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ABSTRACT The use of the World Wide Web has experienced extraordinary growth in the last decades.
The Web has become the main source of information for millions of users. The number of websites offering
content to users is countless. In order to personalise information according to their needs, users often have to
visit multiple, unconnected pages. Users perform a number of actions to collect that information that requires
concentration. If the number of Web resources is large, the activity becomes unpleasant. The problem
increases when these tasks are performed frequently and repetitively. These tasks are time-consuming and
lead users to experience frustration and disorientation during the activity, causing a loss of concentration
that prolongs the activity over time.
Web Augmentation combines different Web technologies to improve user experience on existing pages
by adding content from different pages among other benefits. This article proposes Web Augmentation as
a technique to reduce user interactions in repetitive tasks. To support the proposal, the paper introduces
Excore, a browser extension for Web Augmentation that allows end-users to add content from different
resources automatically. The article presents the benefits introduced by this approach as a response to
the drawbacks experienced by users while performing their activities on the Web. The architecture of the
platform and its operations are described by means of an example. A double evaluation of the extension
is addressed, one qualitative and one quantitative. The results show that Excore reduces the number of
interactions by 94.45% and the time to complete a task by 80.75%.

INDEX TERMS Web Augmentation, Automation, End-User Development, Human-Computer Interaction,
Repetitive tasks

I. INTRODUCTION

IN recent years the web has experienced an incredible in-
crease in the number of users. Consuming the information

available on the web and tailoring it to user requirements has
become an essential part of their lives. The customization
of information introduces several problems, as users have
to visit and analyze multiple, often unconnected, web pages.
Continuous access to new pages, switching between tabs or
scrolling through content makes it difficult for users to con-
centrate and leads to frustration and disorientation. In order
to support users in the customization of information, several
works have been developed based on the concept of End-
User Development (EUD) [1], [2], [3], [4], [5]. Lieberman
et al. [6] define End-User Development as "a set of methods,

techniques and tools that enable users of software systems,
acting as non-professional software developers, to create,
modify or extend at some point in time a software artifact".
Unfortunately, coding is often beyond the reach of many end-
users [7], [8]. Although end-users are initially unable to use
many functions of these tools, they are eventually able to
perform complex actions step by step [9]. In occasions, they
may require appropriate tools that allow them to easily create
their own scripts [6]. The trend is towards the use of end-user
centred design technologies, where users without program-
ming skills can perceive the need to tailor web applications to
their preferences. [10]. The increasing volume of content and
actions available on the web intensifies the desire to control
the web experience. More if we take into account that many
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applications, once designed for the desktop, have gradually
made the transition to the Web [11]. Frequently, in order to
perform actions conducted through the Web, several websites
are visited [12]. In general, these websites are completely in-
dependent from each another. Consequently, most end-users
renounce to actions that obtain the required information by
performing their inter-site explorations. The main drawback
is that end-users feel frustration when repetitive tasks are
involved in extracting content from different websites. [13]
studied that multiple windows and tabs have significant flaws
that hinder users’ performance. Therefore, the aim is to em-
power end-users to develop extracting content functionality
by themselves. By allowing end-users to adapt web content
to their requirements, usability is improved and accessibility
barriers can be removed [14]. Web Augmentation (WA) is the
most appropriate technique to carry out these actions by end-
users.
Bouvin [15] originally coined the term WA in 1999 to de-
scribe 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 with the
effect of allowing structure to be added to the Web page
directly or indirectly, or to navigate through such structure.
The purpose of this tool is to help users organize, associate,
or structure information found on the Web. This activity
can be carried out by a single user or in collaboration with
others”. More recent definitions state that "WA is to the web
what Augmented Reality is to the physical world: layering
relevant content/layout/navigation over the existing web to
customize the user experience" [16]. WA techniques were
proposed as a method to extend the features of websites
without affecting the server-side code. This process is carried
out by end-users and not by the website developers. WA
can be triggered by browser add-ons, applets, Javascript
code, etc. The question would be why an end user would
use a WA tool to adapt a website by adding content from
different websites. The answer would be because the end user
frequently visits that website and it is somehow incomplete.
The addition of content from different websites completes the
information needs of users in their repetitive activity. After
that, the information extraction process should be automatic,
without user interaction.
The main purpose of Web Automation is to automate repet-
itive tasks, such as navigating web pages, filling in forms
and clicking on links [17]. Web automation reduces repeti-
tive end-user interactions and alleviates completing tedious
tasks [8]. Furthermore, web automation can save time and
prevent errors when end-users have to accomplish repeti-
tive or complex tasks [18]. With this in mind, automation
is a necessity for repetitive tasks performed by end-users.
Although it is possible to develop automation scripts with
a large number of programming languages, this is not an
alternative for many users. It is necessary to provide end-
users a visual environment that facilitates the creation of the
automation information extraction process with basic user
actions. This paper studies WA as a mechanism to support

end-users to complete web pages information from different
websites automatically and in parallel for repetitive tasks by
reducing the number of interactions using a Chrome browser
extension.
The remainder of the paper is organized as follows. Section
II analyses the problem we want to solve, its causes and its
consequences. Section III discusses related work in order to
give the reader an idea of what has been done in this area.
Section IV and section V describe Excore (External Content
Retriever), a browser extension for Web Augmentation that
inserts automatically content from different web pages for
repetitive web tasks. Section VI presents the evaluation and
its results and section VII outlines the features we would like
to enhance in Excore and the conclusions of the paper.

II. PROBLEM ANALYSIS
Following the Design Science guidelines [19], in this section
we want to show the main problem we want to solve, as well
as the causes that create this problem and the consequences
that the problem provokes. In the evaluation we will try to
validate Excore by checking if it reduces or eliminates the
causes of the problem or its consequences.

A. THE PROBLEM
Websites have evolved over the last decade, but they do not
always provide all the information users need. This forces
users to create their own scenarios in which they have to
perform the same repetitive tasks to satisfy their needs (e.g.
opening new tabs, scrolling, multiple clicks...). Nowadays,
users open different tabs (branching) to search for informa-
tion on the Web (multi-tasking) and they continuously switch
the view from one tab to another (tab-switching), which can
be time consuming. For example, choosing which movie to
go to the cinema may require 4 web sessions: looking at
the movie listings, checking movie reviews, checking public
transport to the cinema in question, and buying tickets.
[20] conducted a study on users’ perception when performing
interactions on the web and detected a feeling of frustration
in users caused by repetitive tasks, such as gathering informa-
tion from different resources. In addition, the study detected
cognitive disorientation in the user’s daily activities on the
web when searching for information from various sources.

B. CAUSES
Among other reasons, frustration is caused by repetitive tasks
and the waste of time and effort they entail. The following
question arises: what causes these repetitive tasks and wasted
time?

• Multi-tasking: [21] found that multi-tasking occupies up
to 76% of users’ regular web activity time. While only
24% of web sessions are used for a single task, 20% of
sessions have 5 or more tasks. A multi-tasking session
occurs when Web navigation requires more than one
web session to complete and has a definable point in
terms of when the task is finalized or abandoned [22].
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• Tab-switching: Constant tab-switching is a way to
obtain information from websites in different tabs.
Nonetheless, users may switch tabs to locate a previ-
ously opened tab or click on a tab by accident. In these
cases, tab switching results in transient page views. In
reality, users do not aspire to gather information from
these sites [23]. In fact, [24] found that users switch tabs
at least 57.4% of the time, but user activity, measured in
page views, is split between tabs rather than increasing
overall activity. [25] claims that when there are multiple
activities, it is necessary to understand and represent the
information contained in each tab, which is essential to
differentiate each activity.

• Branching: In the web literature, branching is defined
as the act of initiating a new tab (or window), which
allows people to pleasantly navigate multiple websites
concurrently [26]. Branching is the step previous to
multi-tasking and tab-switching and the problems they
cause. For example, [27] studied that when the number
of tabs opened increases, it becomes more challenging
for users to find relevant information or identify which
tabs to focus on. They also concluded that, on average,
users have 8 tabs open and 66.9% of subjects have one
or more issues each week due to the number of tabs
open.

