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ABSTRACT

This document, in context of second year of Integrated Master of Informatics Engineering,
reports the development of a project that intends to teach Computational Thinking to kids with
special educational needs, in this case blindness. The aim of this research is to characterize
both subjects, Computational Thinking and Blindness, and identify what are the current most
used and best practises to teach this different way of thinking to kids with special needs. To
achieve this, Melodic was created. This is a system composed by a software and a hardware
where the user must create sequences with the tactile blocks (the hardware) and then read
them with the mobile application (the software), that converts the sequence created into
sound. With this, the user can easily hear the differences that the changes in the blocks
sequence can make. This can be compared to the Computational Thinking teaching through
the use of robots, because in that case, users can see the result of their instructions in the
robot movement and with Melodic, the user can hear the result of their instruction with the
musical note sequence played by the app. In this document more technical aspects such as
the architecture of the application that is proposed to accomplish the goal of the present
Master’s project, will also be discussed. After this, the project development process that lead
to the creation of Melodic is described as well as all the decisions taken. A description of
all functionalities of this system can also be seen in this document. To prove the research
hypothesis initially stated, some exercises were created and described. The referred exercises

were designed to access if Melodic actually develops Computational Thinking.

Keywords: Computational Thinking, Visual Impaired Students Education, Teaching
through Music
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RESUMO

Este documento, no contexto do segundo ano do Mestrado Integrado em Engenharia
Informatica, relata o desenvolvimento de um projecto que pretende ensinar Pensamento
Computacional a criancas com necessidades educativas especiais, neste caso a cegueira.
O objetivo desta investigacdo é caraterizar tanto o Pensamento Computacional como a
Cegueira, e identificar quais sdo atualmente as praticas mais usadas para ensinar esta forma
diferente de pensar a criangas com necessidades especiais. Para o conseguir, foi criado o
Melodic. Este é um sistema composto por software e hardware onde o utilizador deve criar
sequéncias com os blocos tacteis (o hardware) e depois 1é-los com a aplicagdo mével (o
software), que converte a sequéncia criada em som. Com isto, o utilizador pode facilmente
ouvir as diferengas que as altera¢des na sequéncia dos blocos podem fazer. Isto pode ser
comparado com o ensino Pensamento Computacional através do uso de robds, sendo que
nesse caso os utilizadores podem ver o resultado das suas instru¢des no movimento do
robd e com Melodic, os utilizadores podem ouvir o resultado das suas instru¢des com a
sequéncia de notas musicais tocadas pela aplicagdo. Este é um sistema composto por um
software e um hardware onde o utilizador deve criar sequéncias com os blocos tacteis (o
hardware) e depois 1é-los com a aplicagdo mével (o software), que converte a sequéncia
criada em som. Neste documento serdo também discutidos aspetos mais técnicos, tais
como a arquitetura da aplicagdo que é proposta para atingir o objectivo deste projecto de
mestrado. Depois disto, descreve-se o processo de desenvolvimento do projecto que levou
a criag¢do da Melodic, bem como todas as decisdes tomadas. Uma descri¢do de todas as
funcionalidades deste sistema também pode ser vista neste documento. Para comprovar a
hipétese de investigagdo inicialmente referida, foram criados e descritos alguns exercicios.
Os referidos exercicios foram concebidos para verificar se 0 Melodic realmente se treina o

Pensamento Computacional.

Palavras-Chave: Pensamento Computacional, Educa¢do de Estudantes Invisuais, Ensino

através da Musica
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1

INTRODUCTION

This document describes the process of planning and all the research and implementation
done in order to be able to create a system capable of teaching Computational Thinking to
visually impaired children.

In this chapter a general introduction for the project is done, mentioning the overall context,
motivation, project objectives, research approach, and finally the document structure.

1.1 CONTEXT

In today’s world technology is everywhere we look. As a consequence employers look for
people with strong skills in computational field. This fact leads many young people to
choose programming courses. Programming students normally face a great difficulty due to
the traditional way of thinking they are taught in conventional schools, while they should
be trained in Computational Thinking (CT) that is the key to solve general or programming
problems. CT is based on some key concepts such as Logical Reasoning, Algorithm Design,
Decomposition, Pattern Recognition, Abstraction and Evaluation and changes the whole way of
thinking about the resolution of a given problem (Silva et al., 2019; CEA, 2018; Wolfram,
2016). This change of the way of thinking is not an easy task so the sooner it is introduced
to people the better.

