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Abstract: Music is a universal cultural expression; however blind students may have 

difficulties to follow a sighted music class due to the lack of a common written music language 

between teacher and student. This problem is also present in other academic fields, like science. 

An approach to solve it is EDICO, a real time interactive Scientific Editor. We want to take the 

solution of real time interactivity to the music field. This paper presents the development 

process of a real time interactive solution called LiveDots and an experiment to test it in which 

we develop a real time interactive solution called LiveDots and test it with blindfolded users to 

check if it could help integration of a blind student in a music classroom. Results show that 

LiveDots was usable by both sighted and blindfolded users and that real time interactivity may 

be useful to integrate blind students in music class. These results open up a new horizon of 

solutions based on real time interactivity to ease blind and sighted students’ integration in the 

same class. 
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1. Related work 
 

Braille is the most extended method of tactile reading and writing amongst the blind. It is based on 

different combinations of embossed dots (Kent, 2012). The extension of Braille to the music field is 

known as Braille music (de Candé, 2002). Musical Braille not only gives blind students a tool to 

understand and express music but also shapes how we think and talk about music and, by extension, 

how we analyse it (Abramo & Pierce, 2013; Johnson, 2015).  

However, blind students do not often receive the education needed to understand musical 

Braille notation and most schoolteachers do not know Braille neither how to facilitate the student's 

learning. The alternative for blind students in order to improve their musical skills is to attend a school 

for the blind. In this scenario, blind and non-blind students are taught using different teaching strategies 

leading to a dichotomy between music Braille and conventional music writing. The lack of familiarity 

with conventional music writing makes it more difficult for blind students to later join in an 

environment with sighted musicians, for example in music college or in an orchestra (Goldstein, 2000). 

There is a need for blind students to be able to follow a music class with mostly sighted students 

while learning Braille music notation and understanding the conception of print music (Quaglia, 2015; 

Buhagiar & Tanti, 2011).  

Some of the conventional strategies and tools used by blind or visually impaired students to 

facilitate participation in class are: enlarged print notation, fellow class members, parents or teachers 

reading the scores for them and use of Braille music notation whenever it is possible (Frederick & Moss, 

2009; Smaligo, 1998). All these tools need either the help of a person who transcribes the score orally or 

a teacher who knows musical Braille and teaches it to the student which may not always be possible. 

This makes the student dependent on people around him. 

The advance of technology in recent years has given the chance to ease the integration of blind 

students. There are projects like Braitico (ONCE, n.d.), an inclusive Braille literacy method developed 

by the ONCE (National Organization of the Blind in Spain) intended for children to learn Braille. In the 



   

 

   

 

field of music, there are computer programs designed to enable visually impaired people to view and 

edit music in Braille notation (Homenda, 2008) like Braille Music Editor (Veia Progetti, n.d.), studies 

about how to teach Braille music to children using computer applications (Nicotra and Quatraro, 2008; 

Borges y Tomé, 2014), approaches to teach music to blind studies using talking music instead of Braille 

(Capozzi, Prisco, Nasti & Zaccagnino, 2012), score translation programs from print music into Braille 

music and vice versa like FreeDots (Repain et al, n.d.) and there is even a standard to share Braille music 

notation in the web called Braille Music Markup Language (Encelle, Jessel, Mothe, Ralalason & 

Asensio 2009).  

These applications allow the teacher to create a print score with an editing score program, like 

MuseScore (Schweer, n.d.), and to translate it into Braille using a translation program so the student can 

read it. However, interactivity is missing: if the teacher wants to modify an element of the score to 

correct it or to make an improvised exercise, first, the changes should be done in the editing score 

program, then exported and translated into Braille with the translation program and finally the student 

could see the changes. This is a slow process that does not integrate a blind student into the usual 

development of a music class. 

The problem of integrating blind students in the classroom is present in almost every field in 

education. There are many different approaches for a solution, like Aim-Math, an interactive-enhanced 

mathematics learning system for blind and visually impaired students using text-to-speech to read aloud 

math expressions (Naruedomkul, 2013). However, this approach is not friendly for a class of blind and 

non-blind students. Another approach is EDICO (Scientific Editor ONCE) (Carenas, Cabra, 

Mata-García, Gea & Hernández, 2018), a project promoted by the ONCE and developed in cooperation 

with the University Complutense of Madrid. It is an accessible mathematics, physics and chemistry 

editor. It translates scientific language in real time from printed writing into Braille and vice versa. This 

allows blind students to follow a science lesson interacting in real time with a teacher who doesn’t know 

Braille. 

