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Abstract

Even now, users with disabilities encounter serious barriers when accessing
the Web. In particular, blind and visually impaired users encounter difficulties
browsing and reading the contents of a website. Screen readers provide
some assistance, yet, as they are unable to interpret the Web structure, they
summarise information and read specific labelled fragments. Therefore, the
overall comprehension of the text remains challenging. In this sense, in
order to improve the accessibility of websites on the fly, we propose a Web
augmentation framework for accessibility (WAFRA). Our framework uses
Web augmentation techniques that extend the website with voice interaction
and new actions: label text fragments, read aloud these fragments, facil-
itate navigation, increase font size and show videos. In order to perform
this accessibility improvement, we automatically provide annotations from
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DBPedia regarding important information for end users. Moreover, we also
provide the option that intermediary users add new annotations for labelling
or including more specific information, which can be shared with other users
by crowdsourcing. The evaluation of the framework shows its usefulness to
ease website access for users with visual disabilities compared to using screen
readers.

Keywords: Information websites, voice interaction, web accessibility, web
augmentation.

1 Introduction

Due to the globalisation of information, the amount of data available on the
Web has grown dramatically over the years, but its access is limited by serious
barriers for users with disabilities [4, 16,20, 25, 39]. Considering that around
15% of the world’s population live with disabilities (as stated by the World
Health Organisation'), universal Web accessibility should be a mandatory
requirement [17]. However, despite the great progress in Web technologies,
the Web is still not equally accessible to all people, especially blind and
visually impaired users [15,25].

In order to improve the accessibility of websites, screen readers facilitate
users with disabilities to access websites by reading their contents. However,
visually impaired users are at a disadvantage because Web technologies
are designed for visual interaction [4]. Moreover, screen readers are lim-
ited to reading out loud website content in a straightforward way without
interpreting the Web structure. Therefore, blind and visually impaired users
experience several problems finding the information they need, as existing
research indicates [7,21,25,28]. The improvement of screen readers has been
addressed [2, 18, 36, 38] through the annotation of Web contents. Although
these related works may help in specific situations, user needs are not com-
pletely considered as users cannot interact with the website using their voice.
In this sense, the manual — not through voice — interaction with websites
is still complex for visually impaired users. Furthermore, the difficulty of
browsing by using screen readers is important to be considered by users who
have recently acquired a visual disability condition [7]. Even though there is
related work that tries to address this [5,27,29, 30, 34], it focuses on accessi-
bility as a whole but does not help users to obtain specific content. Moreover,

"https://www.who.int/disabilities/world_report/201 1/report/en/
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the idea of augmenting the Web was stated several years ago [8], and it is
reinforced by newer literature which shows that this technique is widely used
to improve the user experience [11]. However, from the accessibility point of
view, existing Web augmentation approaches [12,22,24,26] do not focus on
the information that users are interested in, which could improve the browsing
experience, especially in websites that contain large amounts of information.
In addition, they do not offer users the possibility to interact with the Web
through voice, which is crucial for blind users.

To tackle the aforementioned problems, we propose a Web augmentation
framework for accessibility (WAFRA), which combines collaborative acces-
sibility improvement by crowdsourcing [35] and emerging interaction modes
such as conversational user interfaces [5]. To the best of our knowledge, Web
augmentation has not been used in this context. Considering how crucial
voice is for web interaction [9], the main idea of our research is to augment
websites with voice-based interaction that is specified according to the needs
of users for a particular informational website. WAFRA is deployed and
works at the client side, allowing its behaviour to be easily personalised. This
underlying modus operandi also makes it possible to augment websites with
traditional manual commands (such as an icon to zoom), woven in the original
website user interface, allowing to support users with visual impairment or
blindness. Therefore, our approach is based on access to information on the
Web by visually impaired users, so websites are made accessible by the
use of WAFRA in Web browsers and the annotation process, which may
be improved by intermediary users, as shown in Figure 1. The differences
include the installation of WAFRA in a Web browser, the annotation of the
website (automatically from the semantic web and/or manually intermediary
users), the saving and/or loading of annotations from an online repository,
the performing of accessibility operations to transform the annotated website
in an accessible website, and finally, access to the website information by
visually impaired users. These steps are detailed in Section 3.1.

In this research study, end users with visual disabilities are the main focus,
ranging from visual impairment to blindness. It can also be useful for blind
users who do not know how to use screen readers such as people who have
recently acquired this condition, and also for visually impaired users that
do not know about these screen readers. WAFRA offers a fine granularity
level, because it allows managing the different sections of the website with
specific annotations automatically obtained from the Semantic Web, allowing
relevant information to be reached in the most suitable way. Moreover, a
summarisation of the information is provided to users from DBPedia, which
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Figure 1 How to use WAFRA to provide end users with accessible websites.

has proved to be a key improvement to provide a more effective and enjoyable
experience for visually impaired web users [1].

As other existing approaches for collaborative accessibility improvement
of existing websites, our approach also provides the possibility of inter-
mediary users or volunteers to participate in the process of improving the
accessibility by including manually more annotations [15, 35]. They can
configure the augmentation for a specific website, such as the assistant
visually impaired people rely on, and in many countries have a right to
under the social security system. These extra annotations are made by the
intermediary users directly by selecting items using a graphical interface.
Then, our approach includes these annotations in the content of the website by
using the Schema.org standard vocabulary. In order to reduce the intervention
of an intermediary user, we provide automatic annotations for every website
extracted from the Semantic Web using the resource description framework
(RDF) format from the DBPedia SPARQL protocol and RDF query language
(SPARQL) endpoint, which helps us to get information regarding any topic.
Among these annotations from DBPedia, the main annotation consists of a
summary regarding the topic of the website, which contributes to improve
the understanding of the information. In addition, the annotations created by
intermediary users in a specific website can be shared so that other users
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can reuse them. Therefore, the participation of intermediary users is not
necessary, but it can be helpful to offer more annotations, as intermediary
users may be unavailable or to reduce the annotation effort.