That said, it is of uttermost importance to research for a strategy to teach children in
a captivating way to keep them motivated. Currently one technique that is very used is
“Game Based Learning” Plass et al. (2015).

This technique is characterized by being a type of game play with defined learning
outcomes. Usually the game used is a digital one, but this is not always the case. There are

many arguments in favour of game based learning, such as:

* Motivation: Normally games for entertainment are able to motivate learners to stay en-
gaged over longer periods of time through a series of features of a motivational nature.
These include incentive structures, such as stars, points, leader boards, badges,and
trophies, as well as game mechanics and activities that learners find interesting;



1.1. Context

¢ Player Engagement: It is related to motivation and relies on design decisions that
reflect the specific learning goal, learner characteristics, and setting;

* Adaptivity: Learner engagement is facilitated by the adaptive part of the game, being
this customizable by the player or personalized. This characteristic is defined by the

capability of engage each learner in a way that reflects his or her specific situation;

* Graceful Failure: Rather than putting failure as a undesirable outcome, it is an
expected and sometimes necessary step in the learning process. This is achieved by
lowering the consequences on a failure situation and feedback on the wrong answer so
that the player can learn from his or her mistakes.

In order to teach Computational Thinking properly it is mandatory to adapt the Learning
Resources to the targeted learners. Resources must be adequate for the training of Computa-
tional Thinking so that the students develop new knowledge and the different abilities and
acquisition of values that define Computational Thinking Aratjo et al. (2019); Teixeira et al.
(2020).

Reviewing the literature in the area, it is clear that there are some platforms to support the
teaching/learning process aimed at a general audience; however, when it concerns special
need kids, the available resources are very few. It is very important to realize that most
of the referred resources rely upon a visual interface based program paradigm. In order
to have a system that successfully helps blind kids to learn the concepts of Computational
Thinking, it is mandatory that the system does not rely on a visual interface but on an audio
or tactile one (Sabuncuoglu, 2020).

With this in mind, the audio based interface combined with a tactile way of input seems
the best approach to teach Computational Thinking concepts through music. That musical

approach has clear advantages, as listed below Guzdial (1991):

* Debugging a song to make it sound the way you want is like debugging a program in
order to make it do what you want;

* Musical phrases correspond to programming commands;

* A song is a combination of musical phrases just as a program is a combination of

procedures.

In this way, the purpose of this Master’s work is to create a system capable of, through
musical based games, teach the fundamental concepts of Computational Thinking to blind

kids to help them to solve programming or general problems using those techniques.



1.2. Motivation

1.2 MOTIVATION

The nonexistence of tools like those described above is the actual motivation to tackle this
project. From a personal point of view, it can be said that when I saw this dissertation theme
it attracted me because of its public service and inclusive component. All my life I was part
of inclusive and community driven movements such as scouts and the orchestra that I am
part of. This project focuses on solving a problem that is the lack of learning resources to
teach Computational Thinking to visually impaired people. This subject can have a major
impact on people’s lives and that is what motivates me the most, having the chance to
improve someone’s living quality.

1.3 OBJECTIVES

This Masters Thesis can split into two main parts, a theoretical one, and a practical one. In
the theoretical part the main objectives are:

* Do a comprehensive study in the blind people field, namely in their interaction with
learning mechanisms, and main supportive technologies.

* Understand the role that music can play in the training of Computational Thinking.

* Understand how to help blind people using music based Learning Resources to train
Computational Thinking.

In the practical part the objectives are:

* Define and plan a complete system that provides games that train Computational
Thinking, implementing an intuitive interface for blind people.

¢ Implement and test that system.

1.4 RESEARCH APPROACH

The research work will be performed in different stages. The methodology that will be
followed to achieve this master project will focus on literature revision, solution proposal,
implementation and testing. This methodology is composed of the following steps:

* Do a comprehensive bibliographic research about the blind people field, including
behaviour and technology (what is done, how it is done and ways on how to do it);

* Research the best practises to create a system to support blind people in the field of
Computational Thinking;



1.5. Research Hypothesis

Develop a strategy and propose a solution to solve this problem;

Design the system architecture to describe how the problem is going to be implemented;
Implement the system in question - Melodic;

Test and refine Melodic;

Assess if Melodic develops Computational Thinking skills.

