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ABSTRACT

In music and computer science classrooms, Blind and Visu-
ally Impaired (BVI) learners are often not given alternatives
to visual technologies and materials. FiLOrk, an ensemble
at the Filomen M. D’Agostino Greenberg Music School, is
made up of five BVI high school learners who studied and
performed computer music using the live coding language
Tidal Cycles over the course of a semester. To make FiLOrk
approachable and accessible we wrote a new curriculum fea-
turing audio/tactile learning materials, and we designed
a collaborative web editor for use with learners’ assistive
technologies, including screen readers and braille displays.
In this article, we describe findings from classroom obser-
vations and interviews. We highlight how learners wres-
tled with persistent accessibility challenges, connected pre-
existing music knowledge with Tidal Cycles concepts, cre-
ated a culture of respect and support, and made suggestions
for improving FiLOrk. We conclude by discussing opportu-
nities to make live coding ensembles accessible to both BVI
people and high school learners.
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CCS Concepts

•Human-centered computing → Empirical studies in acces-
sibility; •Applied computing→ Collaborative learning; Sound
and music computing;

1. INTRODUCTION
Blind and Visually Impaired (BVI) learners are disadvan-
taged in both computer programming and electronic music
because they are highly ocularcentric–i.e. reliant on vision
ability to access (Figure 1). Programming environments de-
signed for learning, like Scratch, use visual drag-and-drop
interfaces [20, 28], while software development tools use col-
orful text, underlines, and suggestions to aid sighted pro-
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grammers [27]. Similarly, commercial music applications
use highly visual graphic user interfaces [25, 30].

To navigate visual interfaces, BVI people use assistive
technologies like screen readers that verbalize screen con-
tents, or refreshable braille displays [2]. Unfortunately, many
software applications do not support assistive technologies.
For example, neither Finale, used widely by composers [15],
nor Scratch, used widely by young coders, [28] support
screen readers.

We formed a collaborative live coding ensemble at The
Fil’ Community Music School [8] made up entirely of BVI
high school learners to address ocularcentrism in music and
computing education. We designed text.management, a col-
laborative coding environment, and we created tactile and
large print learning materials. For twelve weeks, the five
members of FiLOrk (Fil’ Laptop Orchestra, name chosen
by members despite the ensemble’s size) learned to generate
beats and melodies with Tidal Cycles (Tidal for short) [17]
and performed live. In this paper, we first list research ques-
tions guiding FiLOrk. We then indicate influential prior
work. We explain our learning environment and interview
protocol. Finally, we share learners’ experiences rehearsing
and performing, and we suggest future areas of inquiry.

Figure 1: Clockwise from top left - Finale music nota-
tion software, Logic Pro digital audio workstation, Scratch
blocks-based code environment, VSCode Development Envi-
ronment. Music and programming software use visual inter-
faces often inaccessible or limited for BVI users [24, 25].

1.1 Research Questions
Our guiding research question is: How can collaborative live
coding be made accessible to novice BVI learners? We aim
to address this question through technological, curricular,
and collaborative interventions.



1.1.1 Technology
• What accessibility barriers exist in common tools used

by laptop ensembles and live coders?

• How can developers improve accessibility?

1.1.2 Curriculum
• In what ways are current teaching methods ill-suited

to BVI learners?

• How can the environment, e.g. topics, instructional
materials, and classroom setup, be adapted to support
BVI learners?

1.1.3 Collaboration
• How do learners notate and share their ideas?

• How do learners communicate during lessons and per-
formance?

2. RELATED WORK
FiLOrk is primarily influenced by laptop ensemble / orches-
tra and live coding movements.

2.1 Laptop Ensemble Pedagogy
Laptop ensembles, such as the Princeton Laptop Orchestra
(PLOrk), offer an educational model based on collaborative
computer music performance [33, 34]. Music provides a
practical entry point for novice coders, while the ensemble
environment supports individual exploration and collabo-
rative learning. Just as PLOrk was aware of its orchestral
lineage, (e.g. using terms like ‘conductor’ and ‘concertmas-
ter’ and equipping musicians with speaker arrays that could
produce sounds akin to acoustic instruments), we envision
FiLOrk as a response to western classical ocularcentrisms
like sight reading and watching the conductor. Prior lap-
top orchestra research has explored visual notation [11] and
communication strategies [7] unsuitable for BVI learners.

2.2 Live Coding and Inclusion
Community norms around open software and inclusion make
live coding a fertile ground for accessibility research, though
best practices at supporting disabled people have only re-
cently been explored. For example, Skuse interviewed musi-
cians wide a variety of disabilities to incorporate their needs
and suggestions in the in future live coding designs [31]. Al-
though no participants explicitly identified as BVI, many
suggestions – such as configurable interfaces – are relevant
to FiLOrk. Subsequent work explored the technical chal-
lenges implementing collaborative music systems accessibly
[32].
A common“accessibility”concern of live code performance

is the extent to which the underlying technical, algorithmic
sound generators are legible to a general audience. Code
is frequently projected, so its readability presumes a visual
presentation of text and applies theories of image analysis
[13]. Prior projects have attempted to make live code more
understandable through annotations [29] and novel visual-
ization [19], but have rarely, if ever, extended beyond visual
signifiers. Strikingly, the performance pointilism (2012) em-
phasized the opacity of code by rendering it in braille, using
it as an “empty symbol,” only understandable as abstract
symbols [14]. The performance assumes no braille knowl-
edge among the audience, and the fact that images of braille
are inaccessible to BVI audience members is an inadvertent
(though thematically appropriate) outcome.

2.2.1 Live Coding Education
Many live coding environments have been taught in k-12
classrooms [16, 29, 9, 1, 5, 21] demonstrating significant af-
fordances for both music and computing education. FiLOrk
builds on this prior work through highlighting the needs and
abilities of BVI learners.

3. METHODS
Broadly, we use a Design Based Research approach in which
we situate technical and curricular designs in an authentic
learning environment, and we report on how that environ-
ment impacts our understanding of the interventions’ effec-
tiveness [4]. This study, centered around FiLOrk’s inaugu-
ral 12-week semester, reflects a nascent phase of our ongoing
research. Below, we report how we organized FiLOrk, de-
signed technologies and learning materials, and interviewed
participants.

3.1 FiLOrk Overview

Figure 2: FiLOrk’s inaugural performance. From left: Mateo
(iPad), Cindy (laptop), Olivia (iPad, braille display), Alice
(laptop), Donna (iPad).

FiLOrk gathered in a classroom for 45 minutes during
an all-day comprehensive learning program on Saturdays.
FiLOrk’s first semester curriculum combined lessons on Tidal
with opportunities to practice ensemble performance (Table
1). We drew from existing resources, e.g. “Learning Tidal”
by Alex McLean, but emphasized topics we felt would be ap-
pealing and approachable for this group of high school-age
participants. For example, we covered Euclidean rhythms,
given that learners had taken a drum circle class, and we
avoided longer samples because we felt chopping audio could
be difficult. We typically introduced two concepts per week.

3.2 Participants
Five high school learners joined. Two identify as blind while
three identify as visually impaired. As shown in Table 2,
learners range in age and instrument, but all sing and have
formal training in western music theory and notation. Par-
ticipants knew each other prior to joining the ensemble.

3.3 Hardware and Software Setup
Participants used three distinct technology setups. Cindy
and Alice (pseudonyms) used a Macbook Pro, VoiceOver
screen reader, and braille display. Due to technical issues
Cindy did not use her display between weeks nine and eleven
while Alice began bringing her display in week three. Mateo
and Donna used iPads with text enlargement and external




