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Abstract

This paper presents a systematic literature review of music tech-
nology tailored for blind and low vision (BLV) individuals. Music
activities can be particularly beneficial for BLV people. However,
a systematic approach to organizing knowledge on designing
accessible technology for BLV people has yet to be attempted. We
categorize the existing studies based on the type of technology and
the extent of BLV people’s involvement in the research. We identify
six main categories of BLV people-oriented music technology and
highlight four key trends in design goals. Based on these categories,
we propose four general insights focusing on (1) spatial awareness,
(2) access to information, (3) (non-verbal) communication, and (4)
memory. The identified trends suggest that more empirical studies
involving BLV people in real-world scenarios are needed to ensure
that technological advancements can enhance musical experiences
and social inclusion. This research proposes collaborative music
technology and inclusive real-world testing with the target group
as two key areas missing in current research. They serve as a
foundational step in shifting the focus from “accessible technology”
to “inclusive technology” for BLV individuals within the broader
field of accessibility research.
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1 Introduction

Music enriches daily life, fostering self-expression and social
engagement [66, 96]. Additionally, music can help people with
disability to build a sense of community and social connections
[16, 25, 82, 106, 169]. For individuals who are Blind and Low Vision
(BLV), music practice can be particularly fruitful. Indeed, BLV
individuals have been active participants in various musical scenes,
and a long history of BLV musicians showcase how music can help
BLV people find a respected and professionally recognized place
within society[45, 81, 109, 155]. Additionally, cognitive psychology
evidence suggests that BLV individuals often exhibit aural per-
ception abilities above the average [115, 119, 147]. Overall, music
can be useful for BLV people both individually (developing skills)
and socially (engaging with others and society). For this reason, it
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also fits well within the recent shift from understanding disability
through individual actions toward understanding it within its social
frame [66, 73, 96, 164].

These elements underscore the importance of designing inclusive
music technologies for BLV people. However, music technology
for BLV people remains notably under-studied. While many papers
have systematically analyzed different technologies for BLV people
- e.g., mobile platforms [40], internet access [137], and navigation
tools [84], a 2019 systematic review of accessible music technology
in general (for all different populations) highlighted the lack of
studies focusing on accessible music technology for BLV people
[55]. The scarce research drives us to systematically scrutinize the
current landscape of the research on music technology for BLV
individuals, in order to identify trends, gaps, insights, and point out
future directions.

Informed by this gap, this paper presents a systematic literature
review of music technology for BLV people. As Figure 1 shows,
we adopted Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) method !, and identified a corpus of 54
papers. After analyzing descriptive trends on publications per year
and venues, we clustered these studies based on two criteria 1) type
of studies - taking into consideration the level of engagement of
BLV people in the study; and 2) type of technology - for what type
of music activity the technology was designed for (more details in
section 3).

We identified two main types of research: research presenting
new technology; and research not presenting new technology (e.g.
field work or position papers). For the papers presenting new tech-
nology, we also identified different levels of BLV people engagement
in the research (from no engagement to co-design) and highlighted
the scarcity of studies investigating these technologies in real-
world contexts. Our second analysis further identified six types
of music technologies tailored to BLV individuals (results outlined
in section 4): 1) Technology for Reading Music, 2) Technology for
Learning Traditional Music, 3) Technology for Studio Activities, 4)
New Digital Musical Instruments, 5) Music Technology for Non-
musical Skills Acquisition, and 6) Music Technology and Video
Games. Finally, we concluded the paper with four design goals
and approaches 4.4 from the existing design trends and challenges
in the papers we reviewing: (1) fostering spatial awareness, (2)
supporting intuitive access to information, (3) facilitating non-
verbal communication, and (4) enhancing physical memory.

With alignment of the current design goals and approaches, the
paper continues with discussing four design insights (section 5):
(1) Fostering Spatial Awareness by Reducing Cognitive Overloads;
(2) Accessing Music with Alternative Music Representation; (3)
Supporting Memory by Embodied Interactions; (4) Facilitating (Non-
verbal) Collaboration with Multi-sensory Feedback.

In conclusion (section 6), we reflected on the methodologies
employed and argue for the need to bridge the gap from accessibility
to social inclusivity in music technology design for BLV individuals.
This requires longer-term studies that engage with real-world
contexts. Overall, the paper makes two main contributions to the
following aspects: 1) The paper provides a classification of existing
paper types, technologies for different BLV people’s music activities,

1See: https://www.prisma-statement.org/
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and design goals and approaches. Through this classification, the
paper reveals the current trends in music technologies and design
goals. 2) The paper highlights a gap in existing research on music
technology for BLV people, specifically the lack of testing with
target participants in real-world contexts. This presents an opportu-
nity for future research to focus on design goals and approaches that
promote social inclusivity. 3) This research proposes collaborative
music technology and inclusive real-world testing with the target
group as two key areas missing in current research. They serve as a
foundational step in shifting the focus from “accessible technology”
to “inclusive technology” for BLV individuals within the broader
field of accessibility research.

2 Background
2.1 Music and BLV people

Engaging in music practice offers benefits from personal satisfaction
to enhanced social activity [15, 25, 106, 121]. Recent studies show
that music-making helps people with disabilities in personal de-
velopment and community connection [16, 25, 82, 106, 169]. Music
holds significant value for BLV individuals, as seen in historical
examples of blind musicians across cultures. In the West, blind
musicians often specialize in specific instruments or social practices
[81]. In Asia, figures like Shi Kuang and blind musicians in China
and Japan show the deep-rooted tradition [45, 109]. For a broader
survey of blind musicians, see [62, 128].

Research shows that integrating music into the lives of BLV
people enhances financial independence and enjoyment [12, 13, 15].
Studies in pedagogy emphasize music education for BLV individuals
[2, 14]. Cognitive psychology highlights heightened auditory abili-
ties in BLV individuals, including superior speech discrimination
and enhanced detection of musical sound features [115, 119, 147].

To conclude, we wish to emphasize the importance of facili-
tating access to music-making for BLV people, both as a tool for
personal development — with potential pathways to professional
engagement — and as a means of fostering social connections.
Contemporary technology has been used in different ways, and we
are going to analysis in depth all the types of research on music
technology in the main corpus of this paper.

2.2 Assistive and Inclusive Technology

Technology for BLV individuals falls under the broader scope of
accessible technology. In general, accessibility and inclusivity in
Human-Computer Interaction (HCI) focus on designing for people
with needs that differ from the average, particularly those with
disabilities [96] (e.g., sensory [46, 74, 79], motor [9, 122], or cognitive
[35, 168] impairments).

Historically, disability was viewed as a medical issue, addressed
primarily through individual behaviors or the use of assistive
devices [154]. However, there has been a recent shift - driven
by the disability rights movement ? - away from this individual-
centered perspective toward understanding disability as a social
construct. This shift highlights the need for societal change in-
stead of placing the responsibility for adaptation solely on the
individual.[66, 73, 96, 164]. For instance, technology should not

https://www.huffpost.com/entry/the-global-disability-rig_b_5651235


https://www.prisma-statement.org/
https://www.huffpost.com/entry/the-global-disability-rig_b_5651235

Accessibility and Social Inclusivity

Descriptive Statistics

ASSETS °25, October 26-29, 2025, Denver, CO, USA

Not Presenting New

PRISMA Technology ]
(54 papers in 1| Types of Paper and
total) Study Presenting New | Design
Technology Insights
Type of Technology Socio-technical
» 6 Types of Technology H Implication

Design Goals and
Approaches

v

Design Goals and
Approaches

Figure 1: An overview of the structure of the paper, outlining how we analyzed the studies and how we built the discussion

from our analysis.

merely facilitate disabled people’s access to digital content [164] or
public spaces [73] but rather supporting their active involvement.
To evaluate assistive technologies for BLV users, many studies
emphasize long-term testing as essential for understanding both
self-development and social impact [3, 48, 105, 143]. This work falls
within HCI research, where longitudinal approaches are widely
recommended for in-context use evaluation [7, 114, 172].

