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Abstract. In recent years, the usage of mobile browsers has experienced
an astonishing growth. Nowadays, most citizens use their mobile phones
instead of their laptops to surf the Web for immediate availability. Nev-
ertheless, Web design is performed considering laptops screen dimensions
and websites are readjusted to mobile screen resolutions using Respon-
sive Web Design. This conversion to smaller screen resolutions causes
some drawbacks to mobile navigation. Web Augmentation is an effective
methodology that allows end-users to customize third party websites ac-
cording to their needs. This technique can mitigate the problems caused
by small screen resolutions.
This article introduces MAWA, a Firefox mobile browser extension for
Web Augmentation designed to remove and move content in any website
using a visual programming technique. The article presents the benefits
introduced by MAWA in response to the drawbacks arising when web-
sites are adapted from laptop screen resolutions to mobile dimensions.
Evaluation is also introduced in this article where end-users with no
programming knowledge have adapted four different websites using the
extension. Results show that testers claim that drawbacks presented by
mobile browsers are mitigated with the utilization of MAWA.

Keywords: Human-Computer Interaction · End-User Development ·
Web Augmentation · Customization · Mobile Browser

1 Introduction

In recent decades, there has been an important increase in the use of mobile
phones and, as a consequence, a growth in the access to web applications [1].
Several studies predict that the next decade will bring a significant increase in
the demand for mobile data [2]. Boehm et al. [3] foresaw in 1995 that in 2005
there would be 55 million of Web practitioners in the U.S. In 2005, Scaffidi et
al. [4] estimated 90 million end-users in the U.S by 2012. If we extrapolate this
quantity worldwide, we can imagine that nowadays (2020) the real number is
uncountable. In fact, today more than half of the Internet traffic is mobile. This
increase raises the partaking of end-users in the customization of websites to
their desires and necessities [5]. The customisation of web pages allows end users
to redefine colours, relocate components, remove features or add new elements.
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In other words, to adapt the functionality, content and design to the user’s
wishes. The customization process is mainly carried out by users with no pro-
gramming skills, as most web users around the world are mere consumers with
limited programming knowledge. A very popular technique for customizing ex-
isting third-party websites is Web Augmentation (WA). This technique has been
developed as a method to customize or adapt the features of websites without
affecting the server-side code [6]. Furthermore, augmentation is not developed
by the website owner but by the website user. There are different approaches
to realising WA, but one of the most popular is the use of visual programming
techniques [7]. Visual programming can be defined as the use of graphics as the
programming language [8].
Lieberman et al. [9] define End-User Development (EUD) as ”a set of meth-
ods, techniques and tools that allow users of software systems, acting as non-
professional software developers, to create, modify or extend a software artefact”.
End-users are able to start with basic adaptation mechanisms and gradually ad-
vance to use more powerful adaptation mechanisms without facing insuperable
barriers [10]. WA technique is very appropriate because it can be applied pro-
gressively. WA can be applied to any website and it is accomplished by end-users.
The same drawbacks experience by desktop users affect mobile users. Problems
can even increase since mobile versions are, in many cases, adaptations of desk-
top versions.Consequently, WA not only can be used for desktop web versions,
but mobile web versions can also be customized by end-users. Mobile users need
tools and strategies to meet their needs when browsing. This paper investigates
WA as a mechanism for customising web pages by end users through a Firefox
mobile browser extension for web adaptation.
The remainder of the paper is organized as follows. Section 2 analyses the prob-
lem analysis including the issue we want to solve, its causes and its consequences.
Section 3 discusses related work in order to give the reader an idea of what has
been done in this area from WA perspective. Section 4 describes MAWA1 (Mo-
bile Application for Web Augmentation), a browser extension that customizes
mobile version web pages to adapt them to users requirements. Section 5 presents
MAWA evaluation and its results based on different questionnaires (NASA-TLX,
SUS and their satisfaction), section 6 shows features we would like to enhance
about MAWA and section 7 concludes the paper.

2 Problem analysis

2.1 The problem

Most web designers prepare their initial web configuration for desktop resolution
and later think about how to adapt this design to the mobile paradigm [11].
This process is frequently carried out with the Responsive Web Design (RWD).
RWD is a design and implementation technique that enables web designers and
developers to create websites with a flexible approach to adapt their content and

1 https://addons.mozilla.org/es/firefox/addon/mawa/
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layout to different resolutions on different devices with the same web experience
[12]. This web restructuring is not free. It comes with a computational cost
as the initial desktop version has to be adapted to the configuration of the
mobile browser. Furthermore, this adaptation causes usability problems such as
the display of unnecessary content, the reordering important content and, as a
consequence, cluttered navigation and scrolling to find the desired information,
among others [13]. These usability drawbacks induce a poor web experience for
users.

