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ABSTRACT 
Learning to play a musical instrument and engaging in musical ac-
tivities have enabled blind and/or low vision people to develop self-
identity, fnd community and pursue music as a career. However, 
blind and/or low vision music learners face complex obstacles to 
learn music. They are highly reliant on their learning environment 
and music teachers for accommodations and fexibility. Prior re-
search has identifed the challenges faced by blind and/or low vision 
musicians and recognized the importance of touch for music read-
ing and physical guidance. However, limited research has addressed 
these challenges through the development of assistive technology. 
The development of music computer technologies with haptics 
and the afordances of wearable technologies provides encouraging 
opportunities to develop haptic wearable devices to support blind 
and/or low vision music learning. I identify three unexplored re-
search questions: (1) what design considerations must be addressed 
in future assistive technologies for BLV music learning, (2) how 
can wearable technologies with vibrotactile feedback support BLV 
student-teacher interactions, and (3) what are the long-term ben-
efts and limitations of the use of assistive technologies for BLV 
music learning? I outline my research to date and highlight my 
fndings. 

CCS CONCEPTS 
• Human-centered computing → Accessibility; • Applied com-
puting → Education; Arts and humanities; Sound and music com-
puting. 
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1 INTRODUCTION 
The World Health Organization estimated that there are currently 
284 million people in the world who are low vision and 39 mil-
lion people who are blind [34]. Blind and Low Vision (BLV) people 
actively use other senses (especially hearing) to compensate for 
vision and fnd music as a source of personal enjoyment [25, 36]. 
Furthermore, studies indicated that BLV people exhibit higher levels 
of musical aptitude than sighted individuals [14, 15]. BLV musi-
cians such as pianist Alec Templeton, Nicholas Constantinidis and 
Michael Arnowitt; opera singer Andrea Bocelli; violinist Takayoshi 
Wanami and popular singers like Jose Feliciano, Ray Charles and 
Stevie Wonder have been celebrated for their contribution to music 
[25]. However, learning to play music as a BLV person remains 
a complex and challenging endeavour [1, 3, 11, 12]. BLV music 
learners have limited access to learning resources and new music 
[11]. They are reliant on their music teachers and peers for accom-
modations and support [22]. However, music teachers are, at times, 
underprepared and ill-equipped to meet the individual needs of 
BLV music learners [8, 9, 16]. Learning resources such as braille 
music scores are expensive and time consuming to acquire [26]. 
Furthermore, commercially available assistive technologies (ATs) 
for BLV music learning are limited to programs for music reading 
and composition only [13, 19, 32]. Single line braille readers are not 
suited for braille music due to the limited number of dots and slow 
navigation [26]. 

The sense of touch is vitally important for BLV music learners 
to develop an understanding of musical instruments [3], interpret 
instructions through physical guidance [23] and read musical infor-
mation [27]. Wearable devices, or wearables, are smart electronic 
devices worn on the body [35]. Wearables have the potential to 
transform the music learning experience of BLV learners. Function-
ally, wearables can allow BLV musicians free use of their fngers 
and move their bodies to play musical instruments. Socially, wear-
ables can be integrated into clothing or hidden. This can allow 
BLV musicians to play music for an audience without hindrance to 
their musicianship or performance. Studies have explored the use 
of wearable technologies with vibration motors to communicate 
musical information [4, 33] however limited research has consid-
ered BLV music learners in developing wearable technologies for 
music. 

My research will explore that application of wearable technolo-
gies (on the body or the instrument) with vibrotactile feedback to 
support BLV music learning. This will enable BLV music learners 
to have free use of their fngers, hands and body while playing 
and performing while also being aware of musical cues, nonverbal 
information, and music notation. This research area is important 
to the ASSETS community as I explore novel, innovative solutions 
to support people of an underserved community. 
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2 LITERATURE REVIEW 
Development of ATs such as screen readers [6, 17] and refreshable 
braille displays [2, 29] have enhanced or replaced vision to empower 
BLV people to perform tasks, actions and activities. However, BLV 
music learners face several complex barriers to learn music and 
engage in musical activities [1, 3, 22]. Studies suggest that these 
barriers are a result of rigid music learning traditions, ill-equipped 
music teachers, and limited and inaccessible commercially available 
tools to support BLV music learning [1, 3, 11]. Baker and Green 
reported that music teachers in public schools were not equipped 
to teach BLV music learners as they required special training and 
knowledge of sight conditions, learning processes and accessibility 
technologies [3]. Furthermore, Ernits and Kutsar found that some 
music teachers perceived BLV music learners to be difcult to teach 
[11]. Unfortunately, however, Moss found that accommodations, 
fexibility and experience of music teachers greatly infuenced the 
learning experience of BLV music learners [22]. BLV music learners 
also described limited access to braille music scores and further 
described braille music cumbersome to learn [1, 26]. Also, studies 
found that BLV music learners found nonverbal cues and gestures 
such as pointing, nodding and facial expressions challenging to 
decipher, especially while playing music [3, 18]. 

