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Abstract—In this paper, we present a replication of our
experiments of first click eye tracking A/B test of interactive
website elements [13]. The main difference between these two
experiments is the equipment used; the first study was done using
Tobi X-60 eye-tracker, while the replication described in this
paper was conducted using Tobii TX 300, a higher frequency eye
tracker. Eye tracking metrics used to evaluate the user experience
of websites were almost identical. This paper presents the results
of an experiment in which seven commercial websites were tested
with the A/B first click test. This work examines the validity of
a specific set of eye tracking metrics for their broad application
in user experience research on websites.

Index Terms—eye tracking, user experience, eye tracking
metrics, A/B tests

I. INTRODUCTION

ODAY, user experience (UX) plays a crucial role in
webpage design, which is exhibited, for example, in
increasing the amount of money allocated for this aspect
in web development projects. The ISO 9241-210 standard
defines UX as "a person’s perceptions and responses that
result from the use or anticipated use of a product, system,
or service." Therefore, UX should include user’s emotions,
beliefs, preferences, perceptions, physical and psychological
responses, behavior, and accomplishments that the user expe-
riences interacting with a given product, system, or service.
User experience and usability are often used as synonyms,
however, many authors [1-3] indicate that these two terms
should not be conflated. The main difference is that user
experience (UX) refers to how the user feels when interacting
with the system, while usability is just an aspect of the user
experience that mainly relates to efficiency of the interface.
Additionally, UX extends usability by taking into account a
holistic perspective of user’s feelings and attitudes towards
the product, system, or service. In addition to usability, there
are other factors that significantly contribute to UX such as
ergonomics, design/aesthetics, accessibility, human factors and
system performance. A complete conceptual framework of
UX that takes into account usability and user perception is
presented in the work of Hellweger and Wang [4].
To monitor the user’s behavior during an interacrion with
a webpage, researchers use different devices, such as web
cams [5], EEG headsets [6], touch screens [7], thermal cam-
eras [8], and eye trackers. The latter are especially popular in
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user experience research [9]. For example, the work of Schall
et al., Horsley et al., and Bojko [10-12] presents many effec-
tive eye tracking methodologies applied to UX and usability
testing of webpages. These eye tracking methodologies can
be applied, among other research efforts, in different stages of
A/B tests of website design [13]. In principle, eye tracking
UX research is based on the assumption that the fixation
point determines the elements of the user interface that attract
user’s attention and that the rest of the areas are invisible or
incomprehensible during completion of the task on a tested
webpage [14].

Testing with users is the most effective when such tests
are conducted throughout the project lifecycle to enable the
design to be improved interactively. Therefore, tests should be
performed already at the earliest phase of the design process,
using static or interactive mock-ups. At this stage, any changes
need to be applied only to the design of the mock-up and do
not require code modifications, which would be significantly
more time and effort consuming. With this approach, we can
ensure early in the process that the outcome is congruent with
users’ needs to a large extent, thus avoiding the high cost of
changes during the development stage. In our research, we
used the first click testing method (task ends with user’s first
click) on static representations of webpages. In every trial, the
participant is asked to click on an element or a location that
would contain the information they were asked to find. As an
example, we may want to test findability of an element that
links a subpage where all products are displayed. The task
here might be phrased as: ‘Try to find out what this company
has in offer.” The task ends when the user makes the first click,
no matter if it was on the expected element or not.

With first click testing, we can correlate eye tracking metrics
with a click of a mouse over an element of the website.
User clicking a mouse click on an element is understood as
finding the item and recognizing it as meeting the user’s needs.
Our previous studies have shown that eye tracking analysis is
a valid method to evaluate interface design and interactive
web elements [15-17]. In these research, the analyses showed
statistically significant differences between different webpage
projects and selected metrics.

Inspired by NNGroup research [18] our study was carried
out on two variants of each tested website: with a well-
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designed target element (user-friendly) and a poorly designed
target element (harder for the user). Webpage designs selected
for the experiment represent some of the most popular types
of websites and do not require specialized knowledge to
use them. The websites used in our study fall into one of
the following categories: e-commerce, travel or restaurant
websites.