2.2 Causes

In the beginning, websites were designed for desktop computers because this
was the supported platform for browsing the Web. However, over time, tech-
nology has evolved and mobile phones and tablets are common platforms for
consuming websites via navigation browsers[14]. Due to this natural evolution,
web designers had the habit of designing first for desktops computers where
large screen resolutions were required. Later, they would design another website
for mobile browsers while maintaining the same style [15]. RWD avoids creating
two different versions of the same website and was created for desktop-to-mobile
adaptation and not vice versa even though it is common to listen that it should
be ”mobile first design” [16]. Not only website designs are considered first, but
also other aspects, such as the WCAG 2.0 guidelines for desktops, which are cre-
ated only for desktops and designers have to decide how to proceed for mobile
consumption [17]. Desktop version design first causes problems and disadvan-
tages to mobile web browser edition [2] that can be mitigated with our proposal.

2.3 Consequences

The negative consequences of the problem previously addressed on users expe-
rience are:

– Scroll: scrolling up and down a page without reading the content may be
a signal of frustration and lack of confidence, which is a frequent action
on mobile browsing [18]. In relation to this, [19] concluded that when users
frequently scroll to find irrelevant information in their navigation, they are
less satisfied. Furthermore, ”the current scrolling method for a mobile device
is both time-consuming and fatigue-prone” [20]. So, considering that [21]
conducted a study in which they determined that people used the scroll bar
on 76% of the pages, and that 22% scrolled to the end regardless of page
length. It is extremely important to avoid scrolling in mobile phones.

– Show unnecessary content and hide important content: All mobile web users
want to extract the desired information quickly and with minimal mental
effort [22]. RWD relocates all content shown in the desktop version hiding
some content and maintaining other content visible in the mobile version
[12]. Unfortunately, this content may be useless to readers if the desired
content is concealed or the user has to scroll to find it.
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– Produce cluttered navigation: websites are changed from desktop version to
mobile version by adapting the layout and rearranging the content to the size
of screen [14]. This step of adapting the website generates different drawbacks
such as the obstacle of reading the content correctly from the device [23],
which causes more user interaction than for desktop users and consequently
the time needed to carry out any task is higher [24]. In addition, it generates
more input errors than using the desktop navigation [25].

3 Related work

Bouvin [6] originally coined the term WA in 1999 to describe a tool that “through
integration with a Web browser, a HTTP proxy or a Web server adds content or
controls not contained within the Web pages themselves to the effect of allowing
structure to be added to the Web page directly or indirectly, or to navigate such
structure. The purpose of such a tool is to help users organize, associate, or
structure information found on the Web. This activity can be performed by a
single user or in collaboration with others”. Our work focuses on WA and con-
sequently this section analyses the different works accomplished in this concern.
On the one hand, an important number of references focus their research in WA
for computers. For example WebMakeup [26] is a visual programming Chrome
browser extension. End-users can copy different web nodes by clicking on them
with the mouse. When using this extension to modify a website, users can insert
previously copied nodes from a ”Piggybank” by dragging & dropping. Web-
Makeup permits updating inserted nodes with actual information or not. Addi-
tionally, inserted nodes can be collapsed by clicking on certain node defined by
the user. MDWA [27] proposes a novel method for designing WA applications
based on client-side and server-side components. They propose a model-driven
approach that can improve the abstraction level of client-side and server-side
development. They provide a set of tools to design the composition of core appli-
cations. These applications present new back-end functionality to support WA.
The front-end has the main function of augmenting the web page. [28] shows a
tool that proposes a data acquisition system capable of capturing the user in-
teraction in web interfaces. Subsequently, these interactions can be reproduced
automatically without any human action, which can be a method to reduce the
time to perform an activity. Similarly, Excore [29] is designed to add content from
repetitive web searches. It detects a keyword on a defined website, automatically
carries out the web search on a different website and inserts the desired content
on the target site. This automation is defined by an end-user through a visual
programmable Chrome browser extension. Chudnoskyy et al. [30] take a step
forward in creating web adaptations by assisting users with recommendations
and automatic composition. It provides a composition environment for end-users
supplied by different elements, which can be placed on the canvas, synchronized
with each other and shared with other users. [31] customize websites depending
on the disability a person has (visual, motor, cognitive or hearing impairments)
and the attitude towards computers and the Web older people show. [32] in-
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troduces a adaptive hypermedia method suitable for adaptive link annotation.
This method shows a combination of direct manipulation and automatic linking
annotations that allow users to better control the adaptability of the page. This
direct control can better support users’ attention to information during a task.
[33] has design a system in which the webmaster starts with the existing layout
and specifies which elements must be modified. Then, touch-based events will
be used as implicit input for the adaptive engine, which automatically modifies,
rearranges, and re-styles interactive items based on browsing usage. OFIE [34]
relies on Programming by Demonstration to define the appropriate native input,
which must be executed automatically when the rule is triggered. This method
allows end users to define operations simply by performing required native input
interactions on the graphical user interface of the application. End-user does not
need any necessary programming knowledge or write/edit any code. Trusty et
al. [35] developed ALOE, a Firefox browser extension that augments Web pages
by translating all selected English words with their translations to defined lan-
guages.
On the other hand, research has also been conducted in WA for mobile phones.
For example, PageTailor [36] is a Firefox-based browser that runs on Windows
Mobile PDAs and is implemented as a Mozilla plugin API. The tool provides
a technique for the selection of objects that by dragging a line over the object
selects the web node associated. PageTailor permits the customization of tra-
ditional websites mainly by increasing the size of important web elements and
diminishing the size of irrelevant content. PageTailor does not use Responsive
Web Design. Collapse-to-Zoom [37] is a much simpler tool than PageTailor since
it only allows expanding and collapsing web elements. It is also designed for
modifying traditional websites in PDAs. If the user taps over an element and
drags the pen diagonally to the top, the node is expanded. If the movements
is towards the bottom, the element is collapsed. MoWA [5] is a mobile browser
extension for augmenting existing Web Applications with information that the
original web page does not provide. It adapts the website content depending
on information obtained from the mobile sensors (GPS, microphone, gyroscope,
light...).
Independently on the target aim by these applications (desktop or mobile), their
final objective is to enable users in adapting their favourite website to their needs.
In our approach, the scope focuses on mobile browsing and the main objective
is to ease end users navigation experience by adapting websites to their needs
using WA.