WAFRA proposes — but it is not limited to — predefined accessibility
operations. We have defined these operations considering the the World Wide
Web Consortium accessibility initiative, and particularly, the Web Content
Accessibility Guidelines.> Among the selected operations are: read aloud
specific content fragments, focus on the main parts of the website by hiding
unnecessary elements, increase and decrease the text size, facilitate the nav-
igation to different content, manage the Web history of navigation and show
videos about the topic of the website. These operations can be performed
using both voice and manual interaction, that is, by voice commands and also
by using the mouse. Moreover, considering that WAFRA is a framework,
volunteers and intermediary users with programming skills can add new
accessibility operations to WAFRA.

In this sense, with WAFRA this paper makes the following contributions:

1. Improve website accessibility on the fly by providing not only voice
interaction through a browser extension, but also accessibility operations
to show videos, help in navigation and increase font size to better see the
information.

2. Contribute to the existing accessibility improvement of screen readers
by providing semantic annotations that allow to read aloud important
information by WAFRA.

3. Provide a collaborative system of labelling website’s content to facilitate
other visualy impaired users to reuse these annotations to access relevant
data.

4. Evaluate the current use of screen readers comparing with WAFRA to
assess the helpfulness of those systems and draw the corresponding
conclusions; WAFRA is perceived as a better solution, especially when
intermediary users include extra annotations of websites.

This article is structured as follows. In Section 2, the related work is
described in detail. Then, in Section 3, a tool to improve Web accessibility
is presented with a running example in Section 4 and an evaluation of the
approach is explained in Section 5. Finally, in Section 6 conclusions are
presented.

*https://www.w3.org/WAI/WCAG21/quickref/
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2 Related Work

On the one hand, screen readers such as JAWS,> BrowseAloud* and WebAny-
where [6] can be used to improve the interaction between users with disabili-
ties and computer systems, including the Web browser. However, these screen
readers perform a straightforward reading of the website’s content, including
metadata, less important content and content repeated on every page (e.g.
company information, taglines, contact information). Therefore, users may
find it difficult and time-consuming to find the information they are looking
for [4]. Different related works aim to solve screen readers’ problems. For
example, InteractSE [1] provides a user interface to facilitate the search over
the Web. In this case, they provide a machine learning summary of the search
results so that users can easily access a more suitable website. From this
research we highlight the summarisation of results as a key aspect, so that
we also provide this summary of information by an annotation obtained from
DBPedia. Moreover, a recent study [28] has proved the need to improve the
accessibility of websites by providing a rule for the logical structuring of a
document linked to its content, guided by an ontology and by its internal rep-
resentation in the form of a tree, taking into account the cognitive mechanisms
for reading and retrieving information. In this sense, our approach considers
information from the Semantic Web and also an ontology for annotating the
content of websites.

On the other hand, voice interaction to improve Web accessibility has also
been addressed. In this sense, a conversational Web interaction system [5]
provides users with a chatbot to offer easy access to Web content in natural
language. However, it is only focused on usability so that the accessibility of
existing websites is not improved. Indeed, the automatic generation of these
chatbots to access open data is also addressed [13]. However, they do not
consider improving the accessibility for visually impaired users, and only
access to API-based sources is provided, which only addresses a fragment
of published Web data. Other authors [27] use voice assistants to facilitate
access to Web content, so Web accessibility and computer—human interac-
tion are not addressed. Another approach [9] proposes the use of voice as
assistants like Amazon Alexa to access the Web. Although this tool is really
helpful for navigating through the Internet, it only provides a simple reading
aloud operation for accessing website information. Indeed, this application is

3https://www.freedomscientific.com/products/software/jaws/
*https://www.texthelp.com/en- gb/products/browsealoud/
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not designed as a tool for accessibility on the Web (as stated by the authors),
but it may help in accessing and operating in different websites.

Furthermore, in order to improve Web accessibility, other existing works
perform Web augmentation [12, 22, 24, 26], a chatbot and other conversa-
tional agents [3,37]. In this sense, in general, predefined operations through
manual operations are offered to remove barriers for visually impaired users
when accessing the Web [11]. For example, Farfalla [22] aims to improve
Web accessibility through Web augmentation operations to transform the
presentation of the content, such as changing the size of the text. Besides,
other solutions aim to improve Web accessibility through strategies related
to Web augmentation such as Web adaptation [33], personalisation [23] or
refactoring [15]. On the other hand, conversational agents such as [3] propose
the use of artificial intelligence agents to help users navigate through the Web
just by conversing in natural language. Also, in [37] they propose chatbots
to easily access data from knowledge databases. However, Web accessibility
by voice interaction to really help blind and visually impaired users is not
yet proposed, so these users still experience problems while accessing Web
content. Moreover, these approaches do not facilitate users to obtain the
specific information they demand.

In conclusion, although there are several interesting and useful
approaches to improve Web accessibility in the literature, a complete solution
that considers both voice and manual accessibility operations to really help
visually impaired users to easily access Web content is still needed. There-
fore, to help close this gap, we propose WAFRA to further assist visually
impaired users in their Web journeys.

3 Web Augmentation Framework for Accessibility

In this section, a Web augmentation framework to enhance accessibility is
presented. This approach is specifically designed for websites with a large
amount of information and targets visually impaired users. Using WAFRA,
users are able to interact with the Web by voice or manually, and for this
interaction between users and WAFRA, the system supports both English and
Spanish languages.

The main beneficiaries of this approach are users with visual disabilities,
including blindness and other visual problems. For example, in well-known
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sites such as Wikipedia,®> the information usually overwhelms end users,
making it difficult for them to easily find concrete information.

This section is organised by including the following subsections: steps
of the accessibility improvement process, accessibility operations offered to
users and implementation details of the approach.

