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Figure 1: Networked comms with zcreative.

Abstract

This paper is about sound and by extension the design of musical
instruments through the window of shared play, memory, place,
and materiality. It looks at NIME design within the context of sto-
rytelling. Exploring the design of a distributed musical controller
and its use for performance and tabletop role-playing games that
incorporate sound. What does it mean for a musical performance
to be a community, or a game to create a story on the one hand
and be an instrument on the other?

We play with this question through the design of a new musical
instrument toolkit, zcreative, which is a set of autonomously
connected controls, forming a network of concurrent controllers,
that manipulate a whole.

zcreative is explored through three examples, considering what
a NIME might be in a web of interactions. FM for 8 phones is a
multi-channel spatial sound performance, where the listeners
are also performers; radical interaction opens up a NIME themed
podcast through community listening; and pebble is a sound
driven tabletop role-playing game, where sound is first class and
forms an additional creative axis for storytelling.
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1 Introduction

What does your imaginary machine do and what does it
sound like?

Kristina Andersen 2013

In a 2013 lecture introducing her magic machine workshops,
Kristina Andersen reflects on a device built by a young person,
an imaginary machine that is designed for them to be “anywhere
but here” [42]! The description that Andersen gives is at once
melancholy, why does this teenager feel this way, while at the
same time, when seen through the thoughts of a designer, inspir-
ing. Invoking images of a younger viewer, memory and place
brought into sharp focus with a short sentence. But why inspir-
ing? Viewed from a design point of view, it is such a simple
and clean idea, there are no preconceptions of what a machine is,
what a device is, what a computer is, what the future is! Andersen
lets the devices happen, instead of preconceiving a participant’s
wants and needs from or for a given contraption.

As Andersen herself notes, participants of her magic machine
workshops are not alone in imagining what ‘unreal’ contrap-
tions might do for us, children play in worlds dreamed up from
their endless imagination, stories of myths, ghost stories, strange
happenings passed down through generations and genres. Such
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fantasy demonstrates our desire and capability for magic. Ander-
sen defines magical thinking, in this context, as the making of
hypothetical things. Or contradictorily maybe we might think of
magic as the unimaginable.

Wait a minute, why would a NIME reader and designer of
musical instruments be reading about magic machines and more-
over, roll playing games? How does this impact my daily thoughts
about the next cool instrument I'm going to build? The short
answer—design! Design is at the heart of all the devices we build
and while there are a multitude of reasons to why we choose to
build a particular sound making device, at some point they all go
through a form of design process. This paper is about that pro-
cess and what we can learn from it, in the context of storytelling
through the lens of memory, place, and materiality. How can the
development of new or old NIMEs be designed through a view
of a shared history of time, place and the material?

Returning again to Andersen’s lecture on her magic machines,
she points to her reading of Karen Barad’s notion of entangle-
ment, emphasising how this leads to alternative thinking within
the context of making [14], how the past interplays with the fu-
ture, and how the future can, conceptually, impact ones reading
of a shared history. How does this effect or relate to NIMEs?
We argue that this highlights a reading of an instrument as an
ongoing process; once it is crafted, the player must reinvent that
instrument in their own way, with their own understanding, and
it is here where the facets of Andersen’s magic machines, Barad’s
agential realism, and more generally instrument design are at
their most powerful.

Musing on the implications of Andersen’s magical machines
(cf. [11]) it seems only natural to consider a side of design and
in particular instrument design, that sometimes feels neglected.
What does it mean to tell stores in a time of digital overload,
where often, we outsource our creativity and arguably our agency
to the algorithms [52]? Garner expresses this notion in a thought
that the art of storytelling has faded away as an oral tradition
within the space of the British Isles, for example [28]. In this pa-
per we propose a system, called zcreative for building networked
instruments that can be utilized for building entanglements that
can contribute to the notion of music or sound making as sto-
rytelling. An abstract overview of zcreative is given in Figure 1,
capturing the entangled or networked nature of the system.