4 Mobile Websites Web Augmentation

How often do you use your mobile phone browser to look for information on the
web? Nowadays it is more common to use mobile phone browsers than desktop
browsers2. Therefore, it is utmost importance to adapt mobile version websites
to the needs of users by avoiding or minimizing the consequences presented in

2 https://gs.statcounter.com/platform-market-share/desktop-mobile-tablet
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section 2. We will illustrate the use of MAWA with some examples with the
conference website.
MAWA is a Firefox mobile browser extension for WA designed to remove and
move content from any website through a visual programming environment.
MAWA abstracts technical details into a visual domain-specific language that
facilitates end-user involvement. The goal of this extension is to avoid scrolling,
cluttered navigation and the removal of unnecessary content. In MAWA there
are two different phases: (1) the editing phase, in which the end-user adapts
the website, and (2) the execution phase, in which the system automatically
completes the adaption by itself.

4.1 Edition stage

The edition stage begins when the user clicks on the new menu button. First,
the user browses a website and if they decide that this must be adapted, they
double-click on the screen where the menu appears (figure 1 left). The user then
begins to edit the website just clicking on the node they wish to update. Once
the user clicks on a node, its background colour is changed adding an X button
to the top right and arrows to its top, bottom, left and right. From this point
on, three different actions can be performed, (1) delete the node, (2) relocate
the node and (3) select a relative node using the arrows. At the moment the web
page modification is completed, the end user double clicks on the screen and
the second menu pops up (figure 1 middle). When the save button is clicked,
the web page is reloaded and the modifications are automatically made visible.
To remove the modification or to continue editing the website, the user has to
double-click on the screen and the third menu option appears (figure 1 right).
Note that each menu button has its own color when active and its color never
changes, except for deactivated buttons which are shown in gray.
Remove: MAWA allows you to remove any node from the web to avoid consum-
ing unnecessary content. Websites may present information that is not relevant
to the user. This information may not be annoying on computer screens, how-
ever, it is frustrating when consumed on small cell phone screens [24] [25]. If the
user decides to remove the content of a node, the user must click the X button
located in the upper right corner of the node (figure 2 left). Once clicked, the
node is removed from the web page (figure 2 middle). If the user is not interested
in some of the conference tracks, they would remove tracks using MAWA and
only consume the ones of interest (figure 2 right).
Move: MAWA also allows you to move nodes from one point on the web page

to another. This is done by dragging and dropping the selected node. When
the node is dragged, the background colour where the node could be dropped
becomes purple. This colour transformation provides the user with information
as to what the new location of the node might be. Once the node is dropped, it
is inserted into its new locations and removed from the original position. Figure
3 shows at the top left how the user has selected the important dates of the
conference. The same figure shows how the user has relocated the node to the
top of the web site (figure 3 top right). Figure 3 shows at the bottom how the
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Fig. 1. MAWA menus: (left) initial menu, (middle) menu after edition stage, (right)
menu after execution stage