• URL typing: Errors are common during repetitive ac-
tivities, as people’s concentration decreases. Correcting
these errors can lengthen the period of time a user
needs to accomplish a task. Some studies have analyzed
errors when typing a URL [28]. The difficulty of typing
a specific domain name or the likelihood of making
certain type of mistake is not purely random. These
errors also affect user frustration.

• Clicks: A high number of clicks is also a sign of prob-
lems [29]. The more clicks the user makes, the worse
the interaction is. Some studies show that the browsing
tasks analysed result in a higher number of clicks than
search tasks and this is due to the tendency of users
to make unnecessary clicks [30]. Moreover, some users
click back [31] to ensure that they have clicked on
the correct link by re-reading its content. It has been
documented as a revisiting strategy [32] and as a way to
quickly preview a page [33]. Furthermore, in a real user
session, partial movements are much more frequent than
point-and-click movements. Some studies measured an
average of 0.53 mouse clicks per minute, but 6.58 partial
mouse movements per minute [34].

• Scrolling: According to chapter 8 of the usability.gov
guidelines [35], users should be able to view the page
without scrolling. However, some scrolling depth anal-
ysis suggest that in exploratory tasks users scroll sig-
nificantly more than in lookup tasks [30]. The outcome
is that people used the scroll bar on 76% of the pages,
with 22% scrolling all the way to the end, regardless of
the length of the page [30]. Previous work found that
time spent on a page and the amount of scrolling on

a page had a strong correlation with explicit interest,
while scrolling and mouse-clicks were ineffective in
predicting explicit interest [36]. Nonetheless, scrolling
up and down a page without reading the content can also
be a sign of frustration [29].

• Copy and paste: While the clipboard is a very useful
tool for copying information between tabs, it can also
introduce inefficiencies and errors during tasks [37]. For
example, Roberts et al. [38] researched on errors caused
by copying and pasting data in the context of medical
information and their consequences.

• Interruptions: [39] shows that interruptions can also
cause frustration, distract people, cause them to make
mistakes, reduce their efficiency and increase the time
needed for the main task. Moreover, this is not all, [40]
remarks that multitasking on different types of tasks can
reduce productivity and [41] states that the ability of
humans to accomplish simultaneous mental operations
is limited by the ability of human brain.

• Writing: Another cause of frustration is the continuation
of writing over a long period of time. Typing for 1 hour
induces muscle fatigue (60%-67% of the subjects) [42].
Therefore, reducing the time spent on repetitive tasks is
extremely important.

C. CONSEQUENCES
Constant repetition of tasks has consequences beyond user
frustration.

• Lost of focus: When users are interrupted or take their
eyes off the system, they may lose important informa-
tion about others’ activities [43]. Furthermore, if users
are forced to perform activities between sites on both a
daily and occasional basis, they may lose concentration
due to the constant switching of tabs [5]. As a result,
their tasks will be prolonged in time and may be com-
pleted inadequately.

• Time consuming: Several studies have analyzed the time
it takes to load a web page. [44] found that iterations
of search loop, file writing, page load over HTTPS and
source code diffing took between 7 and 13 seconds. [45]
extracted that there is a relation between the server loca-
tion and the time needed to load a website in a country.
In their study for European countries, the average was
4.72 s and for the USA, it was 7.64 s. The results of their
research showed that average page load time has a direct
impact on the e-commerce conversion rate and customer
satisfaction. Therefore, reducing the loading time of all
web pages involved in the repetitive task could reduce
frustration in repetitive tasks.

III. RELATED WORK
This section presents the literature survey on the technologies
used to reduce the effects of repetitive tasks (multi-tasking,
tab-switching, scrolling etc.) through the use of mashups,
web augmentation and automation. First, the concept of task
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fragmentation and, more specifically, web fragmentation is
introduced.

A. WEB FRAGMENTATION
An activity is defined as a coordinated set of actions per-
formed by people towards the realization of a common
objective, mediated by tools and subject to situational con-
straints [46]. It is common to see people performing different
activities simultaneously or switching from one activity to
another. In fact, people spend an average of three minutes on
achieving an objective before switching to another activity
[47]. This practice is called task fragmentation. Task frag-
mentation has been studied frequently, showing that it is very
common in contemporary knowledge-oriented workplaces
[47]–[49]. These studies show that work fragmentation is
harmful to the actual work and that after such a change of
context, it takes time for people to regain their orientation
[49]. [50] observes that work fragmentation is correlated
with lower productivity observed both at the macro level
(for entire sessions) and at the micro level (around work
fragmentation markers). Furthermore, longer activity shifts
seem to worsen the effect. Nowadays, most people work
with computers and consequently task fragmentation has a
particular impact on work performance. [48] claims that com-
puters are notoriously bad at supporting parallel activities and
managing interruptions. Interruptions are a particularly detri-
mental kind of fragmentation activity in which an external
signal (email, chat, phone call, or direct conversation) forces
a person to switch activity in an unplanned period of time
[49] [50]. Work fragmentation is an important phenomenon
in the context of modern software development. The impact
in this context may be even worse than in other domains,
as developers build and maintain complex mental models
of the software they are working on. These models can be
more sensitive to interruptions and are costly to rebuild [50].
This means that computer workers constantly lose track of
their activities and, consequently their work performance is
negatively affected. This is especially relevant in the case of
Web navigation or browsing. When performing a particular
task (e.g., organizing a trip), the user often goes beyond
the application’s boundaries, visiting several (related) Web
applications. In these cases, the user may feel a loss of
context each time he/she navigates from one application to
another, because the new application used has no way of
tracking the user’s previous navigation site [51].
[52] claims that in order to reduce performance losses caused
by work fragmentation, proper activity management is nec-
essary. The results of this study show that the wider the
repertoire of task management practices applied in daily
work, the greater the experience of task management effec-
tiveness. Several studies have tried to avoid or repair the
drawback caused by task or web fragmentation. For example,
Cowpath [5] focuses on "Web trails", i.e. recurring navigation
paths across different websites. Instead of switching tabs and
typing the same URLs (Uniform Resource Locator) over
and over again, Cowpath augments the affected websites

with additional hyper-links that "pave the way" for these
Web trails. [43] provides visualization techniques to help
groupware users recover from short absences. First, they
provide a simple attention monitor that informs groupware
systems whether a user is looking at the screen and whether
the workspace is visible. Secondly, they provide a framework
of recovery techniques to visualise lost activity. [53] proposes
an algorithm that extracts information from a web search and
prevents end-users from repeating a secondary search. [51]
proposes a solution to improve the user’s browsing experi-
ence by addressing the lack of integration between visited
pages and enabling customization. The study proposes to use
activity diagrams, where each activity represents a relevant
subtask in a more general navigation scenario. Thanks to
their method, the user always stays on the same task, web
navigation is not needed and task fragmentation is avoided.
WildThumb [54] suggests a change to the web interface
to support efficient task management in Web browsing. It
provides the user with a visual overview of all tabs and
reduces the error when opening the correct one. However,
it does not prevent multi-tasking or loss of attention. If the
user has dozens of tabs open, the visual overview does not
help to find the correct tab, the user has to search for it and
in this process, would lose track of the active task. Another
example is AwToolkit [55]. This proposal consists of a set
of user interface widgets that assist users in maintaining
awareness of display changes. The main objective is to offer
the ability to detect changes when users are not looking at a
specific screen, and then notify users about these changes.
[56] researches on the impact of web fragmentation on
human attention when using multiple wearable and mobile
devices. The paper identifies the importance of minimizing
the mental effort caused when using mobiles. They propose
Attelia II, a middleware that identifies breakpoints in the us-
age of those devices, and delivers notifications of those times.
Attelia II works in real-time by considering the natural use
of mobiles and wearables, without modifying applications
and without any dedicated sensors. Awareness information in
shared-workspace groupware is often ephemeral, and when
users are interrupted or look away from the system, they
can lose important information about others’ activities. These
attentional disconnections are brief (typically less than ten
seconds), are common in many work environments, and can
occur for many reasons. [5] mentions that if it is no necessary
to go through the welcome page of a site, this should be
avoided. The proposal saves clicks and facilitates focus and
thus avoids task fragmentation.

