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In this article, we discuss some of our research with Local Area
Networks (LAN) in the context of sound installations or
musical performances. Qur systems, built on top of Web
technologies, enable novel possibilities of collective and
collaborative interaction, in particular by simplifying public
access to the artwork by presenting the work through the web
browser of their smartphone/tablet. Additionally, such a
technical framework can be extended with so-called nano-
computers, microprocessors and sensors. The infrastructure is
completely agnostic as to how many clients are attached, or
how they connect, which means that if the work is available in a
public space, groups of friends, or even informally organised
flash mobs, may engage with the work and perform the
contents of the work at any time, and if available over the
Internet, at any place. More than the technical details,

the specific artistic directions or the supposed autonomy of the
agents of our systems, this article focuses on how such
‘networks of devices’ interleave with the ‘network of humans’
composed of the people visiting the installation or participating
in the concert. Indeed, we postulate that an important point in
understanding and describing such proposals is to consider the
relation between these two networks, the way they co-exist and
entangle themselves through perception and action. To
exemplify these ideas, we present a number of case studies,
sound installations and concert works, very different in scope
and artistic goal, and examine how this interaction is
materialised from several standpoints.

1. INTRODUCTION

The 2020-21 COVID crisis has brought the network
sharply into focus as a major topic in the music com-
munity, not only as a tool for communication but also
as way of seeking novel approaches to rehearsal and
performance. It might thus seem opportunistic to
develop concepts and discuss network-related music
practices, and while we acknowledge that the current
situation offers us a new perspective, our explorations
in this area started several years ago and all reported
experiments and situations were developed before the
2020-21 COVID restrictions. Nevertheless, we will
discuss at the end of this article how the new situation
puts this research in a different light.
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The aim of this article is to articulate several con-
cepts and methodologies around the ‘network’ we
co-created with a diverse group of individuals, artists,
performers and researchers. Interestingly, these proj-
ects were designed in co-located spaces, that is, in a
shared physical space with all the participants present.

Additionally, while our research over the years has
implied development and experimentation with sev-
eral technologies, and while we will briefly introduce
our technological stack, technology is not the focus
of this article. Of course, we acknowledge the influence
of a large body of works on using networks in music
practices (Bischoff, Gold and Horton 1978; Gresham-
Lancaster 1998; Levin 2001; Weinberg 2005; Turchet,
Fischione Essl, Keller and Barthet 2018). In this arti-
cle, fundamentally sharing with Small (1998), the idea
that music practices are collective endeavours, includ-
ing a large set of persons actions, from ideation,
creation, production, performance, listening and their
myriad interdependencies, we propose here to consider
networks from a much larger perspective.

As an extension of the notion of musicking (Small
1998) and as a way of clarifying the interdependencies
suggested previously, we consider our work is best
described as a network of actors, to be understood
as a heterogeneous and evolving mix of persons,
objects and technologies, instruments and mediation
techniques that cannot be either simply understood
as a linear evolution of various research and artistic
practices or organised hierarchically. Therefore, as a
sort of ‘mise en abyme’, we will invoke Actor-
Network Theory (ANT) to elucidate the practices
and processes we are referring to (Latour 1996).

To this extent, one might consider that the broader
notion of ‘Network’ is an emergent property of the
infrastructure, the creative process, the actors within
the network, the devices attached to the infrastructure
and the cumulative actions facilitated by this commu-
nity in making music in real-time. The notion of
network is then expanded beyond the technical infra-
structure to become a sociocultural assemblage.
Another characteristic of this assemblage is that it
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exposes emergent properties, which while they may be
constrained through compositional parameters are
nevertheless not predetermined in their enaction.
These emergent properties give rise to musical creation
that has critical differences to previous musical com-
position and performance paradigms. Through their
non-linearity, these assemblages may connect differ-
ent sociocultural contexts, time, space, place and
causality.