Fig. 2. Removing nodes with MAWA: node selection (left), node removal (middle),
removing unessential tracks for the user (right)
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important dates are located at the top right of the laptop version. However, in
the mobile version it is located at the bottom of the page. All important infor-
mation for a user should be at the top of the page because it avoids scrolling by
avoiding the drawbacks explained in section 2. Figure 3 demonstrates with an
example how MAWA helps to avoid scrolling in case essential information is at
the bottom and, consequently, also to avoid cluttered navigation.
Node selection: Users have to select a node in order to move or remove it.

Simply click on the node to select the desired element. However, some nodes are
not so easy to select due to their particular definition. For example, the body
of the page is one of these elements. If we want to select the body, it is compli-
cated to click in the upper left edge of the page to select it. Other examples are
selecting complete tables or interactive nodes when the user does not want to
perform any action on the node. For this reason, MAWA includes an arrow on
the top, bottom, left and right of the selected node. If the user clicks the arrow
at the top, the parent node is selected, the arrow at the bottom selects the first
child, the arrow on the left the previous sibling node and the arrow on the right
the next sibling node. If the node has no children, the bottom arrow will not
be included. Similarly, if the node has no siblings before, the left arrow will not
be included and if the node has no siblings after, the right arrow will not be
included.

4.2 Execution stage

One of MAWA’s goals is to reproduce the user’s creation steps one by one.
For this reason, MAWA saves information about each modification made by
the user in the editing process. The automation process finds the first modified
element and reproduces the user’s actions by deleting and relocating all nodes.
This process continues until the last edited node in the same order as the user
followed in the editing steps. At the end, the layout will be the same one the user
had at the end of the editing process. The main drawbacks of the automation
process are website updates. Website updates can cause MAWA to not be able to
find the modifiable nodes. As a consequence, the automation fails. This failure
can occur in two different cases. The first is when the node to be deleted or
moved has been deleted from the website or relocated. The locator (mechanism
used to locate nodes within a website) is not able to find the node. In this case,
if the node is to be deleted, the user does not perceive any error. Nevertheless,
if the node is to be moved, the user may notice that an important element is
missing. The second case is when the node selected as reference to relocate the
node has been removed or relocated. In this case, the system is not able to
relocate the node and it seems that the node simply has been removed from the
website. If one of these cases occurs, the end user could update the adaptation
double-clicking on the screen and selecting update (figure 1 right).
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Fig. 3. Moving nodes with MAWA: selected node before being moved (top left), the
node relocated on top of the website (top right), selected node on the laptop version
(bottom)
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4.3 Architecture

MAWA architecture has been designed taking into account the information the
system must store during the editing process and the information needed during
the execution process. We take advantage of the browser structure to store this
information in it. The architecture is illustrated in figure 4.
Each adaption registers an ID created exclusively for it and the URL in which the
adaptation should be executed. When a web page is loaded, the system checks
whether this URL has been used in an adaptation. If this URL is found, the sys-
tem starts the whole process to perform the complete adaptations. Otherwise,
the system waits until another web page is loaded. MAWA allows to have more
than one adaptation to the same domain but only one for each subdomain.
Each adaptation has one or more nodes that will be modified in the editing pro-
cess. All nodes will be identified by an ID. Each node will be populated with its
location point on the page and the actions that MAWA should complete when
the adaptation is enacted.
The location point is populated with different locators. A Web locator can be
defined as a mechanism for uniquely identifying an element in the Document
Object Model (DOM) [38]. As explained before, website updates pose a major
drawback for WA tools, since nodes might no longer be found. To address this
drawback, based on some previous works using multiple locators to extend the
life expectancy of locators [39][40][41], three different locator algorithms have
been implemented. These locators are based on Xpath and generate different
results when they fail, being able to use another Xpath to try to find the ele-
ment. If one of them finds the element, we can use the new information to repair
the previously broken Xpaths. Over time, the website developers will update the
website and, therefore, these three Xpaths will fail. For this reason, an algorithm
able to regenerate Xpaths has been implemented. This idea has been extracted
from previous works [42][43][44]. To generate a new Xpath, MAWA stores addi-
tional information of each adapted node and all its ancestors. This information
is completed with the all their attribute names and all of their values. When
previous Xpaths fail, this algorithm is executed. It generates different Xpaths
with the stored information until one of them locates a single node inferring that
it was the desired node. The evaluation of the algorithm shows that on very few
occasions an invalid Xpath is generated.
As a conclusion, this algorithm system improves the life expectancy of the adap-
tation and the user does not need to re-adapt their augmentations frequently.
Some website updates are invisible for users because the website maintains its
appearance. However, its structure may have been modified and Xpaths are
sensitive to these changes. Website upgrades may create an idea on users that
MAWA is of low quality and they might stop using it. Apparently, the website
has not been modified but the application does not work properly. This is why
it is of utmost importance to implement a robust locator system to improve the
quality of the application.
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Fig. 4. MAWA abstract syntax