In this paper, we present a replication of the research by
Falkowska et al. [13] using a Tobii TX 300 eye tracker, which
produces better quality data than Tobii X-60 eye tracker used
in the study described in work [13]. In the summary of the
original paper, we pointed out that the low frequency (60Hz)
of Tobii X-60 eye tracking data registration resulted in the
lack of precise fixation on small interface elements and in
numerous shifts. In the experiment replication, we also used
a bigger, 23” screen (instead of 17" screen) to more precisely
monitor differences in fixation on the interface elements. This
in turn resulted in fewer samples than registrations and had
an impact on the significance calculations. For five designs
in the study [13], none of the metrics showed a significant
difference between design versions A and B. However, we
have noticed that in most cases the average values of the used
measures showed a trend indicating that improved designs
(variant A) were better than less user-friendly versions (variant
B). Nevertheless, most of these results were not statistically
significant. Additionally, most of the participants were expe-
rienced web users and it is very likely that they were simply
used to various layouts and designs, both good and bad, from
the user experience point of view.

In our previous work [13], we have presented an experiment
that verifies the usability of nine common commercial websites
of hotels, e-shops, restaurants, fitness clubs, energy providers,
social networks and insurance companies. Participants have
been presented with static representations of these websites
on a screen and asked to perform certain tasks on them. In
the current experiment, the number of tasks has been reduced
to seven because we previously found that one task was too
difficult for the participants. The experiment was constructed
as a standard A/B test, with version A designed as a more
user friendly variant and version B as a less user friendly
variant of the same interface. Versions A of all websites
have been designed to increase visibility and/or readability
by modifying size, contrast, or adding supporting graphic
elements [19], [20]. Different versions of the same website
have been presented to separate groups of users. For each task
we measured seven eye tracking metrics to investigate whether
the differences in selected metrics values for design versions
A and B are significant [21], [22].

The paper is organized as follows. The first part of this paper
introduces eye tracking studies and eye tracking measures.
This is followed by the presentation of the stimuli used in
the experiment. The experimental setup and corresponding
methodology are described in section three. Section four
presents the results. In section five, we present the discussion
and finally in the section six we present our conclusions.
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II. EYE TRACKING STUDIES AND EYE TRACKING METRICS

Eye tracking studies began in the nineteenth century and
over the years many different technologies and methods have
been established and introduced into various disciplines [23].
Already from the early 90s of the last century, eye trackers
were used in usability studies [22]. Since then, eye tracking
has been applied in many varieties of usability studies:

« usefulness of web or desktop applications [24-28],

« perception of information (graphics or texts) [29-34],

« correlation between declarative data and eye tracking
measures [25-36],

« comparative studies of the effectiveness of system inter-
faces [37],

o correlation of eye tracking data with the strategy of
searching for information in web systems [38],

« correlation of eye tracking data with users’ behavior in
the system, e.g. purchase decisions [39],

« method and speed of user interaction with information
elements depending on their parameters, e.g. size or
location [40-44],

« exploring potential new applications and use cases, e.g.
for mobile applications [45],

« comparing the eye tracking registration method with other
research methods [46].

In these studies, several implementations of methodologies

have been used, in particular:

o users perform several prepared tasks in the sys-
tem [24], [26], [37], [46],

o users perform tasks on  specially  prepared
materials according to research purposes
(i.e. different  pages or  graphic interface

designs) [26], [29], [32], [33], [34], [36], [40], [41], [42],
[47], [48],

o supplemented with declarative methods (questionnaires,
interviews) [25], [35], [49].

Finally, the data that have been gathered during the studies
needs to be analyzed. The rough eye tracking data in the form
of gaze coordinates on a plane, together with time stamps,
are usually transformed into metrics that can be interpreted as
results:

o the characteristics of the gaze path to identify usability
problems, mainly by identifying elements on which users
focus or which are omitted [24-27], [37],

o the number of fixations: information whether the user
saw / did not see, read / did not read the presented
information [24, 31], the amount of visual attention [29],
the difficulty of completing the task [36], processing and
understanding the information [32], [50] frequency of
attracting attention understood as attractiveness [42],

o time to the first fixation: how quickly the user notices
the information [26], [29], [40], [41], identification of
the elements that attract attention [30].

o fixation time: the amount of visual atten-
tion [30], [33], [35], [40], [47], the time spent
processing given content, evaluating the object as
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attractive [32], [38], [41], evaluating an object as
difficult to understand or read [43],

o duration of the first fixation: the effectiveness of focusing
visual attention [30],

« time from noticing to clicking on an element: indication
of an element that is problematic for the user [48].