Wright [60] and Hollan and Stornettawith [30] argue that
attempting to overcome the latency and bandwidth limitations of
computer networks for live music is difficult! zcreative reacts to
this limitation as a design constraint, leaning into its limits as an
artist’s bow, rather than trying to find an arrow to pierce through
physical barriers. For accessibility a key design goal of zcreative,
our proposed platform for realising network controllers, is for
clients to be available on a variety of platforms, including the
web [2], which raises a question over utilising OSC, a common
approach for networked controllers, as it is built upon UDP, a
protocol not accessible to modern browsers [6]. To address this
issue we introduce webosc, a new bi-directional protocol layered
on WebSockets [7] for client-server communication on the web,
that supports transmission of OSC messages.

Bringing these somewhat disparate thoughts and technical
notions together, this paper considers the following questions:

RQ1. What would a sound toolkit look like for exploring Ander-
sen’s young person’s design goal of anywhere but here or
in our case anywhere and here?

Gaster and Renney.

RQ2. How might we explore this toolkit to develop unconven-
tional musical instruments?

This paper explores and reflects on a system that considers
these two questions. To approach the first question we introduce
zcreative, a toolkit for building shared and entangled controllers,
that live within a distributed space, possibly across the globe,
with the connecting plane hosted via the internet. Alternatively
it can be a simple concurrent controller system used by one or
more people within a locally shared space. Our proposed system
is presented in Section 3.

We approach the second question by presenting three uses of
zcreative in practice, as documented in Section 4. The first exam-
ple is a networked spatial audio performance where the audience
are also the performers and aspects of control for each channel
are shared through a zcreative interface. The second example
looks at radically breaking down the shared experience of listen-
ing to a podcast, itself about and by makers and musicians from
the NIME community, providing a shared listening experience.
In this context zcreative provides a controller interface that is
abstracted from the listener, who interact with the experience
through a webzine for the podcast. Finally, the third example
explores the use of sound, via a dynamic zcreative interface, in
the development of a table top role playing game (TTRPG) [4, 46],
exploring both how sound itself might add to these creative story-
telling games and how zcreative fits within this domain. This later
example also demonstrates how autonomous embedded devices
can be incorporated within zcreative’s control, motivating some
of the design choices made when building the overall system.

Before diving into zcreative’s design and implementation, and
the example use cases, Section 2, presents a selection of related
work. Finally, Section 5, concludes with a discussion and pointers
to future work.

To conclude the introduction we note that the networked
nature of the paper sits closely with this year’s conference theme,
reaching beyond a more conventional view of what is a musical
instrument, proposing to learn from and contribute to creative
storytelling communities.

2 Background

Early HCI work by Hollan and Scott argue that it is possible to
work with in the field of telecommunications and create systems
that allow the same richness and variety of interaction, but with
distance no longer an issue [30]. In this paper we continue to
push the idea of "being there" or as they put it “beyond being
there”, enabling an entangled presence of time and place. Hwang
and Marasco have explored a similar idea of distributed control,
in their system MoNoDeC, that combines control with audience
participation [31, 44]. MoNoDeC is built upon Collab [36], a
system similar in scope to zcreative, although it differs slightly in
that it is designed specifally for sharing data across the internet
for multimedia collaboration. zcreative is designed for multiple
forms of network bankbone communication, the internet being
just one, of many, options. zcreative follows in the footsteps of a
number of earlier web-based platforms for shared control, such
as Soundworks, NexusHUB, and Rhizome [10, 53, 55].

02 looks at inter-process communication of muscial devices
through a new protocol that is similar to OSC, although with
additional features such as syncronised clocks [24]. It differs to
zcreative in that is takes a services rather than network address
approach, and both client and final destination must support the
02 protocol. Similar the ¥ protocol builds on OSC to build a more
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flexiable network protocol for muscial expression [25]. While
similar in some aspects to webosc it not a system, in itself, for
building shared control systems.