5 Evaluation

The main objective of MAWA extension is to avoid scrolling, cluttered navigation
and removing unnecessary content by adapting your favourite or more visited
websites. Allowing users to adapt content to their needs improves usability [45].
In order to validate whether MAWA accomplishes its purpose, we have evaluated
MAWA following the NASA-TLX (Task Load Index) and SUS (System Usabil-
ity Scale) questionnaires. NASA-TLX is ”a multi-dimensional scale designed to
obtain workload estimates from one or more operator while they are performing
a task or immediately afterwards” [46]. SUS is used to quickly evaluate how well
people comprehend the usability of a software application they are toiling away
[47].

5.1 Research Method

Setting. The study was conducted at the Mondragon University (Arrasate -
Mondragon, Spain). All participants used their own mobile phones on which
they had version 61.0 of the Firefox Mobile browser installed. Some of these
phones were Samsung Galaxy S8, Samsung Galaxy J2 Core, Xiaomi Mi10, Sony
Xperia M2, iPhone SE, OnePlus 6, Huawei P20...
Procedure. At the very beginning of the evaluation, participants were informed
of the purpose of the study and given a brief description of it. Thereupon, an
instance of MAWA was presented to exemplify the main functionality of the ap-
plication. The example consisted of removing and moving some web elements of
the university home page simulating that we were students. Unnecessary content
for students was removed and essential content was moved to the top. Next, par-
ticipants were proposed to adapt in a defined manner the websites of Filmaffinity,
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Amazon, NBC News and to conclude one of the websites they frequently visit
on their phones. Finally, participants were directed to an on-line Google Forms
questionnaire3.
Subjects. Sixteen people participated in the evaluation and 62,5% of the par-
ticipants were male. Regarding their age, all of them were between 18-58 age
range and most of them were between 30 and 39 years old. The participants
came from Arrasate-Mondragon and the nearby towns. Most of the subjects
were married and with a degree from Mondragon University but nobody had
a technical knowledge, the aim of the evaluation was to test MAWA with end-
users. Most of the subjects were working in different fields when the evaluation
was conducted. These fields were finance, construction, teaching, agriculture or
sports. 50% of the subjects had never used an editing program such as Photo-
shop. 87,5% of the participants have installed at least one browser plug-in in
their computer with an average of 3,3. In addition, 43,8% of them have installed
at least one plug-in in their mobile browser with an average of 1,2. 68,8% of the
participants spend less than 30 minutes a day on the Internet on their laptops
and additionally, 56,3% of them are connected to the Internet for between 30
minutes and 1 hour on their mobiles.
Instrument. A questionnaire was utilized to gather the users’ experience in the
evaluation. The questionnaire was composed of four sections; background, their
perceived workload (NASA-TLX questionnaire), usability (SUS questionnaire)
and satisfaction. Satisfaction was measured by different questions with a 7-point
Likert scale (1=completely disagree, 7=completely agree).
Data Analysis. Descriptive statistics have been used to characterize the sample
and evaluate the participants’ experience using MAWA.

5.2 Results

All users were able to finish the proposed tasks and, at the end of the evalua-
tion, they answered the proposed questionnaire. The modifications made to the
Filmaffinity, Amazon and NBC News web pages were guided with a document
that included clear images and texts with the actions that users had to com-
plete. Nevertheless, at the end, all subjects were able to modify and additional
website, which was one of their favourite web pages on their own. The results of
the evaluation are the following.

NASA-TLX results: NASA-TLX results are reported in the table 1 and sum-
marized in the figure 5. NASA-TLX is used to evaluate the perceived workload
during a task. The reason for using this questionnaire in this evaluation is to
be informed about the subjects’ feelings during the exercise. We wanted to be
sure that the evaluation was balanced in order to obtain objective results about
MAWA. A Likert scale between 0 and 10 was used for the answers.

3 https://docs.google.com/spreadsheets/d/1RKx0xwsZ32-flCtRGUYF1-
B0ddfmJ5xyTpqW0gNEEhQ/
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Fig. 5. NASA-TLX scores

– Mental Load: is used to determine the subject’s mental and perceptual ac-
tivity during the activity. The results indicate that the mental load was low
during the activity due to the fact that the subjects’ responses are at an
average of 3,69. The highest value was 8 for a person and two other people
voted 6. Despite this, the rest voted 5 or less and this is because they did
not find the exercise difficult.

