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Abstract

This article outlines an innovative procedure to improve the accessibility of Mathematics for secondary school students
with visual impairments. Using LATEX, a widely used typesetting system, a transformative approach is developed that converts
traditional mathematical content into three accessible formats: PDF, MathJax and LAMBDA. Central to this system is the
integration of alternative text, which offers full descriptions of images and mathematical formulae and promotes a richer
understanding of its content. The broader implications of this project include the introduction of novel teaching models
for educators, enhanced accessibility of Mathematics programmes, and the potential to encourage the enrolment of visually
impaired students in science degree courses. Ultimately, this work contributes to the creation of the conditions for the
development of an inclusive and barrier-free learning environment in Mathematics education.
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1. Introduction

The study of Mathematics for visually impaired students has historically been regarded a challenging
issue to address, which has significantly undermined the academic performance, the motivation to study,
and ultimately, the access to scientific studies of a multitude of visually impaired students. Distance
learning for visually impaired students presents challenges similar to those already encountered by both
curricular and support teachers. In this context, it is of the utmost importance to maintain effective
interaction at a distance and to develop bespoke teaching solutions that can be used through the digital
channels of distance learning. Despite the cessation of the health emergency precipitated by the Covid-19
pandemic, the advent of integrated digital didacticism has become widespread in educational institutions
at all levels. This modality must not be considered an ad hoc measure that should be used only in
emergencies; rather, it must be integrated into the curriculum as a supplementary mode of instruction,
without supplanting traditional classroom teaching. Consequently, it is imperative that teachers and
students receive comprehensive, pertinent, and ongoing training. Rather than viewing distance teaching
as a failure to share the learning environment, it should be seen as an extension of it. This does not
negate the relational value that underlies teaching and learning, even in the case of visually impaired
students. In particular, there appears to be a common belief that the lack (or severe impairment) of sight
prevents from studying Mathematicsin depth or it makes it too onerous.

Mathematics is less intuitive to be represented than simple text because a one-dimensional string of
characters should denote mathematical formulae, even though they are actually two-dimensional con-
structs. The page is continuously used to display symbols at various levels (exponents, subscripts, frac-
tions, matrices) and also in the form of diagrams and graphs. These are not uncommon or ancillary
elements in mathematical texts. If these difficulties are not adequately addressed through the use of
assistive technologies, they can create numerous and serious difficulties for visually impaired students
who wish to conduct scientific studies as early as secondary school. In addition, they can influence stu-
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dents’ choice of university. A student who has not had the opportunity to engage in scientific studies in
secondary school is unlikely to choose to pursue them at university.

Consequently, the primary objective is to implement the insertion of alternative text directly into
the LATEX source, thereby enabling the generation of differentiated compilations during the processing
phase. The automation of the compilations, through the use of simple command-line instructions that
can be adapted to different formats, will enable the insertion and display of alternative text in the output.
This approach will ensure that the original length of the text is preserved during conversion to PDF.

A further objective, following the trial run in the chapter on Natural numbers, was to complete
the insertion of an alternative text of the entire module on Numerical sets and the one on Infinitesimal
calculus, and add them to the Resources section, subsection Matematica Libera of the portal of the
European project DDMATH (Erasmus+).

2. Context

In recent times, the Italian Agency for the Evaluation of the University System and Research (AN-
VUR) has published a report on the status of students with disabilities in Italian universities. In particular,
the National University Conference of Disability Delegates (CNUDD) working group was involved, and
the survey was sent to 90 public, private, and digital Italian universities (out of a total of 98). Further-
more, the survey benefited from input from third-party public bodies (National Institute of Statistics,
Ministry of University and Research) and employed procedures that combined a broad and long-term
vision with operationality. The data on the distribution of students with disabilities [1], with particular
reference to the school year 2020/2021 and focusing on secondary school [2], indicate that students with
visual impairments predominantly attend high schools rather than technical or vocational schools, and a
considerable percentage enrol in university. It can be reasonably assumed that these students will select a
digital university to a greater extent than the average student, due to the services that this type of univer-
sity makes available to students with special needs. It should be noted that a relatively small proportion
of students with visual impairments opt for a degree programme in a scientific field, in comparison to
other types of disabilities.

