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ABSTRACT
This paper introduces a Digital Musical Instrument (DMI)
that inscribes a linear and a circular conception of time, in-
spired by Western and Eastern time philosophies. The DMI
employs two 3D-printed boards equipped with ESP32 chips
for wireless communication and WS2812 LEDs providing
visual representation feedback, and interactive boxes, each
fitted with a light sensor and ESP32 Mini boards. Such
interface is designed to be coupled with a software counter-
part for sound generation. The project originates from a col-
laboration with two composers from diverse cultural back-
grounds - one Chinese and one Italian. Through collabora-
tive design and co-composing practice, the proposed DMI
emerged as an epistemic tool, promoting cultural under-
standing and critically highlighting the socio-cultural role
of technology. Through such process, the significance of
rediscovering time in contemporary globalization and phi-
losophy was explored, challenging the conception of time as
a mere measurement parameter and striving to reveal the
importance of understanding the role of time across differ-
ent cultural contexts. This project wishes to expand the
constitutive role of musical time, demonstrating its diver-
sity and prompting a reflective layer of the perception of
performative and musical time in NIME.
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1. INTRODUCTION
Being both a cultural artifact and temporal art, music en-
codes distinct philosophies of time. Western traditions,
shaped by teleological narratives of progress and eschatol-
ogy, tend to prioritize linear structures in music [38, 12].
Conversely, Eastern traditions, rooted in cyclical concepts
of rebirth and natural recurrence, manifest in music through
recursive forms [15]. These temporal frameworks are not
merely aesthetic choices but embodied cultural epistemolo-
gies —ways of knowing time through sound.

Although recent NIME research has enriched the dis-
course on time [40, 37, 35, 23], only two recent NIME papers
directly engage with cultural time perspectives. Recently,
Tindale and Clark critiqued grid sequencers and proposed
an ansiorhythmic grid with dynamic subdivisions to better
reflect the fluidity and diversity of musical time [40]. In
contrast, Reid and colleagues explore temporal perception
through the MIGSI trumpet, an augmented instrument that
employs sensors and real-time DSP to challenge linear time
and reconsider the perception of musical time in performa-
tive musical practice [37].

Understanding how temporal conceptions embedded in
instrument design may influence compositional choice and
cultural narratives remains overall overlooked. This leads
to a number of questions that we want to examine with this
paper. If instrument design mediates temporal frameworks,
how do these structures shape composers’creative deci-
sions? Moreover, what cultural narratives emerge when mu-
sicians co-compose with instruments that foreground time
as a malleable, charged parameter?

This project seeks to explore these intricate dynamics by
integrating a conception of time into a novel Digital Mu-
sical Instrument (DMI) that we called “O 一” - from the
English characters O and the Chinese 一, pronounced“yi”.
The interface’s design metaphorically incorporates dual
time representations - a linear and a circular boards paired
with nine light-sensor embedded cubes, sending messages
via OSC1 to control sound algorithms.

The original interest in investigating time came from the
first author who originally designed the instrument. Two
composers with different cultural backgrounds (one Italian
composer, and one Chinese, authors 2 and 3 respectively)

1https://opensoundcontrol.stanford.edu/

https://opensoundcontrol.stanford.edu/


Figure 1: Time Instrument, O 一

were involved - they informally knew about the idea and
were keen to explore the relationship with time considering
their different musical perspectives. Thus, the project un-
folds as a multi-movement co-composition. By working on
composing with the instrument, we wanted to explore this
intimate relationship between entangled time and composi-
tional ideas.

