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Abstract. Correctly reading mathematical formulae from web pages be-
came very important as education becomes more Internet centered with
on-line courses and the vast variety of content available to study. Current
technology for reading mathematics in computer is still limited, as only
few screen readers are able to correctly read mathematical expressions
from web pages, with limited language support, and a substantial lack
of support to Brazilian Portuguese. This makes content related to the
fields of Science, Technology, Engineering and Mathematics inaccessible
for visual-disabled and blind people. This work describes a proposal to
develop an assistive technology to allow the reading of mathematical for-
mulae in digital format by software screen readers for visually disabled
users in Brazil, from observations of formulae narrations from Mathe-
matics teachers and Mathematical education experts.
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1 Introduction

Scientific material in the STEM fields (Science, Technology, Engineering and
Mathematics) has always been a challenge when ensuring full inclusiveness in
education because the formulae can be arbitrarily complex due to the nesting
depth of sub-expressions, the large number of unusual symbols that can occur
and to having different meaning depending of the mathematical context it ap-
pears. Some complex formulae can be difficult to parse even for an expert human
reader. Even well-known examples can be non-trivial to translate into speech.
The quadratic formula, shown in (1), is a classic example of the difficulties faced
by blind people when learning math. It is complex, two-dimensional and very
concise [5].
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As teaching moves towards a more online-based scenario, it is important to en-
sure that modern technology will not create an even harder obstacle for inclusive
education. Ideally, mathematical content should be inserted in a web page using
MathML (Mathematical Markup Language), a markup language developed with
the expressive purpose of integrating mathematical formulae on the World Wide
Web pages and other documents. It is part of HTML5 and an ISO standard
ISO/IEC DIS 40314 since 2015[1].
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Fig. 1. Example of MathML for the quadratic formula (1)

MathML elements can be inserted directly in HTML pages or be used as an
alternative text for pre-rendered images An example of MathML can be seen in
Figure 1. Whilst screen readers are able to read it, it is not easily understandable
as pure markup language or LATEX is difficult for a human to understand. Thus, it
is of utmost importance to create a way for screen readers to be able to translate
MathML code into understandable text before synthesizing the audio.

This work is part of the NavMatBR project which extends ChromeVox, an
open source software that adds screen reading functionality to Google Chrome
browser maintained by Google. Currently, its solution for reading MathML
is only available for the English language. NavMatBR’s main objective is to
adapt the original ChromeVox to Brazilian Portuguese, given that English dif-
fers structurally from Portuguese, to ensure a better learning environment for
blind and visually-disabled people. The project has two fronts — (1) improving
ChromeVox’s original navigation engine inside mathematical formulae and (2)
adapting the current English solution to better fit Brazilian Portuguese language
needs as well as create a standalone module to be used by other screen readers.

The remainder of this paper is organized as follows: Section 2 briefly in-
troduces some of the main related work; Section 3 describes the methodology;



Section 4 presents preliminary results; some final remarks are presented in Sec-
tion 5.

2 Related Works

Ferreira et al. [2] developed a work in progress software called AudioMath that
is an ActiveX dynamic link library written in Perl. It can be used by any pro-
gram through internal call and does the parsing, interpretation and conversion
of MathML into European Portuguese plain text form to be later used by a TTS
(text-to-speech) engine.

Wognkia et al. [7] developed i-Math, a software capable of converting Mi-
crosoft Word and LATEX documents into XML to be analyzed, adding needed
information to convey correct meaning in speech. Then each math element is
mapped into its corresponding thai sound and the result was synthesized in the
form of speech.

Sorge et al. [5] worked on the implementation of ChromeVox’s module for
reading MathML content for the English language. It was developed in JavaScript
to be used in chromium-based environment such as Google Chrome and Chrome
OS. ChromeVox has the ability to use intonation to convey meaning and to walk
through specific spaces inside a mathematical formula instead of only reading it
in its entirety.

Salamonczyk and Brzostck-Pawlowska [4] translated and adapted ChromeVox’s
mathematical module to the Polish language with the help of teachers with ex-
perience in teaching blind and visually-impaired people in defining readings for
mathematical expressions.

Some solutions have been proposed in Brazilian Portuguese to assist in edu-
cation initial mathematics of visually impaired students, such as MinitecaVox [6],
which assists in the teaching of mathematics for students in the literacy phase.
However, there is still a large gap in specialized solutions for reading mathemat-
ical formulas for people with visual impairment at more advanced levels, such
as high school and higher education.

3 Methodology

To develop an assistive technology to allow the reading of mathematical formulae
in digital format by software screen readers there are some main questions that
needed answers.

1. What strategies are used by teachers in Mathematics courses for blind and
visually-impaired students in elementary schools?