3. Mathematics for visually impaired students

The relationship between blindness and scientific studies (or STEM) is a topic worth further investi-
gation. Although there are notable exceptions, the prevailing sentiment and educational practices appear
to be influenced by the belief that a lack of sight prevents or makes the study of Mathematics too stren-
uous. Upon examination of the scheduling of a Mathematics course of study, it becomes evident that in
numerous instances blind students are assigned a less rigorous workload. This is justified by the fact that
technical aids do not permit the same speed and precision in the execution of tasks and are not feasible
in distance learning. This, in fact, sometimes entails a reduction in the workload or an adjustment of
the school’s requirements, which sacrifices written communication. Indeed, even important parts of the
curricular project are entrusted to oral communication.

4. Two crucial decisions at the base level

The focus has been on making Mathematics accessible to students who are totally blind because,
there are several parameters to be considered regarding accessibility and inclusion for blind people in
general. Every blind individual has his own unique characteristics and specificities. Some of them are able
to operate under particular conditions of contrast or brightness, while others may have a reduced visual
field or difficulty focussing on a fixed point. Consequently, adapting this procedure to such disparate
conditions is a considerably more complex endeavour. In addition, visually impaired individuals, those
with upper limb disabilities, and those who receive DSA have different challenges and requirements.

Most blind students do not exhibit cognitive deficits; rather, they demonstrate normal intelligence.
The intelligence capacity is contingent on the availability of a stable variable, namely working memory
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capacity. This variable is highly correlated with intelligence. Blind people are dependent on their working
memory to process information to a much greater extent than those who are sighted. The study corrob-
orates the findings of numerous previous studies that have yielded comparable results: blindness appears
to enhance working memory. It is important to note that it is not blindness itself that compensates for
a lack of visual information and external visual storage of information [3]; rather, it is the individual
and institutional reaction to blindness that compensates for this lack. The primary challenge for these
students in learning Mathematics is the difficulty in accessing paper resources (textbooks) and digital re-
sources (e.g. PDF documents) with the typical peculiarities of a scientific text (formulas, graphs, specific
symbols).

The decision to move from the traditional approach of Mathematics volumes to a modular version
was made with the intention of enhancing the flexibility of use for all students. Within the same module,
the topics covered are homogeneous, which facilitates the search for a particular topic and potentially
improves the ease of learning. Two modules should then be considered: Numerical sets and Infinitesimal
calculus. The two chapters, From Rationals to Hyperreals and Hyperreals, are included in the Numerical
sets module as in-depth chapters and prerequisite chapters under the Infinitesimal calculus module.

5. Technologies for the accessibility of Mathematics

The accessibility of Mathematics texts for blind students in secondary education is a significant issue.
Currently, there is a dearth of accessible Mathematics texts available to blind students. In the case of
non-scientific texts, publishers generally provide blind students with an editable version, which is typically
in MS Word format. In particular, the scientific texts pertaining to Mathematics are provided in PDF
format. As a result, such texts are inaccessible to blind students. Nevertheless, new solutions have been
implemented in some Italian universities. A notable example is the S. Polin Laboratory in Turin which
offers a web page Biblioteca Accessibile [4] that provides accessible texts in PDF and HTML formats.
For instance, books for scientific university courses (such as Mathematics, Physics, Engineering, and
Economics), books on basic Mathematics, and Statistics for university courses are included. The PDF
documents have been produced using the LATEX Axessibility package, the web app AudioFunctions and the
LATEX Axesscleaner file cleaner. The HTML documents were converted from LATEX using the LaTeXML
software. To investigate the most functional and suitable technologies and strategies to assist visually
impaired people in their scientific studies, the project “Per una Matematica accessibile e inclusiva” (For
accessible and inclusive Mathematics) was started in 2012 within the Department of Mathematics of
the University of Turin. In 2018, the project underwent further development with the establishment of
the S. Polin Laboratory, which is dedicated to the research and testing of new assistive technologies for
STEM. The spectrum of activities has been expanded to include motor and sensory disabilities, and
more recently to specific learning disorders [5]. In the present era, people with disabilities and Specific
Learning Disabilities (SLDs) are no longer impeded in their ability to read and write well-structured,
inline texts (i.e., without graphs or formulas) due to the advent of computers and mobile devices, which
have facilitated the use of aids such as speech synthesis, Braille bars, and magnifying glasses. In contrast,
the full use of educational resources with STEM content (including formulae, graphs, and diagrams)
remains an unresolved issue, despite the current considerable technological development [5].