In the previous Section 2.1, music expands social networks for
BLV people, fosters a sense of belonging, and can open income-
generating roles that enhance independence and public visibility
[12, 16, 25, 121]. At the same time, instrumental study refines
fine-motor control and posture, leverages heightened auditory
acuity, and further sharpens sound discrimination skills, thereby
promoting confidence and lifelong self-development [115, 119, 147].
Therefore, in our analysis, we will account for both individual access
to music and the social inclusivity of music making.

2.3 Technology for BLV people

A recent literature review on accessibility research [96] highlights
that nearly half of the efforts focus on BLV individuals. One
review identified three main technological solutions for BLV people:
assistive technology (for daily life), digital access tools (for digital
information), and virtual interfaces (for interacting with the world)
[10]. Another review uncovered key themes in accessible technol-
ogy research for BLV, such as visual information interpretation,
digital content accessibility, mobility, environmental awareness, and
multimodal sensory experiences [23]. Other reviews focused on
mobile platforms [40], internet access [137], diagram accessibility
[163], VR technologies [56], and navigation tools [84], with an
emphasis on reading and navigation [19, 32].

General recommendations for technology development for BLV
people include spatial awareness and embodied cognition. Spatial
awareness is the ability to perceive one’s surroundings and position

[76, 161], while embodied cognition emphasizes the role of physical
and sensory experiences in cognitive processes [27, 36, 149, 150].
These concepts have influenced technology design in education
[32, 57, 95, 108, 123, 138, 160], socialization [23, 52, 67, 118], and
daily activities [58, 146, 152].

As we have seen, a considerable amount of effort has been
put on accessible technology for BLV people; however, accessible
technologies for music practice is still overlooked for this popula-
tion. Indeed, while in the last few years, there has been a growing
interest in accessible music technology - a range of devices have
been developed to accommodate users with physical [87] or mental
disabilities [126] - little research focused on BLV people. In two
key publications published in 2018 and 2019, Frid systematically
analyzed accessible DMIs [54, 55] and reported that “Little research
in the community appears to have focused on developing musical
interfaces specifically for persons who are blind” [55]. In 2025, we
found a number of new papers published after 2019 that propose
technology aimed at enhancing music practice for BLV individuals.
Given that music is a highly valuable activity for BLV persons, we
argue that it is crucial to map out the current state of the discussion
on accessible music technology for this community.

3 Methodology

To uncover music technology tailored to BLV people, we conducted
a systematic literature review, following PRISMA method - a widely
used reviewing method in HCI research [60, 151]. The identification
of our paper corpus includes three main steps: (1) identifying rele-
vant databases, (2) conducting a keyword search, and (3) screening
and excluding articles from the corpus. We analyzed the papers
by progressively clustering them to identify types of study and
technology. In figure 2, we outline the process of how we followed
the PRISMA and clustered the results.
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3.1 Defining the corpus of papers using PRISMA

3.1.1 Identification of database. We selected the ACM Digital
Library® and IEEE repository * as these are the two main publish-
ers for interactive computing research. Additionally, we included
venues focused on music technology, such as the New Interfaces
for Musical Expression (NIME) Conference Proceedings Archive °,
the Journal of New Music Research © and the International Journal
of Human-Computer Studies 7.

3.1.2  Keyword search. We defined a set of keywords to include
papers that overlap music technology and BLV people. We used
“music” as a keyword and did not include sound, as we specifically
wanted to focus on music and not on aural feedback or auditory
display. For the population we included “blind” OR “visually im-
paired” OR “low vision” OR “visual impairments”. In ACM library,
IEEE library and International Journal of Human-computer Studies
we used both (“blind” OR “visually impaired” OR “low vision”
OR “visual impairments” AND “music”). In New Interfaces for
Musical Expression (NIME) and New Music Research, we used
only the keyword related to BLV individuals (“blind” OR “visually
impaired” OR “low vision” OR “visual impairments”) as these venues
already focus on music. The search for key terms was independently
performed on title, abstract, and author keywords. We used the
search engine provided by the online repositories: Zenodo 8, ACM
Digital Library °, IEEE Xplore 1°, Taylor & Francis Online 11,
and Science Direct !2 This initial search was conducted in March
2025 and produced an initial corpus of 477 results, after excluding
duplication (e.g., the same paper coming up both when the search
was conducted in abstract or in keyword), we identified 142 unique

papers.

3.1.3 Screening and exclusion criteria. We reviewed all abstracts
for screening and applied the following exclusion criteria:

e Incorrect population: 49 excluded papers where the term
blind referred to computational techniques.

e Not focused on music: 87 excluded papers that focus on
sound rather than music, such as 11 papers using audio to
represent visual content (data sonification) or 76 paper use
audio as an auditory interface (sonic cues, earcons, auditory
icons), without a focus on music.

e Paper format: 6 excluded student doctoral symposium papers
or short pieces of writing proposing future research.

After applying these exclusion criteria to the initial set of 142
papers, the number of relevant articles was narrowed down to 54
unique entries, focusing specifically on technology design for the
BLV people.

Shttps://dl.acm.org/
“https://ieeexplore.ieee.org/Xplore/home.jsp
Shttps://nime.org/archives/
Shttps://www.tandfonline.com/journals/nnmr20
"https://www.sciencedirect.com/journal/international-journal- of-human-computer-
studies

8https://zenodo.org/

“https://dl.acm.org/
Ohttps://ieeexplore.ieee.org/Xplore/home.jsp
https://www.tandfonline.com/
2https://www.sciencedirect.com/
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3.2 Analysis of the corpus of papers

We addressed our general research goal by following a structured
set of steps (overview of paper collection and analysis in figure
2). To initially familiarize ourselves with the corpus, we extracted
the metadata of the 54 papers into a spreadsheet. The spreadsheet
included details such as titles, authors, publication venues, years,
research methods, research contributions, and a brief description
of the technology developed. We will present descriptive statistics
to showcase the distribution of papers by year within this corpus.

After running the descriptive statistics outlining publication
trends, we analyzed the papers using two criteria 1) type of studies -
considering the level of participation of BLV people in the study -;
and 2) type of technology - for which type of musical activity the
technology was intended.

To identify the types of study, analyze the type of studies,
involvement of BLV individuals, and number of participants, we
used the same approach proposed in a recent meta analysis of
user engagement in CHI (which we use as a benchmark) [30], thus
marking for all the paper number of participants, study type (for
this we deductively used the list of different study types proposed
by [30]), study length. Given the highlighted importance of focusing
on social inclusivity for accessible technology (see background),
in addition to that paper we also looked at the study length and
study environment (where there was some engagement in real-
world context). We also checked the overall frame of the study
(where it was evaluating a new technology, or investigating existing
issues or aspects) and in case of new technology at what stage BLV
people were involved (only evaluation or in a co-design process
plus evaluation). For each paper we copied the respective type of
study, environment, and number of participants, lengths of studies
in a table (see 1).

To identify the type of technologies proposed, and the respective
trends, we recursively coded the papers using a methodology for
clustered literature derived by thematic analysis [125], similar to
other recent literature reviews [18]. We initially coded each of the
selected papers separately, using open-ended text summarizing
the dimensions we were looking at - as done in a recent literature
review presented at CHI [18]. The codes were then recursively
harmonized and clustered till identifying the categories we will
present later. To ensure that this was done consistently, the first
author initially coded all the papers, and another author double
checked the process. While clustering the codes we constantly
rechecked the original papers in case of doubts. The clustering has
been re-discussed till reaching agreement.

4 Results

We present the results of three analyses conducted: (1) descriptive
statistics of paper distribution across years and publication venues;
(2) type of studies - taking into consideration the level of engagement
of BLV people in the study -; and 3) type of technology - for what
type of music activity the technology was designed for.

4.1 Descriptive statistics

In Figures 3, we provide an overview of the paper’s distributions.
As shown in Figure 3, the majority of papers have been presented at
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Figure 3: (a) Distribution of papers across different conferences; (b) Distribution of papers across different years.

the ASSETS conference, which is unsurprising given its prominence
as the primary venue for research on accessible technology.

As seen in Figure 3, the last 10 years have shown a significant
increase in studies, with 28 papers (almost 51.85% of the total)
published after the recent literature review on assistive music
technology by Frid in 2019 [55]. In that review, Frid pointed out

that music technology for BLV people remains under-investigated.