– Physical Demand: is closely linked to mental demand. This question is related
to the physical activity required during the task. The results are very similar
to those for mental demand as users had an average of 3,38 for physical
demand and the same 3 people only voted more than 5.

– Temporal Demand: measures the pressure felt by the subject with the tasks
accomplished in the evaluation. All subjects voted less than 5 and two of
them voted 0, i.e., they did not felt pressure at all. The average is also very
low with a value of 2,38.

– Performance: is used to know the degree of success of the subjects in com-
pleting the task. In general, all users are confident that they completed the
task owing to the fact that they have all voted 5 or less on this item. On
average, the subjects are satisfied with their result in the evaluation with
a 2,19. This means that, they were able to complete the task completely
without any shadow of a doubt from their point of view.

– Effort: evaluates the degree of mental and physical demand of the activity.
The subjects in general did not claim that the evaluation was exhausting
because the average is 3,38. These results ensure that the evaluation was not
at all difficult because only two people voted more than 5 in this section.
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– Frustration: measures how irritated, stressed and annoyed the subject feels
during the activity. Despite the fact that on average subjects voted a 4,43
only 5 people voted more than 5 on this item. Frustration during the activity
was superior than mental load, physical demand, temporal demand or effort
due to the fact that in the first modification they did not succeed in moving
the nodes. Nonetheless, the following adaptations were easier for them, there
is no steep learning curve.

The standard deviation measures the amount of variation or dispersion of a set
of values. The lower the value, the closer the values are to the average value.
Comparing the three questionnaires included in this evaluation, NASA-TLX
questionnaire has the most elevated values in all standard deviation questions.
This might indicate that not all users felt the evaluation process in the same
manner. Some of them might be more stressed and frustrated and on the con-
trary, some might be relaxed and feel that they did an excellent activity. In spite
of this, all users were able to finish all activities.
Based on [48], the value must be above 60 to not consider any issue in NASA-
TLX. In our particular case, 33,61 is the value obtained, so we can consider our
results as satisfactory.

Table 1. NASA-TLX results (N=16)

Feature AVG Med SD MAX MIN

Mental load 3,69 3,5 1,96 8 1

Physical demand 3,38 3 1,86 7 1

Temporal demand 2,38 2 1,63 5 0

Performance 2,19 2 1,32 5 0

Effort 3,38 3 1,86 8 1

Frustration 4,43 4 2,61 9 1

SUS results: The SUS results are reported in table 2 and summarized in the
figure 6. SUS is used to measure the usability with 10 questions. This usability
scale has been used in this evaluation because we wanted to know the overall
usability assessment from the user’s perspective about MAWA. For the answers,
the SUS uses a Likert scale from 1 to 5.
Users considered the overall usability of MAWA to be acceptable. The odd num-
bered questions have been highly evaluated and even numbered questions have
been evaluated with an inferior mark. As expected as a good result in this ques-
tionnaire, the odd marks on average have been evaluated with more than 4 and
the even ones with less than 2. Regarding the questions directly, people claim
that MAWA is easy to use and that most people would learn to use the exten-
sion quickly. Moreover, they consider that the system is correctly integrated,
that they feel confident using MAWA and finally subjects would use MAWA fre-
quently. On the other hand, questions with the lower score are because subjects
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found the system complex, they think that they need the support of a technician
to use MAWA, there are inconsistencies, the system is cumbersome and they had
to learn a large number of thing to use the extension. These questions are the
negative usability characteristics that a tool can have. For that reason, the sub-
standard score means that MAWA is usable from the subject’s perspective. In
general, the standard deviation in all questions is below (with the exception of
question S8). This means that users’ opinion is very similar in all questions.
[49] estimates that 65 is the minimum value for which the tool is considered to
have no usability problems. The result obtained in the SUS evaluation of MAWA
is 82,18 thus, users considered the overall usability of the tool to be almost ex-
cellent. A result more elevated than 85.5 means that the tool is excellent from
the usability point of view.