If we accept the definition of accessibility in computer science as “the ability of a device, service, or
resource to be easily usable by any type of user” [6], it is necessary to consider the conditions under which
individuals with reduced or impeded sensory, motor, or mental abilities intend to use the information
systems and software resources available to them, including and especially planning for the use of assistive
technologies. Those with visual impairments access textual content through sensory channels other than
sight, in particular hearing and touch. They also use assistive technologies that facilitate the use of
information through these senses, such as screen readers and Braille bars.

A few years ago, under the leadership of Professor Antonio Bernardo, a group of teachers coordinated
their expertise to create a Mathematics textbook for the two-year scientific high school: the so-called
Matematica C3 project. The group made the prudent decision to release the work under a free Creative
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Commons (CC-BY-SA) licence, which allows the reproduction and dissemination of the work in any
medium and the creation of works derived from Matematica C3.

The development of this project, proved to be particularly promising. Matematica Libera represents
an evolution of the Matematica Dolce project, which itself is derived directly from Matematica C3.
Matematica Libera has evolved to encompass a broader range of educational institutions, transcending
the limitations of traditional scientific schools to encompass a more diverse array of secondary educational
institutions. To facilitate this transition of the school context, a specific restructuring is presented in
content-related modules, rather than volumes linked to the five curricular school years. The new project
starts with the introduction of a new corpus of documents and two new packages that streamline and
simplify the preamble of each module. Matematica Libera also aspires to cover all topics within the
Mathematics curriculum, from natural numbers to integrals. In addition, it provides in-depth studies
that can encourage students to analyse specific instances related to Mathematics.

The text is the result of an extensive teaching experience in the classroom and has been modified
according to the experience of the direct users. It is not a simple reproduction of books offered by
traditional publishers, adapted for visually impaired students. The topics are presented through innovative
methodologies that are not typically found in books provided to teachers. These methodologies are derived
from critical research and are the optimal method for presenting a topic to students who cannot use their
visual sense. This method is rarely aligned with the most common approach. For example, the expression
of calculus in N and the decomposition of factorials are currently proposed using tree graphs (Figure 1).
Although graphical methods and visualisations assist some students, they are not accessible to blind
students, as the latter can only access the text with the aid of the Braille bar.

Figure 1. The expression is to be solved using the tree graph method.

An alternative method to represent the solution tree, which can also be used with a Braille bar, is
the so-called linear method [7]. The procedure comprises two steps, which are repeated until the desired
result is obtained: (a) highlighting all operations that can be performed; (b) substituting these operations
with their result (Figure 2).

TheMatematica Libera project was developed on the basis of this process, in synergy with a sufficiently
solid mathematical and technological basis. The project is stored in a public repository on Bitbucketa.
In order to adapt the text to the specific requirements of the student, a local clone of the project can
be created. A version control system (CVS) is then employed to facilitate the synchronisation of local
and remote versions and the tracking of all changes made. The project currently encompasses a diverse
range of topics and multiple versions of each topic, enabling the creation of customised textbooks. This

aLink to the repository of the Matematica Libera project: https://bitbucket.org/zambu/matematicalibera/src/master/
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Figure 2. The solution of an expression using the linear method.

process entails the use of an existing repository of written materials which are then adapted to align with
the specific requirements of the educational curriculum and the individual characteristics of the student
population. Furthermore, preparations are being made to create MathJax and LAMBDA versions of the
texts: MathJax is an open-source JavaScript library that enables the display of MathML content on
web pages ensuring accurate and accessible presentation of mathematical formulas; LAMBDA (Linear
Access to Mathematics for Braille Device and Audio Synthesis) is a software system designed to make
Mathematics accessible to students who are blind or visually impaired, offering Braille and audio output
for mathematical expressions. The objective is to integrate with LAMBDA, thereby enabling visually
impaired students to access content using a screen reader and a Braille bar. In this context, accessibility
is not merely the passive reception of materials; rather, the underlying paradigm fosters active engagement
with Mathematics. This enables students to understand the subject matter through the act of “doing”
Mathematics.