3.1 Steps

The WAFRA process prescribes the different steps to improve the accessibil-
ity of a website (see Figure 1):

1. Installing the framework. In order to use our framework, intermedi-
ary users must install WAFRA for visually impaired users by using a
browser extension. The supported and tested browser is Google Chrome,
which can be used in any operating system such as MacOS, Linux and
Windows. We have tested the different operating systems so that most
of the users can take advantage of our tool. Once installed the extension
and the script added to this extension, the WAFRA framework is ready
to be used to annotate a website and facilitate access to its content. Note
that the installation of WAFRA can also be done by end users if their
abilities allow it, yet most often, an intermediary user will perform the
installation on behalf of the end user.

2. Annotating a website. Once WAFRA is ready, the website to be
accessed must be annotated. This annotation is performed automatically
when accessing a website. These annotations are extracted from the
Semantic Web, specifically from the DBpedia live SPARQL endpoint,
which is one of the largest knowledge bases on the Web [19]. The Linked
Data obtained from DBpedia consist of machine-readable semantic
descriptions regarding the website’s topic and related concepts (name,
birth date, and date of death in the case that it is a person). Other
semantic data sources can be incorporated into WAFRA in addition to
DBpedia. After this automatic annotation, intermediary users can also
annotate other sections and parts that are important to be read aloud, but
it is not mandatory as automatic annotation has already been performed,
reducing the involvement of intermediary users. In order to add more
annotations, intermediary users can interact with our framework by
selecting first the suitable option from WAFRA (Figure 2), and then

Shttps://en.wikipedia.org/
®http://live.dbpedia.org/spargl
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Figure 2 Main menus of WAFRA: accessibility operations (1) and annotations (2).

clicking on the desired elements of the webpage to annotate them. Using
these selected elements, the WAFRA framework enriches the website’s
document object mode (DOM) to include semantic data. An example

of paragraph and text annotations performed in a Wikipedia article (see
Section 4) consists of:

paragraphAnnotation: ”[{”name”:” introduction”,

?value”: [7id ("mw-content—text *)/div[1]/p[2]”]},
“name”:” basic biography”,

“value”: [”id ("mw-content—text *)/div[1]/p[3]”,

”id ('mw-content—text )/ div[1]/p[4]”]1}]1”

Other annotations are shown in Figure 10.

3. Save and/or load annotations. The annotated elements, which are
specific for each webpage, are stored on the client side. However, we
also provide mechanisms to facilitate the annotation process by reusing
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annotations shared by other users through an online repository of anno-
tations. The operations that this centralised server of annotations allows
are: save for keeping our annotations for a specific website, and load for
downloading the annotations made by other users. In order to correctly
save these annotations, a unique name, description, category, and target
users must be specified (Figure 3). This unique identifier should be
something easily recognisable by users and WAFRA speech recogni-
tion. For the category, users can specify between “general overview”
or “detailed information”; while for target users the options are “all
users”, “users with some visual impairment” and “blind people”. All
these annotations’ properties are then presented to users when looking
for available annotations for the website (Figure 4). Then, users have
the possibility of rating the annotations made by other users according
to their opinion.

Therefore, end users can then take advantage of existing annota-
tions, thus alleviating the annotation process and possibly avoiding the
involvement of intermediary users.
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4. Performing accessibility operations. Following the annotation pro-
cess, WAFRA is ready to provide end users with accessibility operations
that manipulate the website’s content. The operations provided by
WAFRA include: reading specific text aloud, improving navigation,
showing videos to avoid textual representation of the information, hiding
unnecessary data and options to focus on important information, increas-
ing and decreasing the font size, and guiding users to different sections
or to go back and forward according to the user’s Web history. These
operations are detailed in Section 3.2.

5. Accessing the web content. Finally, with the improvement of Web
accessibility, end users can easily access the website’s contents. The
website to be accessed must be previously annotated so that it can be
augmented with the accessibility operations. All the available operations
and annotated sections of the Web are conveniently presented so that
users with visual disabilities can easily get the desired information using
operations such as reading aloud website fragments.

3.2 Accessibility Operations

As explained in the previous section, once a website is annotated, acces-
sibility is improved through different operations by using voice or manual
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Figure 5 Framework structure overview.

commands. All these commands can be personalised, activated, and deacti-
vated according to users’ needs. The provided operations are not a closed list,
they are those that are currently natively supported by WAFRA, but they can
be extended by intermediary users or any interested party with programming
skills.

As can be seen in Figure 5, the WAFRA framework consists of a set
of classes, including “WAFRA”, “Operation”, “Annotation”, and subclasses
corresponding to each of the offered operations. First of all, the “WAFRA”
class includes the default functionality to manage the interaction with the
website’s DOM, storage of annotations, and speech recognition and synthe-
sis. The framework provides two extension points: one for operations and
another one for annotations. In order to add new operations, developers must
create a new JavaScript class that inherits from the “Operation” abstract
class, initialising its properties and implementing its methods (initialise, start
and stop). Moreover, to add new annotation types, users must create another
class inheriting from the “Annotation” abstract class, assigning values to the
properties and implementing its methods (initialise, start, save, stop, reset and
undo). In this way, the framework allows and facilitates the task of modifying
or creating new operations and types of annotations.

WAFRA provides the following default operations:

* Read the text aloud. In order to increase the readability of web-
sites, WAFRA offers the possibility to read aloud this text, as visually
impaired users may find it difficult to read the text. To listen to the
website instead of reading it, WAFRA offers a set of voice commands
that consist of the word “read” followed by the section’s name (as
previously annotated). The website is also augmented by adding a button
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after each paragraph that can read its text. In order to facilitate the read-
aloud operation, in case users do not know which sections are available,
there is also the possibility to list all section names (see later on), and
to use the “read sections” operation to read aloud all sections one after
another. Additionally, commands “read next” and “read previous” can
be used to read one section without specifying the name and then be
able to read the next or previous one. In order to stop the reading-aloud
operation, there is the keyboard shortcut control + space.

Stop/start listening. By default, WAFRA is listening for users’ voice
commands. In case we want WAFRA to stop listening, there is an
option in the main menu and also a “stop listening” voice command.
To start listening again, there is the keyboard shortcut control + space;
no equivalent voice command can be used as WAFRA is not listening.
The keyboard shortcut control + space can also be used to stop listening
and to stop reading as mentioned before.