B. MASHUPS
Another alternative to reduce the effects of tab switching,
multi-tasking and repetitive activities is the use of mashups.
Wikipedia defines a mashup as a web page or application
that uses content from more than one source to create a
new service that is displayed in a single graphical interface1.

1https://en.wikipedia.org/wiki/Mashup
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TABLE 1. Related work tool comparison

Year Frag. Mashup WA Autom. Execution mode End-user
centered Programing paradigm Reference

Cowpath 2013 X X Client Domain Specific Language [5]
Gutwin et al. 2017 X Client [43]

Winckler et al. 2015 X Client-Server X Programming by Demonstration [53]
Firmenich et al. 2014 X X Client Programming by Demonstration [51]

WildThumb 2010 X X Client X [54]
AwToolkit 2014 X Server X [55]

Attelia 2015 X Client-Server X [56]
FaceMashup 2016 X Server X Visual Programming [2]
HyOASAM 2020 X Server Domain Specific Language [57]

EFESTO 2017 X Client X Visual Programming [1]
MashupEditor 2016 X Proxy X Programming by Demonstration [3]

ENIA 2019 X Client X Visual Programming [58]
MAMS 2017 X Server X Visual Programming [59]

Chudnoskyy et al 2012 X Client X Visual Programming [60]
WebMakeup 2017 X X Client X Visual Programming [11]
Bosetti et al. 2017 X Client X Programming by Demonstration [61]

Fernández-García et al. 2018 X X Client X Visual Programming [62]
OFIE 2020 X X Client X Programming by Demonstration [63]

CrowdMock 2018 X Client X Visual Programming [4]
EUCalipTool 2020 X Client X Programming by Demonstration [64]
SUGILITE 2017 X Client X Programming by Demonstration [65]
Rataplan 2020 X X Client X Programming by Demonstration [66]
TellMe 2011 X Client X Programming by Demonstration [67]
VASTA 2020 X Client X Programming by Demonstration [68]
PWT 2014 X Server X Programming by Demonstration [69]

EXCORE 2021 X X X X Client X Visual Programming

As Web users’ search tasks becoming increasingly complex,
a single source of information cannot necessarily satisfy
their information needs [70]. Linking content from different
websites avoids tab switching when locating information
from different resources. FaceMashup [2] is an End-User
Development environment that empowers users of social
networks by supporting them create their own procedures
for inspecting and controlling their data. [57] proposes a
Hybrid Open API Selection Approach for Mashup develop-
ment (HyOASAM). By introducing user stories into Mashup
development, Mashup developers can easily capture the role,
aim, and motivation of a Mashup and then describe them
with user stories. The open API discovery approach can
be divided into three steps: extract three components from
user stories, extract three corresponding elements from open
API descriptions and calculate the similarity based on two
sets of data. The main goal of EFESTO [1] is to highlight
the features of frameworks that can lead to reduce end-
users’ efforts in developing interactive workspaces. The user
interface layer provides and manages the visual language
that allows end users to perform mashups without the need
for technical knowledge. EFESTO allows users to visualize
and manipulate data extracted from remote sources. The user
interface runs in the user’s web browser and communicates
with the Logic and Data layer that runs on a remote Web
server. MashupEditor [3] is a novel environment for End-
User Development of Web mashups. MashupEditor aggre-
gates content from different websites. The tool avoids tab
switching during the composition process. End-users exploit
an intuitive copy and paste metaphor, which provides compo-

nent composition for existing Web applications. This means
that MashupEditor eludes using copy and paste in repetitive
activities. ENIA [58] provides a mashup with slightly more
advanced features. The main parts of the ENIA mashup
are: a services menu containing the list of services offered
by the mashup, services describing the capacities provided
by the mashup user interface, components corresponding to
the services, which have been added to the workspace and
instantiated for use, components containers, menus that pro-
vide capabilities to interact with the component container, a
workspace which constitutes the work area where containers
are deployed and users can interact with them and finally op-
erations, which are formed by a subset of actions that can be
performed on the mashup user interface. MAMS [59] is the
first existing Mashup development process for Modeling and
Simulation. Following a new Box/Wiring/Mashup method,
users can develop resources as mashup components, compose
them as mashups and run these mashups in web browsers
quickly. Chudnoskyy et al. [60] take a step forward to create
web compositions by assisting users with recommendations
and automatic composition.

C. WEB AUGMENTATION

Mashups are not the only technology appropriate for merging
content from different websites into one. Other methods can
also be used. Web Augmentation is a combination of different
techniques that improves the experience of users on existing
web pages. There are a number of techniques applied in this
field to reduce the effects identified in SectionII. WebMakeup
[11] is a Chrome browser extension that copies content from

VOLUME 4, 2016 5



This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2021.3104187, IEEE Access

Author et al.: Preparation of Papers for IEEE TRANSACTIONS and JOURNALS

diverse web pages and end-users insert or paste in a single
website. In addition, it permits them to remove unnecessary
web elements and move those elements to other positions
on the website. Bosetti [61] proposes a solution to reduce
user interaction during web searches using existing web
engines. It inserts new content into existing websites with
the information provided by these search engines. [62] shows
a tool that proposes a data acquisition system capable of
capturing user interactions in web interfaces. Subsequently,
these interactions can be automatically reproduced without
any human action, which can be a method to limit task
fragmentation. On-the-Fly Interaction Editor (OFIE) [63]
relies on Programming By Demonstration to define the ap-
propriate native input to be performed automatically when
the rule is triggered. The approach enables the end-user to
define actions by simply performing the required native input
interaction on the Graphical User Interface of the application.
The end-user does not require any necessary programming
knowledge or to write/edit any code. With CrowdMock [4],
users can define their own requirements (adding and re-
moving content) and share them with the community, who
can collaboratively reproduce, edit and evolve them. [64]
investigates how social networks can be used to improve the
composition of services by end users. To do so, they propose
a graph-based definition of a social structure, and analyse
how social connections can be exploited both to facilitate
end users service discovery through the navigation of these
connections, and to recommend services to end-users during
the composition activity (EUCalipTool).

D. AUTOMATION
Web automation tools provide a system to increase human
productivity by conducting repetitive tasks autonomously. It
reduces the time needed on an activity and maintain users’ fo-
cus on the activity. [71] states that "any repetitious behaviour
should be a candidate for automation because automating
things we have done before frees up time for us to do new
things". SUGILITE [65] is a mobile system that enables
users to create automation for different tasks through any
or multiple smartphone apps and to execute automated tasks
through a multi-modal interface. Rataplan [66] is a robust
and resilient pixel-based approach for linking multi-modal
proxies to automated sequences of actions in graphical user
interfaces. With Rataplan, users define a sequence of actions
and the system determines their desire for automation. After
demonstrating a sequence, the user can link a proxy input
control to the action, which can then be used as a shortcut to
automate a sequence. TellMe [67] is an automation system
that enables, via natural language instructions, to record Web
based tasks and then replay them to automate those tasks
in the future. VASTA [68] is a novel vision and language-
assisted Programming By Demonstration system for task au-
tomation on smartphones. VASTA leverages computer vision
techniques, such as object detection and optical character
recognition, to accurately label interactions demonstrated by
a user, without relying on the underlying user interface struc-

FIGURE 1. Excore architecture

tures. It also takes advantage of advanced natural language
understanding algorithms to analyze the user utterance to
trigger the VASTA automation scripts, as well as to deter-
mine the automation parameters for generalization. PWT
[69] provides end-users with a way to customize their own
searches in their favourite or most visited web pages, thus
reducing frustration in repetitive tasks. Despite the existence
of applications to automate and customize web interactions,
these are insufficient to ensure that user goals are met when
changes in the relevant context cannot be fully anticipated
at design time [69]. The aim of Excore is to contribute to
the solution of repetitive task and the frustration caused in
this context by reducing the causes and consequences of the
problem analyzed in section II.
The table 1 summarizes all the tools explained in the related
work. The first two columns show the name of the tool or
the lead author and the year of the publication. The next
four columns refer to the scope of the tools. Most of them
are related to one category, but there are others that can be
applied in two of them. The execution mode column refers
to the machine on which the tool runs. Most of them run
on the client-side as web extensions, mobile applications
or desktop applications. In contrast, other tools run on the
server-side. Winckler et al. and Attelia need client and server-
side applications to be executed. FaceMashup runs on a proxy
server. Most of the tools focus on end-users and are specially
designed for them. Nonetheless, there are four tools that,
even if designed for end-users, they cannot develop core
functionality. These tools are designed for web fragmentation
and end-users can only use them in their daily routine.

