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Figure 1: The Organium wall in the Intelligent Instruments Lab

ABSTRACT
Research labs are peculiar phenomena consisting of a defined re-
search programme, technical infrastructure and social context — all
crucial for generating, preserving, and disseminating new knowl-
edge. A lab functions as an ecosystem in which we think and de-
velop ideas, but this requires a productive technical and social
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platform. This paper presents the Organium, a system for impro-
visatory design thinking in the domain of musical instruments and
the experimental humanities in general. The Organium is a dy-
namic library of technical elements, spatially arranged for rapid
prototyping and systemic experimentation, serving as a central hub
of our Intelligent Instruments Lab. Furthermore, the paper discusses
the lab culture and research methodology for which the Organium
was designed, framing the lab as an experimental ecosystem where
technological assemblages act as boundary objects for transdisci-
plinary collaboration and discourse. We outline how the Organium
supports our research methodology and present selected projects
that demonstrate its functionality and impact.
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CCS CONCEPTS
• Hardware→ Emerging interfaces; • Human-centered com-
puting→ Interaction design theory, concepts and paradigms;
Systems and tools for interaction design.
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1 INTRODUCTION
Today’s technological infrastructure with cheap computing power,
fast access to sensors and actuators, augmented with the power of
artificial intelligence for both coding and implementation, seem-
ingly simplifies the task of designing new interfaces for musical
expression. Over the past few decades we have observed the emer-
gence of a comprehensive technical system that has diversified
approaches to creating hardware and software for musical expres-
sion. However, the technical infrastructure of instrument design
remains delicate. We are faced with a particular organological prob-
lem, not only considering historical origins and classification [41],
but also in terms of the production, maintenance, preservation, and
dissemination of technical knowledge. We must consider what kind
of luthier traditions and knowledge repositories are we construct-
ing. In this paper, we introduce the Organium, a library of technical
elements that serves as a central hub and design methodology of
our Intelligent Instruments Lab. We explore its role as a mental
scaffolding in design thinking, its support for ideation, its contri-
bution to the lab’s identity, and its imaginative potential of our
collaborative lab work. By presenting this infrastructure and lab
culture, we aim to foster open communication with other research
labs, developing different systems, research methodologies, and
other more-than-human assemblages.

New musical technologies are developed by commercial compa-
nies, research labs, and various studios. The technology is reported
on by means of manuals, research papers, demonstrations, and pre-
sentations. Importantly, they make their presence on the musical
stage. The development of a new musical instrument generates
new knowledge, constituted not only by the technical assemblage
of the instrument as a functioning object but also the extended
system of processes, gestures, metaphors, semiotic codes, and socio-
cultural contexts[42] that become manifested in the instrument’s
design, presentation, and performance. This new knowledge is co-
constitutive with our cultural rituals, imaginaries, and traditions,
both material and immaterial. However, the technical aspects are
inherently transitory as digital equipment and code evolve rapidly
and become quickly obsolete. Paradoxically, the non-technical ele-
ments, though immaterial, attain permanence through the acquired
technical knowledge, understanding of interaction, ergodynamics,

and ergophores [40], as well as the gesture-semantic acts that be-
come standard references in instrument interaction design [31]
[27].

In our lab methodology, we aim to explore how knowledge is pro-
duced and preserved. Various proceedings in music technology and
HCI demonstrate how socio-technical knowledge can be preserved
and communicated, with diverse attempts develop a framework
for preserving historical instruments [45][12], for example with
a workshop on archiving [32]. However, as all luthier traditions
confirm, knowledge is primarily developed and preserved through
the living tradition, in workshops and laboratories, and further
extended in social contexts involving material acquisition, techno-
logical experimentation, and instrument evaluation. The luthier
might work alone, but never research in isolation [73]. Therefore,
an essential method of developing, sharing, and preserving new
knowledge in instrument design can be through the extensive re-
search lab that encompasses the social relations of all members,
associates, and partners. This lab might be a university research
lab, public hacklab or fablab, an industry research lab, a luthier’s
workshop, or personal studios of new tech development – spaces
that provide resources, networks, and other affordances for musical,
technical, and social experimentation. The critical question is by
what mechanisms the new knowledge produced in the lab is devel-
oped, maintained, and effectively shared as a living, vibrant solution
space[39]. Note though, that the ideas of problem or solution spaces
in the design of music technologies can be perpendicular to the
idea of making a new instrument, as these are often not solutions
to given problems, but rather problematisations in form of material
objects that, in turn, yield interesting musical solutions.