Mesh Garden, a creative-based musical game for participatory
musical performance, takes a different approach to zcreative, in-
stead exploring participatory music-making with smartphones
using an audio sequencer game made up of a distributed smart-
phone speaker system [21]. Rather than presenting a general
framework for building shared connected instruments, Mesh gar-
den focuses in on a single application. Similarly TweetDreams
is an instrument and musical composition that participants con-
trabute in music-making, creating tweets in real-time that are
sonified and visualised [23].

An expanding application area for zcreative is within multi-
channel speaker arrays and there is a long history within this
domain, summarised by Taylor [59]. While not the original design
focus of zcreative, approaches like MoNoDec and applications like
FM for 8 Phones open up an entangled approach to multi-channel
performances and instruments.

Robson explores the physical entanglement of listeners within
a performance, incororating non-human influences through site
and technology that informs the production process [48-50]. The
distributed nature of zcreative naturally leads to shared interac-
tions, and performances such as FM for 8 Phones (see Section 4.1)
sit closely with entangled activities of composing and curating
described by Robson.

Many works exist that involve wearables and external move-
ment in terms of both sound generation and more narrowly in
game design and in paritcular TTRPGs. See for example [17-
19, 57]. More recently work in this domain has been explored
within the context of GenerativeAl, including [16, 51].

There are many examples of work that explore the direct
use of sound within the context of games and NIME design, al-
though mostly not conbined within a distributed and shared
gameplay [13, 27, 45, 56, 58] . Collin and Kapralos reflect that
in video games, sound plays an important role, often less typi-
cal in interactice media, with an emphasis placed on the visual
instead [22]. Storybit’s and Jigsaw push aginst this, exploring
interactive and immersive nattatives with micro:bits and paper
and augmented reality and networked game play [33].

Working within the context of NIME design brings into sharp
focus the evolving environmental crisis. The creation of NIME
research often relies heavily on, and is tightly intertwined with,
mass production and industrialisation [54]. As such throughout
the development of the ideas presented in this paper we con-
sidered and applied ideas from Becker’s recasting of computing
through the lens of substainability [15]. Looking to this work for
a more thoughtful path for development, zcreative is designed
to minimize compute resources, when possible running locally
on a laptop and private local network, rather than a cloud based
solution, for example.

zcreative and the presented applications were built and de-
signed with sustainability in mind, building on and inspired by
recent work at NIME, for example, the circular maker practice of
Anon et al [5] and Masu et al’s reflections on the importanace
of re-purposing old musicial instruments [37], and approaches
such Rigaud’s re-purposing of old devices [47]. Throughout the
design and making process we considered a bricolage approach,
trying to make use of what was around us and on hand, rather
than looking for the newest thing [12]. This is most obvious in
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Figure 2: Protocol(s) for sending control data.

pebble (see Section 4.3), which incorporates found clay, old dis-
carded paper, and re-purposed microcontrollers in the making of
physical components for the game.

3 zcreative

In this section we introduce zcreative a musical platform de-
signed for exploring distributed NIMEs. While the system lends
itself to supporting unlimited participants, they are envisioned
as controllers rather than sound generators, zcreative is what
Magnusson calls the mapping engine, with the instrument model
completed here with a sound generator written in MaxMSP! [35].
Clients can subscribe to the sound generator’s audio streams,
using Opus Codec [3], for example, although in many applica-
tions, as demonstrated in two of the three case studies, this is
not necessary.

zcreative provides a standard client server architecture, sup-
porting two types of clients, either using a bidirectional or more
limited unidirectional protocol. The protocol itself is implemented
on top of an extended version of OSC [60, 61], called webosc that
builds an OSC like layer on top of Websockets (described in
Section 3.1). A high-level overview of zcreative’s architecture is
shown in Figure 1.