1.5 RESEARCH HYPOTHESIS

Resorting to music it is possible to develop methods to teach Computational Thinking breaking

the barrier to this subject to children with any kind of visual impairment.

1.6 DOCUMENT STRUCTURE

In this section it will be provided a brief introduction to the content of the dissertation

chapters.

Chapter 2 relies on the analysis and study of the state of the art on some particular

subjects:

Characterization of the Visually Impaired: This subsection focuses on characterizing
and analyzing visual impaired people as well as their behaviour, learning difficulties

and techniques to overcome these;

Computational Thinking Characterization: This subsection focuses on the characteri-

zation of Computational Thinking as well as its main features and use cases;

Teaching Computational Thinking to the Visual Impaired: Here some topics about
teaching visually impaired people are addressed, like differences between teaching
people with regular and impaired vision, best techniques and approaches, as well as

some key topics to guide a potential new teaching activity;

Teaching Computational Thinking through Music: Here are discussed some tech-
niques to teach Computational Thinking with music as a tool. Here are also some
examples of the implementation of those techniques;

Teaching Computational Thinking to Visual Impaired People Through music: In
this section are documented some theoretical concepts, as well as some implementation
examples of activities to teach Visually impaired people Computational Thinking through

musical concepts or music itself.

4



1.6. Document Structure

Chapter 3 presents the considerations about this system, designed to help visually im-
paired people to learn Computational Thinking concepts. This chapter talks about Melodic’s
architecture and used technologies. Also in this chapter are described the implementation
approaches and prototype testing.

In Chapter 4 the development details and decisions are discussed. This chapter divides
in the development of the hardware and software of Melodic. In the chapter all the
considerations behind the creation of the tactile blocks and the mobile application that the
users interact with are described. Also a description of all the algorithm types and errors
that Melodic can handle.

Chapter 5 describes the process of testing if Melodic develops Computational Thinking
skills. For this, firstly it is discussed the adaptation and creation of test exercises to suit this
challenge. Then an analysis to the obtained results from the experiment conducted with
blind students is made. Finally, with this analysis, conclusions about the effectiveness of
Melodic on Computational Thinking training are drawn.

Chapter 6 summarizes all the work done until this point and the next steps that can be
done with this Masters Thesis project.

5



2

STATE OF ART

In this chapter is presented a brief analysis of the state of the art regarding Computational
Thinking teaching, visual impaired teaching and the relation between Computational Thinking
and music, being this the theoretic base of this dissertation. Here are presented concepts
such as Methods to teach Computational Thinking to visual impaired or normal vision people,
the connection between Computational Thinking and music and the use of music in the process
of teaching Computational Thinking in schools. This chapter also addresses the route aimed

to teach Computational Thinking to visually impaired kids.

2.1 VISUALLY IMPAIRED CHARACTERIZATION

As far back as 1967, Haring and Schiefelbusch (1967) reported on various issues related to
the education of visually impaired learners. The focus was on the importance of vision and
the mode of reading, and attempted to illustrate how intelligence manifests itself in blind
learners as compared to deaf. Their work showed the relevance of blindness and information
processing and also illustrated the maximum utilization of available sensory data during
learning activities and the translation of visual stimuli.

In visual impaired learners conceptual development and abstract thinking seem to be
delayed by the absence of visual stimulation or images. With this, cognitive development
occurs more slowly independently of the age group (Freeman, 1985).

A technique to teach conceptual subjects is using tactile stimuli to overcome the difficulty
imposed by the lack of sight. Figure 1 illustrates how multiple tactile stimuli can compensate
for the loss of sight, allowing learners to perceive size and shape of objects (Fraser and
Maguvhe, 2008). However, blind people are easily overwhelmed by the complexity of very
"full or ‘busy” diagrams, sketcher or models. A way to counter this feeling is to be spatially
oriented when walking or reading documents.

In the learning point of view, blind and visually impaired learners require specific
strategies, addressing their unique learning mediation needs. With loss or absence of vision,
the amount of sensory data available to the learner is reduced and for this reason is very

important the use of multi-sensory approaches, like the one in Figure 1 (Erwin et al., 2001).
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To facilitate this multi-sensory interface, Braille text, talking calculators, computer voice
over and many more became standard equipment to teach blind and low vision people.