List operations and sections. All the operations offered by WAFRA
and all the sections annotated can be discovered by users in the main
menu and also by asking by voice: the voice command “list operations”
can be used to know which operations are available, the voice command
“list sections” can be used to know which sections are available to read
aloud or navigate to. Finally, WAFRA reads aloud all the operations
and sections available when using the voice command “welcome”. The
keyboard shortcut control + shift + space is equivalent to the “welcome”
command.

Activate/deactivate operation. The operations offered by WAFRA can
be activated or deactivated by end users using the WAFRA main menu or
the voice command “activate” or “deactivate” followed by the operation
name. The operations that are deactivated cannot be launched manually
nor by voice commands until they are activated again.

Change operation command. In order that users can personalise the
voice command of each operation, WAFRA offers this option in its
main menu, but also using the voice command “change”. To change a
voice command, WAFRA asks for the name of the voice command to be
changed and the new name for this voice command.

Load/save annotations. The annotations made on the website can be
shared with other users. The operation to save annotations can be done
by intermediary users in the WAFRA main menu, whereby user specifies
the mandatory properties name, description, category (general overview,
detailed information) and target users (all, visually impaired, or blind
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users). Moreover, both end and intermediary users can reuse the anno-
tations of other users by using the voice command “load annotations”.
With this command, a list of existing annotations is presented to users by
reading aloud their descriptions and related properties. Once the desired
annotation set is identified, the user loads it by the voice command “load
annotations” followed by the name of the annotation set.

Rate annotations. The annotations available in the WAFRA annota-
tions’ server can be rated in order to know which are more suitable
for end users and their purpose. End users can rate and see the score
of the annotations in the corresponding menu of WAFRA, but there is
also the option to do it by voice commands. When all the annotations
are presented using the “load annotations” command, their score is also
indicated. Moreover, if you want to rate the annotations you are currently
using, the voice command to use is “score” followed by a number from 1
to 5. Rating of the annotations, along with well-chosen property values,
is important so that end users can correctly identify an annotation set
that is relevant for their particular purpose (e.g., get a general overview
versus detailed content).

Focus on important information. In websites where the content is of
utmost importance or where certain information is more important than
other information, focusing on that relevant data while hiding many
options and/or less relevant information for the end users is crucial.
Our framework addresses this issue by offering an operation to hide less
important parts of the website, which must be annotated as such by inter-
mediary users beforehand. This operation is performed automatically for
each website if it is not deactivated by end users. The annotation per-
formed consists of adding the CSS class named “hideUselessSections”
that incorporates the HTML attribute “display” with value “none” to
hide the useless part of the website:

<div role="note” class="hideUselessSections”>For
other uses, see Rosalia (disambiguation). </div>

Increase and decrease text size operation. In general, visually
impaired users consider it problematic to read websites because the
default font size usually does not suit their needs. Even though modern
browsers usually offer zooming options, this enlarges all the content,
modifying the whole user interface and causing readability problems.
Therefore, WAFRA offers an operation that increases or decreases the
font size depending on user needs. This operation is available for every
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user by saying aloud “Increase/decrease font size”, or by manually using
the corresponding option in the WAFRA’S main menu.

» Show videos related to the topic. In order to improve the content of
each webpage, WAFRA includes a set of YouTube’ videos related with
the website’s main topic. Hereby, WAFRA presents an extra layer of
audiovisual content, which provides an alternative way of facilitating
information. Providing non-textual equivalents such as videos is benefi-
cial for users who have difficulties with reading [10], especially in the
Wikipedia website due to the amount of information shown (Figure 10).
The title of the website is used by WAFRA to search for related videos
and include them at the end of the webpage using the YouTube Data
APL3 There is an option to hide and show this video section, and also the
option to go directly to this section from the menu included by WAFRA
or using the voice command “videos”.

* Navigate through the Web. With the intention of keeping a brows-
ing history and quickly navigating to recent webpages from the same
domain, WAFRA supports users to easily navigate through them (e.g.,
go back and forward), avoiding the hassle of hitting the navigation
buttons on the browser. To this aim, WAFRA offers a breadcrumb menu
which includes the last visited pages in the user Web history. These
actions can also be launched by a voice command “Go back”, and “Go
forward”, improving the Web accessibility and facilitating the interac-
tion with the website. Moreover, in order to improve the navigation
within the same website, there is a “Go to” operation that allows to
redirect users to specific sections annotated by intermediary users. This
operation can be triggered by a voice command (“Go to 'Section name"’)
or by the menu included by WAFRA as shown in Figure 6. As explained
before, users can also use the “list sections’” command to list all sections,
and the “read next” and “read previous” to jump to the next/previous
section. The annotation performed by WAFRA for this operation is
shown at the top of Figure 7.

3.3 Implementation Details

The process of providing accessible websites to visually impaired users starts
by installing WAFRA into the Web browser (step 1 in Figure 1). Before

"https://www.youtube.com/
8https://developers.google.com/youtube/v3
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From Wikipedia, the free encyclopedia
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Rosalia Vila Tobella (born 25 September 1992), known mononymously as Resalia
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Figure 6 Example of breadcrumbs made by WAFRA in Wikipedia.
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Figure 7 Example of “speakable” and “breadcrumb” annotations made with WAFRA.

installing WAFRA, users must install a browser extension named Tamper-
monkey.” This extension allows scripts to be added to perform the Web
augmentation technique. Therefore, after installing Tampermonkey, users
may add WAFRA to this extension as WAFRA consists of a script written
in Javascript for Web augmentation. This script allows website content to
be labelled with annotations, and after that, perform accessibility operations
to modify website code to make information easily accessible by users with
visual disabilities. In order to do so, the main algorithm of the script consist
of being always ready to interpret a user’s voice by a list of available com-
mands. Once a command is received, the script performs the corresponding
accessibility operation by modifying the website’s DOM or reading aloud
the information asked by the user. The script is freely and openly available

*https://www.tampermonkey.net/


https://www.tampermonkey.net/

Augmenting Websites with Voice Commands 179

online,'” and it has also been uploaded to Greasy Fork!! to facilitate its
installation.

