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NovaGraphS

◦Progetto InterAteneo finanziato dalla Fondazione 

CRT. Dipartimenti: Informatica, Matematica, Filosofia e 

Scienze dell’educazione, Fisica, Economia e Statistica

◦Timeline: Marzo 2022 – Agosto 2023 

◦Budget Progetto: 135k euro, finanziamento CRT: 27k 

euro



Idea

◦Affrontare il problema dell’accesso all’informazione

scientifica contenuta nelle strutture grafiche da

parte di persone con disabilità visive.

◦ L’idea è di rendere tali strutture navigabili da parte

di una persona con disabilità visive usando

tecnologie WEB e NLP.



Strutture grafiche
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Figure 1: The software architecture for the generation of mathematical sentences. The information flow starts from (1) the
LATEX representation of the expression, (2) its translation in CMML, (3) enhancement of CMML, (4) generation of the written
form of the mathematical sentence, (5) production of the audio form of the mathematical sentence.

and Somer, 1992). The process of generating a
mathematical expression from its LATEX source is
a two-step algorithm. In the first step the LATEX is
analyzed and its semantics is represented in Con-

tent MathML (CMML henceforth), a W3C stan-
dard1 for the syntax and semantics of mathemat-
ical expressions. In the second step, the CMML
representation is used as input of the S2S (Seman-
tics to Speech) module, that is a NLG module, to
generate the mathematical sentence and, after the
introduction of parenthesis or pauses, its audio for-
mat encoding.

The paper is structured as follows. In Section 2
we give a short review of the accessibility prob-
lem of mathematical expressions for visually im-
paired people. In Section 3 we describe the first
step of the algorithm, that is the process to extract
the CMML representation from its LATEX repre-
sentation. In Section 4 we describe our assump-
tions about the syntactic structures associated to
mathematical operators. In Section 5 we describe
the second step of the algorithm, that is the NLG
of the mathematical expression from its CMML
representation. In Section 6 we describe a first
human-based evaluation of the system for Italian
language performed by four blind people. Finally,
Section 7 closes the paper with some considera-
tions and pointing to future work.

2 Related work

Research to enable people with sight impairments
to access mathematical notation has been con-
ducted in two main directions. On one hand, dif-
ferent techniques have been investigated to pre-
serve mathematical notation in a source format,
that can be processed by a screen reader, through-

1https://www.w3.org/TR/MathML3/
chapter4.html

out the whole workflow of a scientific document.
In particular, nowadays it is possible to embed
mathematical expressions in web pages not only
as images, which cannot be processed by screen
readers, but through MathML or MathJax (Cer-
vone, 2012) and in PDF documents produced from
LaTeX through the LaTeX package Axessibility
(Ahmetovic et al., 2018). On the other side, many
research works have investigated how people with
sight impairments can read and understand math-
ematical notation, along two directions: conver-
sion into Braille and speech reading. Since Braille
is not a universal standard, different converters
have been developed. The most widespread in-
clude conversion from LaTeX to Japanese Braille
(Hara et al., 2000), to Nemeth code mostly used
in English speaking countries (Papasalouros and
Tsolomitis, 2015), to Marburg code mostly used
in German speaking countries (Murillo-Morales
et al., 2016) and from MathML to Spanish, French
and Italian Braille codes (Soiffer, 2016). Nonethe-
less, Braille cannot support all the notations that
can be expressed through LaTeX or presentation
MathML (e.g., category theory, computational
logic) and it has not a mechanism to introduce
new notations hence the converters have a number
of limitations. For what concerns speech reading,
different techniques have been investigated. First,
the most common approach transforms LaTeX or
MathML expressions into a readable sentence by
mapping a sequence of mathematical symbols to
an aural equivalent for English (Raman, 1996),
Spanish, German and French (Soiffer, 2007), Pol-
ish (Bier and Sroczynski, 2015) and Thai (Boon-
prakong et al., 2017). This approach is totally
unambiguous, but it is very verbose (e.g. mul-
tiple nested parentheses can be hardly retained).
Moreover, only a limited number of mathematical
contexts are managed. Second, in addition to se-

a is greater or equal than b $a \geq b$ 
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Tecnologie in NovaGraphS

◦WEB
◦HTML 5
◦Tabelle HTML
◦SVG

◦NLP
◦Speech Recognition
◦Text2Speech
◦NLG/Dialogue



Obiettivi NovaGraphS

◦Un software trasformatore per creare diagrammi (tabelle, 

alberi, grafi etc.) web accessibili

◦Un software esploratore per permettere la navigazioni di questi

diagrammi con tecniche di NLP

◦Un documento contenente delle linee guida che consentano di 

produrre diagrammi accessibili nelle varie discipline



Thanks for your time.