While this claim still holds true, it is important to emphasize that
research focused on BLV individuals has become more prolific in
recent years, indicating growing interest and advancements in this
area.

4.2 Types of Paper and Study

We describe here the different types of paper and types of study
in this subsection. Types of paper are divided by the main topics
of the paper, but one paper might have more than one study. To
discriminate the paper and study, we follow the existing study to
count the exact user studies [30]. First we present the papers that
did not involve the development of new technology, and then we
present the paper with new technological advancement. Finally,

we provide an overview of the methodologies used regardless of
technological development. (All papers details with paper types
title, reference and short summary see 4)

4.2.1 Papers not presenting new technologies. Ten papers
(N=10) investigated the engagement of BLV individuals with music
technology, without designing new devices. We categorized these
studies into three main groups: 1) papers that conducted studies
to gather insights for the design of future devices (N=6); 2) studies
focusing on existing devices for making music (N=3); and 3) a
keynote (N=1).

The six papers that conducted studies to gather design insights
for future devices explored diverse directions. Volta et al. studied
motion synchronization differences between BLV and non-BLV
musicians [171]; Lu et al. investigated the use of vibrotactile patterns
and materials to assist BLV people in making music [93] ; Lu et al.
explored different multimodal interactions to improve readability
of music scores [92]; Dang et al. collected data to explore the
opportunity of creating VR musical concerts for BLV people [42, 43];
and Park et al. examined differences in emotional perception
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between BLV and non-BLV individuals, proposing design solutions
based on their findings [129].

Among the three studies focusing on existing devices for making
music, two studies interviewed BLV individuals to examine how
they use available technology [91, 135] . In contrast, Payne et al.
tested an accessible piece of music technology in a real-world
setting [132]. This technology, developed by the authors, had been
previously presented [130].

Finally, one keynote paper reviewed the advancements in music
technology for BLV individuals over the past few years [156].

4.2.2 Papers presenting new technology. As shown in Table 1,
44 papers described projects where a new technological system
was developed. We clustered each paper based on the level of
participants’ involvement. The subsequent sections classify the
papers from the least involvement (papers focused solely on tech-
nical development) to the highest involvement (papers involved
participants in total sessions of co-design or formative study, and
evaluation).

Among the papers (N=13) which designed new technologies
without involving participants in evaluation phase, twelve
papers (N=12) have no participant in the evaluation or development
phases [1, 65, 68, 69, 71, 75, 80, 85, 94, 98, 100, 174]. Most of these
publications are posters or demos. Additionally, one paper (N=1)
involved domain experts to consult design insights but still does
not include participant in the evaluation.

The majority of papers (N=23) presented a new musical device
design and evaluation but did not include co-design activities
or formative activities. Twelve papers (N=12) involved only BLV
participants, with three focusing on professional BLV musicians
[99, 131, 136], and the remaining nine targets lay BLV individuals [8,
38, 47,78, 89, 133, 134, 142, 170]. Seven other papers (N=7) involved
both BLV and non-BLV participants [33, 34, 59, 110, 120, 124, 177]
for different reasons: one of these studies [124] was designed for
collaboration between the two population, four studies involved
non-BLV people in public events or to generalize the technology
or the results [33, 59, 120, 177], finally one study [34] recruited
non-BLV participants because it was hard to find blind musicians.

The remaining three studies (N=4) evaluated systems solely with
sighted participants, [49, 77, 167, 176]. In detail, [49, 77] tested their
system with blindfolded non-BLV people; [167] tested a method
to convey conductor’s instruction to blind musicians, but did not
involve visually impaired people; [176] tested their system with
non-BLV participants and suggest that their system would work
well for visually impaired people too; [50] involved the non-BLV
teachers from schools for BLV people.

Finally, eight papers (N=8) involved BLV participants in a co-
design or formative study and evaluated the prototype systems
with participants. Five of these studies [112, 130, 148, 166, 175]
followed a formative process, including design and evaluation: one
study recruited only professional BLV musicians [130]; another
study recruited non-BLV participants in formative study to gather
general design insights; the other three included both BLV and
non-BLV participants who played different roles in the design [112,
148, 175]. The remaining three studies [50, 157, 165] implemented
three workshops as part of an iterative design process, with one
targeting BLV people with professional musical skills [165] and the
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other focusing on lay BLV people [157]. For all the papers involving
BLV people in the studies we also checked if the technology was
tested in real-world contexts and if there any collaborative musical
activities - an overview of the study types presented in table 1.

4.2.3 From different type of paper to individual studies. To
compare the papers we reviewed with the standards of general HCI
research mentioned above, we examined the types of studies in
detail, regardless of paper type. In general HCI research, the existing
standard for distinguishing papers and studies is that a study can use
mixed methods, but it must involve the same group of participants
[30]. Otherwise, when different groups of participants are involved,
the studies within a paper are considered separate studies using
various methods. Thus, we counted the number of individual studies
(N=63) following the existing standard. We reviewed all the existing
studies to understand how studies involving human participants
were conducted. Studies’ details of each paper (methods used,
number of participants, study length of each study) are visualized
in Figure 4.

Among 45 studies involving participants, 48 reported the study
methods used. Some papers (N=4) only gave a vague description of
the informal trial sessions [8, 78, 131, 142]. On average, studies
recruited 16 participants (Mean=16), see Figure 4, a value that
aligns closely with the mean reported by Caine for HCI studies
[30]. Among the reported methodologies, mixed methods and
usability testing emerged as the two most frequently employed
approaches. Usability testing was used to evaluate whether specific
functionalities met their intended purposes (see Figure 4). Notably,
these tests did not differ significantly from standard usability tests
in HCI research, except that their primary focus was related to
vision impairments. Mixed methods, as defined by Caine, involve
combining two or more methods with the same group of partici-
pants [30]. It is particularly noteworthy that researchers working
with music for BLV people often felt the need to combine multiple
methods to gather insights from participants, being higher than the
typical distribution in CHI research, where mixed-method is used
in only 5% of studies [30]. While no individual method stood out
as exceptional, the fact that many researchers decided to combine
more than one method underscores the value of integrating multiple
methods when working with BLV participants to obtain more
comprehensive data. Study durations were generally brief or at
least constraints to one session (see Figure 4); of the 31 studies that
reported activity lengths, the majority (N=21) described sessions
lasting from a few minutes to a few hours. A few studies (N=4)
reported their duration of not specific but short time, there are two
situations for studies under 10 minutes: first, some studies involved
musical performances or compositions reported as short; second,
experimental trials where we calculated the session length to be just
a few minutes. Eight papers detailed longer-term engagements, in-
volving co-design activities and evaluations of existing technologies
and prototypes over several weeks [99, 130, 132-134, 136, 157, 165].
Additionally, six studies reported conducting their research in real-
world settings [59, 132-134, 136, 157]. This represents a major
limitation to the state of the art, which we will discuss in a dedicated
section 6.
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Table 1: Overview of the types of study. Paper marked with * presented work on collaboration between BLV and non-BLV

people.
Different Levels of Participants’ Involvement
Tested in
Types of Study Nz(r)r:iler Parti(i)pant Professional g’}f‘a \;ar;)et- Mixed BLV Only Real-World
BLV rized by and non-BLV Context
Musician Their Music non-BLV People (a subset
Skills of previous
categories)
Presenting | Design Only 13 12 papers / / 1 paper [44] |/ /
New [71], [1],
Technology [85],
[100], [75],
[98],
[80], [65],
[94],
[68], [69],
[174]
Design and 23 / 3 papers 9 papers [8], | 7 papers 4 papers 4 papers
Evaluate [131], [99]1% | [78], [38], | [59], [124]% |[77), [176), |[59], [133]"
[136]* [142], [47], | [33], [167], [134]%,
[170], [177], [110], | [49]* [136]*
[133]%, [34], [120]
[134]* [89]
Co-Design or 1 paper 2 papers 1
Formative Study, 8 / 2 pap f B [1@71]) 3 papers [116),61]), [50] | paper[157]
and Evaluate [165]% [130] [112];[148],
[175]
3 papers
Not Collecting Insights | ¢ / 2 papfrs [93], [42], 1 paper / /
Presenting for Future Design (1711 [92] [43] [129]
New . - 3 papers
Technology Is)t;‘i}c'zg Existing | 5 / [135], [91], |/ / / E gzﬁ’er
[132]
Keynote 1 EII;?]) e / / / / /

4.3 Types of Technology

In this section, we provide an overview of all the technological
artifacts presented in the corpus of the research papers we identified,
clustered by type of technology (see Figure 5). Table 2 provides
an overview of the types of technological artifact clustered by
target activity and highlights the population involved in the related
studies.