 

 

2. Introduction to the project 
 

After the success of EDICO, the ONCE wanted to develop similar solutions to integrate blind students 

in other subjects, like music. This is how the idea of LiveDots was born: a music editor that translates 

music scores from print music to Braille music in real time. LiveDots is an innovative desktop 

application which allows users to read a score in Braille and in print at the same time and to modify the 

print score and see the changes in the Braille score in real time. This would give the blind students a 

solution to the lack of interactivity we explained before. 

The main objective of this study was to check if the application LiveDots is useful to include a 

blind student in a music class. We believed that being able to translate scores into Braille in real time 

would increase the interaction between teacher and blind students improving blind students' 

participation. This can be verified by checking if people find the application useful and if they would 

recommend it. To prove our theory, we formulate the following research question: 

RQ1. Can the application LiveDots help with the inclusion of a blind student in a music class?  

In addition, to test the utility of the application LiveDots, it is important to verify its usability. 

Therefore, another goal of this test was to verify usability for both target users: music teachers and blind 

music students.  

On the one hand, it is required that a blind person can use the application LiveDots without any 

assistance for the application to be useful. It is only necessary to check that the blind person can perform 

the basic functionalities such as opening and reading a score. When a person is able to read the score, no 

matter if he or she is sighted or blind, it directly follows that he or she can read the changes when made. 

Thus, the keyboard shortcuts and the screen reader must be practical and easy to use. To check this, we 

posed the following research questions:  

RQ2. Can a blind person use the application LiveDots without any assistance?  

On the other hand, a teacher should be able to use LiveDots even without knowledge on musical 

Braille. The actions loading a score and doing score changes have to be uncomplicated. Therefore, the 

last research question was: 

RQ3. Can a sighted person with musical background who doesn´t know musical Braille use the 

application LiveDots? 



   

 

   

 

 

 

3. LiveDots application characteristics 

 
Building on the previous requirements (a teacher should be able to use the application without any 

knowledge about musical Braille and blind students should be able to use the application without any 

assistance), we decided to implement the following features in LiveDots (Figure 1). 

The application uses scores in MusicXML format since it is the most used musical 

representation format. When it is selected, the score is showed both in print and in Braille. The print 

score for sighted users is displayed by a stave and musical elements and the Braille score is shown in 

Figure 1. LiveDots Application Concept Design 

 

Musical Braille notation to be read with a refreshable Braille display. On one side, a sighted user can 

edit the print score. These changes are shown in real time in the musical Braille score, so a blind student 

could read the new score in the refreshable Braille display at the same time it is modified. On the other 

side, a blind user can use keyboard shortcuts to use the application LiveDots and read the Braille score 

by a Braille line or using the screen reader: when placing the focus in the musical Braille score 

displayed on the screen, the screen reader will say the musical elements as you go through them. These 

features: screen reading of Braille musical elements and real time modification are an innovation of the 

application LiveDots. Other applications allow you to edit the score (for example, Musescore), but not 

in real time, or can be used with a screen reader (for example, Braille Music Editor), but they do not say 

each musical element in the Braille music score when you select them. 

 To deal with the translation we took inspiration from a study made on the matter (Goto, D., 

Minamikawa-Tachino, T. and Gotoh, N., 2007) but in order to allow the real-time translation that makes 

our application unique we used data binding combined with event handling. The other innovative 

feature, the Braille score reading, was accomplished by programming a personalized script for the 

screen reader (JAWS) to use with our application.  

Lastly, the application LiveDots can be used by reduced visibility people and color-blinded 

people. The application allows to regulate the zoom (both in the scores and in the menu) and it is 

compatible with the Windows Colorblind Mode. 

 

 

4. Methodology 
 

4.1    Participants and experimental design 

 



   

 

   

 

The study involved 7 participants. All of them were sighted people without any knowledge on Braille or 

Braille music.  Each of them tested the application twice. They did it first blindfolded and then watching 

the application. Lastly, they did a questionnaire about LiveDots.  

The experiment was designed in order to test if LiveDots could help to include blind students in a music 

class. First, the participants checked the application and then they gave us feedback with a questionnaire 

(Figure 2). For the experiment, each participant was provided the application LiveDots. In addition, 

they used the screen reader JAWS. 