The general, bidirectional protocol, enables clients to subscribe
to controller or audio channels, in one of three different modes,
read, write, and read/write, and additionally these channels can
have multiple clients attached in any access mode. As zcreative is
intended as a tool for exploring shared connections, the default
mode of access is shared, although this is not a hard require-
ment and each channel can be configured with different access
capabilities. While it is possible for clients to create and destroy
channels, this is not something we have explored to date, rather
a particular instance of zcreative is described statically, i.e. fixed,
and expressed as a JSON configuration, loaded directly by the

10ur of Max should not way imply this is the only possible sound generator.
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server when it is initialised. Currently, the static configuration
nature of zcreative is deliberate and by choosing to enforce this
limitation the focus is on applications that are constrained to
a fixed centralised notion of control. We acknowledge that this
limits the set of possible applications and in practice the is not
a hard requirement of zcreative, however, we felt it interesting
to focus on use cases, which are many, that fit this model of
constraint.

While bidirectional control enables clients to both send and
receive changes in the state of the system, e.g. when a control
slider is moved either by the client or another remote user, some
controls do not require the ability to receive state changes. This
is of particular importance for embedded controllers, that might
have actuator controls only. An example, of this might be a simple
slider or button interface, and can be seen in action in the pebble
game described in Section 4.3, where a small microcontroller and
a 6-axis IMU are embedded within a handmade clay pebble, and
connect via zcreative’s uni-directional protocol to send rotational
information to the sound generator.

It is important to note that a networked server, as provided
by zcreative, is always going to be limited in terms of latency
induced by the physical constraints of the hardware, the amount
of network bandwidth, and so on. To this end we decided to
lean into this as a constraint and the system is not optimized
for low-latency, i.e, action to sound [40, 41], focusing, instead
on a robust implementation. Of course, the implementation is
optimized and the server itself is implemented in the systems
programming language Zig [1].

3.1 webosc

OSC is a protocol that enables musical controllers to communi-
cate over a computer network, supporting control from remote
devices [60, 61]. Unlike MIDI [38], OSC can encode and control
almost anything, see for example Jones’ complete model for con-
trolling Ableton Live [32], and is applicable beyond just music
applications. However, unlike MIDI, OSC has yet to be supported
within the browser and is not directly accessible to the web de-
veloper, which given the wide accessibility of web technology
can be seen as a major limitation.

Due to the web’s focus on security and reliability there has
been an understandable reluctance to expose Berkeley style sock-
ets [34] to web applications. This lack of bi-directional commu-
nication between client and server, not withstanding stateless
encodings offered by true REST APIs [26], limited web clients to
communicating with servers through HTTP’s PUT/GET/POST
API, which in turn constrains the set of possible applications [2].
WebSockets were introduced to address this, built on top of HTTP
itself they enable an existing HT'TP connection to be upgraded to
support bidirectional communication [7]. So if we are to support
bidirectional OSC messages for web applications, then OSC’s
transport layer needs to instanciated using WebSockets. While
OSC is transport independent its implementation, as originally,
defined is to transmit over a socket, most often via UDP, and
so does not map one-to-one onto WebSockets, which behaves
similar to a standard socket where it is encoded over the original
HTTP connection and thus happens at the application layer [8].
The implication here is that if we want to support OSC for web
applications, without changes to browser APIs, then OSC needs
to be formalised over WebSockets. Figure 3, shows this concept
diagrammatically.

Gaster and Renney.

| | osc

Figure 3: General communication network for zcreative.