Figure 2: From a Friday Open Lab session

In addressing the problem of living knowledge, archive, and
open science, this paper presents the techno-social system of a
lab dedicated to exploring new musical expression, thinking with
technology, particularly with intelligent instruments.1 Our initial
challenge was to establish a technological infrastructure that is
both immediately productive and sustainable in the long term. The
1See the Intelligent Instruments Lab’s website: www.iil.is
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lab should be a technical and epistemic ecosystem that serves as a
fertile ground for new sprouts of techno-cultural probes [67] and
ensuring the preservation and regeneration of knowledge through
established traditions. In this context, Rheinberger’s notion of the
experimental system [55] is particularly relevant. This concept en-
compasses the experimental apparatus, technical and theoretical
frameworks, research methodologies, and the scientists themselves
as a socio-cultural whole. The experimental system is dynamic
and evolves over time, accumulating new knowledge, techniques,
and methods. The system serves as the condition for networks of
thinking, where a framework for continuous and iterative research
experimentation enables a multifaceted approach in addressing
research problems. Given the plurality of approaches in our lab,
the strategy has proven highly effective: instead of focusing on iso-
lated experiments, we work as an experimental ecosystem, echoing
Schwab, “since it is the system that provides the context against
which an experiment carries meaning” [58].

We believe that, to build upon prior work, to assemble and dis-
assemble, to prototype and demo, and create technological probes
[67] that enable new ways of asking questions, we need a socio-
technical framework that transcends our current projects and oper-
ates achronologically in our daily experimentation. This framework
must address Anthropocene-era challenges related to social and
ecological instability, as explored in posthuman HCI, de-centered
design [49], entangled HCI [24] [48], and material-discursive agen-
cies [6]. These areas recognise nonhuman elements—such as AI,
ALife systems, and biological entities—as integral parts of a dis-
persed yet interconnected system of agencies. Our goal is to develop
a practical design framework that can coexist and ‘breathe-with’
more-than-human worlds [25]. Extending Rheinberger’s concept,
we operate with the lab as an experimental ecosystem, as it has
become obvious to us that the interminable social and technical re-
lations that comprise the lab are practically unlimited. This relates
to human and nonhuman agencies (AI or biological), for example
where even the state of a plant in the lab (e.g. has it been watered or
not?) will signal what is going on through various possible interpre-
tations. The lab is not an isolated room but a dynamic network that
applies existing knowledge and technologies (code and hardware),
extending out through collaborations, the use of our technologies,
musical stages as experimental platforms, and extensive mediation.

This paper describes the central socio-technical hub of our Intel-
ligent Instruments Lab, the Organium, focusing its rationale, design
decisions, and applications. As our technical library, the Organium
is a system of hardware and software interface elements, but it is
more than that: it also operates as part of a social system of tacit
knowledge, relationships, and extended networks and communities.
It serves both as a theoretical and technical framework to mirror
and extend one’s own thought, a type of scaffolding or tools for
thinking in the sense proposed by Dennett [22] and later developed
by Clark and Chalmers [17]. The system constitutes the techni-
cal development and infrastructure of our various of lab projects
and we have published a database detailing each element on our
website for use by collaborators and others worldwide. We seek to
offer this open and dynamic technical system, along with the lab
methodology described herein, to the music technology and critical
humanities communities, especially in the light of this year’s Audio
Mostly theme of interdisciplinary sonic cultures.