IV. AUTOMATING WEB AUGMENTATION PROCESS
The aim of this section is to show how Excore satisfies
the objectives of the section II. The Excore architecture is
presented in figure 1 and differentiates two sections: design-
time or production and run-time or automation.
Design-time or production provides an environment, which
defines the user interaction sequence by capturing all user
actions. This interaction sequence is defined by the meta-
model (see section V). The extension provides a modelling
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environment that guides the user in defining the meta-model.
No code implementation is necessary in this process. At the
end of this stage, the entire interaction sequence is stored in
the browser. Browsers provide a space that allows extensions
to store some information, which is used by Excore to save
the interaction sequence of the meta-model.
In the run-time or automation stage, the interaction sequence
stored in the browser is analyzed or interpreted every time a
load event occurs. When Excore detects that it needs to take
action, the automation process is started and executed. Once
the execution is completed, the target website will display the
new content extracted from different resources. An example
will illustrate this process in an understandable way.

Everybody has more than one web activity, which is
frequently accomplished. These actions can be executed a
large number of times in a day (look for research articles),
once a day (read newspapers), once a week (look for infor-
mation about films on the cinema) or once a year (organize a
trip). The task is one but it implies to search for information
in different resources, which implies opening different tabs,
copy a piece of text and paste it to look for information
in another website, write content, click on different links...
Moreover, the person can be interrupted by a phone call, a
family member asking a question, the person remembers that
he/she has a pizza in the oven, etc. Completing a task quickly,
without mistakes or even interruptions is complicated.
People with programming skills could develop a script,
which would be able to automate repetitive processes. How-
ever, end-users do not have the necessary knowledge to
create these routines or do not even have enough time to
develop them. Excore helps end-users to interactively create
automated execution processes using the capture and replay
method. Excore is able to capture every action performed by
the end-user. Once the sequence of actions is completed, the
tool performs the same sequence of actions in parallel mode.
In order to illustrate a repetitive action sequence, an example
of searching for books on the web has been developed. A
person who likes to read frequently buys books through Ama-
zon2 which is a well-known book website. However, this is
not the unique website for book shopping and it is advisable
to compare prices on different resources such as Waterstones3

and Bookshop4. Waterstones is a British website and the
price is in pounds instead of dollars. This is why, information
on the currency value is needed to correctly compare the
prices of all books. Besides, this person desires ratings on
books and he visits Goodreads5 to obtain more information.
Finally, it would be useful to obtain information about the
author of the book and Wikipedia6 can provide this data.
The number of actions and the time needed to complete this
search are significant. Web augmentation techniques offer
the possibility to include the desired information on a single

2https://www.amazon.com/
3https://www.waterstones.com/
4https://bookshop.org/
5https://www.goodreads.com/
6https://www.wikipedia.org/

website by adding this desired content to the target website.
If Amazon is the target website, figure 2 shows the initial and
original "The Da Vinci Code" site and figure 3 shows the final
site after adding content from the different sources. How can
an end-user include this content from different websites into
one? Excore permits this by separating the process into two
procedures: production and automation.

A. PRODUCTION
Excore is a browser extension for end-users based on
Chrome, which is the most widely used browser worldwide7.
When installed from the Chrome store8,selecting the Excore
icon (in the top right corner of the browser) enacts a menu
with three options: New, Save and Delete. When using the
plugging for the first time, the only possible option is "New"
because the other two buttons are disabled. Once the "New"
button is clicked, the production process starts changing the
background colour when the mouse is over the web node.
At this point, Excore records every single action the user
performs in order to reproduce them during the execution
process. Recorded actions are:

• Click: one of the most repeated actions. Excore saves
the element in which the user has clicked. The user can
click in an active or inactive element. Active elements
are links, button or even inputs where the user will write
or paste some text. Inactive elements can be paragraphs
or images that can be clicked unintentionally and there
is no consequence even if Excore repeats this action
through the execution process.

• Copy: once a text fragment has been selected, the user
can copy this fragment with the intention of pasting it
into a search bar. Excore records this action if a text is
selected.

• Paste: similarly, if the user is on a search bar after
copying a text fragment and pastes this content, it will
be recorded by the system.

• Keypress: if an input is selected and the keyboard is
pressed, every single key is joined and saved as an input
string. For example, this process permits saving the user
name and password if the user must be authenticated
before the content addition. Moreover, it permits adding
content in repetitive searches such as user’s city temper-
ature.

• Double-clicking: defines the beginning of an automation
process on a different website. This process starts with
the addition of the URL, which will be visited to con-
tinue with the production process of the repetitive task
(see figure 4). The process ends when the user double-
clicks on the desired web node (see figure 8), closes the
tab and inserts the content replacing the initial double-
click node (see figure 3).

The following paragraphs illustrate the purchase of a book
in Amazon using Excore. Imagine that the user has included

7http://gs.statcounter.com
8https://tinyurl.com/29cfkjav
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FIGURE 2. Original "The Da Vinci Code" book in Amazon website

FIGURE 3. Augmented "The Da Vinci Code" book in Amazon website
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FIGURE 4. Request for the URL of the foreign website

FIGURE 5. Selecting and copying the key word phrase to be used on the
foreign website

FIGURE 6. Pasting the previously copied key word phrase in the search bar

FIGURE 7. Clicking on the desired result item

FIGURE 8. Selecting desired node

information from the Goodreads website, the prices of the
same book in Waterstones and Bookshop websites and the
currency comparison between dollars and pounds. The last
step is to include additional information about the book
author. If the user double clicks on the author element, a node
element is inserted (see figure 4). This element includes a
message requesting from the user to insert the URL where
he/she will continue with the task process. If necessary, the
user will copy the desired test (author’s name) and paste it
into the new website (see figure 5). If the process does not
need a copied element to continue with the process, Excore
will still record all user interactions on the new website.
When the user clicks on the "Done!" button, a new tab with
the inserted URL opens automatically. Now, the user has
to do a common web search by pasting the author’s name
previously copied into the search bar (see figure 6) and click
on the search button. Once the web page with the requested
information is loaded, the user clicks on the desired element
(see figure 7) or performs all the necessary interactions to
obtain the desired element. Finally, the user must double-
click on the desired element (see figure 8), the tab closes and
the element is inserted into the Amazon website behind the
author.
The production process is not finished until the "Save" button
is clicked on the Excore menu. At this moment, the website
is reloaded and the executions process is enacted.