6. Instructions for writing new alternative text through LATEX, MathML,MathJax and
LAMBDA

This research project led to the creation of TeX4ht code that allows alternative text to be added
to the source file and then compiled to generate various output formats, incorporating alternative text
whenever needed. Code samples (Figure 3) are available in matlibera.4ht file following the path matem-
aticalibera/deposito/magazzino in the repository.
The instructions highlighted in Figure 3 are described in [8] and [9].

The ARIA (Accessible Rich Internet Applications) role is employed to designate the environ-
ment as an image described by the alternative text. WAI-ARIA (Web Accessibility Initiative-Accessible
Rich Internet Applications) is a technical specification that provides guidance on how to improve the ac-
cessibility of web applications. It describes how to add semantics or other metadata to HTML content in
order to make both user-side controls and dynamic content more accessible. The specification delineates
three main features: roles, properties, and states. In the present case, the role img and the attribute
aria-labelledby were used.

The code that allows the insertion of images and alternative text, if required, is available within the
file matlibera.cls following the path matematicalibera/deposito/magazzino. In order to ensure flexibility
and absence of charge, the markup language LATEX is used [10]. To compile the alternative text, installing
the latest version of TeX Live, a free cross-platform software distribution for the TEX typesetting system
is necessary. Furthermore, LAMBDA (v. 2.0) is a system based on the functional integration of a linear
mathematical code and an editor for the visualisation, writing, and manipulation of mathematical texts.
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Figure 3. An extract of the code.

The Lambda Math Code, is a direct derivation of the MathML code and has been set up for optimal use of
Braille peripherals and speech synthesis. In real time files are automatically converted into an equivalent
version of MathML and into one of the most common mathematical writing formats (LATEX), both in
input and output: misinterpretation is thus avoided. This process is described in greater detail in the
DDMATH project - Digital learning in Mathematics [11]. The file in lambdabook format is generated using
the Lambdabook maker software. The “Libri” menu of LAMBDA 2.0 enables the opening of books in
lambdabook format, which is a file obtained by aggregating chapters or sections of a textbook in lambdax
format (LAMBDA 2.0 extension).

The portal section includes three versions of each module:

1. the PDF version does not contain the transcript of the alternative text (this is a single file);
2. the MathJax version contains the transcription of the alternative text (multiple files for each chapter,

organized within a compressed folder);
3. the lambdabook version contains the transcript of the alternative text (this is a single file).

The alternative text can be added to figures, but can also be used independently. It has the following
characteristics:

• the alternative text has a smaller size than the rest of the text, in particular it is typeset in script
size;

• it is green to be easily identifiable by a sighted person (e.g. the teacher) in MathJax/MathML files;
• it states “Alternative text figure:. . . ” if it is provided for figures; “Alternative text:. . . ” in other
cases. This is due to the fact that the alternative text in LAMBDA is blue if it is within the textual
environment, and black if it is within the mathematical environment.

It is of paramount importance to ensure that the compilation process from LATEX source to PDF or
MathJax/MathML output format is automatic and differentiated.
Three distinct compilations are generated:

1. for sighted students, the alternative text is not displayed in the PDF of the entire module generated
from LATEX;
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2. for both sighted and blind students, the third stage of the process is to convert the LATEX source
to HTML by using MathJax, so as to generate as many HTML files as chapters. In addition, these
divisions will be browsable and the alternative text will be displayed;

3. for blind students, the LATEX source text will be converted to HTML (MathML), which will produce as
many HTML files as sections. These files are functional to import into LAMBDA and the alternative
text will be displayed.

