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ABSTRACT

Reading text on the Web is a challenging task for many peo-
ple, such as those with cognitive impairments, reading diffi-
culties or people who are learning a new language. In this
paper we present a web browser plug-in to help with read-
ing Spanish text on the Web. The plug-in is freely available
for Chrome and presents definitions and simpler synonyms
on demand for the selected web text. The tool was modi-
fied following the suggestions of 5 people (2 with diagnosed
dyslexia) who tested the tool using the think aloud protocol
and undertook a subsequent interview.

Categories and Subject Descriptors

K.4.2 [Computers and Society]: Social Issues — Assistive
technologies for persons with disabilities.

Keywords

Text simplification, lexical simplification, readability, syn-
onyms, definitions, plug-in, Chrome.

1. INTRODUCTION

In 1994, the United Nations [19] proposed a set of stan-
dard rules for document accessibility to equalize the oppor-
tunities for people with disabilities. These rules were estab-
lished because reading can be a very challenging task for
some populations such as people with autism spectrum dis-
order, Down syndrome, aphasia, or dyslexia. At the same
time, the essential property of the Web is its universality as
it is fundamentally designed to work for all people [7].

While we know that there are 285 million people have vi-
sion impairments [35] or 642 million people that suffer from
hearing loss [36], it is difficult to estimate how many people
with cognitive disabilities use the Web. It is also challeng-
ing for a country to track their population with cognitive
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disabilities and estimations vary greatly. There is also no
agreement on what conditions enter into this category. For
instance, dyslexia is considered a cognitive disability by the
WACG 2.0 [7] but it is defined as a learning disability in the
International Statistical Classification of Diseases (ICD-10)
[34]. Sometimes dyslexia is referred to as only a learning
difficulty [5]. Most studies find that about 20% of the pop-
ulation has some kind of disability [33]. The U.S. Census
Bureau’s estimated that 27% of 53 million people with dis-
abilities have a cognitive disability [32]. The estimation of
the presence of these population in the Web is also a chal-
lenge. In 2011, we presented an estimation of dyslexia on the
Web, which established a lower bound of 0.67% of Internet
users having dyslexia [2]. This is presumably an underesti-
mate because 10% of the general population is estimated to
have dyslexia [14].

Text content transformations have the potential to help
this web population with reading difficulties. In fact pre-
vious research have shown how content transformations on
the text can significantly improve the reading perception of
people with dyslexia [24]. In this paper we present a plug-
in that aims to leverage the access content text by showing
definitions and simpler synonyms on-demand for complex
words in web text written in Spanish. Based of previous
studies this tool has the potential to help people with differ-
ent cognitive impairments of difficulties to access web text.

2. RELATED WORK

We divide related work into studies related to lexical sim-
plification and other available tools similar to our plug-in.

2.1 Approaches to Lexical Simplification

There have been number of efforts to simplify text auto-
matically for different populations. Lexical simplification is
a kind of text simplification that aims to the word level. It
can be performed through the substitution of words by sim-
pler synonyms, by adding a definition, or by showing simpler
synonyms. Most of the approaches aim at the substitution
of complex words.

To find appropriate synonyms, many approaches use Word-
Net [6, 9, 16]. De Belder et al. [11] apply explicit word sense
disambiguation with a latent words language model. Devlin
and Unthank [12] use dictionaries. Aluisio and Gasperin [1]
use a thesaurus and lexical ontologies. Bott et al. [4] make
use of the Spanish OpenThesaurus and a simplification cor-
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Figure 1: Screenshot of the CASSA plug-in (left) and different options for highlighting complex words (right):

colors, square, underline, and no highlighting.

pus. More recently, Biran et al. [3] and Yatskar et al. [37]
used Simple English Wikipedia, in combination with the
standard English Wikipedia for their lexical simplification
algorithms.

There are also machine translation based approaches [10,
30] as well as the hybrid approaches [18, 28] that are also able
to handle lexical simplification, since the translation model
maps words from the non-simplified language to words of
the simplified language.

Previous approaches on automatic text simplification have
focused on people with autism spectrum disorder [13, 21],
people with Down syndrome [29], people with dyslexia [23,
24], and people with aphasia [8, 12]. However, automatic
lexical simplification is still in an early stage and still is
not useful for the target users (see conclusions of Evans et
al. [13, 21] for people with autism spectrum disorder, and
Saggion et al. [29] for people with Down syndrome).

For the case of people with dyslexia, even if they read
significantly faster more frequent words [25], performing au-
tomatic lexical substitution did not improve the readability
of the texts [24]. Nonetheless, when these synonyms were
presented on demand to the user, texts were perceived as
significantly simpler [24]. Therefore, tools that present syn-
onyms for complex words can help people with dyslexia and
potentially other populations.

2.2 Similar Tools

There are several Chrome extensions that offer synonyms
in English such as Thesaurus: Synonym 4 Right Click,! or
Instant Thesaurus.> For Spanish we found synonyms dic-
tionaries such as El Sindnimo,> or Sindnimos.* Our plug-in
differs from the Spanish ones in that the user do not need
to type the word avoiding typing errors and saving time. It
also differs because it does not show regular synonyms, but
only synonyms that were found to be simpler according a
study with strong readers and people with dyslexia [23].

1https://chrome.google.com/webstore/
detail/thesaurus-synonym-4-right/
1lpkpcliecpgjbkffooidajhakoidhidh
2https://chrome.google.com/webstore/detail/
instant-thesaurus/jambjfjiligf jpeljnkkcihooobfnllm
3https://chrome.google.com/webstore/detail/el—sinonimo/
fpffndbkemhikfhbncibifokjgkjalcf
4https://chrome.google.com/webstore/detail/sin\%CS\
%B3nimos/iekohmkpfbbmgnpmojchnhgepopgemda?hl=es

This synonym resource is also used by the web server
Textfall [31],° and IDEAL eBook reader® for Android [15],
DysWebgia reader [26] for i0S and Cloud4All project”.