4.3.1 Technology for reading music. The first category we
clustered incorporates those papers (N=9) that present technology
for reading music notation. Three papers described systems that can
transform different music notation formats, such as MusicXML or
MIDI input, into Braille music scores [1, 71, 94]. Homenda extended
this possibility by relying on Al transcription to transfer also printed
music notation (as well as MIDI files, and Music XML files) to
Braille scores [65]. Huang et al. used a CNN model in their system
to recognize Braille music [69] . Payne et al. relied on braille in
a browser-based music notation software that incorporates text-
to-speech feedback and features for screen reader compatibility
[130]. The last two papers that deal with notation did not rely
on Braille but implemented a multimodal approach. Housley et al.
developed a mobile application that integrates a friendly layout,

color, and interaction for low vision people to access sheet music on
tablets relying on their residual vision [68]. Additionally, Challis and
Edwards presented a multi-modal system that combines a tactile
interface and audio output designed to access music notation [34].
Finally, Manenti and Ardan presented 3D pinted tactile graphic
scores for BLV people to read music and collaborate [99].

Many papers highlighted that the learning curve for reading
music notation is notably steep with both standard Braille and
specialized music Braille scores [1, 65, 69, 71, 130]. Additionally,
complications increase with multiple melodic lines [1]. Therefore,
it is important to investigate other forms of music representation.
Applying this approach directly to music reading can be useful. As
reading can be relevant also to other activities, we will dedicate
one design insight (subsection 4.4.2) to notation within the context
of accessing information.

4.3.2 Technology for learning music. The second category
we identified encompasses those papers (N=6) that presented
technology for learning traditional music performance skills. Three
papers (N=3) focused on synchronization, mainly for orchestral
or chorus practice and performance, enhancing non-verbal com-
munication between conductor and performer. kawarazaki wt al.
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Length of studies

Number of Participants
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Few minutes: 120 Type of
10 minutes 110 Participants
1 hour 100 = BLV
50 minutes 38 | glio:deonged
13 wgek5+ 70
40 minutes 60
15 minutes 50
30 minutes 40
30
20

3 hours 0 Each bar chart represents the number of participant of a study
2 hours (b) IS
1.5 days Methods
6 days Mix-method
2 weeks+ Intervie
4 weeks+ Usability Test
5 weeks+ Experimen
6 weeks+ Co-design
1 month+ Number of Studies Surve Number of Studies
8 months+ (Total=31) Others (N=48)
0 1 2 3 a 0 2 3 4 5 6 7 8 9 0 1

Figure 4: The number of participants, methods used, and study length were reported in the papers we reviewed. (a) shows the
distribution by the number of participants reported (N=45). (b) shows the distribution by the number of methods used (N=48).

(c) shows the distribution by the study length (N=31) reported.

Paper Presenting New Technology

(N=44)
l ' l
Music Activities Music Used for Non-Musical activities
I I
v v
New Digital Technology Technology Technology for Music technology for non- Musical games
Musical for learning for reading studio activities musical skills acquisition

Instruments music music
8 papers 6 papers 9 papers 7 papers 10 papers 4 papers
(18.2%) (13.6%) (20.5%) (15.9%) (22.7%) (9.1%)

Figure 5: Types of technology we cluster by music activities, four categories - New Digital Musical Instruments, Technology for
Learning Music, Technology for reading music, and technology for studio activities - are designed for musical activities, while
the remaining two categories -music technology for non-musical skill acquisition and musical games - rely on music used for

non-musical activities.

developed an electronic music baton that can detect conductors’
movements and provide the movements’ information to BLV singers
via haptic vibrations, tested only with non-BLV conductors [77].
Similarly, Ueda et al. presented that vibrotactile actuators have
been used to convey the conductor’s hand and baton movements to
musicians, tested with non-BLV participants [167]. The remaining
paper probed collaboration among BLV individuals via a series of
studies to improve synchronization through vibrotactile armbands,

belts, and bracelets that provide feedback on tempo, volume and
timing [165]. The remaining two papers (N=2) focused on individual
practice. For instance, an augmented glove has been designed to aid
teachers in conveying correct hand positions by adjusting to the
user’s hand movements [120]. Additionally, Liu et al. proposed
a tactile 3D interface for learning music notes and improving
music literacy [89]. Finally, vibrotactile actuators on the user’s
arms have been used to provide tuning feedback through variations
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Table 2: Summary of the types of technology. Paper marked with * presented work on collaboration between BLV and non-BLV

people.
Evaluate with Participants
New Musical Total No Participant | Tested with Co-design Tested with Tested in the
Technology Number . Real-world
Involved in Target and Only non-BLV
. . Context
Evaluation Participants Evaluate People
(subset of
left columns)
New Digital
Mizicallglta 8 3 papers [75], 3 papers [59], 1 paper [175]" 1 paper [49]* 1 paper [59]
Instruments [80], [174] [124]% [131]
Techr{ology fo.r 6 / 2 papers [120], 1 paper [165] 3 papers [77], /
Learning Music [89] [176], [167]
Technology for ¢ 6 papers [71], [1], | 2 papers [34], 1 paper [130] / /
Readlng Music [65], [94], [68], [99]*
[69]

Technology for 7 1 paper [98] 4 papers [33], [8], | 1 paper [157] 1 paper [166] 1 paper [157]
Studio Activities [142]) [170]
Music Technology 2 papers [85], 3 papers [133]%,
for Non-musical 10 [100] 7 papers [1*11]’ 1 paper [148] / [134]% [136]*

. L [38], [133]%,
Skills Acquisition [134]*

[136]% [50], [44]
Musical Games 4 / 4 papers [177], / / /
[110], [78], [47]

in vibration intensity, reducing the need for visual cues, tested with
non-BLV participants [176].

4.3.3 Technology for studio activities. Seven papers (N=7)
presented technology for studio activities and focused on compos-
ing, recording, and editing exploring two main solutions, tangible
interfaces [8, 33, 157, 170] or text-to-speech feedback [98, 142].
Concerning tangible interfaces, Anderson presented a system for
composing and editing music with simplified mouse clicks and
keyboard shortcuts to facilitate access for BLV users [8]. Similarly,
Capozzi and colleagues presented an application for producing mu-
sic, that implemented editing shortcuts directly on a keyboard [33].
Finally, Tanaka et al. developed a haptic digital audio workstation
in a wooden board that employed motorized sliders and an infrared
sensor for audio editing via tactile interaction [157] - this is the
only prototype tested in a real-world context as producers’ home
studio. While this study proposed technology for studio context,
the tactile displaying also improve the readability of music scores.

Moving on to text-based interaction, Ranasinghe and Jayaratne
developed a synthesized singing model that facilitates composing
and editing via non-visual text-based cues [142]. Vetter developed
a web-based platform that creates and records music through a
simplified text-based interface controlled with a computer keyboard
[170]. Additionally, Malliopoulos et al. designed a system that relies
on text-to-speech feedback to facilitate music editing, while also
mimicking other software environments to minimize the learning
curve [98]. Finally, Turchet et al. proposed an online platform to
search, play and create music [166].

All these strategies proved to be good for helping BLV people to
effectively act in the studio environment. However, as pointed
out in one of the paper thatnot presenting technologies there
is an overall problem to keep the assistive devices up-to-date

due to rapid advancements in professional studio equipment and
applications, which tend to result in obsolescence of the accessible
interfaces[135]. There is a need to do more work to cope with this
tendency, in the papers we analyzed this issue is still open and
deserves further investigation.