After that, the website is annotated automatically from the Semantic
Web and/or manually by intermediary users (step 2 in Figure 1). All these
annotations, made automatically and manually by intermediary users, are
based on the Schema.org vocabulary of type WebPage!? with Resource
Description Framework in Attributes (RDFa) and JavaScript Object Notation
for Linked Data (JSON-LD) encodings. Our framework uses elements from
the vocabulary, such as “speakable” and “breadcrumb” to mark up human-
readable data with machine-readable indicators, improving the reusability of
annotated data. For example, Figure 7 shows a snippet of a website annotated
using our framework with the Schema.org vocabulary of type WebPage,
including the property “speakable” with JSON-LD encoding and the property
“breadcrumb” of type BreadCrumbList with RDFa encoding (which consists
of HTML attributes). Over 10 million websites, including giants such as
Google, use Schema.org’s vocabulary to markup web contents [32]. For
example, websites with speakable!? structured data can be accessed by the
Google Assistant to read content aloud to users. Additionally, users can
extend the framework to annotate it using other vocabularies.

The annotations from a website are collaborative, which means that
can be shared with other users (step 3 in Figure 1). In order to do so, an
annotations server'* is publicly available to store the annotations online. This
server consists of a RESTful API implemented using NodelJS, allowing GET
operations to download the annotations and POST operations to store them
persistently in the server.

Once the website is collaboratively annotated, users are able to perform
accessibility operations that manipulate the website’s DOM, so that the
structure of the website is modified to address accessibility improvement.
This modifications rely on the operation made by users as explained before
in Section 3.2. The most important operation consist of listening users’ voice
and reading aloud the textual content. Regarding its implementation, the Web
Speech API of JavaScript is used for speech synthesis and recognition

https://github.com/cgmoral2/Web- Augmentation- Framework- for- Accessibility
"https://greasyfork.org/es/scripts/395494-wafra

http://schema.org/WebPage
Bhttps://developers.google.com/search/docs/data-types/speakable
“http://wake.dlsi.ua.es/AnnotationsServer/

Bhitps://wicg.github.io/speech-api/
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http://schema.org/WebPage
https://developers.google.com/search/docs/data-types/speakable
http://wake.dlsi.ua.es/AnnotationsServer/
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operations. Finally, the output of this process is a website with modified DOM
to be easily accessible by visually impaired users (step 5 in Figure 1).

4 Running Example

As a running example, we illustrate the use of WAFRA in Wikipedia articles,
as these typically include a lot of information. Specifically, we used our
framework in a Wikipedia article of a Spanish singer.'® This webpage, shown
in Figure 8 contains an overload of information, and it also includes a set of
non-essential options with respect to finding specific information by visually
impaired users (such as the possibility to edit the Wikipedia article or view
the page’s history).

Next, we illustrate the five-step process (see Figure 1) to improve this
Wikipedia page’s accessibility using WAFRA.

1. Installing the framework. First, users install the Tampermonkey exten-
sion in the Google Chrome browser, and then add WAFRA by including
our script in the extension.
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Figure 8 Example of a Wikipedia article.

"https://en.wikipedia.org/wiki/Rosal %C3%ADa_(singer)
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Figure 9 Paragraph annotation example.

2. Annotating the website. The next step consists of the automatic anno-
tation of a website, which is performed when entering the website
by accessing the DBPedia endpoint and performing the corresponding
SPARQL query. In this case, an intermediary user adds more annotations
regarding important text sections and paragraphs to allow end users to
read them aloud and navigate to them, and also indicate superfluous
sections and information, such as Wikipedia alerts for authors. These
annotations are applied in the example website'® by an intermediary user
that activates the corresponding operations from the framework and then
selects the desired sections of the website, as shown in Figure 9. These
annotations can be edited or deleted individually and independently
(Figure 9).

Moreover, a set of basic annotations are automatically added by WAFRA
using the information extracted from DBPedia Live endpoint'’: a sum-
mary of the webpage, and the name and birth date of Rosalia. An
example of the SPARQL query used by WAFRA to obtain the summary
property from this Rosalia Wikipedia page is:
PREFIX rdfs:
<http ://www.w3.org
/2000/01/rdf —schema#>
SELECT distinct ?stripped_value
WHERE {
<http ://en.wikipedia.org/
wiki/Rosal\{ }ia_(singer)>

"http://live.dbpedia.org/sparql
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foaf:primaryTopic ?label.
?7label <http ://dbpedia.org/
ontology/abstract>
?value
FILTER (LANG(?value)="en’)
BIND (STR(?value)
AS ?stripped_value)
} LIMIT 100

3. Saving and/or loading annotations. After annotating the website, the

intermediary users have the option to save their annotations online as
shown in Figure 3.
In addition, annotations made by other users can be loaded by the
intermediary user, but also end users can download existing annotations
from the server by using voice interaction and manually through the
annotations menu (Figure 4).

4. Performing accessibility operations. Once the Wikipedia webpage is
annotated, the end user can perform operations to improve the accessi-
bility of the website. The list of available operations is automatically
read aloud by WAFRA when accessing the website. The operations
included in this example are: change the text size, read text aloud
by audio from the different sections of the website, hide unnecessary
information and options, show videos and include a breadcrumb menu.

5. Accessing the web. Finally, the resulting augmented website with
improved accessibility is depicted in Figure 10. As can be observed, the
original Wikipedia article (previously shown in Figure 8) has changed
to a large extent: at the top left, the WAFRA main menu has been added;
at the top centre, we have the navigation menu; at the top right, we
now have the annotations menu; and finally, the web content is in the
foreground with a play button after each paragraph to be read aloud.
Moreover, a set of YouTube videos (shown in Figure 10) has been
included at the end of the website to facilitate the comprehension of
the information and to reduce the navigation effort.