B. AUTOMATION

In this stage, the user is completely passive because Excore
executes the process automatically. The system inspects the
website address and the process starts in two different cases:
1) when the website address is the same, the automation
process is always performed. 2) When the website address
is in the same domain, Excore runs only when it locates the
anchor points (the location where the new content will be
inserted). Otherwise, Excore does not start the automation
until a new load event is triggered in the same domain.
When Excore’s automation process is initialized, it repro-
duces the interactions performed by the end user in the
previous stage, the production stage. These interactions are
not reproduced in the same order or sequence, but are repro-
duced concurrently. A new tab is opened for each automation
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FIGURE 9. Automation process with one inserted element

process defined by a double-clicking by the user. In each tab,
the interaction sequence is reproduced until the target web
node is found. When this web element is found, a copy of
the content and style is inserted into the augmented web page
and the tab is automatically closed. At the end of the process,
only the main web page tab will be opened and all desired
web nodes of the different web pages will be inserted at their
defined position. Figure 9 represents the automation process
in which one of the elements, the author information from
Wikipedia, has been inserted. This figure shows tabs for the
other processes that have not already finished, Goodreads,
Bookshop, Waterstone and currency values. This is why,
the figure shows 4 tabs opened but none of them is the
Wikipedia tab because it has finished that parallel process.
Figure 10 shows that the process has not finished because
the Goodreads process has not concluded but the other three
web nodes have been inserted into position behind the closing
tabs of the Amazon website pricing node whose interaction
sequence has been completed. The automation process com-
pletely avoids tab switching, branching clicks, URL typing,
writing and copy/paste actions by the user. Scrolling depends
on the position of the new content into which the user
has inserted it. This saving of actions should increase user
focus and reduce the interruptions and multitasking. Running
the automation in parallel should significantly reduce the
execution process time and finish when the longer process
finishes. This process will depend on the number of actions,
connection speed, website server, etc. To confirm this suspi-
cion, an evaluation has been performed and is explained in
depth in section VI.
If the user is not longer interested in running the aug-
mentation process, they can remove it by clicking on the
Excore extension menu "Delete" button. When this option
is selected, the website is reloaded, removing the previously
inserted elements. As a result, the augmentation process will
no longer be executed when visiting the website or domain.

V. EXCORE META-MODEL
There are different types of end-user tools depending on their
characteristics. [11] divided end-user Development tools into
5 categories: Visual Programming, Spreadsheets, Program-

FIGURE 10. Automation process with most elements inserted

FIGURE 11. Excore DSL: abstract syntax diagram

ming By Demonstration, Domain Specific Languages and
Model-Based. Visual Programming tools include visual sym-
bols and graphical notations which are used by end-users as
if they were small boxes in which users interact with those
components to create their own executable programs. These
executable programs must be interpreted by the system using
a simple and expressive Domain-Specific Language (DSL).
DSLs are considered as an approach to decrease complexity
of software systems development. Accompanied by DSL
good practices [72] all requirements have been captured by
our abstract syntax diagram (see figure 11).
Web augmentation is a set of changes made by users to

add content from different resources in their most visited or
favourite websites. The augmentation is executed when the
load event is enacted. It is pointless to run the augmentation
before the event due to the fact that certain web elements
might not be loaded yet and consequently, the augmentation
process would malfunction. In figure 11, the Excore elements
represent the start of the augmentation process, which is
described by a unique identifier and an URL expression.
If this URL expression matches with the current website
address, the customization is executed. If it does not match
but it is in the same domain, the augmentation is enacted
if any widget anchoring point is identified. Following the
Amazon example, not only is the augmentation enacted with
the book "The Da Vinci Code" but any book will trigger the
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augmentation process.
Widgets are the new inserted nodes extracted from the differ-
ent resources. Each augmentation have one or more widgets
and they are identified by an ID. This ID helps the system
to identify the anchor point of each widget. The anchor
point indicates the position where the node extracted from a
different web page will be inserted in the target website. Each
widget will have only one anchor point, which is defined
by the locator system. A web locator can be defined as a
mechanism for unique identification of an element in the
Document Object Model (DOM) [73].
In addition to the anchor, eacg widget needs a location
point, which provides information about where the desired
element is to be extracted from. To complete this function,
the location point needs the URL of the web page from which
the web node will be extracted and its locator.
Finally, widgets need a list to store all user interactions
during the production process, the automation actions. The
system must know in which domain the action is performed
and therefore URL is needed. Moreover, it needs the event
type (copy, paste, click, double-click or writing) and the text
introduced by the user when the writing event is performed.
Finally, the locator system is needed to identify on which web
node the action was performed.
With regard to the locator system, there are several types of
locators: first generation, coordinate-based; second genera-
tion, structure-based, (i. e. xpath) and node attributes and
third generation, image-based [74]. The robustness of these
types of locators is different. Robustness is defined as the
ability of a computer system to cope with errors during
execution [74]. First generation locators are not used today
due to their lack of robustness, they are extremely sensitive to
modest changes in the DOM structure and web page layout.
If the position of the nodes changes by one pixel, the first
generation locator will probably not find the node. According
to [75], locators based on node attributes are more robust than
those based on structure and these are more robust over time
than the image-based locator. In addition, third generation
locators are not suitable foruse in Excore because this type of
locator tries to always find exactly the same element (image).
Each execution is different. If we were to use an image
locator in the example of figures 2 and 3, it would have
only worked for the book "The Da Vici Code". Thus, we
have implemented a multiple xpath algorithms. Based on the
robustness of xpath, the first xpath algorithms create xpaths
based on one attribute starting for IDs, following by class
attributes and ending with the rest of attributes. When this is
not possible, the criteria of each algorithm are different but
some prioritize combination of attributes in the same DOM
level and others the combination of attributes at different
levels. Finally, taking into account that website updates may
cause these three locators to fail, a contingency data is stored.
Excore stores all attribute types and their values of their node
and all its ancestors. The goal is to regenerate an xpath that
uniquely identifies the desired node as shown in previous
works: [76], [77], [78] and [79].

Excore’s goal is to mitigate the causes and consequences
of the problem described in section II. Automation is the
process that helps this mitigation. Therefore, Excore records
all interactions that users make so that they can be auto-
matically repeated. Parallelization is the other process. Each
widget definition provides enough information to be executed
in parallel. Because of this, a new tab is opened and the
system reproduces user interactions in parallel reducing the
execution time drastically. The results of this last statement
are illustrated in the next section.

VI. EVALUATION
Following the Design Science guidelines [19], in this eval-
uation we will try to validate Excore by testing whether
it reduces or eliminates the causes of the problem or its
consequences. To achieve this objective, we conducted two
user tests for the evaluation of Excore with two different
groups of subjects. In the first one, we collected quantitative
data comparing the actions of some users in a real task
of their daily life and the actions they perform doing the
same activity with Excore. This type of evaluation is used to
compare exactly how Excore reduces the number of interac-
tions, interruptions and time. The actions that are measured
are those reported in causes and consequences described in
section II. In the second evaluation, subjects performed a
guided activity using Excore and we collected qualitative
data. We used some standard questionnaires to collect this
data (NASA-TLX (Task Load Index), SUS (System Usability
Scale) questionnaires, ASQ (After-Scenario Questionnaire))
and general questions based on the causes and consequences
explained in section II. In this evaluation the aim is to
check the user’s feeling about Excore in terms of number
of interactions, interruptions and time. Furthermore, the aim
is to check if Excore is usable and if the evaluation activity
is adequate (the workload) for the end users and, conse-
quently, the evaluation results are realistic. For this reason,
the NASA-TLX, SUS and ASQ questionnaires have been
used. 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" [80].
SUS is used to quickly assess how well people understand the
usability of a software application they are working on [81].
ASQ [82] assess participants’ satisfaction after completing a
task.

A. QUANTITATIVE EVALUATION
1) Research Method
Settings. The study was conducted in Mondragon Univer-
sity (Arrasate-Mondragon, Spain). All participants used their
own computers on which Google Chrome was installed.
Procedure. At the beginning, subjects were evaluated one
by one and knew nothing about the purpose of the activity.
They only know that they were going to be monitored in a
repetitive task they performed frequently and was chosen by
them on the spot. The next day, they were asked to use Excore
to complete the same task and were again monitored. On this
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day, it was explained to each subject how to use Excore. The
second part was performed the following day so that enough
time would pass to not remember previous results.
Subjects. Four use cases were performed by end users,
without programming skills, working at the university in this
evaluation. Each subject works in a different area of the
administration and research groups.
Instrument. Each subject completed the activity on their
own while a reviewer captured each action performed in the
activity. The actions measured are those introduced in section
II.