In order to best suit visually impaired students it is mandatory to adapt the curriculum
with strategies such as (Fraser and Maguvhe, 2008):

* Setting a substitute task of similar scope and demand;

¢ Replacing one impossible or unfriendly task with one of a different kind;

Allowing the learner to undertake the task at a later date;

Using another planned task to assess more outcomes than originally intended;

Giving the learner concessions to complete a task;

Using technology, aides or other special arrangements to undertake assessment tasks;
¢ Using an estimate based on other assessments or work completed by the learner;
* Considering the format in which the task is presented.

With this techniques it is possible to adapt conventional teaching to a visually impaired
student so that ha can learn most of the subjects.

. = e

ey

Figure 1: Combination of three-dimensional models with 'Zytec” sketches labelled in Braille as a
learning strategy



2.2. Computational Thinking Characterization

2.2 COMPUTATIONAL THINKING CHARACTERIZATION

In education, Computational Thinking is characterized by being a set of problem-solving
methods that involve expressing problems and their solutions in ways that a computer could
also execute (Wikipedia contributors, 2020). It includes the mental skills and practises for
designing programs and solve computational end general problems.

Computational Thinking is based on some key topics that are (Silva et al., 2019; CEA, 2018;
Wolfram, 2016):

* Logical Reasoning: Use the existing knowledge to predict the behavior of a system;
¢ Algorithm Design: Create a sequence of instructions to solve a problem;
* Decomposition: Break down complex problems into simpler parts;

¢ Pattern recognition: Identify similarities between problems and apply the same

solution to solve them;

* Abstraction: Remove unnecessary detail, identifying the essential information to solve

a problem;

¢ Evaluation: Prove that the considered solution is suitable for solving the problem in

question.
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Figure 2: Computational Thinking (Azevedo et al., 2019)



2.2. Computational Thinking Characterization

2.2.1  Teaching Computational Thinking to the Visual Impaired

In a scenario where the students have normal vision, there are many methods normally
used to teach Computational Thinking. Gupta (2013) describes the problem that is teaching
Computational Thinking concepts to young learners. At this age it is very difficult to compre-
hend the idea of abstract sequence, and a way to approach this challenge is to use a familiar
context like music, histories or puppeteering.

When a person sings or plays a song he/she is, involuntarily, is recreating a long sequence
of notes and breaks. These types of sequences are easy to comprehend by children being
that each step is in a meaningful and intuitive context. The musical context can be used for
conducting educational games like the BO robot. This activity consists in programming a
BO, that is a robot capable of reproducing musical notes, to play the note sequence that they
want. This is done by writing actions in a tablet or laptop connected to the robot. Further
the users can compose their own songs and watch the robot play them.

Puppeteering is a concept created to instill sequence and algorithmic thought into the
learners. The idea behind this is to have a robot with motion sensors monitoring the first
path the user goes through with it. Then the user is questioned about what steps did the
robot take ex: if the path taken was three steps forward then three steps right the user
will intuitively say forward, forward, forward, right, right, right. Then the robot navigates
through the steps indicated by the user and he will realize that the correct answer would have
been forward, forward, forward, right, forward, forward, forward. This exercise develops
the learner logical reasoning, decomposition and algorithmic design.

All of these activities have great value to educate this targeted individuals but it is not
adequate to teach Computational Thinking to blind or low vision students being that they all
base themselves on a graphical interface.

As mentioned before, a great strategy to adapt teaching methods to make them adequate
to blind people is to combine multiple senses in order to mediate the information in question
without the use of a graphical interface. With this it is possible to, for instance, use a
tactile and audible combination to communicate what is being transmitted via the visual
interface (Fraser and Maguvhe, 2008).

For this there are some strategies involving tangible interfaces to pour Computational
Thinking knowledge to visual impaired people (Sabuncuoglu, 2020). This aims to help
students learning how to program without the dedicated help of a teacher, giving the
student some autonomy. There are some projects like Blocks4All and Microsoft’s Project
Torino that base their input interface in tangible objects. There are some advantages to the use
of tangible input such as keeping the users active and the fact that it promotes cooperation
and develops better motor skills and spatial understanding (Sabuncuoglu, 2020). In order to
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achieve a good activity design there are some aspects to take in consideration (Sabuncuoglu,

2020):

* Avoid the excessive use of Braille : Users tend to waste too much time learning and

memorizing it;
¢ Do not use too many feedback sources: It can overwhelm students;

¢ Use basic and abstract forms: The shapes used should be easily distinguishable. In
order to assign more information to a shape it can be done by using a texture or

engraving.