4.3.4 New digital musical instruments (DMI). The fourth cate-
gory we identified consists of eight papers (N=38) that presented new
Digital Musical Instruments (DMlIs) designed for BLV people. Two
papers (N=2) introduced new controllers: one developed a tactile
board for playing loop-based music, similar to a MIDI sequencer
[75]; the other presented a set of blocks with different musical
functions (start, play notes and rest) as USB music controllers [80].
Two additional papers (N=2) relied on shortcuts: one designed a
piano keyboard equipped with shortcuts to change tonalities [59],
and the other developed a web-based drum sequencer controlled
by shortcuts on a computer keyboard [131]. The remaining two
DMIs (N=2) were specifically intended for collaborative purposes.
One study introduced three cards used as controllers, where their
movements were mapped to piano, guitar, and percussion sounds
[175] . The other study presented a device that allows two indi-
viduals to create music by manipulating cards connected by ropes
(mapped to seven basic music loops) and a dice (mapped to six
different musical instruments) [124]. These six studies collectively
showcase a diverse range of approaches to designing DMIs for BLV
individuals, highlighting innovations in tactile interfaces, however,
more work is needed to actually build musical practice around these
tools. The last two papers (N=2) focused on mapping the spatial
structure to the music sequencer [49, 174]: Dimogerontakis et al.
facilitated the spatial issues with cane, the most familiar tool for
BLV people [49]; Xie et al. proposed a musical instrument which
used the real world scenes [174].
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4.3.5 Music technology for non-musical skills acquisition.
The fifth category we identified includes papers (N=10) that in-
troduced new tangible educational instruments aimed at fostering
creative music composition and organization activities to enhance
abstract thinking, creativity, and programming skills. Two pa-
pers(N=2) focused on abstract thinking and social communication.
Lackner et al. developed a sensory puzzle to provide auditory and
tactile feedback during a music creation experience, promoting
both creative thinking and social communication through the
reorganization of musical patterns [85]. Another study proposed a
Rubik’s cube whose faces were mapped to musical notes and chords,
enabling users to generate music as a way to stimulate abstract
thinking [100].

The remaining three papers focused on leveraging musical tangi-
ble interfaces to teach programming skills(N=3). For instance, Costa
et al. introduced tangible blocks that can be rearranged to create
melodic sequences, supporting the development of computational
thinking [38]. Similarly, Sabuncuoglu presented tangible blocks
of varying shapes for composing melodies, aimed at facilitating
the understanding of programming concepts and computational
thinking [148]. Finally, Milne and Ladner designed tangible blocks
embedded with music to teach programming languages, such as
Scratch and Blockly, through block reorganization [112]. Four pa-
pers (N=4) engaged coding into music editing. Live coding alongside
music performance is way to understand and enjoy music while
gaining computational skills. Payne et al. presented a long-term
series of studies in real context at school for cultivating live coding
by collaborative music performing [133, 134, 136]. Additionally,
Ding et al. co-designed with teachers of BLV people a browser-
based application for content browsing, music and code editing
[50].

Finally, one paper proposed the musical appreciation and learn-
ing in virtually reality with AT audio description of instrument and
environment settings to help with a immersive musical performance
[44].

4.3.6 Musical games. Finally, the sixth category includes those
papers (N=4) that presented musical video games for BLV individu-
als. For instance, a 3D audio environment allows players to have
a better immersive experience while playing musical instruments
in the game by developed binaural audio techniques [47]. Another
paper proposed a game based on musical rhythms for Android [78].
Similarly, Miller and colleagues presented an original audio-based
rhythm-action game designed to entertain BLV individuals and
facilitate collaboration with non-BLV people [110]. The last paper
introduced a haptic glove that provides an alternative approach to
playing the existing musical games with tactile stimuli [177].

The results of studies on music video games highlight the impor-
tance of social engagement and inclusivity [47, 78, 110, 177], with
BLV users feeling included in mainstream gaming. Overall, learned
from these papers, future video game designs should prioritize
these aspects to foster social inclusion, ensuring accessibility and
engagement for all users and enriching the experience across
communities.

Zhang et al.

4.4 Design Goals and Approaches

Our literature review has uncovered trends in how this research has
tackled musical experiences for BLV people. Here, we present four
design goals, challenges, and approaches derived from the papers
we analyzed.

4.4.1 Fostering spatial awareness in musical instruments playing.
BLV people compensate for missing visual cues through touch and
memory, but sometimes they experience cognitive overload. To
minimize cognitive load, designs reduce simultaneous modalities
[148] and employ tangible anchors (e.g. foot-pedals or linked
objects) to stabilize hand placement [59, 175]. Building on familiar
layouts such as keyboards further eases orientation [59, 131]. These
principles extend beyond digital musical instruments to studio gear,
games, and learning tools.

4.4.2  Accessing Music Content. Accessing visual information about
musical content further complicates performance. The learning
curve for both standard and music-Braille notation is steep [1,
65, 69, 71, 130, 132]. Additional challenges include simultaneous
melodic lines [1] and overly sparse scripts [34]. Recent assistive-
technology studies emphasise the need for intuitive information
access, pointing toward fast-learning, simplified scores or alterna-
tive representations that bypass Braille. Abstract, intuitive shapes
on physical objects aid BLV interaction [99, 148], while touchable
sound-wave displays effectively convey music in studio settings
[157].

4.4.3  Facilitating (Non-verbal) Communication in Collaborative Per-
formance. Researchers have explored auditory [85] and vibrotactile
haptic feedback [165, 167, 176], with haptic feedback showing
promising results [8, 157, 177]. However, the quality of materials
(supporting breathability, malleability, and durability) is crucial
when designing wearable haptic devices for BLV people to ensure
a positive experience [93]. While these solutions have mainly been
explored in music education, they are essential for synchroniza-
tion in musical performance, making them relevant for designing
new musical instruments. Additionally, non-verbal communication
strategies can inspire collective musical games, though the high
cognitive load during play must be considered.

4.4.4 Supporting Memory. Supporting memory is also a crucial
goal for BLV people to engage effectively with music, as they cannot
read music while playing [129]. Recent literature underscores the
importance of supporting memory in musical interfaces for BLV
people, using tactile and vibrational feedback to enhance musical
engagement. Some of the papers we analyzed have highlighted how
tactile braille and vibrational feedback facilitate the conversion
of musical notation into muscle memory, significantly enhancing
recall capabilities [91, 124, 177].

5 Design Insights

For each approach we propose several design insights combining
the systematic literature review with aspects of assistive technology
for BLVs presented in the background (subsection 2.3). Table 3 gives
an overview and highlights how each of these approaches relates
to the different types of technology. Therefore, we discuss Design
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Insights (DIs) based the research and technologies facilitate the
current design goals and approaches.

Table 3: An examination of how various technological ap-
proaches can contribute to four design goals, where “X”
represents applicability of the technology to the respective
design goal.

TFosterin, Accessin, Facilitating (Non-verbal) | Supportin,
Technology\Goal Spatial Agwarcncss Music Cognlcnl cOmmunifauon Mcpnpmry ¢
Technologies for DMIs X X X
Technologies for Learning Music | X X X

Technologies for Reading Music X X
Technologies for Studio Activities | X X X
Technologies for Non-music Skills | X X

Technologies for Musical Games X

5.1 DI1: Fostering Spatial Awareness by
Reducing Cognitive Overloads

Spatial awareness underpins effective interaction with any interface
[76, 161]. Tactile components in BLV-focused instruments serve a
dual role: they orient players and support the complex motor actions
of performance [6, 97]. Spatial awareness remains a core hurdle
across assistive-technology research [17, 23, 49, 51, 57, 123, 138,
152, 160, 178], where tactile input consistently improves navigation
[4, 19, 32, 63, 95, 108, 113, 146]. Since unfamiliar digital music
instruments can overwhelm cognition loads [90, 139], solutions
from the New Interfaces for Musical Expression (NIME) community
may help [103, 117]. Tactile materials, vital in BLV people’s daily
lives, offer a promising avenue for designing music technology
for them. To be specific, designers should therefore link physical
elements—e.g., straps, foot pedals, or rigid couplings—to create
continuous tactile maps [59, 175], and reuse familiar embodied
layouts such as piano keys to keep cognitive load low [28, 59, 131].