Fig. 6. SUS scores

General questions: The results of the general questions are reported in the
table 3 and summarized in the figure 7. These questions evaluate the subjects’
posture about the consequences of the problem described in section 2. Addi-
tionally, we want to know their opinion on whether the actions in MAWA are
intuitive or not and their ease of execution. A Likert scale between 1 and 7 was
used for the responses.
Questions 1 to 3 are the most relevant of the article because they would approve
whether or not MAWA is suitable for avoiding scrolling, removing unnecessary
content and producing comfortable web browsing. Question 1 is about scrolling
and subjects claim that MAWA prevents scrolling (mean of 6,37) with a median
of 7. Just one person voted 4 and another 5 on this question. This means that,
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Table 2. SUS results (N=16)

Items AVG Med SD MAX MIN

S1 3,94 4 0,99 5 2

S2 1,5 1 0,63 3 1

S3 4,19 4 0,91 5 2

S4 1,81 2 0,65 3 1

S5 4,19 4 0,91 5 2

S6 1,43 1 0,62 3 1

S7 4,31 4 0,6 5 3

S8 1,81 1,5 1,05 4 1

S9 4,31 4,5 0,79 5 3

S10 1,5 1 0,63 3 1

without any shadow of a doubt, users affirm that MAWA avoids scrolling. The
second question inquires if the extension facilitates web navigation and they cor-
roborate that this statement is true. The subjects voted on average a 5,94 out
of a maximum of 7 and only 4 people voted 5 or less for this question. Finally,
question 3 asks if MAWA facilitates to find desired information on a website and
they are convinced that this is also true. The average to this statement is 6,12
and this time also only 4 people voted 5 or less. As a result of these questions,
we can confirm that MAWA helps to solve the consequences described in section
2.
Question from 4 to 13 can be classified in pairs. First we asked if a certain action
is easy and then if this is intuitive. There are 5 different actions. The first one
concerns the selection of nodes by simply clicking on a node (questions 4 and
5). For both questions, the results are almost the same because the subjects
consider this action to be both simple and intuitive (average 5,75 and 5,81). The
next two questions (6 and 7) refer to the selection of nodes using the arrows at
the top, bottom or both sides of a selected node. Both questions have obtained
similar answers to those of the previous block (average 5,81 and 5,93). In gen-
eral, we can affirm that node selection is not a drawback in MAWA because it is
easy and intuitive to click on the node or if this method is not possible, to use
the arrows around the selected node. Questions 8 and 9 concern node removal.
These questions have obtained the most elevated score of the questionnaire with
an average 6,62 and 6,69 and the median is a 7 for both. The result determines
that the way in which users can remove non-essential content from the website is
elementary. Questions 10 and 11 enquire how easy and intuitive is node reloca-
tion. This time, there is a difference between both results because there is a 0.5
point difference between the two answers (average 6,37 and 5,87). Despite the
fact that node removal is intuitive, the subjects feel this action to be more basic
than intuitive. Finally, question 12 and 13 refer to the MAWA action menu. The
extension designed for the laptop browser provides a menu, which is not possible
for mobile version because extension icons are hidden. Double-clicking to show
the menu is easy for users and intuitive in spite of the fact that this statement
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has the lowest mark in the questionnaire (average 5,62 and 5,25). Compared
to all previous results, in this occasion, the standard deviation indicates that
results have been more distributed (1,31 and 1,23).

Fig. 7. General questions scores

6 Future work

In the future, the first goal is to be capable of adding content from different
websites in order to avoid tab switching. The main reason why we would like to
include this feature in MAWA is the annoyance caused by the screen resolution.
Adding a new tab in the mobile browser needs more actions than computer
browsers. Additionally, as presented in this article, looking for information is
frustrating. Based on some previous works that have presented tab switching
as a drawback in Web navigation [29][50][51], MAWA will include a method
to add content from other websites besides the actual actions. Furthermore, in
the evaluation we asked about subjects’ opinion about web browsing on mobile
and laptop and they answered that on a Likert scale of 1 to 7 (average 5,94,
median 6) that mobile browser navigation is more cumbersome than laptop
browser navigation. Therefore, we feel that this additional feature would help to
facilitate mobile web navigation.
On another note, we would like to improve the robustness of the locators due

to the fact that we are not the owners of the websites we adapt and when
they are updated, locator mechanisms used might fail. Despite the fact that we
use different locator mechanisms in MAWA, locators end up failing. This may
produce the feeling that the extension is not first-rate and users might uninstall
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Table 3. General question results (N=16)

Items AVG Med SD MAX MIN

Q1 6,37 7 0,88 7 4

Q2 5,94 6 0,99 7 4

Q3 6,12 6 0,95 7 4

Q4 5,75 6 1,29 7 3

Q5 5,81 6 1,22 7 3

Q6 5,81 6 0,98 7 4

Q7 5,93 6 1,12 7 4

Q8 6,62 7 0,62 7 5

Q9 6,69 7 0,6 7 5

Q10 6,37 7 0,81 7 5

Q11 5,87 6 0,88 7 4

Q12 5,62 6 1,31 7 2

Q13 5,25 5 1,23 7 2

the extension. We would like to develop a locator mechanism capable of adapting
to any website upgrade.