2 LAB CULTURE
Recently, there has been an increased focus on lab culture, resulting
in an updated concept the research lab, particularly in the humani-
ties. Since around 2010, the lab has become an exemplary concep-
tual model for conducting humanities research, marking what has
been called the “laboratory turn” [50]. This shift signifies a change
brought about by the advent of the digital humanities, a paradigm
shift in social sciences, the higher education sector’s emphasis on
innovation, and the cultural force of the maker movement. The lab
has evolved from being a space filled with neutral technology used
in defined experiments — an idea criticised by Latour [35] — to a
dynamic social space where technological innovations are devel-
oped, tested, used, and communicated, enabling new socio-technical
configurations to emerge. These labs range from physical spaces
with technological infrastructure and development tools to virtual
spaces and networks that comprise human and nonhuman agencies
diverse skills and a shared focus. The digital humanities have been
particularly interested in the lab as a location for transdisciplinary
research, applying critical approaches to tech development as well
as the use of new technologies for critical humanities research [51].
This new notion of the lab has become instrumental in enabling
the humanities to become reflexive, self-conscious, and descriptive
of their own praxis as collaborative entities [60].

Figure 3: Working on a new instrument

Sociological theories of the lab as a knowledge-producing en-
tity have emerged from long and extensive work in Science and
Technology Studies (STS). Key contributions include Latour and
Woolgar’s ethnographic study of the laboratory [35] or Latour’s
description of the extended networks that are enrolled in scientific
work [34]. STS, in proposing a method of observing science-in-the-
making to understand scientific processes, describes the lab as an
entity comprised of complex social relations, equipment, apparatus
or inscription technologies, and objects of study; all shaped and
understood through the experimental context of lab operations. Ad-
ditionally, broader network nodes such as research funding bodies,
academic conferences, publication outlets, media, innovation hubs,
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and social engagement also play crucial roles in the functioning of
the lab.

For Wershler et al., the lab serves as a metaphor that permeates
contemporary culture and can be applied to almost any practice.
A quick survey of cultural activities reveals the widespread ap-
plication of the lab-as-concept, encompassing academic research
programs, hacklabs, incubator centers, culinary labs, yoga labs, mar-
tial arts labs, and beer brewing labs. Life itself has become a lab!
This broad application underscores the necessity of studying the
notion of the lab from the multiple perspectives of space, apparatus,
infrastructure, humans, nonhumans, imaginaries, and techniques
[72]. There are physical labs, hybrid labs, and virtual labs, but what
they have in common is the collection of people and other agencies
with shared interests and a de�ned research programme. A lab
does not need to be a brick-and-mortar physical space; it can be
a community, network, or even a series of distributed postdigital
infrastructures [10] [20].

"Discipline disciplines disciples" write Barry and Born in their
text on interdisciplinarity [7]. We concur and have observed how
disciplinary focus can be problematic in scienti�c collaboration.
Operating in the experimental humanities, our aim is to conduct
research in a transdisciplinary mode, yet open for collaborators to
retreat back to the comfort of their disciplinary method or language
when necessary. A key strategy for us to foster transdisciplinary or
interdisciplinary approaches is to frame the research object, such
as a musical instrument, as aboundary object[64]. Boundary ob-
jects facilitate the exchange of ideas across disciplines, forming a
shared platform for research that creates a common language while
enabling the understanding of each other's disciplinary language.
Our experience shows that for a lab to operate as a truly transdisci-
plinary experimental ecosystem, it is essential to keep an open mind
for disciplinary perspectives and support ad-hoc changes to the
research object through an open-access technical system which is
ready-at-hand, informational, and built on practical experience and
knowledge of use. While space and equipment is necessary, they
are not su�cient: it is crucial to nurture the lab's culture, shape its
agendas and discourses, and pay close attention to uneven power
geometries to ensure the lab operates as a progressive and inclusive
environment with a clear sense of place [44].