Most of the eye tracking metrics used in UX studies are
based on fixations. In eye tracking studies [23], fixation is
defined as a functional component: what purposes does the
eye movement (or lack thereof) serve? Fixation usually ranges
from 100 to 500 ms. The average duration of a human
eye fixation during reading is 200-250 ms and 280-330 ms
for scene viewing [12]. The functional definition of fixation
means stabilizing a target relative to the fovea, that is, being
stationary or moving with respect to the head. Saccades, on the
other hand, are defined as the interfixation interval. Holmqvist
et al. [23] distinguished the following eye-tracking measure
types:

« movement measures that concentrate on the whole variety

of eye movements,

¢ position measure, which corresponds only to where the
participant has or has not looked,

« numerosity measures that pertain to the whole spectrum
of the number or rate of any countable eye movement
event,

« latency measures, which give the values of the onset
between two events.

We may also find other typologies of eye tracking measures,
for example those proposed by Bojko [21]. These measures
have been validated in many UX research to show cognitive
processes of the user with which they are linked. The are also
relatively easy to extract from the rough gaze data. According
to Bojko [21], we can distinguish the following types of
measures:

« mental workload measures,
e cognitive processing measures,
« target findability measures,
o target recognizability measures.

In addition to fixation, the notion of area of interest (AOI)
is of great importance in eye tracking analysis. AOIs are
the selected elements on a webpage for which a metric is
calculated. In our research, we distinguished only one AOI on
a webpage, which is typical for first click experiments . In our
case it was a specific button.

For the analysis of our study, we have selected from the
metrics related to cognitive overload described by Bojko in his
book [21]. These metrics were selected as the most relevant for
UX and their analysis is available in the Tobii Studio software
we have used.

To date, more than one hundred eye tracking metrics have
been established. In this paper, however, we only describe the
metrics we have used in our research, which are [21]:

o time to first fixation belongs to attraction measures,

which is a superclass of area noticeability measures that
are useful for visibility assessment of an object or area

by describing how many people noticed or how quickly
something was noticed,

« the number of fixations prior to the first fixation on an
AOI, similarly to the previous metric, it belongs to the
attraction metric,

o first fixation duration on AOI belongs to cognitive pro-
cessing measures and evaluates cognitive processing dif-
ficulty; longer fixation usually indicates deeper cognitive
processing caused, for example, by more effortful extrac-
tion of information,

« fixation count over AOI is usually used when presenting
results in the form of a heatmap; each fixation over AOI
adds to the fixation count and is later presented on a
heatmap as an appropriate color in the fixation area,

« visit count over AOI is a metric indicating the total count
of all fixations and saccades over AOI,

o time from the first fixation on AOI to the mouse click
within this area belongs to target recognizability
measures - the faster the AOI is recognized as a task
solution, the shorter it is,

« fixation duration in AOI measures the time spent observ-
ing the specific area by the participant, which usually
indicates the participant’s motivation and attention; higher
values of this measure for a specific AOI indicate more
interest on this AOI than for AOI’s with lower values.

III. EXPERIMENT STIMULI

Different versions of stimuli have been created by adding or
changing visually one of the elements, or a group of elements
of the websites’ design. A task was prepared for each pair of
design versions and the correct solution was to click on the
modified/tested element. Ten webpage designs in two versions
have been prepared for the study, however only seven of them
have been analyzed, because three task instructions have been
reported as difficult to understand by the participants in the
interview after the study.

Interview after the study contained two questions, one
closed and one open: “Did you have any doubts what you
should in this task? (yes/ no/ can’t tell)?” and “Please, ex-
plain/tell me more in your own words how you understood
the task/instruction”. For two tasks, all respondents declared
the some problems occurrence of weakness, and in response
to the open-ended question, they presented different ways of
understanding the instruction. Due to the fact that the viewing
paths are strongly dependent on the goal / performed task, we
decided not to take into account these eye tracking data.

Table I presents the stimuli (webpage URL), along with the
type of design modification, as well as the corresponding task.
These websites were accessed between 1st and 15th November
2019.

