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ABSTRACT

Evaluation of User Experience (UX) in online systems is essential
but also costly in terms of both time and money. We are interested in
building automatic tools to assist development teams in evaluating
the UX even with a limited budget and short iteration cycles.

Analyzing user interaction may provide a good indication of
the effort that users are required to spend on certain page ele-
ments, which we consider an important factor of UX. In this paper
we present UX-Analyzer, a web tool that automatically calculates
and displays the user interaction effort of web pages. The interac-
tion effort is a score that represents the extra burden, difficulty or
discomfort of a user when interacting with a specific webpage ele-
ment. This score has been learned from manual UX expert ratings
and different measures of interaction logs, called micro-measures.
UX-Analyzer further aggregates individual element scores from dif-
ferent users to compose a single score for each analyzed web page.
The tool can also show the compared scores among alternative
versions of a page.

Thus, UX-Analyzer allows UX experts or other team members
to evaluate web pages automatically in a transparent way, since
the interaction effort may be calculated with multiple users in their
real context of use. Visualizing the interaction effort may provide
a good indication towards the level of UX of an online system. It
may also be used in the context of an A/B testing approach that
instead of revenue or conversions, it compares the UX of alternative
versions of a website. That is, this approach enables web analytics
based on UX, i.e., measuring, analyzing and improving UX quality
in each development cycle.
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1 INTRODUCTION

The standard definition of User Experience (UX) considers the hedo-
nic factors that influence the user’s emotions, pleasure and comfort,
as well as the instrumental factors related to usability, interaction,
etc. [11]. Given the relevance that UX has gained for the success
of online systems [1, 17, 24]), large companies invest in frequent
UX evaluation through user testing, interviews, surveys and expert
inspections [22]. However, these methods are usually too costly for
small and medium-sized companies; evaluations involving users
are specially challenging to organize in the typical short iterations
of a product’s life-cycle, when there are not sufficient resources,
while experts are not always available for frequent inspections. The
result is that, for most online systems, UX is neglected after the
initial design phase [13].

Our work aims at supporting companies with limited resources
in improving UX during the entire product lifecycle, in the context
of agile methods with frequent deliveries. Thus, its imperative
to incorporate some automation in UX evaluation. Kohavi and
Longbotham suggest that automatic controlled experiments like
A/B testing are specially useful in the context of agile software
development [12]. In A/B or split tests, the universe of users is
randomly exposed to one of different variants of a system. To select
the best alternative or variant, it is important to define a single
metric, which is called Overall Evaluation Criterion (OEC). Typical
metrics used are revenue, conversions, loyalty [12]. However, UX
is rarely evaluated in the context of A/B testing [23].

We are specially interested in defining a metric that could be
used to compare different designs in the automatic evaluation of
UX. With that goal, in this paper we propose using the concept of
“interaction effort" [7, 8]. The interaction effort has been defined
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as a score that a UX expert assigns to the user’s interaction with a
particular element or widget of a web page. The important aspect
is that it may be predicted from micro-measures that are automati-
cally captured while a user interacts with the page [7]. While the
interaction effort has been proposed to evaluate individual web
page elements, our hypothesis in this work is that it may also be
used to provide a “global picture" of the effort demanded by a com-
plete user interface (UI) design. Thus, we propose aggregating the
interaction effort of different users and widgets to compose a global
effort score on a web page. Having a single effort score should be
useful to easily assess and communicate a factor of the overall UX
of a web page, and it also facilitates the comparison of alternative
designs.

In this paper we present UX-Analyzer, a tool for calculating and
visualizing the user interaction effort on alternative versions of
a specific web page. The tool captures interaction logs from user
sessions, which are fed into a set of prediction models to get the
interaction effort on each widget contained on the target page. Then,
the resulting scores are aggregated to compose the global effort of
the Ul under analysis. UX-Analyzer is intended for UX experts, who
can use the tool to evaluate different designs with multiple users
in online experiments like A/B testing or even with a few users to
validate some design changes in relation with the interaction effort.
The main benefit of this metric is that it is transparent to the users
and easy to calculate, as the tool only requires embedding a script
in the target page.

We also describe a case study of the tool in which we analyze
the results provided by UX-Analyzer for five selected websites.
Different examples are given as to what can be learned from these
results, and we finally identify possible design changes that can
help to reduce the global interaction effort of the target websites.