Interestingly, these assemblages reverse to some
extent, Emmerson’s  acousmatic  dislocations.
Emmerson (1994: 95) argues that the ‘truly fundamen-
tal acousmatic dislocations occurred in the half century
to 1910:' Dislocation 1: Time (recording), Dislocation
2: Space (telecommunications (telephone, radio),
recording), Dislocation 3: Mechanical causality (elec-
tronic synthesis, telecommunications, recording)’. One
can think that the network even reinforces these dislo-
cations, by separating each type of sound processes.
However, if we look at the network as an assemblage,
directed towards music-making, it also complexifies
each of these dimensions, by creating interactions
between the associated processes. The network as musi-
cal assemblage presents itself as a dynamic platform,
potentially ubiquitous (beyond space), without musical
form or the fixedness of a specific concert structure
(beyond time), omnipresent to all participants, with
potential for collective endeavours: assembling persons,
actions, ideation, creation, production, performance
and listening.

Our hypothesis is to consider that the network
has particular material properties that can lead to
re-question and possibly reinvent traditional musical
boundaries and hierarchies. For instance, in a perfor-
mance where elements of the composition are being
performed on the audience’s smartphones, the hierar-
chy of audience—performer can be reimagined as a
rhizomatic structure (Deleuze and Guattari [1980]
2004), whereby all individuals are critical to and par-
taking in the performance of the work. As we will
discuss, this reframing of the performance environ-
ment can lead to proposing different types of people
engagement, potentially including all individuals pres-
ent, while everybody remains free to choose their type
or level of participation. The notion of virtuosity is
therefore also partially deconstructed, as the embodied
engagement of the audience members in the perfor-
mance transforms them from a passive listener to an
active agent of creation. Furthermore, when sound
is originating out of the personal smartphone of the
audience member, and is therefore also physically
within their proximity, there is a sense by which the
audience member directly embodies the performance
through investing in its creation.

'From 1860 to 1910.
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Our goal in this article is not to organise such links
and actions, avoiding on purpose the description of a
complete taxonomy or reducing projects to mere
‘artistic intentions’, but, on the contrary, to make evi-
dent emergent common patterns, as much as
differences, in using networks in musical settings.

2. ON NETWORK TOPOLOGIES

In a recent review of some of our research prototypes,
we introduced the notion of interaction topologies
(Matuszewski, Schnell and Bevilacqua 2019).
Starting from the point of view that music is a collec-
tive experience, occurring either as co-located or dis-
located in time and space, some of the research effort
has concerned the design of mediation technologies
(Leman 2007). As stated earlier, in the context of this
article, collective experience is understood as a series
of ‘actions’ emerging between human and non-human
‘actors’ (to be understood as in the Actor-Network
Theory).

The use of web technologies, as a means to investi-
gate these relations between all these actors, is critical
in many of the discussed projects because each audi-
ence member has a device in their pocket that can
communicate over a network, as well as generate,
receive and display information and media through
a web browser. This choice means that no additional
application needs to be downloaded to the audience
member’s device, which may not have sufficient free
space, or the user may not accept the possible security
risk. It also means that the bar for access is minimal as
all phones/tablets have a web browser and can connect
to Wireless Local Area Networks (WLAN) through
Wi-Fi.

For the purpose of the works discussed in this arti-
cle, a dedicated ‘Local Area Network” (LAN) is often
created as a wireless local network that is not con-
nected to the outward facing internet. These
‘technological networks’, considered as mere tools,
are used in order to contribute to our interaction
design aims. Importantly, there is a meaningful mis-
match between the actual ‘technological network’
links and nodes and a more global network describing
the complete map of interactions that could be
described as a ‘perceived network’ among the actors.

This is of course similar to what happens when
interacting with communication technologies, which
succeed in making the physical information transmis-
sion invisible to the user(s). For example, exchanging
messages with another person is perceived as a two-
person interaction. The segmentation of the signal into
packets travelling through several servers, maybe tak-
ing non-trivial routes, is hidden and unperceivable to
the users. Only the general transmission quality might
be perceived, but no agency is provided to understand
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where physically in the world the bandwidth bottle-
neck may be. At best, an informed guess, based on
knowledge and experience can provide an answer.

This gap between the physical communication net-
work and the perceived network of interaction is
important and must be fully recognised. As research-
ers or artists (or both) in music, we have unique
opportunities to act on both levels using our own built
system(s), creating creative ecosystems that may not
be possible with commercial, closed solutions. We
design and create networks and interaction consider-
ing both perceptual (experience) and technical points
of views. Thus, two types of network topologies
should be considered: the technological ones and the
ones describing the human/communal experience.
The technological network does not represent a goal
in itself, it is only developed and set up to enable
musical experience. This experience is the result of a
complex set of interactions between humans, objects
and sound. The complete topology of such an experi-
ence is mostly an emerging property, based on a set
of material, rules and human (action-)perception.
Several experimental stages are necessary to observe
and grasp the full emerging properties, constantly
making adjustments at various levels, human and
technological.