With these techniques it is possible to successfully design an activity to teach Computational

Thinking to visually impaired people.

2.2.2  Teaching Computational Thinking through Music

In order to adapt the matter of Computational Thinking to blind people, it was required a
strategy that had to rely on a non graphical interface. Music is a great way to suit this need
being that it is a familiar matter to most people.

With this in mind there are a lot of activities created to teach basic computational thinking
concepts to learners through music. There are some key relationships between music and
Computational Thinking (Bell and Bell, 2018), such as both are based on a formal language
and have common key concepts like sequence and repetition.

With this, to introduce and develop Computational Thinking concepts Bell and Bell (2018)
describes some games and activities to achieve that goal:

* Binary Representation Based on Sound: Firstly students are taught how to make
binary-decimal conversion. Then the objective of the game is to assign the alphabet
letters to numbers (a-1, ..., z-26). The final task is to get a sequence of notes (A, Bm, G)
and convert them to binary using the letter-number relation. This activity develops
concepts like algorithm design, abstraction and evaluation;

¢ Harmonic Theory Through Positioning Robots: This activities is based on program-
ming BeeBots to position themselves in a musical sheet. These robots have four types
of movements: forward, back, left and right and users have to create a sequence of
actions to make them arrive at the desired location. This can introduce concepts like
parallelism if users are programming more than one bot. A good challenge to train
algorithm design is to make all bots arrive at the same time at the desired location.

This activity develops algorithm design, sequential thought and decomposition;

10



2.2. Computational Thinking Characterization

* Music Theory Through Programming Note Sequences: This activity uses the platform
Scratch and its musical playing capabilities. The objective is to present the student
a melody or a sequence of notes and he has to recreate it using Scratch’s MIDI
programming options. Then students can create their own melodies even more
complex than the ones presented. To introduce the concept of loop it is asked to
make a sequence of notes repeat x times and with this they train algorithm design,

abstraction and decomposition.

In Algo+Ritmo (Silva et al., 2019) is described a set of activities to train Computational

Thinking using musical elements like claps and finger snaps. These games are:

¢ Decifra o Ritmo: This game is based on the conversion of decimal to binary format.
The objective is to teach the students how to make the conversion and then, given
a decimal number, they have to convert it to binary and represent it as sounds, for
example, zero corresponds to clap and one corresponds to a finger snap. That way
they can represent with sound a decimal number;

¢ Algo + Ritmo: This game aims to teach the concepts of algorithm. It consists in two
paper sheets, one with the song_base_rithm and the other with the song_full rithm.
Firstly is presented a song and discussed the best way to learn that song. Then the
students must fill the song_base_rithm paper with the steps previously discussed. To
end the activity learners are asked to compares their results to the song_full_rithm
paper and analyze the differences. This develops algorithm design, abstraction, de-
composition and evaluation.

With this set of activities and some more, it is possible to successfully teach Computa-
tional Thinking concepts associated with music providing a more familiar and engaging
environment to students.



2.3. Teaching Computational Thinking to visual impaired people through music

2.3 TEACHING COMPUTATIONAL THINKING TO VISUAL IMPAIRED PEOPLE THROUGH
MUSIC

In order to teach Computational Thinking though the use of music, the similarities between
these two subjects must be understood.

Chong (2019) states that, like Computer Science, which has a set of sub-disciplinary
domains, Music also has sub-disciplinary divisions. A good example of the application of
abstraction in music is the chord concept, where every chord symbol represents a particular
set of notes.

Since problem solving is also central to Computational Thinking, it can be associated to
music too. If the goal is to analyze a structure of a song or melody, firstly, the task is to
identify the relevant pieces of the music to examine. Given the complexity of the music
in question, the task will need to be broken down in smaller tasks, which applies the
decomposition concept, whereby particular aspects of the harmony can be examined. For
each of these processes, the mode of representation of what is heard by the musical score
will need to be decided, which trains Abstraction. In converting the visual raw data into
a particular music-symbolic representation, such as reading and playing a music sheet,
some form of music analysis and pattern recognition is involved. The Algorithm Design
features are vast, becoming evident when the task is to think of a computer doing the
work stated before. From the conversion of the raw musical input into some representation
to the collation of salient features, very specific sets of instructions, an Algorithm must
be crafted (Chong, 2019). Evaluation can be trained by evaluating the correctness of a
harmonic progression. This activity also involves applying some decomposition to separate
the different notes.