For a lab to operate as a progressive place, members must be able
to create a junkheap of technical elements, allowing these to accu-
mulate and evolve without the concern for maintaining a tidy lab
(See Figure 3). This fosters the ability to think through messy and
fuzzy elements that equally exist on the centre table and in the pe-
riphery, enabling technical assemblages and machinic life to evolve
through the contributions of di�erent people and shared eyes [33].
Creativity as such typically originates through messy methods �
such as notes, sketches, drafts and prototypes [1][ 13] � as well as
operating with technical elements.2 The technics of the extended
mind operate through active combinatorics, experimentation and
testing of apparatus and its workings, but equally through brain-
storming and discussing work with collaborators, through visits,
open labs and informal co�ee meetings, thereby gaining valuable
insights and unique viewpoints on the experimental project.

2Baird [5] gives a brilliant example of how Watson and Crick discovered the double
helix of DNA "not through logic but by serendipity" when playing with di�erent modes
of creating DNA models. It was the material that o�ered the solution.

Being progressive also means embracing risk and stepping out
of comfort zones. The lab must concurrently operate as a stable
constant in the working practices of its members, yet remain un-
predictable, variable, and exciting. Serendipity is a key concept that
should be nurtured: to keep an eye for the accident, be observant
of chance, and embrace errors as a productive strategy [19]. In art,
often it is the realisation of a mistake or the unexpected that leads
to new insights and novel contributions, a pattern also evident in
the history of science [62]. Surprise is delightful and its causes can
be iteratively inscribed into the experimental methodology post
factum.

For a holistic lab performance practice, it is essential to map out
actor-network constellations of more-than-human relations and
trace the threads leading to key notions and ways of being that
emerge through discourse. We examine the epistemic nature of
the instruments, exploring their core engagements, including their
origins, material participation, and politics [43]. Pickering'sman-
gle of practiceinforms the epistemological framework of the lab,
particularly his performative idiom that addresses the temporality
and material agency of laboratory settings [52]. Pickering further
describes thedance of agencybetween humans and nonhumans,
shifting the lab's function from epistemological to ontological; this
suggests focusing on performance and agency rather than static
scienti�c facts [53]. When studying agential material with intelli-
gence, we note how current AI trends exclude the multiplicity of
epistemologies and ontologies that exist in the world [38]. There-
fore, we aim to maintain a critical yet playful re�ection upon the
lab as a performative space, where various human and nonhuman
agents interact in the study of knowledge production and being.
This approach embodies a true �aesthetics of experimentation� [56].

In operating with a plurality of ontologies and epistemologies,
we draw insights from feminist, indigenous, and decolonial theories,
particularly the approaches of feral, ontological, and care-oriented
design. These frameworks challenge anthropocentric notions of
agency by decentring power dynamics and the situatedness of
knowledge and incorporating material participation [23], as ex-
empli�ed by Bennett's "vital materialism" [9]. By `thinking-with'
the lab, we observe how co-creation practices unfold as matters of
care�a speculative modality requiring an ongoing ethical commit-
ment to addressing the asymmetries of power, access, and agency
that shape these relations [8]. Engaged epistemologies further sup-
port this approach [21]. By thinking-with others, as lab-agents
beside and alongside other lab-agents, we honour the challenges
as well as opportunities of what it means to `give voice' to non-
human entities [15] and to acknowledge the ethical responsibilities
of design practice [26].

3 THE ORGANIUM
The lab requires a robust technical infrastructure. In his theoreti-
cal framing of technical elements, Simondon [61] illustrated how
technical objects should not be viewed in isolation but rather as
interdependent parts of a network or ensemble. The technical ele-
ments that comprise a technical object acquire meaning and func-
tion only within the context of the whole. Each part has its own
�mode of existence,� history, and cultural and technical context,
contributing dynamically to the overall functioning of the technical
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object. Magnusson has problematised the organology of digital mu-
sical instruments and their heterogeneous technical elements [41],
contextualising this within Stiegler's concept ofmnemotechnics,
and explored how we inscribe our thinking with discrete elements,
shaping our world through �epistemic tools� [42]. This relates to
the concept ofergodynamics, which enables the study of technical
elements in their historical and cultural contexts, and examines
how the instrument presents itself in a dynamic relationship with
the performer, transcending subject-object distinctions [40]. Tech-
nical elements thus become ready-made components for assembly,
operating as mnemotechnic devices that enable us to create via
technology, where elements serve as a part of a vocabulary of
grammatisation [66] in a coherent technical protocol. For Stiegler,
grammatisation signi�es the technical history of memory, a process
of exteriorisation, or �the process whereby the currents and conti-
nuities shaping our lives become discrete elements� [66]. Language
and technology formalise our gestures, intentions, and agencies,
shaping how we interact with the world.