Using the DMI, the two composers freely choose their
preferred platform for implementing their musical system,
aligning with their usual practice. Throughout the creative
process, the entire team adopted an autobiographical ap-
proach [33], documenting the experiences through diaries,
notes, and recorded conversations - a common practice in
many NIME research (e.g. [8, 10, 36]). This approach re-
sults in a collection of time-informed musical works, ac-
companied by reflective diary archives. Within the auto-
biographical frame, we opted to use Reflection-on-Action
[32], an approach that allow researchers to reflect on their
practice afterward. As such, we chose not to interfere with
the compositional processes, focusing instead on post-hoc
self-analysis.. Such process revealed key insights into the
interplay between the DMI, the composers, and the tempo-
ral dimensions of music. Finally, we discuss the reflection
emerged through this epistemic tool, highlighting the en-
tangled dynamics that emerged during the co-composing
activity.

This research explores how instrument design not only
reflects but also actively produces cultural understandings
of time, looking at how DMIs reshape our perception of
musical time, fostering deeper engagement with temporal
and collaborative cultural narratives. Ultimately, this work
seeks to bridge NIME’s technical focus on temporal repre-
sentation with broader questions of cultural influence and
social meaning, expanding the constitutive role of musical
time by showcasing its diversity, and encouraging a reflec-
tive approach to its perception in performative practice.

2. BACKGROUND

2.1 Cultural Conceptions of Time
Conceptions of time have varied across cultures and histor-
ical periods. Rooted in eschatological thought and Enlight-
enment progress narratives, Western cultures have viewed
time as linear, goal-oriented, and culminating in an end-
point [12, 1]. This idea traces back to ancient Greek philoso-
phy (Heraclitus) and extends through Christian and modern
thought. The modern Western conception of time, which we
referred to in this paper, centered on measurable and tech-

nical understandings, has been dominant in shaping societal
structures and individual experiences [34]. Albeit such view
being overall predominant, it is still worth noticing that
scholars also recognized nonlinear conceptions in Western
traditions, as demonstrated through graphical timelines by
Rosenberg as well as Gell [38, 12].

In Eastern cultures, particularly China, time has tradi-
tionally been conceived as cyclical, emphasizing recurrence
closely tied to natural rhythms like lunar cycles and sea-
sonal changes [43]. Chinese philosophy views time as a dy-
namic, interconnected process. Texts like the [39]
and Daoist and Confucian philosophies emphasize the flu-
idity and interdependence of time, space, and nature [43].
Jullien explores how Chinese thought diverges from West-
ern frameworks in his work [19], highlighting the
lack of verb tenses in the Chinese language, which reflects
a less rigid and more holistic view of time.

2.2 Musical Conceptions of Time
Western music traditions also emphasize linearity, evident
in established forms such as the or the ,
where harmonic resolutions and motifs drive the musical
discourse toward a perceived endpoint [20]. Structural pro-
gression reinforces the temporal flow which aligns with tele-
ological narratives of developement. For instance, Husserl
explored how melodies unfold temporally, linking musi-
cal structure to time perception [18]; Kramer distinguishes
“musical time”- a self-contained framework - from abso-

lute, linear time, underscoring music’s capacity to tran-
scend daily temporality [21]. On the contrary, eastern
musical traditions prioritize cyclical time. Improvisational
oral practices and recursive forms (e.g. [2] and
Japanese [11]) embody this cyclicality. Chinese music
intertwines with natural cycles and cosmology, as seen in

(月令) [24], which assigns seasonal tones, blending
philosophy and artistry.

While musical time concepts often align with Western lin-
earity or Eastern cyclicality, cultural traditions resist rigid
binaries: for instance, Chinese opera blends linear narrative
progression with malleable, subjective temporal flows [5, 6];
Western cyclicality often emerges in minimalist works, e.g.
Steve Reich’s or Terry Riley’s .

2.3 Composition as Cultural Technology
Magnusson presents Digital Musical Instruments (DMIs) as
“epistemic tools”, emphasizing their role in shaping knowl-

edge and creativity [25]. In his conversation with Molitor



Figure 2: Layout and Design

[30], he challenges the dominance of traditional Western
music technologies and advocates for the inclusion of diverse
cultural expressions. By integrating non-Western concep-
tions of time and cultural practices into the design and use
of DMIs, NIME research can more fully reflect the global
diversity of musical creation (ibid.).