3. EXAMPLES

The following examples presented all rely on a techno-
logical framework, which originates from a
collaborative project with several institutions called
CoSiMa® and which enabled us to develop collabora-
tive and collective interaction based on mobile and
web technologies (Robaszkiewicz and Schnell 2015).
The formats we explore include interactive sound
installations, augmented reality experiences, participa-
tory concerts, flash mobs and collective performances.

The possibility to use web standards such as HTML/
CSS, Web-Sockets, Web-RTC, Web-GL, Web Audio
API as well as Geolocation, DeviceOrientation and
DeviceMotion enable implementation of complex net-
work systems, which can be deployed either on local
networks or on the internet. Precisely, the deployment
of prototypes and pilots as web applications allows for
instantaneously publishing applications worldwide as
well as for very rapidly setting up experiences on local
networks, inviting audiences of virtually any size to par-
ticipate. More recently, this technological framework
has been generalised to gather large ensembles of
mobile and embedded devices, such as smartphones/
tablets, microcontrollers and nano-computers (e.g.,
Raspberry Pi) (Matuszewski 2020b).> Importantly, it

2http://cosima.ircam.fr. CoSiMa was supported by the French ANR
National Research Agency (project ID <ANR-13-CORD-0010>).
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also exposes the possibility of sharing a common clock
and thus synchronise these heterogeneous devices,
which is of particular importance for several music con-
texts (Lambert, Robaszkiewicz and Schnell 2016).
Various developed open-source JavaScript libraries
have been expanded beyond the initial CoSiMa project
and are currently available.*

3.1. Future Perfect

Future Perfect® by Garth Paine is a work that utilises
the loudspeaker of networked devices to create an
audience—performer role as a loudspeakers/sound gen-
eration device within an ecosystem. In this work,
listening and perceiving the quality of the communally
generated sonic ecosystem is prioritised over physical
interaction through gesturing with the device.

The audience’s use of their smartphones binds them
into the ecosystem of the performance. Sound is per-
formed directly on their phones and moved through
the audience, into the loudspeakers of an additional
ambisonic sound-dome surrounding the audience (pre-
miered at ZKM and IRCAM) and back into the
audience’s smartphones, while other layers of the work
are only diffused through the smartphones. A film was
made using 360VR footage and animations made
from photographs of flowers and plant life in city
parks, which further immersed the audience in
the work.

Conceptually then, the performance of sound layers
across the audience’s smartphones transforms each
individual from a passive listener into an active agent
in the ecosystem of the work. Future Perfect sought to
direct the audience’s attention towards environmental
ecology, stewardship and agency. It extends the audi-
ence’s self into a communal space, sitting between the
embodied experience of actively listening and the tech-
nology layer that creates the communal entanglement,
a space Paine calls the Techno-somatic dimension
(Paine 2015). It seeks to question the balance between
what is considered ‘real’ or ‘constructed’. Future
Perfect drew on field recordings, images and virtual-
reality footage captured in city parks. City parks are
considered by most people as ‘nature’, but are con-
ceived and built as part of the city’s urban design.
These urban parks and gardens were designed by
somebody, maybe hundreds of years ago, but are con-
structed, artificially. Future Perfect plays with these

3In our practices we generally rely on nano-computers that can run a
fully fledged operating system and thus allow us to seamlessly reuse
most of our software stack. However, such architecture can of
course integrate microprocessors and specialised development
boards by using more low-level network protocols such as TCP
or UDP, and ad hoc dedicated software.

“More details can be found in the references.

3See www.activatedspace.com/Music/Future-Perfect/ (accessed 15
April 2021).
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dichotomies, immersing the audience in a journey
where they are constantly moving from audiovisual
environments that seem real into others that seem sur-
real and abstract.