As soon as the final compilation is completed, each section file is imported into LAMBDA. It is
of the utmost importance to verify that the textual content of the book is correctly located within the
text environment and accurately transcribed. Furthermore, it is essential to ensure that the mathematical
content of the book is correctly positioned within the mathematical environment and rendered accurately
within the mathematical notation. Subsequently, each file is saved in lambdax format. In LAMBDA, the
formatting present in the HTML file is not maintained. Consequently, the alternative text is not shown
in green (as in HTML). It is blue if it is in the textual environment or black if it is in the mathematical
environment. It should be noted that the font, its size and, more generally, the layout of the text itself,
will not necessarily be maintained during conversion. Following this, the Lambdabook maker programme
requires the addition of each newly created lambdax file. As a result, the Numerical sets module is
generated. Once the process is completed, the resulting file is saved with the extension lambdabook. In
order to facilitate the use of this software by multiple users, a distributable version should be provided,
along with its user manual.

7. Images of graphs of a single or several functions

Consider a PDF page as in Figure 4.

Figure 4. The PDF extract shows a graph with three functions.

Teachers or educators can provide an alternative text, such as a link to the graph of the functions
under consideration (Figure 5), using the advanced graphical calculator Desmosb [12]. This allows blind

bA video on the accessibility features of Desmos can be accessed via the following link: https://www.youtube.com/watch?
v=EqqiqTkThi8
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students to mentally explore the graph through audio, for example by listening to the audio description
of the crescent, the decrement of the function, or the points of intersection. Once the screen reader has
been configured, this process is straightforward.

Figure 5. The MathJax extract of the alternative text contains a link to Desmos, which has been highlighted.

Upon opening the link, the content shown in Figure 6 will be visible on the PC screen.

Figure 6. The Desmos screenshot displays a graph on the right and comments on the left.

Sonification is a synaesthetic technique that enables the transformation and conveyance of infor-
mation that is not inherently auditory in nature. This information is conveyed in the form of auditory
stimuli [5,13]. The capacity of human hearing to distinguish variations in sound parameters, such as am-
plitude, frequency, duration, timbre and direction, is exploited to enable the perception of information.
Furthermore, the capacity to perceive several sound sources simultaneously and mentally recombine them
(polyphony) is also present. This is similar to the experience of listening to an orchestra performing a
concert, when the listener hears a multiplicity of instruments playing simultaneously, differing in timbre,
power and frequency of sound. The capacity to sonify graphs representing complex data facilitates the
interpretation of such graphs by those who are required to read them, and it also provides a novel mode
of exploration for individuals with visual impairment [14,15]. The combination of sonification with any
additional descriptive alternative text can enhance the accessibility of the function graph device.
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8. Issues that emerged during testing

8.1. Extreme slowness after importing the MathML file into LAMBDA

The decision to create multiple HTML files for each section comes from the need to be able to ensure
the module was created in lambdabook format to facilitate its use in the LAMBDA system. Furthermore,
the extreme slowness encountered when modifying the imported HTML file, required the creation of the
module in lambdabook format even when the modification pertained to a single chapter. The software
caused slow processing because it requires importing files containing few portions of text (single sections)
in order to avoid unmanageable text. Therefore, it was necessary to search for a command for make4ht
that would split the generated HTML file according to the depth of the divisions in the LATEX file.
The general command is as follows [16,17]:

make4ht -d out directory source.tex "MathJax,3,next,sec-namefile,fn-in,blind"

The command converts the source.tex file into several HTML files containing the mathematical ex-
pressions written in MathJax. These files are created in the out directory. In particular, the parameters
in double quotation marks (in TeX4ht they are called options) are crucial.

• The first option (MathJax ) adds the fundamental support for the MathJax libraries, thus enabling
mathematical expressions to be accessed in a navigable format. This can be achieved by displaying
them in LATEX code or by copying them into a text editor for processing (Figure 7).

Figure 7. The LATEX code of a displayed formula in MathJax is shown; the alternative text entered is displayed in green
on the background.

• The number 3 specifies the level of divisions for which the derived HTML file is broken. This level
can be set to 3 at the section level, 2 at the chapter level, or 1, which would result in the file not being
broken at all.

• The next option has been omitted as some links to move forward or backward in the generated HTML
pages are already present. The generated HTML pages are already present.

• The sec-namefile option producesHTML file names based on section titles, rather than their numbers.
• The fn-in option prints footnotes at the end of each HTML page.
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• The blind option is the crucial one that enables the alternative text to be displayed.