2) Results
The evaluation results are summarized in Tables 2 and 3. The
first nine columns of both tables refer to causes described
in section II and last two columns refer to the consequences
of the same section. During the evaluation, a reviewer wrote
down every single action accomplished by the subjects with
and without Excore. Table 2 shows the number of each
action performed by subjects in their activity without using
Excore. In contrast, table 3 shows the actions performed by
the subjects in the same activity using Excore. The first use
case corresponds to users who work in the library and search
for information about books on the web on a regular basis.
The second group of users work in the administration and
they search for prices for booking flights, hotels, taxis, etc.
in order to book the best option for business trips or confer-
ences. The third group of subjects are researchers and fre-
quently, they search for information on journal or conference
articles, author information, conference and journal rankings
etc. Finally, the fourth group of participants is very active
updating and including new material for the subjects they
teach. This is why they search for new material, practices and
information on the web.
During the activity, the reviewer noted each of the actions
performed by the subjects. Multitasking was counted when
the user started with another action, which was not related
with the activity itself. Interruptions were counted when
the user stopped the activity someone or something disrupts
the activity (a phone call or message, a colleague entering
to the office...). Focus was counted when the user lost his
concentration on the activity. Those issues are very related
one to each other because in all of them the users breaks the
activity for a while but for different reasons. Branching was
opening a new tab and URL typing when the user introduced
a URL in the tab. These actions are closely related because
when the user opens a new tab they usually introduce a new
URL. In some occasions, the user introduces the URL in an
opened tab but in most occasions, a new tab is opened. Tab-
switching was taken into account when the user changed the
tab, Clicks when they clicked with the mouse, Scrolling when
they scrolled to find information that was not at the initial
position of the website, Writing when the user introduced
some text such as the nickname and the password (not big
text inputs have been included) and Copy&Paste when the
user copied a piece of text and pasted it in a text input. Finally,

Time measures the time needed to complete the activity in
seconds.
Comparing tables 2 and 3, it is easy to see that the number
of actions in each column has decreased significantly for all
use cases when using Excore. The number of actions for the
first use case were 93 without Excore and 3 with Excore
(UC1 in tables 2 and 3). This is a 96.77% reduction in the
number of actions. The time required to complete the actions
was 1125 seconds without Excore and 248 with Excore, a
reduction of 77.96%. The second use case (UC2 in tables
2 and 3) reduces the number of actions from 219 to 11
(a reduction of 94.98%) and from 2156 seconds to 465 (a
reduction of 78.43%). The third use case (UC3 in tables 2
and 3) goes from 137 to 8 actions (94.16%) and from 1698
seconds to 259 (84.75%). Finally, the fourth use case (UC4
in tables 2 and 3) executed 128 actions without Excore and
10 with Excore (92.19%) and from 1588 seconds to 292 with
the tool (81.61% of reduction). In summary, the number of
actions has been reduced by 94.45% (from 577 to 32) and
an 80.75% reduction in time (from 6567 to 1264 seconds).
The quantitative evaluation shows that Excore significantly
reduces the effects of the causes and the consequences of the
problem explained in section II.

B. QUALITATIVE EVALUATION
1) Research Method
Settings. The study was conducted in Mondragon University
(Arrasate - Mondragon, Spain). All participants used their
own laptops, due to Covid19 measurements, in which they
had installed Google Chrome.
Procedure. At the very beginning of the evaluation, partic-
ipants were informed of the purpose of the study and were
given a brief description of it. Next, an Excore instance was
presented to exemplify the main functionality of the appli-
cation. The example consisted of adding content to IMDB
website from Filmaffinity, Rottentomatoes and a TV guide
website. Then, participants were asked to adapt the Amazon
website in a defined way and another website they visit fre-
quently to perform repetitive tasks. Finally, the participants
were directed to an online Google questionnaire9.
Subjects. Thirty one people took part in the evaluation and
61.29% of the participants were men. Participants came
from Arrasate-Mondragon and nearby towns. No one had a
technical knowledge, the aim of the evaluation was to test
Excore with end users. Most of the subjects were working
in different fields at the time of the evaluation. These fields
were financial, construction, teaching, agricultural or sports.
56.25% of the subjects have never used an editing program
such as Photoshop. 96.8% of participants have installed at
least one plug-in in their computer’s browser. 58.1% of the
participants visit more than 10 web pages every day and
67.8% of them spend more than 60 minutes on the Internet
every day in their job and 51.6% of them are connected more
than 60 minutes in their free time. 71% of the subjects have

9tinyurl.com/w6dmxqcv
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TABLE 2. Number of actions completed by users in a repetitive task without Excore

Without Excore
Multitasking Branching Interruptions Tab-switching Copy&Paste Clicks Scrolling URL typing Writing Focus Time

UC1 3 4 4 16 6 38 8 4 4 6 1125
UC2 7 11 9 43 22 63 26 12 15 11 2156
UC3 4 8 7 22 10 45 17 8 9 7 1698
UC4 5 4 7 15 9 39 25 5 10 9 1588

TABLE 3. Number of actions completed by users in a repetitive task with Excore

With Excore
Multitasking Branching Interruptions Tab-switching Copy&Paste Clicks Scrolling URL typing Writing Focus Time

UC1 1 0 1 0 0 0 0 0 0 1 248
UC2 0 0 1 0 0 1 3 0 4 2 465
UC3 0 0 0 0 0 2 3 0 2 1 259
UC4 1 0 2 0 0 0 2 0 2 3 292

FIGURE 12. NASA-TLX scores

more than 6 tabs opened all the time.
Instrument. A questionnaire was used to collect the user’s
experience in the evaluation. The questionnaire was com-
posed of five sections; background, their perceived workload
(NASA-TLX questionnaire), usability (SUS questionnaire),
satisfaction (ASQ questionnaire) and general questions re-
lated with the causes and consequences of the section II. The
general questions were measured using different questions
with a 7-point Likert scale (1=completely disagree, 7=com-
pletely agree).
Data Analysis. Descriptive statistics were used to character-
ize the sample and to evaluate the participants’ experience
with Excore.

2) NASA-TLX
NASA-TLX results are reported in Table 4 and summarized
in the figure 12. NASA-TLX is used to evaluate the perceived
workload during a task. The reason for using this question-
naire in this evaluation is to be informed about the sensations
of the subjects during the exercise. We wanted to be sure
that the evaluation was balanced in order to obtain objective
results about MAWA. For the answers, a Likert scale between
0 and 10 was used.

• Mental Demand: used to determine the subject mental

FIGURE 13. Disaggregated NASA-TLX question scores

TABLE 4. NASA-TLX results

Feature AVG Med SD MAX MIN
Mental demand 4.58 5 1.74 8 1
Physical demand 3.22 3 1.97 8 1
Temporal
demand 4.64 5 1.30 8 2

Performance 3.03 3 2.16 7 0
Effort 4.45 5 1.74 8 2
Frustration 3.9 3 2.02 8 1

and perceptual activity during the task. The results in-
dicate that the mental demand was in the middle. The
average valuation is 4.58 and the median is 5. This might
be because it was the first time subjects used Excore.
This means that most users were close to the median
even though the maximum vote was 8 and the minimum
1. The first box in Figure 12 shows how the opinion of
most of the subjects was between 3 and 6.

• Physical Demand: this is closely aligned with the mental
demand. This question is related to the physical activity
required during the task. The results are lower than the
mental demand. Subjects voted in average 3.22 with a
median of 3. In this case, most subjects voted below
5, which is the middle value, although the maximum
value is 8. We can conclude that mentally and physi-
cally, the activity was not demanding for the end users.
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The second box in Figure 12 shows that most subjects
voted between 2 and 5 confirming that the activity was
undemanding.

• Temporal Demand: measures the pressure felt by the
subject with the tasks accomplished in the evaluation.
Most voted are concentrated in the middle of the scale,
between 4 and 5. The average is 4.64 and the median 5.
This data affirms that the evaluation was not demanding
and the subjects do not feel pressure while they were
doing the activity. Figure 12 third box shows that most
users voted between 4 and 5. Some individual subjects
voted more than 6 confirming that pressure was not high
but enough not to be basic.

• Performance: is used to know how successful subjects
are about the accomplishment of the task. Most of
subjects are proud of the activity they completed in the
evaluation. The average opinion is 3.03 with a median
of 3. The maximum value is 7 and the minimum 0 in the
NASA-TLX questionnaire. This means that the activity
was adequate for end-users. Figure 12 fourth box shows
that most opinion were between 2 and 5. Additionally
than more than a 75% of them voted less than 5 hence,
subjects feel they carried out the activity successfully.