In addition to the 360VR film and the ambisonic
score, Future Perfect is performed from three web-
based interfaces, run on separate iPads/tablets and uti-
lises an ad hoc, closed, high-speed wireless network.
The network name and password are made available
to the audience on arrival. All the code for the clients
and server applications runs from a single server on the
performer’s laptop, who can access and perform on all
three complementary interfaces:

» The first interface is a spatialisation interface that
allows for sound samples to be sent to the phones
and then diffused across the audience. A trajectory
can be drawn in real time by the performer or the
radius of the sound sources can be controlled to
generate expanding, spreading soundfields that
grow or shrink within the audience. The server is
performing vector-based amplitude panning across
all the smartphones, adjusting the playback ampli-
tude of the already playing and synchronised
samples. New samples or collections of samples
can be sent out across the network at any time with
collections of samples being randomly distributed
across the smartphones.

* The second interface allows the sample sound to be
triggered for playback at any time, independently
(per phone) or in groups, and allows for dynamic
adjustment of loop points.

* The third and final interface controls a granular
synthesis engine that also facilitates sending sounds
to the phones played into a granular synthesis
engine instance in the browser on the phone. This
means that the granulation is associated with the
sample and if collections of sounds are sent to the
phones, different processing can be taking place
on each phone. The granulator allows for a range
of time-based manipulation that can create pointil-
listic, spatial effects through to shimmering
textures.

All three of these compositional/performance tools
run asynchronously and simultaneously opening up a
huge pallet for real-time performance and composi-
tion options. It should be noted that any number of
layers can be played asynchronously on the audience’s
smartphone/tablet. Each layer sent to the phone plays
out its duration (i.e., if the sound is looping) but simul-
taneously, a new layer can be sent and activated on the
phone. The phone’s central processing unit capability
is the only limitation to the momentary polyphony
possible on the client’s device.

https://doi.org/10.1017/5135577182100042X Published online by Cambridge University Press

3.2. 88 Fingers

From a completely reversed perspective, one of the
more radical experiences we designed in terms of audi-
ence engagement and collective performance is a
performance called 88 Fingers during which 88 mem-
bers of the audience each control a single key of a
motorised piano (i.e., a Yamaha Disklavier) on stage
using their smartphone (Schnell and Matuszewski
2017). The performance does not define any rules or
limits, apart from the technical set-up and the duration
of the concert (usually 10 minutes followed by a dis-
cussion and 10 more minutes of performance). Even
if it is not generally possible to identify the individual
notes played by the piano with individual audience
members, the activity of the piano clearly represents
88 individual contributions by the movement of the
piano keys and the associated sound of the notes.
While — just as in many other experiences we designed
— the individual contributions are limited and rather
easy to perform, the challenge of the experience does
not lie in the individual capacity of performing a single
key but in the collective effort of mutual attention to
each other’s contribution.

3.3. Constella(c)tions

The Constella(c)tions project by composer Michelle
Agnes Magalhaes (Magalhaes, Matuszewski and
Bevilacqua 2020) proposes exploring another aspect
of collective interactions: the movements and actions
of the participants. The composer’s artistic vision
was to create musical compositions and scores as a
series of collective ‘games’ whose rules implied texts,
visuals and objects in spaces. Several pieces were com-
posed as experiments between 2018 and 2020, with
various configurations, from duets with professional
performers to pieces including public participation.

The collective interaction takes advantage of the
motion-sensing capabilities of the smartphones, all
connected to a central server using a local network.
The smartphone was either directly held by the per-
sons or attached to objects such as long strings that
could be ‘played’ by the participants. In this latter
case, the smartphones were used as vibration sensors
that translated the person’s actions into sounds.
Depending on the pieces and context, the smartphone
speakers were also used, creating distributed sound
sources. In other cases, the audio was rendered directly
through standard speaker systems.

This series of pieces illustrates well the case where
the designed and perceived collective interactions are
not directly related to the technological network topol-
ogy, which in all cases are built around a central
server. The actions and movements are focused on
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the manipulation of objects between participants,
helped in some cases by poetic instructions.
Therefore, the audience’s attention is directed towards
the emergent network of perception and action,
unaware of the technical network used to synchronise
and mediate the interaction.

Extending these examples centred on the use of
smartphones, another important aspect enabled by
our framework and the recent spread of embedded
hardware is the possibility to create networks of
semi-autonomous musical agents. In recent years,
such an approach has been explored by a variety of
artists and composers including SquidSoup® and
Oliver Bown et al. (Ferguson, Rowe, Bown, Birtles
and Bennewith 2017).