McCord and Watts conducted a survey of 1,416 music educators 
including 400 music educators in mainstream K-12 schools [21]. 
They found that music teachers had very little knowledge on using 
ATs for music learning and limited knowledge of ATs in general. 
Ernits and Kutsar [11] pointed out that ATs are expensive which 
makes them inaccessible to BLV musicians and music teachers 
teaching BLV students. In addition to limited knowledge and access 
to ATs, commercially available ATs for BLV musicians have been 
limited to programs for music reading and composition only [13, 
19, 32]. Additionally, single line braille readers are not suited for 
braille music due to the limited number of dots and slow navigation 
[26]. 

Studies also found that the sense of touch plays an essential role 
for BLV music learners. Touch is used to develop an understanding 
of the instrument [3], interpret instructions through physical guid-
ance [23] and read musical information [27]. Additionally, BLV mu-
sicians described self-developed strategies such as asking peers to 
tap on their shoulder to inform them of musical cues [22]. Modhrain 
and Gillespie found that the vibrations from an instrument help 
musicians develop virtuosity and higher levels of skill with an in-
strument [24]. They stated that haptic receptors in the skin, muscles 
and joints can feel the tactile response from an instrument and relay 
that information of force and motion to the player. Furthermore, 
studies found that vibration patterns can be used to convey musical 
information such as pitch, tempo, timbre, articulation, dynamics 
and rhythm [28, 30, 31]. These fndings indicate that ATs must be 
developed considering the sense of touch and vibrotactile. How-
ever further research is required to understand the application of 
vibrotactile feedback to support BLV music learning. 

3 PROBLEM STATEMENT 
The long-term goal of this research is to understand, design, develop 
and evaluate technological solutions that can make music learning 
more accessible, enjoyable, and equitable for BLV people. I have 

identifed three broad research questions that relate to BLV music 
learning: 

RQ1: What are the design challenges need to be addressed in 
future assistive technologies for BLV music learning? 

RQ2: How can wearable technologies with vibrotactile feedback 
support BLV student-teacher interactions? 

RQ3: What are the long-term benefts and limitations of wear-
able vibrotactile devices for BLV music learning? 

4 METHODS AND PROGRESS TO DATE 
Music can be a catalyst for self-development, creative expression 
and community building for BLV people [25]. It can also be a source 
of livelihood for gifted individuals. My research focuses on design-
ing and fabricating wearable devices with the BLV music commu-
nity using a “Nothing About Us, Without Us” approach [7]. This 
approach recognizes the tacit knowledge and expertise of people 
with disability and acknowledges that no policy should be decided 
by any representatives without the full and direct participation 
of members of the group afected by that policy. Co-design is a 
research method that enables participants to act as co-researchers 
and have an active role in data collection, analysis, prototype gener-
ation and fnal action. Using co-design as my overarching research 
method, BLV music experts will actively participate in the design 
process and generate design solutions through tactile making and 
tangible rapid prototyping. BLV music experts take the role of 
co-researcher and designer to identify and solve problems in col-
laboration with myself. 

This research is organized into three studies. The insights and 
learning from each study will inform the design, development, and 
testing of new prototypes to support BLV music learning. 

Study one – Understanding design challenges of BLV music learn-
ing (completed, manuscript in preparation): To answer RQ1, I con-
ducted 40 one-hour-long interviews with professional and amateur 
BLV musicians and music teachers (with experience teaching BLV 
students). I built on previous research [1, 3, 22] to expand on the 
challenges faced by BLV musicians and identifed design challenges 
that need to be addressed to support individual practice, nonverbal 
communication, and music memorization. I contacted relevant in-
stitutions including the Canadian Council for the Blind (Canada), 
the Canadian National Institute for the Blind (Canada), the Royal 
National Institute of Blind People (UK), the American Foundation 
for the Blind (US) and the World Access for the Blind (US). Simulta-
neously, we recruited participants through social media platforms 
(Twitter, Facebook, and Reddit). 