2 RELATED WORK

User experience is a key component for the success of an interac-
tive product. The ISO standard defines UX as “user’s perceptions
and responses that result from the use and/or anticipated use of a
system, product or service" [11]. According to this definition, UX is
a broad concept that includes the instrumental factors related with
user’s performance while interacting with a system (effectiveness,
efficiency), as well as the hedonic aspects that are subjective to the
users like enjoyment, comfort and pleasure. In other words, UX is
a consequence of the user internal state (expectations, needs, etc.),
system’s characteristics (complexity, functionality) and the context
in which the interaction occurs [9].

Because of the importance that UX has gained, it is essential to
include its evaluation and improvement in software development.
However, besides the resources needed, this is especially challeng-
ing in agile teams that work in short development cycles focused on
delivering new functionalities. For this reason, we are motivated to
provide some automated solution to small and medium-size devel-
opment teams, especially agile teams working under time pressure
and scarce resources, to assess the UX of their products. In this
regard, there are works that propose automating the assessment of
different aspects of the UX. Many of these approaches are concerned
with evaluating a Ul without testing it with real users. For instance,
Dou et al. and Michailidou et al. developed prediction models to
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get a measure of a website aesthetics [5, 18], while Li et al. tried
to estimate the user performance of selecting items from vertical
menus [16]. In contrast to these works, our aim is to account for
user interaction to evaluate a Ul since the user interaction provides
useful feedback that cannot be obtained through the static analysis
of the target UL The closest work to our approach is the one of
Speicher et al. who developed a tool with machine learning models
to predict on web pages seven usability aspects (confusion, distrac-
tion, readability, etc.) from user interaction logs [23]. However, the
main limitation of this work is that the interaction logs used as
features for the prediction are highly coupled to the structure of
the target page, so new models have to be developed every time
a different page has to be evaluated. To overcome this limitation,
the interaction effort metric has been developed to judge the user
interaction on the different widgets that are standard components
present in every UI [7]. This metric was inspired in the Cognitive
Load (CL) concept which is used to describe the user mental effort
demanded by a system to interact with it [3]. Although part of this
CL is intrinsic to the task at hand, a sub-optimal design can also
cause an increment of the cognitive load [4]. In this way, the in-
teraction effort provides an indicator of the interaction cost which
is related with the physical and mental effort made by users to
achieve their goals with a system [2].

Since the interaction effort evaluates individual widgets on a
target UL it would be beneficial to aggregate the effort of multiple
widgets to compose a global effort score for a specific web page.
Having a single score to assess the interaction effort of web pages
allows to easily compare alternative designs in the context of on-
line experiments such as A/B testing. Although A/B testing is a
suitable approach to evaluate UX with a great mass of users, most
of existing A/B testing tools are focused on measuring the revenue
of a company with conversion rates, which are not a direct indica-
tor of UX [19]. Instead, with the interaction effort the evaluation
of alternative designs can be centered on UX, without having to
consider the revenues.

Regarding the methods to get a measure of the UX in a single
score, one of the best known works is that of Sauro and Kindlund
[21], which combines the three usability factors (efficiency, effec-
tiveness and satisfaction) in a single score. Although the method
does not strictly state which measures to use to estimate each factor,
the original work uses task-centered measures that cannot be easily
calculated in a real context of use. Another established method for
quantifying the UX involves the use of questionnaires [10]. With
this method, participants must be recruited, exposed to the sys-
tem under evaluation, after which they choose the suitable value
for different statements within a value range. Some well known
questionnaires are the User Experience Questionnaire (UEQ) [14],
the Standardized User Experience Percentile Rank Questionnaire
(SUPR-Q) [20] and UMUX-Lite [15]. The benefit of questionnaires
is that they may reach a high level of accuracy in measuring the
subjective attitude of the user towards the evaluated system. On
the downside, they are costly because they require recruiting par-
ticipants, and the results can be biased since the users know that
they are under evaluation.
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3 INTERACTION EFFORT FOR WEB PAGES

Interaction effort is a subjective score that judges a specific user
interaction with a target Ul widget [7]. UX experts observe a widget
interaction and assign a score that ranges from 1 (effortless) to 4
(demanding), according to their subjective analysis. Given that
the score has be manually assigned from a UX expert, different
prediction models were developed to automatically calculate the
effort score using micro-measures captured from user interaction
logs. These micro-measures were specifically developed for this
prediction task and they capture different user interaction aspects
such as the time spent on a specific widget, mouse movements,
keystrokes, among others.