An example of interacting with WAFRA by voice to access Web con-
tents such as relevant information about the singer Rosalia is illustrated
in Figure 11.

Therefore, after using WAFRA to improve Web accessibility, users with
visual disabilities are able to access information from this specific website
using the different operations and voice commands available. A detailed
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Figure 10 Example of a Wikipedia article after using our approach.

evaluation of the approach to validate that the accessibility of websites is
really improved for visually impaired users is presented in next section.

5 Evaluation

The WAFRA framework targets visually impaired users and aims to ease
their access to information-intensive websites. To evaluate our approach, we
performed a user study with 30 participants (10 intermediary users and 20
visually impaired users; a setup similar as found in literature [14, 31]) in
order to validate three hypotheses: (i) are the automatic annotations obtained
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Figure 11 Example of interacting by voice with WAFRA.

from DBPedia really helpful for visually impaired users, requiring few effort
and time — compared with using screen readers — for visually impaired end
users to search for relevant and correct information? (ii) Are the WAFRA
operations helpful, and is the resulting WAFRA augmented website easy
to use, really improving the website’s accessibility? (iii) Is the WAFRA
annotation process for intermediary users easy to perform, and does it require
less time and effort? The participants were users interested in improving the
accessibility of websites, with different skills regarding computer interaction
and informatics in general. The visually impaired users belong to the Spanish
National Organisation for the Blind, participating in a Tiflotechnology group,
and the intermediary users were selected from the University of Alicante, as
partners of the Digital Accessibility Unit.'3

The experiment is presented firstly with its setup (Section 5.1), then by
the obtained results (Section 5.2) followed by a discussion of these results
(Section 5.3), and finally, the threats to validity to consider (Section 5.4).

5.1 Experiment Setup

Before the evaluation, consent from the individuals was obtained (but no
IRB approval was involved). Then, WAFRA was briefly introduced to each

Bhttps://web.ua.es/es/accesibilidad/unidad-de-accesibilidad-digital. html
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user individually because participants didn’t have any previous experience
using our framework. This introduction, which took approximately 2 minutes,
consisted of an explanation of the features that WAFRA provides for both
end-users and intermediaries. After this explanation, we proceeded with
the experiment: first, end-users took advantage of automatically included
annotations to get website information. After that, intermediary users had
the objective of improving the accessibility of a specific website with more
annotations, so that visually impaired users could take advantage of these
improvements and easily get some specific information. Moreover, a group of
visually impaired users were introduced to JAWS,!® a popular screen reader,
in order to compare their experience with using WAFRA.

First of all, in the experiment with 20 visually impaired users, a group of
5 users were asked to use WAFRA to obtain certain information in a WAFRA
automatically annotated website. After that, a group of 10 users were asked
to use WAFRA with the same website but including more annotations from
the intermediary users. Finally, a group of 5 users were asked to use JAWS to
obtain the same information from the website without annotations. The task
that users needed to perform consisted of getting the following information
from a Wikipedia article about a football player®’: birth date, birthplace, the
records he achieved during his career and donations made. The Wikipedia
article was in Spanish because this is the native language of the participants.
The website was exemplary annotated by the researchers (acting as interme-
diary users), in order to avoid bias due to potentially different and/or incorrect
annotations by the intermediary users. For the evaluation of visually impaired
users, we recorded the following variables: number and type of operations
performed, time to reach specific information, and correctness of the informa-
tion obtained. A 5 star Likert scale questionnaire was also performed asking
about their satisfaction regarding ease of use, effort, time needed, helpfulness
of the operations, and also suggestions and other comments.

In the experiment with 10 intermediary users, they were asked to perform
the following tasks: (i) install the Tampermonkey browser extension and the
WAFRA script; (ii) access a Wikipedia article about software?!; and finally,
(iii) annotate the important sections of this website. In the evaluation of
intermediary users, we recorded the following variables: installation time of
WAFRA, time to annotate the website and the number and type of annotations

Phttps://www.freedomscientific.com/products/software/jaws/
Phttps://es.wikipedia.org/wiki/Sadio_Man%C3%A9
'https://en.wikipedia.org/wiki/Software


https://www.freedomscientific.com/products/software/jaws/
https://es.wikipedia.org/wiki/Sadio_Man%C3%A9
https://en.wikipedia.org/wiki/Software

186 César Gonzdlez-Mora et al.

7,00
6,00
5,00
4,00
3,00
2,00
1,00
0,00
Operations Correct  Easeof use (5 Effortneeded Time needed Helpfulness
performed answers (4 stars) (5 stars) (5 stars) (5 stars)
questions)
MW End user of WAFRA (automatic annotation)
m WAFRA with automatic and intermediary annotations
B JAWS screen reader
400,00
350,00
300,00
250,00
200,00
150,00
100,00
50,00
0,00

Time to reach information (s)

W End user of WAFRA (automatic annotation)
B WAFRA with automatic and intermediary annotations

m JAWS screen reader

Figure 12 Summary of the experiment with mean values of users’ results, including users of
WAFRA with automatic annotations only, users of WAFRA with both automatic and manual
annotations and users of a screen reader (JAWS).

made. After the annotation process, a 5 star Likert scale questionnaire was
performed asking about their satisfaction regarding ease of use, effort, time
needed to perform the task and optional suggestions.

5.2 Experiment Results

A summary of the results is shown in Figure 12, comparing the results
obtained by users that performed the experiment using WAFRA only with
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automatic annotations, then using WAFRA with automatic and manual anno-
tations (by intermediary users), and finally, using a screen reader (JAWS).
The charts shown in this Figure 12 are based on the summary table (Table 1)
with the mean results shown in order to easily compare the usefulness and
helpfulness of WAFRA and screen readers. The complete results of the
evaluation are shown in Tables 2, 3, 4 and 5, presenting the basic descriptive
statistics of the results (mean, median and standard deviation) in the last row
of each table.