• Effort: evaluates how demanding the activity was men-
tally and physically. The effort values are very similar
to the mental demand. The average opinion is 4.45 and
the median 5. Subjects do not claim that the evaluation
exercise was exhausting because results are low. Figure
12 fifth box shows most votes were between 3 and 6.
This confirms that the activity was not undemanding and
it was very demanding, this is adequate.

• Frustration: measures how irritated, stressed and an-
noyed the subject feel during the activity. Most subject
do not feel frustration during the activity because their
global opinion is below 4 (average 3.9). The frustration
during the activity is below the mental demand and
effort. This indicates that the activity was appropriate to
be completed with the knowledge subjects have. Figure
12 last box shows that most voted were between 2 and
6. Frustration was not high because more than 75% of
them voted less than 6.

Standard deviation measures the amount of variation or dis-
persion of a set of values. The lower the value, the more
values are near the average value. Comparing the standard
deviations of all questionnaires conducted in this evaluation,
NASA-TLX questionnaire has the highest results. This may
be the consequences of having the widest Likert scale and
the subjects’ opinion being dispersed. Analyzing the stan-
dard deviation of NASA-TLX, temporal demand is the issue
with the lowest value. This is because most of the values
are concentrated between 4 and 5. The other topics have
a similar standard deviation and most subjects’ opinion are
concentrated within 3 points.
Figure 13 shows in more detail the disaggregated scores for
each questionnaire item. Based on [83], the value must be

higher than 60 in order not to consider any issue in NASA-
TLX. In our particular case, 39.73 is the value obtained, so
we can consider that our results are satisfactory.

3) SUS
SUS results are reported in Table 5 and summarized in the
figure 14. SUS is used to measure usability with 10 questions.
This usability scale was used in this evaluation because we
wanted to know the overall assessment of usability from the
user’s perspective on Excore. For the answers, SUS uses a
Likert scale from 1 to 5.
The interpretation of the score can be complex but in this
scale, odd-numbered questions should be higher than 3 and
even questions should be below 3 to affirm that the usability
of the tool is valid. The evaluation results confirm that Excore
is usable. The first question related to their desire to use
Excore in the future frequently, most people will use it
(average 3.64, median 4). Questions 2 and 3 are closely
related because the first question asks whether the tool is
unnecessarily complex and the second one whether it is easy
to use. Subjects claim that Excore is undemanding for end
users (Q2 AVG 2.19, median 2, Q3 AVG 3.58, median 4).
Question 4 refers to the need for technical support and the
users do not feel the need for help. This question had the
lowest value in this questionnaire with a mean of 1.9 and
a median of 1. Question 5 refers to the integration of the
tool and the participants are satisfied with the result. The
integration of content from different websites can move some
web elements making the appearance of the website sloppy.
Nonetheless, users consider the result to be adequate (AVG
3.58, median 4). Questions 6 refers to the inconsistencies
of the tool and the opinion is adequate due to the fact that
participants rated this question with a 2.16 and a median
of 2. Question 7 asks whether most people would learn to
use this system very quickly. This is an important questions
considering that Excore is designed for end users. The result
fits this objective (AVG 3.74, median 4). Question 8 inquires
whether the user found the system very cumbersome to use.
The result states that is easy to use. Question 9 asks whether
the user felt very confident using the system. The result is
lower than expected although the mean is higher than 3. This
might be due to the fact that it was the first time the subjects
used Excore. The last question inquires about the need to
learn many things before using Excore and the participants
state that it is not necessary. The mean score is 2.1 and the
median 2.
The standard deviation in this questionnaire is very similar.
All results are surrounding the 1. This means that, in general,
the opinion of the subjects is similar and there are no differ-
ences in any of the topics.
Figure 15 shows in more detail the disaggregated scores for
each item of the questionnaire. [84] estimates that 65 is the
minimum value for which the tool is considered to have no
usability problems. The result obtained in the Exocre SUS
evaluation is 66.77, so users consider the overall usability of
the tool acceptable.
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FIGURE 14. SUS scores

,

FIGURE 15. Disaggregated NASA-TLX question scores

TABLE 5. SUS results

Items AVG Med SD MAX MIN
S1 3.67 4 0.98 5 2
S2 2.19 2 0.94 4 1
S3 3.58 4 0.96 5 2
S4 1.9 1 1.11 4 1
S5 3.58 4 0.72 5 2
S6 2.16 2 0.82 4 1
S7 3.74 4 1.06 5 1
S8 2.58 3 0.99 4 1
S9 3.06 3 0.73 5 2
S10 2.1 2 0.98 4 1

4) ASQ
The results of ASQ are reported in Table 6 and summarized
in the figure 16. The ASQ questionnaire is a three-item
questionnaire used to assess participant’s satisfaction after
the completion of an assignment. A Likert scale from 1 to
7 is used in this questionnaire. The questions address three
important aspects of user satisfaction with the system: the
ease of completing the task, the time to complete the task, and
the adequacy of supporting information. The results are very
similar to each other (ASQ1 AVG 3.06, ASQ2 AVG 3.16,
ASQ3 AVG 3.06). The average confirms that the evaluation
tasks were adequate in difficulty and time and the information
provided before starting the process was appropriate. The
minimum value in all questions is 1 (strongly agree) even

FIGURE 16. ASQ scores

the maximum is 5 in the first question and 6 for the other
two. The standard deviation is close to one, which confirms
that the opinion of most of the subjects is similar. This ques-
tionnaire confirms that the evaluation process was correctly
introduced to end users who had not used Excore before.

TABLE 6. ASQ results

Items AVG Med SD MAX MIN
ASQ1 3.06 3 1.21 5 1
ASQ2 3.16 3 1.37 6 1
ASQ3 3.06 3 1.12 6 1

5) General questions
The results of the general question are reported in Table 7 and
summarized in figure 17. A Likert scale from 1 to 7 is used in
this questoinnaire. These questions evaluate subjects’ feeling
about Excore’s influence in mitigating or eliminating the
causes and consequences of the problem described in section
II. The more causes and consequences that are solved, the
greater Excore’s influence on the resolution of the problem.
Questions 1 to 9 refer to the causes and questions 10 and 11
refer to the consequences described in section II.

• Q1 multitasking: the subjects state that Excore avoids
multitasking. The average opinion is 6.16 and the me-
dian is 6. Only one person voted 4 and the others more
than 5 (see table 7). This result could be highlighted
because Web navigation requires more than one web
session to complete and Excore reduces it to one. Ad-
ditionally, tasks performed via the web are faster with
Excore and so are less likely to suffer an interruption
before completion.

• Q2 branching: subjects consider that branching is
avoided by using Excore. The average opinion is 6.22
and the median is 6. In this issue, only one user voted
4 and the others more than 5. Branching is closely
related to the multitasking because new tabs are opened
when a new task is started. Excore makes unnecessary
for the user to open new tabs because they open and
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close automatically in the background. By having all the
desired information on the same website, branching is
not essential.

• Q3 interruptions: are frequent in the daily routine in
any job, but are unlikely in activities that are completed
quickly. Subjects think Excore helps reduce interrup-
tions (AVG 6.19, median 7). Most subjects voted more
than 5, with the exception of two participants, and half
voted the maximum (thus the median is 7). Interruptions
make a task take longer and decreasing the number of
pauses in a task is critical.

• Q4 tab-switching: how many tabs do you usually have
open in your browser? 71% of participants have more
than 6 open. It is not uncommon to see people with
dozens where the title of the website is unreadable. Sub-
jects report that Excore reduces a large number of tab-
switches in their web activities. Excore is exceptionally
well rated by users (AVG 6.38, median 7). Moreover, the
minimum vote is 5 and more than half of the subjects
voted 7, the maximum score. There is no doubt that
Excore drastically reduces tab-switching.