8.2. Formatting exercise solutions

It should be noted that a critical aspect was found in both MathJax and MathML during the testing,
relating to the solutions of the exercises. For example, the solution of an arithmetic expression is placed
immediately next to the end of the expression itself, in square brackets (Figure 8). When the HTML
file is imported into LAMBDA the same issue arises. Therefore, it could generate ambiguity for a blind
student. Figure 9 displays the unambiguous visualisation of solutions for a blind student.

Figure 8. Extract in PDF format.

Figure 9. Extract in MathJax format.

8.3. Multiple columns

The multi-column display, which is optimal for sighted students, is not functional for blind students
(Figure 11). The matlibera.cls class (Figure 10) defines a htmulticols environment (which behaves like
the multicol environment) that is rendered inactive in the matlibera.4ht file, preventing the generation
of multiple columns in MathML or MathJax (Figura 12).

Figure 10. The source file in LATEX.

Figure 11. File in PDF format.

Figure 12. File in MathJax format.
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9. Example of procedure – Numerical sets module

1) Writing the alternative text into the LATEX source: the LATEX and PDF files are shown side-
by-side on the screen (Figures 13 and 14).

Figure 13. Extract in LATEX format.

Figure 14. Extract in PDF format.

2) Compilation in MathJax with option 2: all files are saved in the repository within the html
folder, subfolder mathjax2. This option allows the entire module to be explored as linked web pages.

3) Compilation in MathML with option 3: all files are saved in the repository within the html folder,
subfolder mathml3. This option is only instrumental for importing files into LAMBDA.

4) Import into LAMBDA of the MathML option 3 compilation files: once the file has been
imported, a check/settlement must be made (Figure 15).

5) Convertion of the module to book format by using software Lambdabook maker : this step
is to be carried out once step 4 has been performed on all files (Figure 16).

6) Opening of the entire module with LAMBDA software: this allows the user to explore the
Numerical sets module effectively with the LAMBDA software (Figures 17 and 18).

10. Main results

A key result is the successful implementation of the TeX4ht code that enables the inclusion of alter-
native text directly within the source file in LATEX. This alternative text is then seamlessly integrated
into the various output formats generated during compilation, catering to both formats: the one that
needs alternative text and the other that does not.

As a result, the text was semplified and integrated, so that the quality of the mathematical content
to be learnt by a blind student is equivalent in value and effectiveness to that of a sighted student.

The inclusion of descriptive alternative text within the LATEX source code enables blind students to
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Figure 15. Extract in LAMBDA for the 1st example only.

Figure 16. Partial overview of the module with Lambdabook maker.

have a comprehensive range of resources for studying and deepening their knowledge of Mathematics
and these resources can be used autonomously. Blind students will be able to revise topics covered in
class and referred to in textbooks that were previously inaccessible to them. Students will also be able
to explore alternative methods for solving problems not covered in class, such as simplifying arithmetic
expressions or applying the methods of Non-Standard Analysis to Infinitesimal calculus.

11. Towards an inclusive Mathematics

The testing phase facilitated the execution and validation of the code designed to compile alternative
text into various formats and the verification that the outputs containing the alternative text were
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Figure 17. Screenshot in LAMBDA of the choice of section to open.

compatible with assistive peripherals for totally blind students (screen reader and Braille bar).
The insertion of the alternative text must be carried out by people with solid teaching skills in

Mathematics, in order to describe some images to visually impaired students most effectively: in-depth
knowledge of the subject matter is required.

It is of the utmost importance to ensure that the compiled alternative text is not merely a caption
of the original image but rather provides all the necessary text for a full understanding of the figure for
Mathematics teaching purposes. To this extent, it is essential to strike a balance between completeness
and essentiality. The capacity to automate the compilation process, providing the required command-line
instructions in a straightforward format, and the ability to distinguish between the various formats have
a significant practical consequence: the ability to insert and produce the alternative text and to ensure,
for instance, that the length of the text is not altered when it is converted to PDF.

The integration of the three formats PDF, MathJax and lambdabook into the portal allows the module
to be searchable for sighted students without an alternative text. Students will be able to download the
file and save it on their personal computer or mobile device.