The idea of analyzing individual UI widgets was proposed with
the aim of evaluating small portions of a UI, motivated by the con-
cept of UX refactorings, which are concrete UI transformations
intended to solve UX smells, hints of poor user interaction [6].
Figure 1 shows two alternative refactorings for the UX Smell Unfor-
matted Input, which signals that a free text input is used to require
data that has a specific format. These refactorings offer different
solutions for the same UX issue, so they should be evaluated to
assess which one is better (in terms of UX) for a particular situation.
Therefore, the interaction effort was first developed to compare the
effectiveness of alternative refactorings. The metric is calculated
on the specific widgets that are involved in the transformations
performed by the refactorings.

put into Selects

Figure 1: Alternative refactorings for the UX smell Unfor-
matted Input [7].

Besides comparing alternative refactorings, having a fine-grained
measure of a Ul is also useful to precisely determine where users are
struggling with it. But on the other hand, since the interaction effort
judges a single user interaction with one widget, it could be hard to
get an overall measure of how the target UI works when there are
many widgets under analysis and multiple users interacting with
them. In this way, as a complement to the interaction effort based
on individual widgets, we propose aggregating all the interaction
effort values to have a single score for assessing the user effort of a
complete UL

Figure 2 shows how the global interaction effort is calculated.
Besides the global score, the interaction effort of each user with
each widget can also be aggregated either by user or by widget.
These aggregations can provide additional feedback about the user
experience of a Ul for instance to identify specific users that make
high effort or to detect certain widgets that are problematic for
many users.

The tool UX-Analyzer described in the next section shows the
global interaction effort of a web page, as well as the aggregations
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by user and by widget to provide a full picture of the user interaction
effort.
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Figure 2: Interaction effort aggregated by users and by wid-
gets.

4 UX-ANALYZER

UX-Analyzer is a tool to estimate and monitor the user interaction
effort of a web application. The tool was created mainly for UX ex-
perts, who can analyze the resulting interaction effort and propose
design changes in response to what they observe. Nevertheless, UX-
Analyzer can also be used by others team members such managers
or product owners, who may be interested in controlling the UX of
a system.

UX-Anayzer is web application in which the users can sign up
and create evaluations to observe different pages of a target applica-
tion. An evaluation contains one or more versions of the observed
pages on which the interaction effort is calculated. The tool also
includes a JavaScript code that must be pasted in the target appli-
cation to capture the user sessions of a specific version and send
them to the server. Each user session contains the interaction logs
that are fed into the prediction models to estimate the interaction
effort of each widget in the analyzed page. These scores are then
used to calculate the global effort of the version.

4.1 Evaluations

An evaluation groups a set of versions of the target application.
Since the web applications can have multiple pages with a wide
range of functionalities, the purpose of the evaluation is to separate
the different user interfaces that need to be analyzed. The evaluation
size will depend on what the user wants to evaluate. For instance,
an evaluation could assess general aspects such as the checkout
process on a e-commerce, as well as more detailed concerns like a
specific set of fields in a form.

Figure 3 illustrates the evaluations list, the view shown after
logging in UX-Analyzer. Each evaluation is identified by a name
that describes the design aspect that is evaluating.

4.2 Versions

The application versions are design variants that belong to an eval-
uation. A version can also be defined as a set of user sessions
collected on specific pages that are used to estimate the interaction
effort. When a new version is created, UX-Analyzer generates a
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Figure 3: Interaction effort aggregated by users and by wid-
gets.

code snippet to include in the target application for capturing the
user interactions with the widgets. This snippet contains a specific
version token that is used by the backend of the tool to determine
the target version of each user session received.

To create a new version, the user must provide a name and the
URLs of the pages that will be included in it. Although the global
interaction effort was thought for individual web pages, in some
cases it may be necessary to know the effort score for a group of
related pages. In this way, a version can contain one or more URLs,
which then will be used to filter the user interaction logs on the
selected pages when a new user session arrives to the server. Figure
4 shows a version recently created.

Ealuations / passport Appointment | Refactored
Refactored
refactored

Setup

<script src="h
<script>
window.onload = function () {

new MicroMeasuresLogger ("fijd83veij Lfwwtu");

ogger.js"></script>

¥
</script>

Figure 4: A new version created. The tool shows the code
snippet that must be pasted in the target application.

The main view of the evaluation displays a list with all the
generated versions (Figure 5). There, the user can observe for each
one the global effort score and the amount of user sessions captured
so far. This score is updated as new sessions are sent to the server.
The user can also click on the versions to visualize the details of
each one, like the user sessions and the widgets included in the
target pages.