3. CASSA PLUG-IN

CASSA plug-in® is an extension for Chrome that processes
a selected web text and shows synonyms and definitions on-
demand when hovering the mouse over complex words in a
selected web text. See Figure 1 (left) for an example.

First, for the synonyms on-demand, the plug-in parses the
Spanish web text and verifies if a word within their context
(4 words, 2 on the right and 2 on the left), is a complex
word. For this step the plug-in uses the CASSA resource
generated by CASSA (Context Aware Synonym Simplifica-
tion Algorithm) [22]. This algorithm makes use of two free
resources to find simpler synonyms: Google Books Ngram
Corpus for Spanish and the Spanish OpenThesaurus. The
system improves upon the state of the art for lexical sim-
plification in Spanish [4] and the established simplification
baseline, i.e., the most frequent synonym, in several aspects:
complex word detection, meaning preservation, and simplic-
ity. The CASSA resource is composed by 41,106 complex
words in Spanish and 4,229,868 lists of synonyms within a
given context. The contexts are used to disambiguate the
different senses of the word.

Second, the CASSA plug-in detects when a complex word
does not have synonyms (e.g. does not appear in the the-
saurus or the current context does not exist in the resource
for that word) to show definitions instead. A list of complex
words is checked to determine if the word is complex. This
list is a compilation of all the inflected words and conjugated
verbs in Spanish and their frequencies in the Web, consid-
ering a word complex if it appears less than 2,000 times in
the Web according to a major search engine.

Instructions. After installing it by dragging it over
chrome://extensions/, a blue hippo will appear on the top
right of the browser. Then, when navigating, the user can
select portions of difficult text, click on the hippo button (see

5http://www.text4a11.net/dyswebxia.html
6https://play.google.com/store/apps/details?id=org.
easyaccess.epubreader

"http://cloud4all.info/

8Available at: http://www.wrg.upf.edu/WRG/DysWebxia.php?
lang=en
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Figure 2: Screenshot CASSA plug-in (right) show-
ing a definition and the plug-in hippo button.

Figure 2, right) and complex words of the text will be high-
lighted. There are various highlighting options: using colors
(green or magenta), boldface, small figures (square, trian-
gle) or the absence of highlighting. See different highlight-
ing options in Figure 1 (right). When hovering the mouse
over the complex words, possible synonyms or a definition,
if synonyms are not available, appear.

4. USER TESTING
4.1 Methodology

Design. In a within-subject design, all the participants had
to perform some tasks with the tool using the think aloud
protocol [17].

Participants. We recruited 5 participants, two with diag-
nosed dyslexia (3 female, 2 male). They were all native
Spanish speakers, two bilingual in Catalan. They all had
either university degrees or were studying at the university.
Their ages ranged from 18 to 29 years old, with a mean of
22.40 years (s = 4.39).

Procedure. The participants were provided with the plug-
in and a set the instructions to install and test it. They
had to choose three texts in the Web to read and test syn-
onyms and definitions. The three texts were: one Wikipedia
page (the one they felt like exploring), one newspaper article
(from the newspaper they usually read online), and one free
choice text. After these tasks the first author carried out an
open interview.

Materials. The interview was inspired by the WACG 2.0
[7] and usability principles [20]. It included four open ques-
tions about the (a) the language used in the instructions, (b)
navigation and control, (c¢) functionality of the application,
and (d) personal opinions.

(a) Do you find that the language used in the instructions is
clear and descriptive?

(b) Which problems did you find using the plug-in?
(c) How useful you find the functionality of the plug-in?
(d) Did you find any other problems? What would you change?

4.2 Results

We present the changes we made to the tool together with
the suggestions of the participants collected during the test-
ing sessions.

Instructions. Since none of the participants had installed
a Chrome extension before, the fist step (installation) was
the most challenging. They were not familiarized with the
interface of Google Chrome (all of them declared that they

normally use other browsers; one participant downloaded it
specifically for the study). They gave feedback on how to
further clarify the language of the instructions. Two of them
did not know what the word “extension” meant.

Navigation and Control. The main problem that the
participants found during the navigation process was re-
turning to chrome://extensions/ in order to change the high-
lighting options, e.g. the color in which the complex words
were shown. One participant suggested to include an im-
age in the instructions to explain where the options of the
extension were placed. Another issue pointed out by the
participants was that sometimes the waiting time was long
(seconds) if the selected text to show synonyms was a large
portion. During the experiments we found small bugs that
we could fix, e.g. in some websites the plug-in did not work,
except for websites starting with https where the plug-in
does not work due to security restrictions

Functionality. In general the participants were satisfied
with the synonyms that the plug-in presented. But three
of them commented that there were difficult words with no
synonyms. Accordingly to these suggestions we added the
show definition option in the plug-in, since in its first version
the plug-on only showed synonyms, not definitions.

Personal Opinions. In general they found the plug-in use-
ful and easy to use (select text and press one button to get
synonyms). One participant commented that he would like
to use it for other languages he is learning when reading on
the Web. They suggested changes mentioned before related
with the difficulties they experienced during the installation
and navigation. We included all of them except changing the
place of highlighting options because we preferred to keep
the use of the plug-in as simple as possible.

Future Work. In future work we plan to make the plug-in
faster, add a module that simplifies numerical expressions,
and include new languages to CASSA plug-in.
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