In the scope of teaching Computational Thinking with the use of Music, Sabuncuoglu (2020)

describes a activity that aims just that. This activity consists in a set of tangible blocks:

e Start: Start the execution;

ClearAll: Used to clear any previous melody that is in memory;

Loop: Creates a Loop;

WaveType: Changes the wave type that can be Square os Sine;

Sound: Changes the instrument sample;

Info: Opens the info area of the application;
* Run: Executes the code and starts the melody;

¢ Frequency: Changes the frequency of the following blocks;
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2.4. Summary

Beat: Changes the beat of the music;

Note: This block has eight options, seven notes and one stop.

Users must place the blocks ordered on a grid in order to make a melody that makes

sense. Then with their phone, they scan the blocks and the phone plays the music created.

2.4

SUMMARY

In this chapter the documentation of the State of the Art analysis is described. This resumes

in some key aspect such as:

Characterization of Visually Impaired People (2.1): Here it is done a characterization
and description of the people with some kind of visual impairment and key difficulties

or facilities in learning;

Characterization of Computational Thinking (2.2): Here an analysis of the key aspects

of Computational Thinking is done as well as their explanation;

Teaching Computational Thinking to Visual Impaired people (2.2.1): Here it is done
a description and study of some techniques to pass information and knowledge about

Computational Thinking to visually impaired people;

Teaching Computational Thinking through Music (2.2.2): Here it can be found
descriptions of some key methods to pass some Computational Thinking topics through

a musical interface;

Teaching Computational Thinking to Visually Impaired People through Music (2.3):

Here all the topics mentioned before are combined, describing some methods to teach
Computational Thinking to visually impaired people using a musical interface.
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PROPOSED APPROACH

In this chapter is described the proposed approach and reasons behind it. Here will be
discussed aspects like the System’s Architecture, explaining the basic components in this
project and the development decisions that were taken in the process of creating Melodic.

3.1 SYSTEM ARCHITECTURE

Melodic is a system aimed to be used with a mobile device, being this either a smartphone
or tablet. To mitigate incompatibilities between Apple and Android devices, the React Native'
framework was used, which provides parity between the two platforms with the same
JavaScript code.

In Figure 3 it can be seen Melodic’s Architecture Diagram that depicts the system compo-

nents:

* User: The user controls the composition of the blocks to form a musical sequence that
produces the desired sound after being scanned by the mobile device;

* Melodic Blocks: Set of ordered blocks (algorithm) composed by the user to form the
desired musical sequence. Each block has a QR code, at the bottom, so that the mobile

device can read its meaning;

* Mobile Device: Component in charge of all the logical operations behind this app

containing multiple sub-domains:
— Camera: The camera is in charge of reading the QR codes of the blocks;

— Melodic App: It is the core of the system. This module receives, through the
camera, the QR code of each block and processes it, behaving like a compiler.
After processing the QR codes, the Melodic App sends the information (musical
melody) to the Speaker module;

— Speaker: The speaker receives the information, sent by the Melodic App, with
the musical melody to play and converts it into a real sound to output to the user.

1 For more information about React Native consult: https://reactnative.dev/
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It is important to notice that the mobile device also provides tactile feedback to the user, in
the form of vibrations, to alert the user that the QR code of a given block has been scanned.

Melodic Blocks Mobile Device

v,
‘ﬁ'

Composes the Blocks

&

) Scans the Blocks

v

Camera

Information about the Blocks

|

Melodic App

Operates the Camera

Sequence Result

* Audiole and
Tactile Feedback )
User

Speaker

Figure 3: Melodic’s System Architecture Diagram

In order to facilitate the testing of this system in a easy way, it was developed with the
help of Expo?®. Expo creates a project capable of being accessed by anyone without the need
of publishing it on the App Store or Play Store. To access Melodic it is just necessary to
install the app Expo.Go and then scan the QR code exhibited Figure 4. Of course this means
that the mobile device must be able to read QR codes. To suit this need it is used a library
called expo-barcode-scanner that provides the necessary functions.

After the first tests set succeeded, a new set of tests is being prepared to be experimented
with members of fris Inclusiva3.

With this first System’s specifications it is possible to have an initial idea of Melodic’s
basic structure and funct