intracontent without
content reorganization 1124.23 (1803.13) 1715.71 (782.60) 4.11

(2.74) 5.28% 8.28 (3.94)

Banner 1427.96 (1117.80) 1144.38 (744.93) 1.65
(1.40) 20.16% 5.70 (3.81)

Intracontent with content
reorganization 566.07 (972.97) 808.81 (501.21) 1.28

(1.09) 13.82% 3.96 (2.52)

Right rail animated 3247.66 (5022.15) 456.28 (434.46) 0.25
(0.55) 8.51% 2.40 (1.76)

Next, we extracted results for the average fixation duration, i.e., how much time on
average that participants focused on each of the advertisements. For the right rail, users sta-
bilized their gaze for an average of 1.888 s; for the nonmodal, 0.967 s; for the modal, 2.681 s;
for the intracontent without content reorganization, 1.715 s; for the banner, 1.144 s; for the
intracontent with content reorganization, 0.808 s; and for the animated right rail, 0.456 s.
It is evident that the modal, right rail, and intracontent without content reorganization
advertisements are those in which users focus their attention for a longer time.

Then, the revisit counts metric allowed us to draw conclusions about how many times
users returned their gaze to each advertisement. For the right rail, we see that on average,
they looked back at the advertisement 3.44 times. For the nonmodal, the metric showed
1.15 times; for the modal, 1.1 times; for the intracontent without content reorganization,
4.11 times; for the banner form, 1.65 times; for the intracontent with content reorganization,
1.28 times; and for the animated right rail, 0.25 times. Finally, users revisited the right rail
and intracontent without content reorganization forms more often. The reasons why a user
might return to look at something on a website vary. It could be because of something that
piqued their interest either positively or negatively, something that bothered them a lot and
they looked again to see if they could hide it from the page, or even because their gaze fell
randomly in case of movement.

The next metric was dwell time, which shows the percentage of time dedicated to
each advertisement compared to the time the advertisement was active, i.e., visible on
the page. As long as participants navigated the website, they could scroll up or down,
and the advertisement may have disappeared from their field of view. For the right
rail advertisement, then, the dwell time percentage reached 6.72%; for the nonmodal,
8.83%; the modal advertisement, 53.18%; intracontent without content reorganization,
5.28%; the banner, 20.16%; the intracontent with content reorganization, 13.82%; and the
animated right rail, 8.51%. We see that the modal form and, subsequently, the banner and
intracontent with content reorganization forms, hade the highest percentages. We can,
therefore, conclude that for these specific forms of advertisement, participants’ interest
was more focused. The way these particular advertisements were designed played a very
important role in the results we received for this metric.

The last metric was fixation count, which presents the average number of fixations
detected on each advertisement and is an indication of how well the user examined the
content of each advertisement. The average number of times users’ gaze was stabilized
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regarding the right rail advertisement was 8.44. For the nonmodal, it was 3.88; for the
modal, 8.31; for the intracontent without content reorganization, 8.28; for the banner form,
5.7; for the intracontent with content reorganization, 3.96; and for the animated right
rail, 2.4.

Figure 2 depicts heatmaps, for all participants, for the home page and two additional
pages of the website that were tested.
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The use of heatmaps provided a consolidated representation of gaze points and
important information about user behavior on the website. On all pages, it appears that
users focused their attention on certain parts of the article, which may have been due
to searching for specific information they were asked to find. On the first and second
page, they observed the advertisement to a lesser extent. On the next page, it appears
that the advertisement was one of the parts of the article that significantly attracted the
participants’ attention. The specific position of the modal advertisement on the page
significantly contributed to the results. As depicted, users focused their gaze on the center
of the advertisement as well as on the “X” that terminated the advertisement. Moving on
to the next two pages, participants did not particularly notice the banner advertisement as
well as the intracontent with content reorganization advertisement. On the page with the
intracontent without content reorganization advertisement, in contrast to the two previous
advertisements, the gaze points slightly increased, perhaps due to its specific placement
within the article. Users searching for the requested information passed their gaze over
this particular advertisement. Finally, for the animated right rail, the depiction shows that
they did not even notice it despite it being animated. In this case, it seems that the “Banner
Blindness” phenomenon was at play. This phenomenon occurs in cases where the user is
excessively exposed to advertisements and ultimately ignores them subconsciously while
continuing their navigation on the page. Having reached the last article and noticing with
their peripheral vision the movement and the different appearance in relation to the rest of
the page’s content, the user knows that there is an advertisement in that specific position
and thus ignores it.
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4. Discussion

Grouping the results of the experimental process with those of the questionnaires,
we arrived at the following conclusions. The modal advertisement was by far the most
annoying advertisement type, compared to the other types of advertisements we analyzed
during the experimental process. According to the results of the second questionnaire, 67.2%
of the participants considered it extremely annoying, and 23.5% deemed it very annoying.
Subsequently, the results for the metrics emerging from eye tracking corroborated this
theory. This specific advertisement form had the shortest TTFF, 0.41 s, meaning the shortest
average time to first fixation, which is quite logical, as when an object is very annoying, you
usually notice it very quickly. It had the longest average fixation duration, 2.681 s, meaning
the average time participants focused on this advertisement. This metric, combined with
the fixation count, which was 8.31, the second highest number, created a contrast with
the previous metric. Observing the heatmap for the page with the popup form, it was
noted that users were seeking a way to close the advertisement; hence, they focused their
attention on it. Thus, the dwell time metric, which presents the percentage of time the
participants dedicated to each advertisement for as long as it was active, amounted to
53.18%, which was the largest percentage, since this specific advertisement did not remain
active for a long time, and users were looking for a way to close it throughout this duration.