5.2 DI2: Accessing Music with Alternative Music
Representation

Performing music is a complex activity that demands a high level of
focus, coordination, and cognitive effort [90, 91]. The importance
of intuitive design is even more relevant when it comes to music
representation and notation. Indeed, accessing music representation
is of uttermost importance for acquiring music skills. Braille music
relies on the standard six-position Braille cell, invented by Louis
Braille, but assigns different meanings, related to music position,
to the various combinations of the six dots. This method is widely
used, and big repositories of Braille music exist (e.g., Braille scores
in the International Music Score Library Project (IMSLP)!3 or Braille
music collection at the Library of Congress in the United States!%.).
However, the learning curve to master this form of notation is very
steep, and can be detrimental for amateur or entry-level BLV people
(figure 7 showcases a simple scale with Braille). Learning braille is
difficult in everyday life and educational contexts [2, 2, 14, 72].
Exploring alternatives to traditional notation can mitigate these
barriers. Park argues that Braille scores require faster-learning
substitutes to reach wider audiences [127]. Abstract scores in prior
studies [99, 148, 157] and avant-garde practices offer guidance.

Bhttps://imslp.org/wiki/Category:Works_with_Braille_scores
4see https://www.loc.gov/nls/services-and-resources/music-service-and-materials/
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Cage’s Notation compiled diverse experimental formats [29], and
subsequent work has greatly expanded the field [101]. For instance,
figure 7, from a recent study on electronic-music performance,
depicts music with simple shapes to give musicians an intuitive
grasp of notes [41].

5.3 DI3: Supporting Memory by Embodied
Interactions

Music performers in orchestras or groups often rely on non-verbal
communication, such as visual cues and eye contact [171], which
can be challenging for BLV players who struggle to perceive these
signals [14, 91] and from conductors [165]. Engaging embodied in-
teraction in music technology development is an effective approach
to support memorizing music scores while playing. Embodied cog-
nition, which suggests that cognitive processes are deeply rooted
in the body’s interactions with the world [27, 36, 150], further sup-
ports the use of embodied interaction in learning and memorizing
[97, 107, 149, 162]. Since BLV musicians cannot rely on visual cues
to read music while playing, tactile braille and vibrational feedback
have been effective in translating musical notations directly into
muscle memory, a connection that is pivotal for enhancing recall
during performances [91, 129, 177]. The connection between muscle
memory and music practice is well-documented. For instance, Lam
pointed out that “music production and muscle movement are so
interconnected that the process of creating music must consider
the physicality behind auditory perceptions [86].

Overall, we propose this insight on prioritizing embodied inter-
action to improve the readability of music scores and enrich the
musical experience for BLV individuals. Additionally, this insight
can mutually benefit DI 1 and DI 2.

5.4 DI4: Facilitating (Non-verbal) Collaboration
with Multi-sensory Feedback

Multi-sensory feedback systems can bolster collaborative perfor-
mance for BLV musicians. Evidence shows that engaging multiple
senses benefits collaboration [23]. Such systems should adapt
to performers’ needs and conditions, integrating vibratory and
auditory cues [8, 85, 157, 165, 167, 176, 177].

Wearable devices—armbands or belts with actuators—embed
tactile cues directly into musicians’ attire without sacrificing style
[92, 93, 165, 176]. Real-time analytics using sensors for tempo, pitch,
and other parameters enable immediate adjustments and cohesive
ensemble output [26, 173]. Collaborative feedback loops that let
musicians exchange cues further enhance group synchronisation.
Consequently, multi-sensory systems for BLV musicians should
prioritise adaptability and real-time interaction.

Most existing prototypes target teacher—student coordination
[77, 165, 167]. Although haptic feedback proves effective, these
systems have not been trialled in music schools. Testing in authentic
learning environments is essential to validate educational impact
[61]; we identify this as a key avenue for future work.


https://imslp.org/wiki/Category:Works_with_Braille_scores
https://www.loc.gov/nls/services-and-resources/music-service-and-materials/ 
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Expanding the Scope

A Reflection on Methodological
Approaches and Research Goals

Fostering Spatial Awareness by
Reducing Cognitive Overloads

Accessing Music with Alternative
Music Representation

Supporting Memory by Embodied
Interactions

Facilitating (Non-verbal) Collaboration

with Multi-sensory Feedback

Figure 6: An overview of the connections between the different types of technology and the four approaches.

Top 4 dots indicate the
note

2 dots indicate

Figure 7: (a) A simple music scale in standard music notation (on top), and with Braille notation (bottom). (b) A new form of
score was invented for electronic music representation [41]. Permission to reproduce it obtained by the authors.

6 What is Missing? Toward a Socio-technical
Implication from Music Technology for BLV
People

In this subsection, we contextualize the music technology tailored
to BLV people within the recent switch from conceiving disability as
an individual medical issue to understanding it as a social construct
[66, 96, 154]. With this reflection, we do not want to undermine

the importance of accessibility, which remains a key component of

inclusivity.

6.1 Expanding the Scope: From Music Activities
for Social Connections

Here we propose four possible points that would better integrate
existing music technologies, approaches and goals within social
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contexts of BLV people’s lives. Considering the demonstrated role
of music in supporting programming education, it is plausible
that these disciplines could also benefit from integrating music
technology. Lastly, it is worth noting that a few papers involved
studies conducted in a real school environment[111, 133, 134, 136].
As previously discussed, engaging with real-world learning contexts
is essential, suggesting that future research should prioritize such
practical applications[61].

First, it is necessary to look into ways to integrate BLV people
more effectively, mitigating the obsolescence of research projects,
into the current music industry by leveraging advancing technolo-
gies. The possibility of using tools for editing and composing is also
very important as it allows BLV people to express themselves by
creating new music or even working in the music industry [91, 135].
However, as pointed out by Payne due to the rapid updates in profes-
sional studio equipment and applications, assistive devices designed
for accessibility tend to become obsolete quickly [135]. These issues
arguably cannot be effectively addressed through design alone,
but need to be considered within the socioeconomic context of
software updates. Recent literature on sustainable research products
has highlighted how open source software can effectively contrast
obsolescence, and can probably inspire new solutions [20, 102, 104].

Second, BLV people can naturally build social connections by col-
laborative playing [124, 175]. Tangibility has already been proven
to be good for social connection [67]. The various approaches to
support making music that we identified - creating new musical in-
struments and technology to support learning, reading, composing,
or recording - can all contribute to developing social connections
while making music. However, these potentials are rarely studied.
Therefore, there is a need to further explore it in practice. Payne
and colleagues conducted few studies where they actually engaged
with a school [130, 133, 134, 136]. More research in this direction is
needed.

Third, we have seen that music can play a significant role in pro-
moting social inclusivity within non-musical educational contexts
[38,85,100, 112, 148]. Studies in education showed that music can be
fruitful in promoting social inclusivity [14, 39]. Indeed, innovative
tools that utilize music-based tactile interfaces seem promising in
enhancing creative and abstract thinking [38, 85, 100, 177], as well
as in developing programming skills [112, 148], thus eventually
helping BLV people find a place in society. However, also in this
case, research tended to stop at the prototyping phase, and no study
focusing on using music to develop non-musical skills was actually
conducted in a real-world educational setting.

