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4. From LaTeX to Enhanced Content Mathematics 
Mark-up Language (CMML)

$y = f(x)$
<latexit sha1_base64="rcNcQ4pNJiCFfu4YbO4YA6jSNQg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LLZCvZSkCnoRil48VrAf2ISy2W7apZtN2N2IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdK2/W3lVlbX1jfym4Wt7Z3dveL+QUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/uhm6rcfqVQsEvd6HFMvxAPBAkawNtKDWx5fBZWnU7fcK5bsqj0DWiZORkqQodErfrn9iCQhFZpwrFTXsWPtpVhqRjidFNxE0RiTER7QrqECh1R56eziCToxSh8FkTQlNJqpvydSHCo1Dn3TGWI9VIveVPzP6yY6uPRSJuJEU0Hmi4KEIx2h6fuozyQlmo8NwUQycysiQywx0SakggnBWXx5mbRqVeesWrs7L9WvszjycATHUAEHLqAOt9CAJhAQ8Ayv8GYp68V6tz7mrTkrmzmEP7A+fwDvH4/H</latexit>

1 <m:apply>
2 <m:eq/>
3 <m:ci>y</m:ci>
4 <m:apply>
5 <m:times/>
6 <m:ci>f</m:ci>
7 <m:ci>x</m:ci>
8 </m:apply>
9 </m:apply>

1 <apply>
2 <eq/>
3 <ci>y</ci>
4 <apply>
5 <ci>f</ci>
6 <ci>x</ci>
7 </apply>
8 </apply>

Figure 2: On the left the CMML generated by LatexML. On the rigth the enhanced CMML obtained after the preprocessing
phase and .

quential speech reading, hierarchical exploration
of the mathematical expression is provided (Soif-
fer, 2007; Sorge et al., 2014). This approach re-
duces the mental workload to retain the chunks of
the expression. Third, speech reading is generated
in a controlled environment such as a mathemat-
ical editor (Waltraud Schweikhardt, 2006; Raman
and Gries, 1994). The context is defined by the
author, hence the speech reading can be more ac-
curate with respect to the semantics.

The idea to use mathematical sentences for im-
proving the accessibility of mathematical expres-
sions has been previously presented and experi-
mented in (Ferres and Fuentes Sepúlveda, 2011;
Fuentes Sepúlveda and Ferres, 2012) for Span-
ish language. However, in contrast to (Ferres and
Fuentes Sepúlveda, 2011; Fuentes Sepúlveda and
Ferres, 2012), we use a linguistic-based NLG ar-
chitecture rather than a template-based one. In
particular, by using the SimpleNLG realization en-
gine for Italian, we allow both (i) for portability
of the system to other languages, and (ii) a ma-
jor and simple customization of the mathematical
sentences. Indeed, the linguistic nature of the Sim-
pleNLG input format allow for a very simple im-
plementation of linguistic operations, as coordina-
tion or punctuation insertion (e.g. parenthesis. Cf.
(van Deemter et al., 2005) for a discussion on the
advantages and limitations of the template-based
approach).

3 From LATEX to CMML

The first step of our algorithm is the generation
of CMML associated to a LATEX formula. We
based this step on an external tool named LatexML

(Miller, 2007). However, the CMML obtained
from this tool needed to be enhanced by a post-
processing procedure for two distinct reasons.

1. We decided to clean the CMML obtained
from LatexML since we wanted to remove

some extra characters in the tag names (e.g.
the suffix m:). With the same aim, we re-
placed all non standard characters from the
tag values, e.g. some variable names which
are written by the LatexML with italics font.
Moreover, in certain cases LatexML generate
some tags with the open math standard, as the
case of conditional-set, that is con-
verted by using the csymbol tag. For the sake
of generality, in order to simplify the gener-
ation step of the system, we decided to uni-
form these cases to their corresponding pure

CMML tag.

2. There are case in which the typographical ori-
gin of the LATEX creates ambiguity that cannot
always correctly solved by LatexML. If $y =
f(x)$ is the LATEX representation of formula
y = f(x), LatexML cannot autonomously
decide the correct relation between the sym-
bols f and x. One could force its interpre-
tation as a function application (i.e. f is a
function and x is his argument) or in alterna-
tive could force its interpretation as a multi-
plication (i.e. both f and x are just variables).
Indeed, by default LatexML always assumes
latter option. As a consequence, we had to fix
it by hand in a number of cases.

The output of LatexML and the enhanced ver-
sion with the hand fix applied are shown in Fig-
ure 2.

4 The (linguistic) Syntactic Structure of

the Mathematical Expressions

Mathematical notation has been conceived with
the aim of representing mathematical concepts us-
ing a specific written symbolic language. How-
ever, it is used in speech as standard language
where usual syntactic notions, as number agree-
ment, have to be accounted. For example the, ut-
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LatexML Post
Processing

3. Spoken Dialogue System Architecture

9. Dialogue Management
1.  Parse the request
2.  If the intent is "Questioning":
3.      Search for the operator in the request
4.      Match the request with the operator arguments
5.      If the match is successful:
6.          Answer the question
7.      Otherwise, utter an apology message
8.  If the intent is "RepetitionFrom":
9.      Search within the sentence uttered what the user wants to hear repeated
10.    If the search is successful:
11.         Repeat from that point
12.    Otherwise, utter an apology message
13. If the intent is "Resume":
14.     Resume the synthesis of the mathematical expression 

10. Experiment 1
Language: English | Method: Google Form with audio files

Users: 2 VIP | 10 Instances (5 vs 5 - eSpeak & Amazon Polly)

11. Experiment 2
Language: English | Method: interaction with the SDS

Users 5 VIP | 6 Instances (Amazon Polly)

User Experience Questionnaire Benchmark

The averaged SPICE and EM means and standard deviations for
Experiment 1

The averaged SPICE and EM means and standard deviations for
Experiment 2

1. Problem
Visually impaired people (VIP) access visual information by listening to 

screen readers. Mathematical formulas are usually written in LaTeX to 

make them accessible:

• Knowledge of LaTeX is necessary

• It is verbose and heavy to listen to

• LaTeX can make symbols that are close, like fractions, appear very 

distant.

2. Objectives
• Designing a spoken dialogue system (SDS) to enhance access to visual 

information for VIP

• Investigating whether a SDS is accessible and usable for accessing 

mathematical formulas

• Enable the SDS to navigate mathematical formulas, allowing users to 

query specific parts of the expression or repeat sections

6. From CCML to Mathematical Expressions
Algebraic, Arithmetic and Set operators

8. Speech Recognition and Language Understanding
• Porcupine: a pretrained model trained to recognized the wake-up 

word “Hey System!”

• Rhino: a pretrained model trained to convert the speech input to 

intents in a very specified domain

7. Speech Synthesis
• SSML (Speech Synthesis Markup Language)

• 2 Speech Engines: eSpeak & Amazon Polly