3.4. Biotope

The first work using networked embedded hardware
we want to present is the installation Biotope created
by the composer Jean-Luc Hervé and created at the
Centre Georges Pompidou, Paris in 2019. Described
as a ‘fearful acousmatic device’ by the composer,
the piece is created from approximately 30 nano-com-
puters (Raspberry Pi), hidden in the walls of the
exhibition space, that draw on a set of individual
and collective rules to generate a song of simple and
sparse, timid calls, through to complex polyphony.
Following the model of living organisms, the agents
of the system listen to and answer each other, and
go silent or cry out when they perceive a human pres-
ence. Thereby, the interface between the network of
agents and the human subjects is materialised through
sensing distance, which creates within the network of
agents a kind of perception of the physical world and
allows them to react, both as individuals and as a
group, to the presence of people in their surroundings.
Here the interface between the network of agents and
the public becomes a strategic actor in the creation of
the relation between the two networks. Interestingly,
this interaction is built upon passive and unintended
actions from the human agents.

3.5. Poly

The second example, the installation Poly created by
Benjamin Matuszewski (Matuszewski 2020a), takes
a different approach. The installation is composed
of five musical boxes, also built on top of Raspberry
Pi nano-computers, spread out in the exhibition space
that can excite cardboard resonators. The public can
freely move the boxes from one resonator to another.
Here the interface between the network of agents and
the network of humans is provided by the physicality

Swww.squidsoup.org (accessed 21 June 2021).
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of the musical agent, which can be manipulated by the
public (grabbing an object and moving it somewhere
else). An important aspect here is that while the net-
work of agents has no sensor to capture the
interaction and does not react in any way to the
manipulation, the simple physicality and the evolving
geography of the installation is sufficient to get people
to project and assign a certain agency to the sounding
agents. Also, as the action of one single person modi-
fies the space and, therefore, the perception of
everyone, the mediation of the network of agents tends
to reinforce the links between humans.

While these two last examples are far from exhaust-
ing the vast possibilities of interactions that can be
created or described between a network of musical
autonomous agents and a network of human beings
made up from the public, they provide some insights
on the way in which the networks can open interesting
artistic avenues in terms of both design and analysis.

4. ON PARTICIPATION AND MUTUAL
LISTENING

As is illustrated in the preceding examples, over the
last decade we have experimented with interactive
and participative approaches of sound installations
and collective concert experiences in which the audi-
ence is actively involved in the production and
induction of digital sound and imagery. In some expe-
riences, participants interacted with digitally enhanced
machinery or everyday objects, in others they just
pulled their smartphones from their pockets to partic-
ipate. These experiences ranged from concerts, where
the sound of solo musicians had been rendered
through the audience’s smartphones, to collective
improvisations where nobody but the audience
collectively performed on web-based networked
instruments. All these experiences had in common
that — as is true with other interactive and participative
works — they were designed with a particular attention
to the actions of instrumented participants.

It may seem justified to argue that these experiences
are particular because the audience here is more
actively involved than in traditional concert perfor-
mance practices of Western culture. One may claim
that while traditionally the audience is ‘just listening’
without being involved in the production of the music
itself, in participative works, the audience is ‘really’
and ‘actually’ involved in making the music.

However, after many years of creating experiences
that merit their classification as ‘interactive’ and ‘par-
ticipative’ due to their technical set-up, we have not
succeeded in clearly distinguishing the previously men-
tioned ‘active’ participation of an audience from any
other kind of participation. In general, the audience’s
participation in a musical experience is manifold and
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hard to quantify, and this distinction does not seem
to sufficiently describe the complex entanglements of
the interactions involved — neither actually nor
metaphorically.

The crucial difference, participation, introduces to
the composition as well as the reception of the works
a fresh and different perspective: it affords a signifi-
cant shift of attention from strictly metaphorical or
exemplary interactions musical works usually display
towards actual interactions that involve the participat-
ing recipients.

Christopher Small, in the introduction of his book
Musicking: The Meanings of Performing and
Listening, argues that the ‘meaning of the act’ of mak-
ing music lies in the relationship ‘between the people
who are taking part ... in the performance’ (Small
1998). From this point of view, a different degree of
activity in an audience’s participation does not seem
to make a notable difference. For instance, how do
we justify the significant effort of instrumenting audi-
ences (performing, listening, gesturing, being
consciously part of an ensemble) as significant interac-
tions beyond ‘just listening’.