On the one hand, visually impaired users using WAFRA retrieved the
requested information from an automatically annotated website (see Sec-
tion 5.1). They needed 5.4 accessibility operations of WAFRA on average.
Moreover, the time to get all the asked information was less than 5 minutes in
all the cases (4.4 minutes on average). It is important to mention that almost
all the information retrieved was correct (3.6/4), and users considered the
system generally helpful, easy to use, and requiring low effort and time (4.6,
4.8, 4.8 and 4.4 out of 5 respectively). Compared with using WAFRA in
a website that includes extra annotations performed by intermediary users,
end users needed more operations (6 on average) but less time to reach the
information (less than 3 minutes on average). All the answers were correct
and the satisfaction was higher regarding helpfulness, ease of use, effort
needed and time (all with almost maximum satisfaction score; 4.8, 4.55, 4.7
and 4.7 out of 5 respectively). However, when using the JAWS screen reader,
they needed on average almost twice the time to get the information (more
than 5 minutes). In this case, the information obtained was not always correct,

Table1 Summary of mean results to compare the use of WAFRA with automatic annotation,
intermediary annotation and the use of a screen reader (JAWS)

# of Time Correct  Ease Effort Time  Helpful-
operations needed (s) answers ofuse needed needed ness
WAFRA
automatic 54 263 3.6/4 4.6/5 4.8/5 4.8/5 4.4/5
. stars stars stars stars
annotations
WAFRA
. auto agd 6 1776 m 4.55/5  4.7/5 4.7/5 4.8/5
intermediary stars stars stars stars
annotations
JAWS
screen 1.2 336.2 3.5/4 4.3/5 3.5 2.215 3/

stars stars stars stars
reader
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Table 2 Results of visually impaired users using WAFRA without intermediary user inter-
vention (automatic annotation only)

# of Time Correct Ease Effort Time Helpful-
operations needed (s) answers of use needed needed ness
End 5 295 34 50f5 40of 5 40of 5 40of 5
user 1 stars stars stars stars
End 5 214 44 40f 5 50f5 50f5 50f5
user 2 stars stars stars stars
End 5 27 m 40f5 50of5 50of 5 50of5
user 3 stars stars stars stars
End 6 289 44 5of5 5of5 5of5 40of 5
user 4 stars stars stars stars
End 6 290 34 50of5 50f5 50f5 40of 5
user 5 stars stars stars stars
Mean 54 263 3.6/ 4.60f5 480f5 4.80f5 440f5
stars stars stars stars
Median 5 289 44 50f5 50f5 50f5 4of 5
stars stars stars stars
Standard ;.5 39.13 055 055 045 045 0.5
deviation

and the users needed around 1 operation on average to get the information,
which was the operation that reads aloud all the text from the website. It
is important to note that users on average considered the screen reader less
helpful (3 stars out of 5), easy to use (4.3 stars out of 5) and their satisfaction
regarding the effort and time was significantly lower (3.5 and 2.2 stars out of 5
respectively), compared to both the automatic annotations and the annotations
made by intermediary users.

On the other hand, the 10 different intermediary users were able to install
WAFRA in less than a minute (an average of half a minute approximately)
and annotate the website in an average time of 3.5 minutes, depending on
the annotations made: type (text and paragraph annotations) and number.
However, the installation time is only for the first time, and the annotation
effort made for a website can be lowered by re-using annotations made by
other users, which is one of the most important features of WAFRA for
improving scalability. In this experiment, we realise that most intermediary
users annotated the contents by using more text selections than paragraph
selections, with an annotation average of seven text selections and more than
three paragraphs. After a process of revising their annotations, in general, the
information annotated was correct and relevant. Regarding their satisfaction,
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Table 3 Results of intermediary users annotation process

189

Installation ~Annotating # an(()lfty pe Ease Effort Time
time (s) time (s) annotations ofuse needed needed
Intermediary 5108 194 6 text 50f5 50f5 4of 5
user 1 ’ selection stars stars stars
Intermediary 4834 155 12 paragraph 50of5 50of5 40of 5
user 2 ’ selection stars stars stars
. 5 paragraph
Intermediary 4081 410 & 14 text 40of5 Sof5 S5of5
user 3 . stars stars stars
selection
Intermediary 20.65 99 4 text 3of5 40of5 40of5
user 4 ’ selection stars stars stars
Intermediary 27 53 376 15 text Sof5 Sof5 250f5
user 5 ’ selection stars stars stars
Intermediary 18.91 228 11 text S5of5 40of5 S5of5
user 6 ’ selection stars stars stars
Intermediary 3724 268 10 paragraph 40of5 S5of5 40of5
user 7 ’ selection stars stars stars
Intermediary 2215 189 12 text 40of5 Sof5 3of 5
user 8 ’ selection stars stars stars
Intermediary 26.65 112 9 text S5of5 5of5 S5of5
user 9 ’ selection stars stars stars
Intermediary 34.33 136 11 paragraph 40of5 Sof5 350f5
user 10 ’ selection stars stars stars
3.8 paragraph
Mean 32.77 216.7 & 7.1 text 44of 5 480f5 4of3
. stars stars stars
selection
0 paragraph
Median 30.93 191.5 & 7.5 text 430f5  Sof 5 4of3
. stars stars stars
selection
5.22 in paragraph
Standard =, ¢ 106.42 &592intext 0.7 042 085
deviation

selection

the intermediary users considered the annotation process using WAFRA
easy to use (4.4 stars out of 5), and with low effort and time needed (with
satisfaction of 4.8 and 4 out of 5, respectively).