Figure 4: The modular technical library of the Organium

The Organium is designed from the perspective of a large dictio-
nary or a library with both physical extension and online database.
In this library of technical elements, we have things to think with, a
technical vocabulary that allows us to connect ideas and put them
to test through the making of assemblages of various sorts. The
library is spatially presented on a large wall (See Figure 4), where
technical elements function as semantic components analogous
to the vocabulary of natural language. In this context, meaning is
derived from usage, context, and relationships; not from the iso-
lated elements themselves. This analogy extends further into design
thinking, which becomes a mode of technical assemblage, de�ning
potential technological grammars [18].

The Organium functions as both an experimental ecosystem
and a meta-instrument, enabling lab members and collaborators to
build prototypes and design experiments ad hoc through diverse
modes of co-creation. It houses sensors, microcomputers, actuators,
and open-source code, all of which can be rapidly assembled into
intelligent systems, new musical instruments, or various systems

applicable in the experimental humanities. The system supports
our investigations of human-AI creativity by facilitating encounters
with boundary objects that serve as technical, experiential, and dis-
cursive focal points. Our goal is to cultivate an environment where
the lab itself becomes a machine for experimentation and knowl-
edge dissemination. Here, technical elements are readily available
for assembling prototypes and demos, allowing for the rapid genera-
tion and exploration of ideas, and if they do not exist there is a quick
production line in experimenting with and making new elements.
This approach aligns with Barad's concept of apparatus [6], where
the world we come to know � such as a world of sound and sonic
interactivity � emerges through the intra-action of technological
elements and intent. There is no pure instrument or musical intent;
rather, dynamic interpretative relations emerge through the design
process and the encounter with new instruments.

As designers or inventors, the Organium encourages us to con-
nect diverse elements and ask questions such as, �What musical
expression might be a�orded if this element is connected to that?�
or �What new meaning might emerge through performing with this
type of an interactive system?� Often it also introduces new �words�
or technical elements to a novice user, such as instrument builders,
enabling them to envision various extensions of their instrument
by quickly glancing at the wall and forming connections that might
not otherwise emerge. This aligns to theories of the spatial nature
of our memory and the concept of the extended mind [17]. It is
therefore important that the elements are visible, ready-at-hand,
and quickly enrolled into new assemblages. These elements are not
limited to physical components on our lab wall and shelves; they
might encompass software solutions, design approaches, usability
methods, and ergophores (designed tropes of motor memory) of
tacit human knowledge.

We felt we needed this technical infrastructure to start a well-
functioning lab environment so we designed a comprehensive lab
system, ranging from our own furniture as modular structures that
can be turned into instruments or serve as extensions of existing
instruments, through technical elements of all kinds, to code and
hardware protocols. The furniture is modular, movable and dy-
namic, and so are our code libraries. This setup allows for rapid
recon�gurations: strings can be strung on deconstructable tables,
shelves can become resonating bodies or soundboards, sensors can
be mounted on arti�cial arms, and actuators and motors can be set
into motion for sound generation or haptic feedback. This allows
for quick ad-hoc experimental setups and encounters. We have
written about our methodology, the �rst instrument encounters in
an earlier paper [3].

In the Organium, analogue sensors are built with mini jack con-
nectors, the digital ones (using SPI and I2C) with Stemma QT, which
makes it very easy to try out di�erent sensor types during opera-
tion, facilitating the exploration of di�erent interactive modes. The
sensors include proximity, temperature, tilt, �ex, magnet, photo,
accelerometers, infrared, e-textiles, and more. Actuators include all
kinds of motors, transducers, speakers, ampli�ers, and coils. For
low-latency embedded computing, we typically use Bela,3 while

3https://bela.io
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