Building on this discussion, studies in NIME argue that
technology is not a universal commodity but is shaped by
regional practices and cosmologies. Initiatives such as the
LATAM NIME Network2 support this view by offering plat-
forms for sharing context-specific resources and collabora-
tive practices that challenge dominant Eurocentric models.
This is further exemplified by Kuzmin’s work on cosmotech-
nics, linking technical creation with local environments and
cultural narratives [22].

3. O- , A TIME INSTRUMENT
To explore the relationships between time conceptions in-
scribed into a DMI, we developed a hardware interface that
explicitly represent different time conceptions. The original
design was conceived by the first author, and the musical
mechanisms were fine tuned during the compositional pro-
cess, described later, along with two composers (authors 2
and 3).

The interface is composed of two boards: one circular -
“O”, and one linear -“一”, metaphorically reflecting Eastern

philosophies and Western teleological perspectives, respec-
tively. 3D-printed chassis enclose a custom designed PCB
with WS2812 LED strips, and harnesses ESP32-WROOM-
32 chips for Wi-Fi-enabled control functionalities, allowing
for real-time adjustments.

Central to the technical architecture of this DMI are nine
interactive boxes, each outfitted with an LDR sensor, meant
to act as triggers/controllers when illuminated by lights
from the boards. The boxes utilize either an ESP32 Mini
board or a Xiao ESP32 sense, powered by individual bat-
teries, facilitating portable and responsive interactions.

Traditionally, a DMIs is composed of an hardware con-
troller and a software synthesizer counterpart [7]; the core
of our design is oriented towards the former, while we cre-
ate the audio platforms afterwards, together with the com-
posers, according to their own preferences and workflow (see
Section 4).

2https://latam.nime.org/

3.1 Time Boards
The PCBs design follows a modular approach to facilitate
easy assembly and disassembly, ensuring long-term adapt-
ability - a key consideration for longevity and sustainability
in NIME instrument design [31, 29].

For both boards, we implemented a brightness control
using a sliding potentiometer allowing for precise control.
The brightness modulation is achieved through Pulse Width
Modulation (PWM) output from the ESP32 microcon-
troller, dynamically adjusting the WS2812 LED strip. In
the current prototype, a sliding switch is used to toggle
the boards, with the ESP32 detecting input via its GPIO
pins to control the WS2812 strip. Finally, as an arbitrarily
choice, we 3D-printed O with a semi-transparent Polylactic
acid (PLA), enhancing the visibility of internal lighting ef-
fects and allowing for a diffuse light, and 一 in solid gray
PLA to produce segmented, concentrated light. (Fig. 1).

3.1.1 "O"
The circular PCB layout is designed to centralize all crit-
ical electronic components on the main board (ESP32-
WROOM-32, WS2812, battery, and brightness adjust-
ment). Surrounding this core, three additional circular
boards house LEDs only, with each module containing two
lights, with a total of eight evenly distributed LEDs. The
structure follows a concentric design with an inner ring di-
ameter of 50 cm and an outer ring diameter of 56 cm. The
3D-printed enclosure adopts a traditional Chinese
joints technique, (Fig. 2).

3.1.2 " 一"
The linear PCB layout follows the same centralized design
as the circular one. It consists of two modules with a length
of 70 cm, each containing seven evenly distributed LEDs,
totaling 14 lights across a 140 cm structure. The casing, like
the circular version, is 3D-printed and utilizes a traditional

joint design, ensuring durability and easy reconfig-
uration while adapting to the linear form factor (Fig. 2).

3.2 LDR Cubes
We also design nine interactive boxes, each incorporating a
single LDR sensor, an ESP32 Mini board or Xiao ESP32
Sense, and a rechargeable lithium battery. Boxes commu-

https://latam.nime.org/
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