7 Conclusions

We have presented MAWA, a Firefox mobile browser extension for WA designed
to remove and move content on any website. Users do not need any program-
ming skills to fulfil these actions as these modifications are realized by user
actions (click and drag & drop). The purpose of this extension is to mitigate
the consequences of adapting websites designed for desktop to mobile browsers,
as explained in the section 2. These consequences are scrolling, producing clut-
tered navigation, displaying unnecessary content and hiding important one. The
presented evaluation confirms that MAWA is able to diminish these three draw-
backs. Scrolling is avoided by relocating the web content for example, moving
some important content from the bottom of the website to the top. In order to
shun consuming unnecessary content, the user can remove these nodes from the
website by simplifying the web information. The consequence of both actions
is to facilitate web navigation and information search. Furthermore, the evalua-
tions validate that MAWA is usable and that the actions that users must carry
out to adapt their websites are intuitive and easy to accomplish.
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39. Almendros-Jiménez, J.M., Tedesqui, A.L., Moreno, G.: Annotating ”fuzzy chance
degrees” when debugging xpath queries. In: Advances in Computational Intelli-
gence - 12th International Work-Conference on Artificial Neural Networks, IWANN
2013, Puerto de la Cruz, Tenerife, Spain, June 12-14. pp. 300–311 (2013)

40. Biagiola, M., Stocco, A., Ricca, F., Tonella, P.: Diversity-based web test generation.
In: 27th ACM Joint European Software Engineering Conference and Symposium on
the Foundations of Software Engineering ESEC/FSE 2019 August 26–30, Tallinn,
Estonia. pp. 231–242 (2019)

41. Zhang, Y., Pan, Y., Chiu, K.: A parallel xpath engine based on concurrent NFA
execution. In: 16th IEEE International Conference on Parallel and Distributed
Systems, ICPADS 2010, Shanghai, China, December 8-10. pp. 314–321 (2010)

42. Kirinuki, H., Tanno, H., Natsukawa, K.: COLOR: correct locator recommender for
broken test scripts using various clues in web application. In: 26th IEEE Inter-
national Conference on Software Analysis, Evolution and Reengineering, SANER
2019, Hangzhou, China, February 24-27. pp. 310–320 (2019)

43. Song, F., Xu, Z., Xu, F.: An xpath-based approach to reusing test scripts for
android applications. In: 14th Web Information Systems and Applications Confer-
ence, WISA 2017, Liuzhou, China, November 11-12. pp. 143–148 (2017)

44. Hammoudi, M., Rothermel, G., Stocco, A.: WATERFALL: an incremental ap-
proach for repairing record-replay tests of web applications. In: Proceedings of
the 24th ACM SIGSOFT International Symposium on Foundations of Software
Engineering, FSE 2016, Seattle, WA, USA, November 13-18. pp. 751–762 (2016)



22 Aldalur et al.

45. de Santana, V.F., de Oliveira, R., Almeida, L.D.A., Ito, M.: Firefixia: an accessibil-
ity web browser customization toolbar for people with dyslexia. In: International
Cross-Disciplinary Conference on Web Accessibility, W4A ’13, Rio de Janeiro,
Brazil, May 13-15, 2013. pp. 16:1–16:4 (2013)

46. Hart, S.G.: Nasa-task load index (nasa-tlx); 20 years later. In: Proceedings of the
human factors and ergonomics society annual meeting. pp. 904–908. Sage publica-
tions Sage CA: Los Angeles, CA (2006)

47. Brooke, J.: Sus: a retrospective. Journal of usability studies 8(2), 29–40 (2013)
48. Hart, S.G., Staveland, L.E.: Development of nasa-tlx (task load index): Results of

empirical and theoretical research. In: Advances in psychology, vol. 52, pp. 139–183.
Elsevier (1988)

49. Brooke, J.: Sus: a “quick and dirty’usability. Usability evaluation in industry 189
(1996)

50. Dı́az, O., Sosa, J.D., Trujillo, S.: Activity fragmentation in the web: empowering
users to support their own webflows. In: 24th ACM Conference on Hypertext and
Social Media (part of ECRC), HT ’13, Paris, France - May 02 - 04, 2013. pp. 69–78
(2013)

51. Zhang, H., Zhao, S.: Measuring web page revisitation in tabbed browsing. In: Pro-
ceedings of the International Conference on Human Factors in Computing Systems,
CHI 2011, Vancouver, BC, Canada, May 7-12, 2011. pp. 1831–1834 (2011)