In the second case (MathJax format), students who are blind and have rudimentary LATEX skills
can copy a formula or mathematical expression rendered by MathJax into the LATEX language. This is
advantageous in the event that blind students would like to copy the text of an exercise in order to carry
it out using their preferred editor or to study a formula in greater detail. Hence, it is possible to paste
the LATEX source code of the formula into BlindMath, an accessible LATEX editor developed for visually
impaired people by the SinAPSi (Servizi per l’Inclusione Attiva e Partecipata degli Studenti - Services for
the Active and Participatory Inclusion of Students) centre of the University Federico II of Naples, which
also supports the development of exercises even for those less familiar with LATEX. The most important
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Figure 18. Screenshot in LAMBDA once the corresponding section has been opened.

features are the ability to input formulas in a guided manner and the availability of an expression-solving
tool. It should be noted that alternative text is also available within the text.

Finally, when using lambdabook format, it is possible to navigate the text within the module, browsing
through the various chapters and sections as in a book, exploiting the potential of the LAMBDA software.
This will enable users to read and write Mathematics, as well as manipulate it to solve mathematical
expressions, simplify, and develop formulae.

The provision of a comprehensive range of mathematical study materials and additional study re-
sources enables blind students to participate in independent learning. Students can revise and consolidate
their understanding of previously covered topics in a format that is accessible to them, even if the original
textbook did not include an accessible version for impaired students. In addition, pupils may discover
methods to solve problems not analysed in class, such as simplifying arithmetic expressions. They may
also investigate topics not introduced in class due to their Non-Standard Analysis, such as the treatment
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of Hyperreal numbers within the module of Sets of numbers provided as an example.
The expansion of the project will have a positive impact on both blind students and students without

severe visual impairments. Blind students will be able to benefit independently from freely accessible
teaching resources, while students without severe visual impairments will have the modules available in
PDF format. Furthermore, the project will support new generations of Mathematics and special education
teachers, who will be able to acquire new competencies in accessible Mathematics by experimenting
with new models of teaching this subject. In the long term, the adoption of codified procedures for
the generation of alternative Mathematics texts is expected to facilitate greater accessibility for visually
impaired students, enabling them to pursue degree courses in science and Mathematics without the
constraints and apprehension that currently exist.
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13. V. Sorge, D. Ahmetovic, C. Bernareggi, and J. Gardner, Scientific Documents. Human-computer
interaction series, Springer Nature, 2019.

14. S. Balik, S. Mealin, M. Stallmann, R. Rodman, M. Glatz, and V. Sigler, Including blind people in
computing through access to graphs, in ASSETS14 – Proceedings of the 16th International ACM
SIGACCESS Conference on Computers and Accessibility, pp. 91–98, Association for Computing Ma-
chinery, 2014.

15. R. Sarkar, S. Bakshi, and P. Sa, Review on image sonification: a non-visual scene representation,
IEEE Transactions on Multimedia, vol. 14, no. 1, pp. 86–90, 2012.

16. A. Albano, Make4ht, come creare HTLM multi pagina con matematica accessibile, 2022.

17. M. Hoftich, Tex4ht documentation. Chapter 2 – Basic tutorial. TeX4ht Project, 2023.

59

https://www.alessandroalbano.it/flashnews-make4ht-come-creare-html-multi-pagina-con-matematica-accessibile/
https://www.alessandroalbano.it/flashnews-make4ht-come-creare-html-multi-pagina-con-matematica-accessibile/
https://www.kodymirus.cz/tex4ht-doc/BasicTutorial.html#basic-tutorial
https://www.kodymirus.cz/tex4ht-doc/BasicTutorial.html#basic-tutorial

	 Abstract
	1 Introduction
	2 Context
	3 Mathematics for visually impaired students
	4 Two crucial decisions at the base level
	5 Technologies for the accessibility of Mathematics
	6 Instructions for writing new alternative text through LaTeX, MathML,MathJax and LAMBDA
	7 Images of graphs of a single or several functions
	8 Issues that emerged during testing
	8.1 Extreme slowness after importing the MathML file into LAMBDA
	8.2 Formatting exercise solutions
	8.3 Multiple columns

	9 Example of procedure – Numerical sets module
	10 Main results
	11 Towards an inclusive Mathematics
	 References