The immediately following advertisement form that was considered somewhat an-
noying was the intracontent with content reorganization. According to the results of the
questionnaire, 34.8% and 30.4% of participants, respectively, found this specific advertise-
ment “Slightly annoying” and “Annoying”— the moderate level of annoyance. Based on
the eye-tracking metrics, it was the immediately following advertisement form with the
shortest TTFF, of 0.566 s. We conclude, therefore, that participants quickly noticed this form
within the page. It had the second shortest average fixation duration, of 0.808 s, which al-
lows us to conclude that they did not focus on this advertisement for a long time, while the
revisit count metric of 1.28 times informs us that users did not look back at this form many
times. The dwell time users dedicated to this advertisement for as long as it was active
amounted to 13.82%, a larger percentage compared to the other types of advertisements.
This specific advertisement type does not annoy users in terms of accessing the content
of the page. Due to the visual effect—it opens dynamically on the page and redefines its
content—the user notices it; however, once it stabilizes, it does not significantly annoy
them. It is perceived as an advertisement; therefore, the user will not look back at it again.

Regarding other forms of advertisement that were not examined with eye tracking
but only through the second questionnaire, some video advertisement forms stood out for
the degree of annoyance they created in users. The video advertisement with the option
to skip after 5 s was considered very annoying by 43.1% of the respondents. This was
followed by the video advertisement that starts playing with sound, with 70.6% of the
participants considering it extremely annoying. Finally, the most annoying form of video
advertisement was deemed to be the one that cannot be skipped until completed, with
80.4% of participants finding it extremely annoying. Also, the advertisement that does not
have the option to be closed at any time was considered extremely annoying by a very high
percentage, 82.4%, of the participants. Concluding, the sponsored advertisement had the
smallest percentage of annoyance, with 37.3% considering it “Very annoying”.

The other forms of advertisements examined in terms of the degree of annoyance
did not have particularly high percentages. As for their effectiveness, considering them
as visual stimuli, the intracontent without content reorganization and the banner were
the ones that had the immediately smaller TTFF after the more annoying ones, meaning
they attracted the user’s attention more quickly. Also, users focused on these forms for a
longer duration, as well as on the right rail form, and revisited their gaze on these more
frequently. We conclude, therefore, that these specific advertisement forms better serve
the marketing goal, as they are visually detected in a very short time without significantly
annoying the user.
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The findings from our research agree with previous studies on similar subjects [6,7]
that supported the conclusion that the most annoying types of advertisements are modal,
intracontent with content reorganization, and non-skippable videos. From the early 2000s to
the present day, the modal popup advertisements that cover the content of the page the user
is trying to view, the advertisements that reorganize the content of a page, advertisements
that occupy most of the screen, and those that automatically play sound have been consid-
ered the most annoying forms of advertisement. If marketing departments of companies
want to avoid annoying users, they should avoid these features in advertisements.

5. Conclusions

The present study addressed the impact of online advertisements on user experiences
during internet browsing, targeting the mechanisms of advertisements. A significant
parameter of the current study was the choice of the user sample, consisting of young
digital natives (i.e., highly skilled and internet-savvy people that attend higher education
institutions). This decision was made based on the numerous advantages it offers. Firstly,
this demographic’s inherent familiarity and continuous engagement with digital platforms
grant them a unique perspective on the digital advertising landscape, making their insights
particularly valuable. As a key target audience for many advertisers, due to their significant
purchasing power and potential for long-term brand loyalty, understanding their attitudes
towards online ads can yield constructive feedback for creating less intrusive advertising
strategies. Furthermore, young digital natives are highly skilled at navigating the rapidly
evolving digital world, keeping abreast of the latest trends in online advertising, which en-
sures that the study’s findings will remain relevant and current. Their diverse and frequent
consumption of digital content across various platforms offers a comprehensive view of the
digital advertising ecosystem, enhancing the study’s breadth. Moreover, their digital skills
allow for a critical and nuanced analysis of online advertisements, enriching the research
with detailed insights into the subtleties that contribute to ad annoyance. Lastly, focusing
on this demographic offers foresight into future advertising trends and preferences, as their
evolving tastes will inevitably influence the direction of online advertising, underscoring
the long-term value of their feedback for shaping future ad strategies that aim to minimize
user annoyance.

An equally interesting approach would be a study of the content of digital advertise-
ments and its effect on user behavior. Significant aspects could be highlighted regarding
users’ perceptions and reactions in cases where they are faced with more targeted content.
User perception of ads may be substantially impacted by the ad content apart from the used
technique and type, which was the focus of this study. Furthermore, in our research, we
focused on how users are affected when there is an advertisement on a website. Therefore,
we could deepen this research and study how internet advertisements bother users when
there are many advertisements on the same webpage. The question that arises is, how does
the excessive presence of advertisements on a website affect users? By examining these
parameters, a more comprehensive understanding of how advertisements are designed
and presented on the internet, as well as the importance of improving the user experience,
can be achieved.

Beyond designing future research in these directions, it would be interesting to code
advertisements considered highly annoying to users as UI patterns [30,31] or dark pat-
terns [32,33]. The purpose of this encoding is for a designer to know what to avoid. As
for less annoying advertisements, they can be documented as design patterns. Design
patterns are standardized reference points used by experienced user interface designers.
They provide a specific pattern that can be reused by all designers. In simpler terms, they
are a common language among designers. A given design pattern provides information on
where and when it can be better used to achieve the best possible results. UI patterns are
reusable elements used by designers to solve common problems in user interface design.
These patterns can be applied to a wide range of cases, but each must be adapted to the spe-
cific usage context. They are powerful design aids, as they give websites and applications
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a conventional look and feel. They are a quick way to create an interface that can solve a
problem faced with a specific user environment.
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