However, within the context of networked music-
making, Small’s argument helps us notice the different
direction in which the listeners’ attention is focused
and the meaning therein. In the participative
approaches, instead of listening to featured musical
performers, the attention of the participants (the audi-
ence) is turned towards each other and to the collective
they form. Each participant is listening to the others
and this mutual attention is a critical distinguishable
quality of these approaches and reflects the deeper
meaning ‘of the act’ — actually and metaphorically.

Even in the case that not all members of the audi-
ence participate with the same skills or commitment,
or where the participants may be assigned different
roles in the performances, they are not participating
in completely different categories, as would be the case
for performers and the audience at a classical or rock
concert, for example. Some of the experiences we
designed featured performers who were clearly distin-
guished from the audience (e.g., on stage). In these
experiences, the audience’s contribution could be
partly understood as dialoguing with the performer(s),
partly as supporting their performance. Even if these
two functions — or attitudes — may essentially be the
same as for any other performance practices involving
an audience, the experiences required and allowed for
an enhanced mutual attention of all participants, indi-
vidually as well as collectively.

An additional factor that enhances the perception of
participation in many experiences we have designed is
the distribution of sound within a physical space
through a network of sound generators formed by
the participants. The participants can usually clearly

https://doi.org/10.1017/5135577182100042X Published online by Cambridge University Press

perceive the sound produced by their own device
and the sound of individual participants around them
while being immersed in the sound collectively pro-
duced by all participants together. The presentation
of sound through tens or hundreds of devices produces
a unique spatiality that the audience is immersed in
and collectively represented by, namely, a soundfield
that has remarkable depth and mass.

Ultimately, the perspective of participation also
applies to works designed for interacting devices such
as Biotope and Poly briefly introduced previously.
Even if the works’ interactions do not involve the
recipients in the same way, they instantiate a very sim-
ilar metaphoricity featuring the idea of mutual
attention.

Involving either people or digital agents, or both,
works that instantiate participation and mutual listen-
ing open new avenues of expression to composers and
designers. While some may reject the idea that the
musical outcome of each performance depends on
the participants’ interactions, others have embraced
this idea as a desired factor of the overall creative
process.

5. SUMMARY

Designs such as those discussed previously break
down many of the traditional expectations of a musi-
cal concert presentation or art installation. The
recipients actively participate in its realisation. In
some works, this could be undertaken at any time of
the day and in any place across the globe. The tradi-
tional, formal structures of presentation, curation and
hierarchies of performer/artist and audience are there-
fore largely re-framed.

The ad hoc organisation whereby each individual
becomes a formational agent also implies that anyone,
regardless of existing skill or training, can become a
musical agent, interacting with other musical agents
in an act of mutual attention. Simultaneously, this
individual experience is a communal one, forming a
shared objective, and of course a shared experience
of being both an individual creator and a community
of actors and listeners.

It can therefore be argued that these changes of
focus produce different experiences of artistic creation
and performance, in forms of both presentation and
engagement. The network then becomes the key
medium that acts as an interaction platform support-
ing individual as well as collective expression and
mutual attention. Interaction, here, is more than a
set of metaphorical relationships displayed in sound
on stage, as it is often the case in common musical
practices, but it is actually instantiated through the
recipients’ own participation. Accordingly, the meta-
phoricities implied by such experiences are shifted
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from representations to embodied relationships acted
out and mediated through the network.

Therefore, this type of work goes much further than
replicating more traditional performances over net-
works, a format we saw greatly increasing in
prevalence during the 2020-21 COVID-19 crisis.
Artworks transmitted through network technologies,
mainly used as ‘communication channels’, have often
been reported as unsatisfactory in terms of collective
experience, reproducing only very partially onsite inter-
action. The works presented here are fundamentally
based on different approaches, considering the physical
network as material in a complex and interleaved
human(s) and object(s) interaction. Importantly, in
the cases we considered, the collective interactions are
designed as situated interactions, occurring in a shared
physical space. As advocated here, these complex situa-

tions, superimposing social and technological
interactions, objects and digital media, should be
described and comprehended from a holistic
perspective.
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