4.3 User sessions

The code snippet generated by UX-Analyzer when creating a ver-
sion is used to capture the user interaction logs. These logs are
basically the micro-measures that result from the user interaction
with each widget under analysis. The interaction logging starts
when a user navigates to a URL included in the version, and it ends
when the page is abandoned. For each widget, besides the micro-
measures the script also logs the URL and its XPath, which then
together allow to identify that widget instance. When the logging
ends, the session duration is calculated and all the information is

Juan Cruz Gardey, Julian Grigera, Andrés Rodriguez, and Alejandra Garrido

Evaluations / Passport Appointment

Passport Appointment

Interaction Effort
Default m Users: 21 W

Interaction Effort
Refactored Users: 0 @

Figure 5: Versions list of an evaluation.

sent to the backend. There, UX-Analyzer processes the logs and
store them in the version identified by the received token.

Figure 6 illustrates how the captured user sessions look in UX-
Analyzer. The most relevant attribute of each user session is the
interaction effort that results from aggregating the predicted effort
on all the widgets the user interacted with. This aggregated score is
the effort by user shown in Figure 2. In addition to the effort score,
the sessions also show their date and duration.

Evaluations / Passport Appointment / Default
Default
pasaporte

Stats  UserSessions  Widgets  Setup

Session ID Date Duration Interaction Effort

tidy_pug_ksygzm 121012023 9:08 00:0028
honest_tiger_2k6oyl 121012023 9:08 00:00:45
curvy_bullfrog_7hyic 121012023 9:08 00:00:37
121012023 9:08 00:00:27

tidy_fish_c7fsdp

wise_duck_80cy0q 12/10/2023 9:08 00:0013

silent_octopus_moarnb 121012023 9:08 00:0036

Figure 6: User sessions of a specific version.

This report is useful to monitor the users that interact with a
particular version. By analyzing the effort score of each session and
its duration, it is possible to detect particular cases in which a user
experiments interaction problems.

4.4 Widgets

In the context of a version, the tool also allows to visualize the
widgets list included in the target pages (Figure 7). Given that each
widget is identified by its XPath and the URL, UX-Analyzer obtains
this list grouping the interaction logs by these attributes. Each
widget contains the averaged interaction effort (effort by widget
in Figure 2), and a label along with its type (text input, link, etc.)
to recognize it. Moreover, the widgets have an associated weight
that determines their influence in the global effort score of the
underlying version. According the needs, the UX-Analyzer user can
adjust the weights to give more importance to specific widgets and
these changes are reflected in the global score. In this way, a UX
expert can center the analysis on the widgets that are crucial for
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Table 1: Interaction effort score of the five analyzed websites.

Web Effort
Flight check-in 1.34
Passport appointment 1.25
E-shop checkout 1.25
Sign-up in a ticketing e-shop ~ 1.26
Loan simulation 1.09

the success of the target website, and leave those less important
widgets in a second place.

Evaluations / Passport Appointment / Default

Default
pasaporte
Stats  UserSessions  Widgets  Setup
Label Type Interaction Effort Weight
(e @ .
= ] .
e 4] .
o] (]

°

Figure 7: List of widgets that users interacted with using a
specific version.

Like the effort of user sessions, the interaction effort aggregated
by widget is also important to understand the value of the version
global effort. In particular, this aggregation allows to detect the UI
elements that users are struggling with.

5 CASE STUDY

In order to assess the applicability of the tool, we used UX-Analyzer
to calculate the user interaction effort of five real websites. In these
websites, 23 recruited users completed a specific task and the result-
ing user sessions were saved in the tool for the subsequent process-
ing. The selected websites included common tasks performed on a
daily basis like completing a flight check-in, finishing a purchase
order on an e-shop and booking an appointment to get the passport.
Regarding the participants, they were of different ages (MIN=22,
MAX=49, SD=9.1) and the had different occupations.

Table 1 lists the five websites with the interaction effort calcu-
lated with UX-Analyzer. For each website under analysis we created
a separated evaluation with a single version, and each user test per-
formed by a participant on each website was mapped to a different
user session (see Figure 3).