Finally, music-based video games can serve as powerful plat-
forms for fostering social connections. Games that emphasize musi-
cal elements over visual content or tasks facilitate BLV individuals
to engage more easily in them [47, 78]. These games are particularly
useful thanks to their simplicity and social engagement [110, 177].
However, this inclusivity is typically a byproduct rather than an
intentional consideration in the game design process. All these
goals need to be considered in the design process to ensure social
connection in inclusivity and accessibility, making it necessary to
discuss their methodological implications. We elaborate on this in
the next subsection.
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6.2 A Reflection on Methodological Approaches
and the Research Aims

Our results highlight that most papers focused on designing new
devices (34 out of 42). Of these 34, 11 studies did not involve any
evaluation or testing, and 3 papers did not include any participation
of BLV individuals. Previous research in psychology and perception
has noted that relying on blindfolded and sighted participants is
invalid due to differences in physical perception between BLV,
blindfolded, and sighted individuals [64, 140]. In total, 14 out of
the 34 new technologies presented were not tested with BLV
participants, and only three papers lasted more than one section or
engaged in real-world contexts [59, 130, 157]. One of these [132]
tested a device previously developed by the same authors [130].
While this specific case is commendable for its deep engagement
with the population, the general trend is problematic. Current
work on assistive technology for BLV people increasingly stresses
that longitudinal testing is vital for understanding both personal
development and social impact [3, 48, 105, 143]. For example, Silva
and colleagues evaluated their prototype across an extended series
of dance classes to promote sustained engagement, exploration,
and learning [48]. More broadly, HCI research recommends longi-
tudinal approaches for evaluation and long-term user engagement
[7, 114, 172].

Recently Rodgers and Marshall pointed out that examining tech-
nology usage in real-world settings is necessary to truly understand
how people integrate these tools into their lives [144]. In light of
the aforementioned challenges with technology adoption in real
social contexts, it is even more important to foster the adoption of
technology in everyday life rather than merely focusing on building
new devices [13]. As Shinohara emphasized, it is not sufficient to
simply create state-of-the-art technology to meet the assistive needs
of BLV individuals [153]. According to the authors, it is indeed
essential to account for people’s self-esteem and public perception
when designing new technologies and to consider how these
technologies will fit into their overall lives [153]. Increasing reliance
on technology without considering social factors may ultimately
be counterproductive [53, 88, 141]. Indeed, individuals with dis-
abilities often exhibit low acceptance and high abandonment rates
of assistive technologies [70]. This issue has also been discussed
in the context of music technology [104, 116], and more broadly
in relation to technology adoption [21, 22, 53, 70, 88, 145]. The
critique of a technocentric approach argues that merely focusing
on technological advancement, rather than on its actual societal
usage, can be detrimental [5, 83]. Introducing an excessive amount
of technology requires significant investment, which, from a macro-
social perspective, may not always be the most worthwhile solution
[37].

In practice, we suggest that studies that explore longer engage-
ment with BLV people’s communities are needed. Recent literature
relying on community studies [24], or technometodology [11]
published in HCI could be useful in this sense. For example, Bodker
et al. engaged with a volunteer-based farmer community [24], and
Bettega et al. worked with local communities of environmentalists
[22, 31]. In both cases, the studies relied on prolonged and engaged
contacts with the communities. This approach could arguably
be integrated into the design of music technology for BLVs to
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effectively consider how these technologies would fit into their
overall lives [153]. Another inspiration can be found in the studies
engaging with grassroots activities. For instance, Teli and colleagues
engaged with grassroots communities to understand needs and
design for sustainable appropriation of technologies related to Radio
[158, 159]. Accounting for grassroots activities could be particularly
relevant to genuinely engage with BLV people desires and hopes.

7 Conclusion

This paper presents the first systematic review of literature on
music technology for BLV individuals, classifying current studies
by technology type and BLV involvement. We identify six main
categories of music technology: 1) Technology for Reading Music,
2) Technology for Learning Traditional Music, 3) Technology for
Studio Activities, 4) New Digital Musical Instruments, 5) Music
Technology for Non-Musical Skills Acquisition, and 6) Music
Technology and Video Games. We highlight a lack of studies
engaging BLV people in real-world scenarios and discuss four key
design goals: 1) foster spatial awareness, 2) support intuitive access
to information, 3) facilitate (non-verbal) communication, and 4)
support (physical) memory. These goals provide a foundation for
accessible music technology design for BLV people.

The limitation of this review lies in the small sample size, but
the increase in publications since 2019 suggests more opportunities
for exploring the impact of state-of-the-art technologies on music
accessibility. In conclusion, we argue that more work is needed to
move from accessibility to inclusivity in music technology design
for BLV people, with a focus on long-term studies in real-world
contexts. Inclusivity, beyond accessibility, emphasizes social justice
and participation, and future research should explore how music
integrates into the broader lives of BLV individuals. Music should
be viewed not only as a skill but as an activity that facilitates social
integration and work opportunities.
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Table 4: Appendix: Overview of papers discussed in this Paper.

Paper Types Sub-types Paper Title Reference | Short Summary
Braille music score management 1] This paper described systems that can transform music notation formats from
environment MusicXML into Braille music scores.
. . . . This paper described systems that can transform different music notation formats, such
MusicXML to Braille Music translation (71] as MEsiI;XML and MIDyI input, into Braille music scores.
Techr.lology ff)r Braille Score [94] Tbe paper presen.ts a developing computer program that helps the blind people dealing
Reading Music with music notation and MIDI file.
Intelligent computing technologies in [65] The authors extended this possibility by relying on Al transcription to transfer also
music processing for blind people printed music notation (as well as MIDI files, and Music XML files) to Braille scores.
Research on Braille Music Recognition
Based on Convolutional Neural [69] This paper used a CNN model in their system to recognize Braille music
Network
Sour}dCells: designing a b.rowser—ba'sed This paper relied on braille in a browser-based music notation software that
music technology for braille and print [130] . J
notation. incorporates text-to-speech feedback and features for screen reader compatibility.
Implementation Considerations in Housley et al. developed a mobile application that integrates a friendly layout, color, and
Enabling Visually Impaired Musicians [68] interaction for low vision people to access sheet music on tablets relying on their
to Read Sheet Music Using a Tablet residual vision.
Weas'el': a comp u'ter based system f(?r This paper presented a multi-modal system that combines a tactile interface and audio
providing non-visual access to music [34] . . .
. output designed to access music notation.
notation
P . Accessibility .Of Graphlc. Scores: Design Manenti and Ardan presented 3D pinted tactile graphic scores for BLV people to read
resenting New and Exploration of Tactile Supports for [99] .
. . music and collaborate
Technologies Blind People
A supporting system of chorus singing This paper developed an electronic music baton that can detect conductors’ movements
for visually impaired persons using [77] and provide the movements’ information to BLV singers via haptic vibrations, tested
depth image sensor only with non-BLV conductors.
Technology for Tactile Presentation of Orchestral [167] In this paper, vibrotactile actuators have been used to convey the conductor’s hand and
Learning Music Conductor’s Motion Trajectory baton movements to musicians, tested with non-BLV participants.
Musical Haptic Wearables for This paper probed collaboration among BLV individuals via a series of studies to
Synchronisation of Visually-impaired [165] improve synchronization through vibrotactile armbands, belts, and bracelets that provide
Performers: a Co-design Approach feedback on tempo, volume and timing.
DigituSync: A Dual-User PaSSIYe This paper presented an augmented glove has been designed to aid teachers in
Exoskeleton Glove That Adaptively [120] h i L ,
Shares Hand Gestures conveying correct hand positions by adjusting to the user’s hand movements.
NoteB.lock: Prot-otyp y DeSIgn of Music Liu et al. proposed a tactile 3D interface for learning music notes and improving music
Learning Experience for Blind and Low [89] literacy
Vision Children in Preschool Ages ’
A longitudinal study of haptic pitch This paper presented vibrotactile actuators on the user’s arms have been used to provide
correction guidance for string [176] tuning feedback through variations in vibration intensity, reducing the need for visual
instrument players cues, tested with non-BLV participants
“Composability”: widening
participation in music making for (5] The authors presented a system for composing and editing music with simplified mouse
people with disabilities via music clicks and keyboard shortcuts to facilitate access for BLV users.
software and controller solutions
Technology for Studio | Musica Parlata: a methodology to teach (33] This paper presented an application for producing music, that implemented editing

Activities

music to blind people

shortcuts directly on a keyboard.
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Table 4 - continued