Offline versions of these pages have been the basis for
preparation of the stimuli used in the experiment. Modifica-
tions were made to specific elements to create a user interface
that is more (A) or less (B) user friendly. The correct solution
for each task was determined as clicking on a specific button
on a given webpage.
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TABLE 1
EXPERIMENT DESCRIPTION DETAILS [6].

Version B (less user

friendly)

Task

Main menu tab ’Stores
and Events’ without ap-
propriate iconographic

You will see a bookshop website with
a particular book presented. You want
to know what other readers think about
that book. Click where you would look
for information about that.

Sentence case main menu
tab

You will see a restaurant website. That
restaurant sometimes organizes food
presentation days. Imagine you want
to find more details about that. Click
where you would look for information
about that.

Submenu tabs (About, De-
scription, Reviews, Sam-
ple, Content, Updates) at
the bottom with white
background

You will see a restaurant website. That
restaurant sometimes organizes food
presentation days. Imagine you want
to find more details about that. Click
where you would look for information
about that.

Gray and underlined link
(Shop best sellers >) under
the product picture

You will see a cosmetic shop website.
Imagine that someone recommended
you this shop and you do not know
any of their products, so you want to
see the products that people buy the
most. Click where you would look for
information about that.

White  background of
the button with language
changed (English)

You will see a hotel website. Imagine
you want to change the website lan-
guage. Click where you would look for
information about that.

Gray submenu elements
(ingredients, how to use,

shipping)

You will see a page from an e-shop with
a product presentation. Imagine you
want to buy this product and you want

to know more about delivery. Click
where you would look for information
about that.

Name | Source page URL Version A (more user

friendly)

C21 /Iwww.c21stores.com/ Main menu tab ’Stores
Germany and Events’ with appro-

priate iconographic

LS http://www.loursinseattle.com All caps main menu tabs

PP http://www.peachpit.com/store/ | (Shop best sellers >) under
adobe-photoshop-elements- the product picture Gray
2019-classroom-in-a-book- and underlined link (Shop
9780135298633 best sellers >) under the

product picture

POPO | www.poopourri.com Black and underlined

links (Shop best sellers >)
under the product picture

SS www.swissotel.com Gray  background  of

button  with  language
changed (English)

RM www.rockymountainsoap.com Orange submenu elements
/products/beech-tree-bud-eye- (ingredients, how to use,
cream shipping)

FB www.fitnessblender.com White submenu font in

the center of the website.
Submenu elements: Work-
out Videos, Workout Pro-
grams, Meal Plans, FB
Plus with descriptions.

Gray submenu font in
the center of the website.
Submenu elements: Work-
out Videos, Workout Pro-
grams, Meal Plans, FB
Plus descriptions

You will see a fitness website. Imagine
you have a specific training program
and now you want to change your eat-
ing habits. Click where you would look
for information about that.

IV. EXPERIMENT METHODOLOGY

In the experiment, two methods have been applied: first
click testing recorded with eye tracking and one-on-one in-
terviewing [14]. Each participant was asked to sit in front
of the computer monitor and interact with each webpage by
clicking the selected button. Each respondent was asked to
complete seven tasks, which were later analyzed and presented
in Table I. We finished the task when the participant clicked
on a webpage element, which is also named as a first click
testing [51]. We have used an eye tracking system to record
participants’ gaze activity. Using this system, the fixation path
has been recorded together with screen and mouse activity.
After finishing all tasks, all users have participated in a one-
to-one sound recorded interview with the aim to verify their
understanding of tasks, as well as confirm they have not seen
any of these webpages before. With twenty participants and
seven websites with two versions each (user-friendly and not),

every webpage variant has been seen by ten participants. The
webpages have been presented on a 23” LCD screen connected
to a TX 300 eye tracker. The sessions have been recorded using
Tobii Eye Tracker TX 300 and Tobii Studio software.

The experiment has been conducted at the Wroctaw Uni-
versity of Science and Technology, Poland (WUST) from
28.06.2021 to 6.07.2021. Out of twenty participants, five were
students, five were working and ten declared to be working
students. Exactly half of the group was women and half men.