• Q5 copy and paste: this is a frequent action performed
by users in their web activity. If the user does not
perform this action, the task will be completed faster.
Additionally, some errors can be avoided such as not
copying the complete text, pasting the text in the wrong
field, copying text from one website and having prob-
lems to detect the website in which the user wants to
past the text, etc. Subjects consider that Excore helps
to avoid copying and pasting (AVG 5.55, median 6).
Although the result is lower than the previous topics, it
is an excellent result (maximum vote 7, minimum vote
2).

• Q6 clicks: this can be considered the most frequent
action in the web. This action is risky because the user
can click in dangerous elements when browsing some
websites. [85] shows that these dangerous situations
are extremely common in all types of domains, which
makes a large number of users vulnerable to different
possible attacks. Furthermore, in section II click related
problems have been explained. Reducing the number of
clicks is essential. Subjects claim that Excore reduces
the number of clicks (AVG 5.68, median 6). Most votes
are between 4 and 7, with the exception of 1 vote. Con-
sidering that Excore automatically processes all user
actions, clicks are avoided by user actions and the risk
of clicking dangerous elements is eliminated.

• Q7 scrolling: is a common action in web browsing.
Users scroll to find information within a web page.
Depending on the location of the information being
sought, more or less scrolling is required. The subjects
consider that Excore does not help to solve this cause
as much the causes shown above. However, the score
is excellent (AVG 5.03, median 5) and confirms that
Excore reduces scrolling. The maximum value was 6
and the minimum 2. Some subjects disagreed with this

statement, but most of the votes were above 4.
• Q8 URL typing: Excore automates the entire process

and user does not have to open a new tab and introduce
any URLs because they are included in the creation
process. Hence, URL typing is completely unnecessary
for the user. The opinion of the participants in this
question corroborates the statement because the result
is outstanding (AVG 6.19, median 6). The minimum
vote was 5 confirming that all users agree that Excore
eliminates the URL typing action in the web while users
act on it.

• Q9 writing: this is not the most common web action.
Inputs and text areas are common elements in web
forms where a user must type some data required by the
developer to perform out a certain action. Excore can
automatize some form processes and some repetitive
inputs but it is not possible when new content must be
written. This could be the reason why this issue has the
lowest rating in the questionnaire (AVG 4.39, median
4) although the result is not unsatisfactory because it
is more than the middle value. This means that, from
subjects’ point of view, the writing issue is solved by
Excore but not as much the other ones.

• Q10 focus: maintaining the focus on your web actions
is crucial, otherwise, a basic action may be prolonged
in time. The faster a web page loads, the better it is
to maintain focus on the task. Subjects agree with this
statement and claim that Excore is useful to maintain the
focus on a task (AVG 6.26, median 6). The maximum
value is 7 and the minimum 4, which means that all
participant approved Excore for this statement.

• Q11 time: saving time is closely related to the focus, as
explained above. Besides, users prefer to perform a task
as fast as possible and if an action needs visiting a large
number of websites, the loading velocity is fundamental.
Excore loads all the necessary information on a web
page but fetches all the information in parallel. This
means that the maximum time it needs to obtain all
the information is the time needed to load the slowest
page or the process with more steps. In the opinion of
participants, this issue is the best rated with an average
rating of 6.45 and a median of 7. This is because more
than half of them voted 7. Additionally, the minimum
vote was 5, which means that the subjects ensure the
effectiveness of Excore by reducing the time needed to
obtain the desired information.

The standard deviation in these questions is around 1. This
means that the opinions of the subjects are similar to each
other and that there is no subject who thinks Excore is useless
to solve these 11 drawbacks. The standard deviation is higher
in the question which maximum and minimum value are
more different. This is understandable and means that the
results are adequate.
To sum up, qualitative evaluation confirms that Excore miti-
gates all the causes and consequences of the problem it aims
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FIGURE 17. Question scores

to solve. With the exception of writing issue, subjects claim
that Excore is an excellent tool that reduces the drawbacks
motivated by repetitive tasks in the users’ web experience.

TABLE 7. Question results

Items AVG Med SD MAX MIN
Q1 6.16 6 0.86 7 4
Q2 6.22 6 0.88 7 4
Q3 6.19 7 1.04 7 3
Q4 6.38 7 0.71 7 5
Q5 5.55 6 1.26 7 2
Q6 5.68 6 1.01 7 3
Q7 5.03 5 1.14 6 2
Q8 6.19 6 0.75 7 5
Q9 4.39 4 1.14 6 1
Q10 6.26 6 0.86 7 4
Q11 6.45 7 0.72 7 5

VII. CONCLUSIONS AND FUTURE WORK
With the unstoppable growth of the web, end users have
been forced to consume information on different resources.
This information consumption activity is ofter repetitive
(performed frequently). Repetitive activity on the web in-
cludes branching, tab switching, clicking, copy and pasting,
scrolling, URL typing and writing content on web inputs.
However, this is not all, in the course of the activity users
endure interruptions caused by other people, phone calls,
emails... In addition, people also tend to start another task
before finishing the previous web activity (multitasking). The
concentration required to perform these repetitive tasks and
the relative ease with which end users make mistakes leads
to frustration and disorientation. The consequence is the loss
of focus on the activity and that the activity is prolonged
in time. With the intention of solving these drawbacks, we
have proposed WA as a technique to reduce the number of
repetitive tasks performed and the time consumed during
this operations. To this end, in this paper we have presented
Excore, a Chrome browser extension for Web Augmentation.
We have shown how it works by illustrating it with an
example.
Excore is a visual programming tool that captures all user

interactions during their activity in the production process.
The users recreate their web interactions as normal with the
exception of having to indicate the insertion location of the
new element. This location will be used to insert information
from an external website. When the current web address is
appropriate, it automatically reproduces in parallel all previ-
ous user interactions in the automation process. The parallel
processes are based on new elements to be inserted by the
system. The more elements, the more parallel processes. In
this way, we drastically reduce the time required to obtain
the desired information. At all times, the user’s focus remains
on the augmented page and the process is executed in the
background. The information needed to reproduce the user’s
interactions is stored in the browser storage following the
architecture designed for this purpose.
Two user studies have been conducted: a quantitative and a
qualitative evaluation. The quantitative evaluation has been
performed with four use cases analyzing a repetitive task. All
causes and consequences of the problem of repetitive web
browser interactions in the same activity with and without
Excore have been measured. The total number of actions
have been reduced by 94.45% and the time required to
complete the activity has been reduced by 80.75% with
the use of Excore. As for the qualitative evaluation, four
different questionnaires have been carried out, NASA-TLX
(perceived workload), SUS (usability), ASQ (satisfaction)
and general question related to the causes and consequences
of the problem of repetitive tasks. The NASA-TLX question-
naire certifies that the evaluation has been appropriate and
the ASQ questionnaire ensures that it has been successfully
completed. The SUS questionnaire verifies that Excore is
usable for end users. Overall, the results are positive. All
cause and consequence issues have been rated positively by
the evaluation subjects, although the writing issue has been
borderline. Despite the fact that the evaluation subjects had
no experience in the use of Excore or WA tools, they were
able to achieve the proposed goals.
Future developments will include support to facilitate debug-
ging of the resulting applications by end users. If Excore fails
to retrieve content from different resources, the system will
help end users detect the reason why this has happened. Fur-
thermore, Excore will help end users to repair the failure or
update the transition to the new requirements. For example,
web updates may cause users to have to perform additional
interaction. Rather than creating a new augmentation, the aim
of this debugging feature is to help end users update existing
ones.
Initially, Excore has not been designed to share augmen-
tations with other users. Nonetheless, this feature could be
crucial for the use of the extension to increase. Clicking on
a new button in the Excore menu would download a file
with the basic information to reproduce the enhancement
in another browser. This file could be then shared among
end users. To enable further sharing of augmentations, an
Excore community could be created. In this web community,
all users could upload their own creation to be downloaded
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and used by any community member. The debugging feature
will help to adjust other members’ augmentations to suit the
user’s needs. Lastly, the community will make possible for
Excore developments to be done collaboratively. This could
boost Excore to be utilized worldwide.
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