Regarding the first website of Table 1, the one with the greatest
global effort, the score of each user session ranges from 1.2 to 1.5, so
the interaction effort for each participant in this website is similar.
However, analyzing the effort score aggregated by each interactive
widget, we observed that those widgets for entering dates (date
selects) were the ones that demanded the greatest effort, with a
score of 1.9. Concerning the other widgets types (text inputs and
radio buttons), the average effort score was 1.1. In order to assess
the influence of the date select widgets in the global effort score
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of the version, we changed the settings to give a higher weight
to the selects (3 times the weight of the other widgets) and the
global effort increased to 1. That indicates that date selects play
an important role in the interaction effort of this website. In this
regard, one way to lower the interaction effort would be to evaluate
alternative widgets for entering a date like date pickers and masked
text inputs.

With respect to the three websites that have similar effort scores
close to 1.2, the website to get the passport appointment is the
one that has more variability in the interaction effort aggregated
by widgets. The ones with the greatest effort were the select box
for entering the city (1.4) and the radio buttons set to choose the
appointment date (1.6), while the remaining widgets have a score
of 1. In this way, we can increase the global effort score up to 1.5
if more importance is assigned to the city and appointment date
widgets. A key aspect of these widgets is that they have many
selectable options, so the high effort may be due to the fact that a
user has to read each option to choose the desired one. Therefore,
using other widget types to avoid having to choose from multiple
options may be an opportunity for improving the overall interaction
effort.

Concerning the website with the lowest interaction effort score,
all the widgets have an average score of 1.1, so we could not identify
any problematic element.

6 DISCUSSION

In the previous section we described a case study of UX-Analyzer
to visualize the user interaction effort score of different websites,
and we gave examples of the type of conclusions that we expect to
draw from the tool to improve the score. By collecting interaction
data from real users, we could observe in UX-Analyzer the global
interaction effort of five selected websites and to identify the source
of that overall score.

Concerning the reports provided by UX-Analyzer, it gives the
possibility to observe the interaction effort aggregated by each
interactive widget of the website under analysis. This information is
useful to identify the individual elements that can cause problems to
the users, and to analyze design alternatives for them. Moreover, the
tool also allows to adjust the importance of each widget and inspect
in real time how that is reflected in the overall effort score. Besides
giving the user the chance to freely modify the widget weights, we
are also studying alternatives to adjust them automatically using
the data collected for the user session.

Another report available in the tool is the average interaction
effort that results from each user session logged. Although this
reports aims at proving information of each particular user, during
the previous use case we realized that more context is needed
besides the session time to understand and draw conclusions from
interaction effort at the user session level. In this regard, we plan
to include more details about each user session which includes
a screen recording of it, so the user of UX-Analyzer can observe
specific cases in which a user of the analyzed website is struggling
with the user interface.

One important aspect to mention is that the analysis performed
in the previous case study bay be limited due to the fact that effort
scores obtained in the previous evaluation were very similar, being
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all of them close to 1. We believe that this is related with the design
of the task performed, which although they are real and known for
the users, they were reduced to be done on a single web page for
technical reasons, so in some cases they were carried out of their
real context. A concrete example of this context is that the user has
to buy a ticket before being able to check-in for a flight. Probably,
performing the task in its real context adds more complexity and
this is reflected in a greater interaction effort, which in turn could
give more insights about the problems that users may experience
using the websites. Besides that, including more users and the
opinion of UX experts in the evaluation will be essential to validate
the feasibility of UX-Analyzer for the user experience improvement.

7 CONCLUSIONS AND FUTURE WORK

In this work we showed UX-Analyzer, a web tool to evaluate web
pages with respect to the user interaction effort. The tool pro-
vides different perspectives of the user interaction effort, giving the
chance to visualize a single effort score for each analyzed version,
as well as the effort of each user session and the average effort de-
manded by each specific widget. We showed a case study of the tool
in which we analyzed the resulting effort scores and we mentioned
possible improvements for the websites under analysis.

We are planning to evaluate the tool in real context of use,
with multiple users and UX experts to assess the feasibility of
UX-Analyzer to identify issues experienced by the end users and
possible solutions for them. Moreover, we also plan to run eval-
uations to determine the tool applicability for comparing design
alternatives of the same UL This will allow us to validate whether
a single interaction effort score can be used as a metric to compare
the performance of design variations, for instance in an A/B testing
approach.

Regarding UX-Analyzer, we foresee different improvements for
the tool. The most important one is that UX-Analyzer not only aims
to show interaction effort, but we plan to incorporate new metrics
to evaluate other aspects of UX. In this way, the tool could be used
to inspect and monitor different metrics that help UX experts or
other interested team member to keep the UX under control.
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