V. EXPERIMENT RESULTS

In this section, the experiment results are presented. The
statistical significance was verified by two-tailed t-tests [52].
In our experiment each user interacted with only one version
(A or B) and the number of users working with each version
differs because of data quality issues encountered during eye
tracking data collection. Therefore, we used the two-sample
t-test [51], which specifies the degrees of freedom of t-test as
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equal to (nA+nB-2), where nA and nB are numbers of users
using version A or B accordingly. The results are presented in
Tables II-VIII with statistically significant results (p=0.05) in
bold face. For all tables, results for user-friendly variants of
websites are shown in row A and results for less user-friendly
variants can be found in row B.

Table II shows the time to first fixation for two versions
of seven designs. Time to first fixation is defined as the time
from the start of the stimulus display until the the participant
fixated on the AOI [21].

In four out of seven designs, the average time to first fixation
was longer for design B than design A, however the difference
was not statistically significant. Table III presents average
number of fixations prior to first fixation on an AOI. There
were no significant results for this measure.

Table IV presents the average duration of first fixation on
AOI, for the A and B versions of each website. There were
no significant results for this measure.

Table V presents average number of fixations over AOI for
the A and B versions of each website. There was only one
significant difference in the scores for RM website version A
(M=2, SD=0,84) and version B (M=2, SD=0,54 ), t(11)=2.42,
p=.033.

Table VI presents the results for the average number of
visits over AOI, for the A and B versions of design. There
were two significant differences in the scores. Version A of the
C21 website had a significantly lower average number of visits
over AOI (M=2,5, SD=1,64) than version B (M=4, SD=1,77),
t(14)=-2,48, p=.026 while version A of the RM website had a
significantly higher average number of visits over AOI (M=2,
SD=0,52) than version B (M=1, SD=0,53), t(11)=-3,08, p=.
01.

Table VII presents the results for the average time between
the first fixation on AOI and the mouse click within this area
for the A and B versions of each website. There were no
significant results for this measure.

Table VIII presents the results for the average duration of
fixation on AOI for the A and B versions of design. There
were no significant results for this measure.

VI. DISCUSSION

The experiment that we conducted and presented here is
a replication of the experiment that was described in our
previous work [13]. In the conclusion of that article, we
hypothesized that an eye tracker with higher frequency should
provide more precise experimental data that would potentially
provide statistically significant results. In our replication we
used Tobii TX 300, which has a five times higher frequency
rate than Tobii X-60 used in the previous research. The second
factor modified in the replication of the previous experiment
was the participants’ level of experience in using web systems.
We expected that less experienced users would encounter more
problems when using poorly designed web pages and, as a
result, the differences between good and bad design would
be more prominent, thus allowing us to obtain statistically
significant results. Additionally, the statistical analysis was

done using a two-tailed t-test for two samples [51]. This test is
well suited for experiments with a small number of participants
and may detect significant differences regardless of the small
sample size [13]. Unfortunately, none of these measures have
brought the expected results. Peculiarly, we observed even
fewer significant results than in the previous work [13]. In
this study we still observed differences in average values for
many analyzed metrics and most of the designs, however,
these differences have not reached the significance level due
to the small number of participants. The differences that we
observed in the data would be significant for a sample size of
approximately one hundred participants. Unfortunately, due to
lockdown measures it was impossible to recruit more people
and conduct experiments.

Finally, we would like to address why, for certain measures,
some websites have opposing results. E.g. for a particular
measure, one website may have scored higher for user-friendly
version A and another website had a higher result for its non
user-friendly variant B. There may be at least two reasons for
this. First is that the value of the metric depends not only
on the design quality, but also on the webpage type and the
content itself. The second is that the designs A and B do not
produce great differences in usability.

VII. CONCLUSIONS

In this paper, we present a replication of a webpage first
click experiment enhanced with eye tracking that was de-
scribed in our previous work [13]. We designed the replication
following the conclusions from that study, therefore we used
better quality eye tracker. However, mainly because of insuffi-
cient differences between results for designs A and B, we did
not received statistically significant results. We expect these
kind of study would exhibit statistically significant results for
greater number of participants of at least one hundred. For
some metrics we obtained differences between their averages
for design A and B with opposing results for different types of
websites. Consequently, future eye tracking studies exploring
the impact of good and bad webpage design should carefully
consider the type and content of webpages used, as well as
aim for a number of participants that provides a better chance
to obtain statistically significant results.
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