Before each interview, participants gave oral or written consent 
based on the information I provided about the study and the proce-
dure of the interview. I informed participants that I would record 
audio of the interviews. Every interview began with an introduc-
tion of the study followed by an open-ended discussion based on 
predetermined topics of discussion related to music experience, 
challenges of music learning, personal adaptations made to learn 
music and current and future use of technology to support BLV 
music learning. Next, with the assistance of the second author, I 
conducted a refexive thematic analysis of the data using MAXQDA 
[20] to organize the data into themes. The second author and I 
began the analysis by agreeing upon a set of initial codes based on 
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individual analysis of one dataset. Next, we divided the remaining 
39 datasets and applied the agreed upon codes. We produced 59 
codes with 2033 data points. Later, I further organized the 59 codes 
into meaningful themes. 

Through this research I found three broad themes that lead to 
a discussion of design challenges that future technologies must 
address to support BLV music learning. 

• Importance of adaptations, fexibility, and personal support 
from music teachers. 

• Challenges of music memorization and the advantages and 
shortcomings of braille music and auditory learning. 

• Limited use of existing technology and shortcomings of sin-
gle line braille displays. 

These fndings informed subsequent research questions for study 
two and three. I later discussed potential design challenges that need 
to be addressed to support BLV music learning through technology. 

1. How can technology support BLV student-teacher interac-
tion and communication? 

2. How can technology assist music memorization and make 
braille music more user-friendly? 

3. How can future technologies use vibrotactile feedback to 
convey nonverbal communication and musical instruction? 

Study two – Co-designing ATs for BLV music learning (In progress): 
To respond to the fndings from study one and to answer RQ2, I will 
conduct six virtual co-design sessions with expert BLV musicians 
and music teachers to prototype design ideas for wearable technolo-
gies that support interaction between students and teachers. I will 
send participants a box of deformable material, a swatch of textures 
and a modular set of remotely controlled vibration motors. I will 
join the participants over a video call and facilitate a co-design 
session where participants will envision and describe wearable 
design ideas. Furthermore, I will ask participants to envision the 
application of vibrotactile feedback to convey musical information 
with the help of modular vibration motors that can be attached to 
diferent parts of the body and can be remotely activated. I will 
ask family members or friends of expert participants to document 
the codesign process and take photographs of the design ideas pre-
sented by expert participants. I am currently designing and pilot 
testing this study in collaboration with a BLV music expert who will 
be a co-researcher for this study. Recruitment of expert participants 
will be done from contacts made through study one. The design 
and pilot testing phase of this study is scheduled for the Summer 
2022 (July and August), followed by co-design sessions and data 
collection which will take place in early Fall 2022 (September and 
October) and fnally, analysis and writing will be completed by the 
end of the year (December). 

Study three – Longitudinal observation of AT for BLV music learn-
ing (future work): To answer RQ3, this study will test the long-term 
application and usefulness of the wearable prototype designed and 
developed through study two. The prototype will be in a real-world 
setting and used by BLV music learners for three months. For this 
study, I will apply an autoethnographic approach [5]. This approach 
is method of research that involves self-observation and refexive 
investigation. Prior work defnes it as ‘research, writing, story and 
a method that connects the autobiographical and personal to the 
cultural, social and political’ [10] which is opposed to other theory 

driven, hypothesis testing methods. An autoethnographic method 
will enable BLV music learners to be co-authors of this study and 
refect upon the real-world application of the prototype. This re-
search will uncover the benefts and limitations of the wearable 
prototype for BLV music learning over a three-month period. I 
will ask three participants to journal and refect on their ongoing 
music learning experience with the prototype. Additionally, I will 
conduct open-ended interviews with the participants every month 
to discuss their ongoing experience with the prototype. This study 
is scheduled for the Spring and Summer 2023 (March to July). 

5 POTENTIAL CONTRIBUTION 
This research can considerably advance the area of accessible and 
wearable computing by providing novel, embodied and wearable 
user interactions to support BLV people in creative expression and 
learning. Furthermore, the fndings from this research could poten-
tially inform future developments in BLV learning, music therapy 
and identify applications of vibrotactile feedback and haptics to 
improve accessibility. 

The fndings and discussion from Study one provides an em-
pirical research contribution. Through a thematic analysis of the 
interview data, I identify design challenges that can inform the 
development of future ATs for BLV music learning. Study two will 
apply a novel method of co-design that will enable BLV people to 
participate remotely and engage in the design process. The method-
ology of the study can potentially inform how future research is 
remotely conducted with BLV participants. Furthermore, the arti-
facts created will enable researchers to envision new possibilities 
for wearable technologies and facilitate new insights and knowl-
edge into the development of ATs. Finally, the development and 
testing of the prototype in Study three will inform the development 
of a future AT for BLV music learning that will be open source and 
shared with industry for wider development and distribution. 
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