Paper Types Sub-types Paper Title Reference | Short Summary
Tanaka et al. developed a haptic digital audio workstation in a wooden board that
Haptic Wave: A Cross-Modal Interface [(157] employed motorized sliders and an infrared sensor for audio editing via tactile
for Visually Impaired Audio Producers interaction. This is one of the prototypes which tested in a real-world context as
producers’ home studio.
Non-visual object generation model to . . - .
. . . Ranasinghe and Jayaratne developed a synthesized singing model that facilitates
ease music notation script access for [142] . o . .
. . . composing and editing via non-visual text-based cues.
visually impaired
WELLE - a web-based music Vetter developed a web-based platform that creates and records music through a
. . [170] . . . .
environment for the blind simplified text-based interface controlled with a computer keyboard.
Music editors for visually-impaired Malliopoulos et al. designed a system that relies on text-to-speech feedback to facilitate
persons: user interface specifications [98] music editing, while also mimicking other software environments to minimize the
and system design learning curve.
“Give me happy pop songs in C major
and with a fast tempo”™: A vocal . .
. . [166] Turchet et al. proposed an online platform to search, play and create music.
assistant for content-based queries to
online music repositories
PocoPoco: a tangible device that allows (75] This paper developed a tactile board for playing loop-based music, similar to a MIDI
users to play dynamic tactile interaction sequencer.
Music learning support system using (80] This paper presented a set of blocks with different musical functions (start, play notes
- . blocks and rest) as USB music controller.
New Digital Musical . - - - - - - -
Inst ; A tangible MIDI sequencer for visually (59] This paper relied on shortcuts: one designed a piano keyboard equipped with shortcuts
nstruments impaired people to change tonalitie.
Non-Visual Beats: Redesigning the (131] This paper developed a web-based drum sequencer controlled by shortcuts on a
Groove Pizza computer keyboard.
A i lication for visuall
. rnu.slc app 1cat101-1 or visuaty This paper introduced three cards used as controllers, where their movements were
impaired people using daily goods and [175] . . . .
. . mapped to piano, guitar, and percussion sounds, and they have collaboration.
stationeries on the table
Collaborative music application for This paper presented a device that allows two individuals to create music by
visually impaired people with tangible [124] manipulating cards connected by ropes (mapped to seven basic music loops) and a dice
objects on table (mapped to six different musical instruments).
MusiCane: an Accessible Digital (49] Dimogerontakis et al. facilitated the spatial issues with cane, the most familiar tool for
Instrument inspired by the white cane BLV people.
Acoustic Garden: Exploring
Al ibility and Interactive Music with
ccesSIbUILy ancUaIieractive Music wi [174] Xie et al. proposed a musical interface in XR which used the garden the real world scenes.
Distance-related Audio Effect
Modulation in XR
A sensory puzzle was developed to provide auditory and tactile feedback during a music
Sensory puzzles [85] creation experience, promoting both creative thinking and social communication
through the reorganization of musical patterns.
CubeH ic: ical
. ubeHlarmonic: a new ml.ls,l ¢ . Another study proposed a Rubik’s cube whose faces were mapped to musical notes and
. instrument based on Rubik’s cube with [100] ; . . o
Music Technology for . chords, enabling users to generate music as a way to stimulate abstract thinking.
Non-musical Skills embedded motion sensor
Acquisition A Framework to Assess Melodic
4 ' Effectiveness in Training 3] Costa et al. introduced tangible blocks that can be rearranged to create melodic

Computational Thinking to Visually
Impaired People

sequences, supporting the development of computational thinking.

Continued on next page
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Table 4 - continued

Paper Types Sub-types Paper Title Reference | Short Summary
Tangible Music Programming Blocks (148] This paper presented tangible blocks of varying shapes for composing melodies, aimed
for Visually Impaired Children at facilitating the under- standing of programming concepts and computational thinking.
Blocks4All: i ibilit
ocks overcoming accessibiity Milne and Ladner designed tangible blocks embedded with music to teach programming
barriers to blocks programming for [112] -
. . . . languages, such as Scratch and Blockly, through block reorganization.
children with visual impairments
Live Coding Ensemble as Accessible Li\./e.coding along.side mu'sic performance is way to understand and' enjoy mu.sic While
Classroom [133] gaining computational skills. Payne et al. presented a long-term series of studies in real
context at school for cultivating live coding by collaborative music performing
Al hes to Making Live Cod
bproacies to aking Hive Lode Payne et al. presented a long-term series of studies in real context at school for
Accessible in a Mixed-Vision Music [134] A . . . .
cultivating live coding by collaborative music performing
Ensemble
"Different and Boundary-Pushing:"
How Blind and Low Vision Youth Live [136] Payne et al. presented live codin collaborative music performing.
Code Together
Redesigning EarSketch for Inclusive CS
CAESIBNING BArSKELC for Melusive Ding et al. co-designed with teachers of BLV people a browser-based application for
Education: A Participatory Design [50] . . .
content browsing, music and code editing.
Approach
M}lsmal P.erforman.c es in Virtual Reality This paper proposed the musical appreciation and learning in virtually reality with AI
with Spatial and View-Dependent . L . . . . . .
. L h [44] audio description of instrument and environment settings to help with a immersive
Audio Descriptions for Blind and .
. musical performance.
Low-Vision Users
Virtual Stage: An Immersive Musical This paper developed binaural audio techniques to create a 3D audio environment,
Game for People with Visual [47] allowing players to have a better immersive experience while playing musical
Musical Games and Impairment instruments in the game.
i TapBeats: ibl il 1
Entertainment g:ﬁl irelzts accessible and mobile casua [78] This paper proposed a game based on musical rhythms for Android.
Finger dance: a sound game for blind This paper presented an original audio-based rhythm-action game designed to entertain
[110] PEE i o
people BLV individuals and facilitate collaboration with non-BLV people.
Blind hero: enabling guitar hero for the (177] This paper introduced a haptic glove that provides an alternative approach to playing
visually impaired the existing musical games with tactile stimuli.
Sensorimotor Synchronization in Blind . . -
.. . Music performers in orchestras or groups often rely on non-verbal communication, such
Musicians: Does Lack of Vision [171] isual d tact. which be challenging for BLY pl ho st let
Influencenon-verbal Musical as visual cues and eye contact, which can be challenging for players who struggle to
. perceive these signals
. . Communication?
Collecting Insights — _—
. N "We Musicians Know How to Divide
Not Presenting for Future Design " . .
and Conquer": Exploring Multimodal . . . . . . .
New . . . Lu et al. explored different multimodal interactions to improve readability of music
Technologies Interactions To Improve Music Reading [92] scores
& and Memorization for Blind and Low ’
Vision Learners
Playing with Feeling: Exploring
i ile F k Aestheti
Vlbrot'actl e Feedbac an'd est e't1c Lu et al. investigated the use of vibrotactile patterns and materials to assist BLV people
Experiences for Developing Haptic [93]

Wearables for Blind and Low Vision
Music Learning

in making music.
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Table 4 - continued

Paper Types Sub-types Paper Title Reference | Short Summary
Towards Accessible Musical
Performances in Virtual Reality: [42] Dang et al. investigated the current state of practice and challenges of VR music
Designing a Conceptual Framework for experience, and giving design implication for the audio descriptions design.
Omnidirectional Audio Descriptions
Opportunities for Accessible Virtual
Reality Design for Immersive Musical Dang et al. collected data to explore the opportunity of creating VR musical concerts for
. . [43]
Performances for Blind and Low-Vision BLV people.
People
A comparative study of verbal
descriptions of emotions induced by [(129] Park et al. examined differences in emotional perception between BLV and non-BLV
music between adults with and without individuals, proposing design solutions based on their findings.
visual impairments
How Blind and Visually Impaired . This study focused on existing devices for making music, and interviewed BLV
. . Composers, Producers, and Songwriters [135] . . .
Studying Existing . individuals to examine how they use available technology.
) Leverage and Adapt Music Technology

Devices “Why are there so many steps?”:
In.q‘)rovmg -Access tf) Blind and Low Lu et al. investigated the current state of practice and challenges in the music learning,
Vision Music Learning through (o1] and giving insights for the future technology development
Personal Adaptations and Future ’
Design Ideas
Empowering Blind Musicians to
Compose and Notate Music with [132] Payne et al. tested an accessible piece of music technology in a real-world setting.
SoundCells

Keynote Musical Multimodal Interaction: From [156] This keynote paper reviewed the advancements in music technology for BLV individuals

Bodies to Ecologies

over the past few years.
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