2. Is it possible to organize the strategies in the form of rules that may be used
by an automatic parser?

To answer the first question, we selected 63 mathematical expressions, rang-
ing from mathematical symbols to complete mathematical formulae that are



present in elementary school, to compose a study corpus. Five Mathematics
teachers with experience in teaching blind or visually-disabled students were in-
vited to read each formula of the corpus. There has been no training phase in
how to read the formulas since we expect to investigate the phenomenon as it
happens. The teachers were instructed to read each formula how they read for
a blind or visual-impaired student.

The interviews were transcribed and analyzed manually in order to find read-
ing patterns. The transcriptions were based on the set of norms for transcription
of recorded interviews [3]. The choice of these standards was due to the clar-
ity of such rules, which are quite accessible and widely used in several Brazilian
projects related to interview transcripts. Table 1 shows two transcriptions (due to
space limitation we chose two) of a mathematical formula. Note: In Portuguese,
a comma (,) is used instead of a point(.)(English) to separate decimals.

English Portuguese

Teacher 1

open parenthesis minus three point
two a cubed times b... close paren-
thesis divided by open parenthesis
zero point five a... close parenthesis

abre parênteses menos três v́ırgula
dois á ao cubo vezes bê... fecha
parênteses dividido por abre
parênteses zero v́ırgula cinco á...
fecha parênteses

Teacher 3

open parenthesis minus three point
two a cubed times b close paren-
thesis everything divided by zero
point five a

abre parêntesis menos três v́ırgula
dois á ao cubo vezes bê tudo isso
dividido por zero v́ırgula cinco á

Table 1. Transcript examples for (−3, 2a3b) : (0, 5a) in Portuguese and translated to
English

During the analysis, we noted that there is no pattern of reading formulas
adopted in mathematics teaching for visual impaired people. Each teacher reads
as he sees fit for the student. Thus, in this task, agreement was very low; the
best result is for the reading of isolated symbols. Some teachers add details, such
as “open parentheses” (see Table 1), which are not explicit in the expression.

After analyzing the transcriptions, the reference reading of a formula was
established. If there is a reading pattern, it is possible to answer the second
research question, even if the result applies to a small portion of expressions.
We considered as consensus (good agreement) when the majority (at least three
readings) read in the same way. We found 22 expressions with consensus in
their reading, 32 were divergence and 9 were considered incomplete/insufficient.
Most of the divergences were mathematical formulae where the reading are more
extensive and reading strategies differ the most. As shown in Table 1 even in a
small formula with few operations the reading result differs, in this case when it
gets to the division operation.

To solve divergences, a new team of expert researchers in Mathematical ed-
ucation were invited to discuss the different readings and to define the one more
correct according to their experience. Thus, the final reading of formulae and
symbols that did not have good agreement with the first group of experts was



defined based on the opinion of the second group of specialists. It took two meet-
ings to discuss content and connectivity issues to be used. It is noteworthy that
in these meetings, other research questions were identified, for example, how to
use intonation to differentiate parts in long expressions.

To develop our proposal of an Assistive Technology resource, we choose
ChromeVox, a screen reader software that works as a plug-in for the Google
Chrome browser. It has a module for reading formulas contained in English-
language MathML pages. The system has features for reading and navigation
in formulas, and has open source code with software license that allows use and
modification.

From this, there are two strategies: (1) to translate the module from En-
glish to Portuguese and evaluate the results and/or (2) to develop a module for
Portuguese language based on rules extracted from the study corpus.

4 Preliminary Results

First, we decide to translate the English lexicon (from ChromeVox) using APIs
available on the web, just to evaluate the result for Portuguese language. Some
translations did not agree with the correct reading indicated by most teachers;
these cases were corrected manually based on the formulas corpus.

After inserting the lexicon translated into ChromeVox, the project team to-
gether with mathematical education experts judged informally the reading of
some expressions made by the screen reader. It has been observed that many
rules need to be adapted to the Portuguese language, for example, for some types
of equations, the reading order for English speakers is different from Portuguese
speakers.

Another partial result is the creation of the corpus of mathematical expres-
sions. For each expression, there are 5 audio files containing the different read-
ings, 5 text files with transcripts, 1 image file and MathML representation. The
corpus is available for research purposes.

5 Final remarks

Manually adapting all parser rules from English to Portuguese is time-consuming.
Thus, as a future work, we plan to extract automatically rules from the corpus of
formulas that guide the development of a module to read mathematical formulas
in Brazilian Portuguese. This module will be inserted on ChromeVox.

After that, tests will be realized with blind and visually-impaired students to
measure their comprehension rate and the exhaustion caused in long mathemat-
ical formulae. Having this stage of parser implementation inside NavMatBR we
can start developing a standalone approach to develop a API capable of being
used by other screen readers.
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