5.3 Discussion

This experiment provided initial evidence that WAFRA successfully achieves
the objective to ease access to information-intensive websites for visually
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Table4 Results of visually impaired users using WAFRA in a website with extra annotations
by intermediary users

Number

Time

Correct Ease Effort Time Helpful-
of needed
. answers of use needed  needed ness
operations (s)
End 5 189 44 4 0of 5 5of5 5of5 50of5
user 1 stars stars stars stars
End 5 144 4/4 4.50f5 5of5 5of5 50of5
user 2 stars stars stars stars
End 6 )32 m 50f5 50f5 50of5 50f5
user 3 stars stars stars stars
End 6 171 44 50f5 5of5 5of5 50of5
user 4 stars stars stars stars
End 7 203 44 4 0of 5 4 0f 5 4 0f 5 4 0f 5
user 5 stars stars stars stars
End 6 199 44 50f5 40f 5 40of 5 50f5
user 6 stars stars stars stars
End 7 160 44 4 0of 5 5of5 5of5 5of5
user 7 stars stars stars stars
End 6 178 44 4 0f 5 5of5 5of5 5of5
user 8 stars stars stars stars
End 5 135 44 50f5 50f5 40of 5 40f 5
user 9 stars stars stars stars
End 7 165 m 50f5 40f 5 50of5 50f5
user 10 stars stars stars stars
Mean 6 1776 44 4550f5 470f5 470f5 4.80f5
stars stars stars stars
Median 6 174.5 m 4750f5 5S5o0f5 50of5 50f5
stars stars stars stars
Standard -, ., 29.15 0 0.5 0.48 0.48 0.4
deviation

impaired users, as shown in the comparison of Figure 12. In Figure 12 the
results of the experiment show that comparing WAFRA with a screen reader,
users obtained more correct answers, considered the approach easier to use,
with less effort and time needed, and finally, users considered WAFRA more
helpful than the screen reader, especially when using with automatic and
intermediary annotations but with a non-significant difference (between only
automatic annotations and both automatic and manual). Therefore, we can
state that our application WAFRA achieves the objective of successfully
providing accessible websites to visually impaired users, even with only
automatic annotations and without the intervention of intermediary users.
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Table 5 Results of visually impaired users using JAWS screen reader

Number Time Correct Ease Effort Time Helpful-
of needed
. answers  of use needed  needed ness
operations (s)

End | 128 44 4 of 5 30of5 30of5 30f5
user 1 stars stars stars stars
End 2 338 34 5of5 30of5 20f5 20f5
user 2 stars stars stars stars
End | 488 44 40of 5 50f5 20f5 30f5
user 3 stars stars stars stars
End | 105 44 350f5 350f5 20f5 40f 5
user 4 stars stars stars stars
End | 350 34 5of5 30f5 20f5 30f5
user 5 stars stars stars stars
Mean 12 336.2 3.5/ 430f5 350f5 220f5 30f5
stars stars stars stars
Median | 350 44 40of 5 30f5 20f5 30f5
stars stars stars stars

Standard -, 5 13177 0.55 067 087 045 0.71

deviation

On the one hand, visually impaired users correctly found the information
they were looking for with both automatic annotations and those made by
intermediary users, considered the system helpful, easy to use in less time
and with little effort compared to using a screen reader. The intermediary
figure is not necessary as WAFRA provides a set of automatically generated
annotations, but the intervention of intermediary users may be useful to
facilitate access to more specific information.

On the other hand, intermediary users correctly annotated relevant infor-
mation and found the system easy to use, requiring less time and effort.
Moreover, all the participants (both the visually impaired users and inter-
mediary users) recommended WAFRA for other users with visual disabilities
and considered it useful for them.

As previous studies conclude [4], conversational paradigms cannot con-
sist in a simple transposition of text into voice as screen readers. Also, from
this evaluation we can state that, in comparison with screen readers, the inclu-
sion of voice interactivity in websites for visually impaired users improves
their accessibility, allowing these users to easily find the information they
are looking for. As pointed out by the participants of the experiment in an
open discussion, users with a voice interface such as WAFRA take less time
to get the desired information to answer the survey compared to using a
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screen reader, which generally reads indiscriminately all the information on
the screen.

Therefore, our contribution to the literature consists of providing an easy-
to-use voice interface with accessibility operations that ease access to relevant
information for visually impaired users. Furthermore, once the annotations
are available, they can be virtually effortlessly reused for other visually
impaired users.

5.4 Threats to Validity

The following threats to validity in the experiment need to be taken into
account. The experiment with visually impaired users using WAFRA in a
website with extra annotations by intermediary users requires time and effort
from these users, which is not always available. In order to consider this
situation, the automatic annotation made from DBpedia actually provides
basic annotations which have been also evaluated in the experiment. Screen
readers such as JAWS do not require this effort made by intermediary users,
but considering our automatic annotation process, our approach also does
not require these intermediary users. The help of intermediary users can be
considered as an extra, as their annotation may provide more information to
final users. Moreover, these annotations made by intermediary users can be
shared with other users, thus alleviating the effort to other users.

6 Conclusions

A Web augmentation framework for accessibility (WAFRA) is presented
in this paper to provide visually impaired users with accessible websites.
The WAFRA approach addresses problems related to accessing information
websites by allowing end users to more readily obtain content by voice
and manual interaction. First, an intermediary user installs the WAFRA
framework to annotate the relevant content of a website. After that, end users
with visual disabilities are able to perform different accessibility operations
to easily access Web content. The set of operations that WAFRA provides
consists of reading content aloud, focusing on the main parts of the web-
site by hiding unnecessary information, increasing/decreasing the font size,
facilitating navigation, and showing videos about the topic. In addition, new
operations are likely to be added to WAFRA by users with programming
knowledge, as it is a framework.

Even though the accessibility operations have been specifically designed
for websites that include a lot of textual information, such as Wikipedia, the
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process of improving Web accessibility based on Web augmentation can be
applied to any website. With our tool, information overload and readability
problems can be addressed not only through voice interaction but also by
manual operations woven into the user interface. Although our approach
is based on the need for a user to identify and annotate the sections of
the website, this process is alleviated by providing basic annotations using
Semantic Web data obtained from DBPedia, and by allowing annotations to
be saved and re-used among intermediary and end users.

Finally, the evaluation of the approach in an experiment with 30 users
demonstrates that the framework performs efficiently; it is able to success-
fully generate a more accessible website, with little effort from intermediary
users, to the satisfaction of visually impaired users, allowing them to find
relevant information faster and more easily compared with screen readers.
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