  

4.2    Questionnaire 

 
The questionnaire had two initial yes/no questions. The first one was if getting Braille scores with 

informatic applications is easier than the traditional way of printing it on a piece of paper, and the 

second one was if the participant knew an application of translation or reading Braille scores different 

from LiveDots. Our hypothesis was that the answers would be yes and no, respectively. This would 

highlight the need of an application like LiveDots to do this translation and reading supporting the first 

research question (RQ1).  

After these two questions, the questionnaire consisted of three different parts to check: 

usefulness, usability by blind people and usability by sighted people. They consisted of 5 questions each 

valued in Likert 5 scale, being 1 the worst scoring for the application LiveDots and 5 the best 

punctuation. To calculate the average value of each question we calculated the mean of the values of the 

responses. 

Finally, there was an open question about what improvements the participant would make to 

the application LiveDots. 

Figure 2. Results of the Likert 5 questions. 

 

 

5. Results 

 
After conducting the experiment, we obtained 7 answers for the blindfolded test questionnaire. We 

obtained a low answer rate due to the unexpected worldwide pandemic situation which did not allow us 

to conduct the experiment in the ONCE facilities. Having said that, we managed to get and analyse the  

results the best way possible. For the Likert 5 questions we calculated the mean of the answers obtained 

for each question and the results are the shown in the figure 6.  

 For each group of related questions, we calculated the arithmetic mean of the average answers 

and represented it in a box plot (Figure 3). For the yes/no questions we obtained that 100% of the testers 

think that the use of computer applications makes obtaining a score in Braille easier than the traditional 

methods. And 85.7% of the testers don´t know any computer application for translation and/or reading 

of braille scores. 



   

 

   

 

Figure 3. Box plot of the different sections studied. 

 

 

6. Discussion 

 
Throughout this section, we will try to answer the research questions set out in section 2 by discussing 

the evidence reported in the results section. First, we note the need of an application like LiveDots in the 

fact that although all of the participants (100%) think that the use of computer applications makes the 

task of obtaining Braille scores easier than the traditional method of printing on paper, hardly any of 

them (14%) know an application to accomplish it. As to test the utility of the application LiveDots (RQ1) 

it is necessary to test usability first (RQ2, RQ3), we will answer the research questions in that order. 

RQ2. Can a blind person use the application LiveDots without any assistance? Yes. The 

blindfolded test results show that a blindfolded person can successfully perform the main tasks 

available in the application (4.36/5 in blind usability B1-B5). 

RQ3. Can a sighted person with musical background who doesn´t know musical Braille 

use the application LiveDots? Yes. The sighted test results show that participants without any 

knowledge on Braille music could use the application without any trouble (4.33/5 in sighted usability 

S1-S4). Indeed, most of the participants (85%) think that little to no knowledge on Braille music is 

needed to use the application. 

RQ1. Can the application LiveDots help with the inclusion of a blind student in a music 

class?  Yes. After performing the blindfolded and sighted test the participants think that the application 

and its functionalities can be useful for integrating a blind student in a music class (4.38/5 in usefulness 

U1-U3) and they would probably use and recommend it (4.08/5 in P1-P2). In addition, RQ2 and RQ3 

show that the developed application is also usable, which is a needed requirement for it to be useful. 

 

 

7. Conclusions and future work 

 
We developed LiveDots as an application to ease the communication between blind music students and 

sighted music teachers. The present study about provided empirical evidence that real time interactive 

applications can be used to integrate blind students in sighted music classes. In fact, LiveDots is an 

example in the music field that can be used to improve accessible education in our society. 

The first conclusion is real time interactive applications, such as EDICO (application of 

Mathematics), can be generalized to artistic fields. Also, LiveDots design and the proposed experiment 

confirmed that the way blind people use computers is entirely different from how sighted users do it. 

Blind people use a screen reader and the keyboard to navigate with ease and use shortcuts repeatedly. 

On the other hand, sighted people typically use the mouse to navigate and do not usually know the place 

of keys. 

This study had certain limitations. The instruments used were limited. The blindfolded 

experiment with sighted people gives an insight into answering our research questions, however the 

limited time available for the experiment and the global pandemic situation did not allow us to test the 

application with blind people. Non-sighted people could test the application deeper and check if 

habitual accessible procedures are followed in the application and if it is comfortable to use. 

As a result of the success of the study, we are preparing a new experiment in cooperation with 

the ONCE to take this technology to the classroom. This will be a study involving blind people and 

music teachers to check the potential of the application LiveDots.   
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