The idea of translating one protocol into another is as old as
computing itself and zcreative is not novel in this regard. How-
ever, we argue that by conceiving zcreative’s server as a bridge
between control client(s) and sound generator(s), in our case
written in MaxMSP with OSC, it enables clients to utilise differ-
ent technologies and address cases where network technology is
limited, e.g. no UDP on the web. Formalising this design choice
and the benefits it enables with integrating somewhat compet-
ing technologies enables a generalisation of OSC as a control
technology within the application layer, rather than the more
traditional transport layer. Figure 2, shows a progression in possi-
ble mappings for OSC in different scenarios. Example (A) recalls
the traditional approach to transmitting OSC messages, while (B)
highlights a non-standard approach, used by Monome to connect
its Grid and Arc controllers to a computer sending closed OSC
messages over a wired serial port to a small piece of software
(serialosc), running on the host computer converting incoming
signals to OSC messages that are forwarded over UDP to a receiv-
ing sound generator, such as Monome’s own Norns computer. (C)
shows a possible controller encoding over conventional HTTP,
with the idea to encode state via REST style API, but limited by
the fact that the server can only respond synchronously to client
messages. Finally, (D) formalizes webosc, the idea introduced
with zcreative. Inspired by Monome’s serialosc, we propose that
OSC messages are encoded on top of WebSockets, enabling bi-
directional communication between client and a bridging server,
the later of which is responsible for sending and receiving OSC
messages from the wider network. The idea of a bridge is similar
to that supported by the O2 protocol, while in practice a bridge
is not required for all applications [24].

In practice a webosc client behaves much like any other OSC
application, but there is an interesting design point that must be
considered when using this protocol; does the client know and
control where the OSC messages are destined to go on from the
bridge? For example, in scenario (A) the client sends an OSC mes-
sage directly to a chosen destination, i.e. it knows the IP address
and port number, but in use case (D) is this the case? This comes
down to if the bridge is transparent or not, thus behaving in a
similar fashion to a network switch, or does it behave more like
a router and thus enabling, at least conceptually, a remapping
of the destination? We believe that both use cases are useful,
for example a transparent bridge is simply there as a conduit
for “switching” messages along the network, while a bridge that
is visible in the pipeline can be seen as an actor that can play
a semantic role in the overall system. zcreative is an instance
of the latter, where it not only forwards on OSC messages to
a sound generator, e.g. MaxMSP, but also maintains a stateful
representation of the control system, that supports the ability for
clients to subscribe to controls, with read only, write only, and
read/write permissions. In theory, zcreative can support a wide
selection of protocols for communicating with the client, how-
ever, for our current implementation OSC is used exclusively for
communication with MaxMSP, which is highlighted in Figure 12,
showing the communication architecture for the pebble game
described in Section 4.3.



anywhere and here: zcreative, a toolkit for distributed control

NIME 26, June 23-26, 2026, London, UK

Figure 4: Stills from FM for 8 phones performance.

4 shared control

To put zcreative in context, building on the foundations laid out
above, we developed three applications of networked control
taken in part from our own artistic practice that is embroiled
with our interest in computer science, networking and control, in
conjunction with an ongoing interest in what defines a musical
instrument.

These examples show the practical use of a system such as
zcreative, while at the same time casting light into the world of
networked systems, when bent beyond the physical limitations
of latency and space. Musical storytelling can be one of shared
connections, where materiality reaches within the immediate
physical space and beyond, into the virtual.

4.1 FM for 8 phones

As part of a larger research project we were lucky to be invited to
create a performance at The Bridge Studios?, an interdisciplinary
research lab and a state of the art creative space for physical-
meta production. The Performance Space provides a 28m? LED
production-quality volume wall and 24 speaker (plus 4 subs)

2 https://www.uwe.ac.uk/research/centres-and-groups/cate-research-
overview/the-bridge-studios.
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Figure 5: Abstract representation of participant’s controls.
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FM for 8 Phones
&

Figure 6: FM for 8 phones application interface.

Martin Audio surround sound system, based on a Dante network?.
Inspired by the network nature of both zcreative and a Dante
based sound system, along with the community foundations of
The Bridge Studios we designed FM for 8 phones, a piece based on
John Chowning’s 1978 Stria [43]. Expanding Chowning’s idea to
16 channels of audio and introducing an entangled set of dynamic
controls for 8 performers, who are also the listeners.

The intention of the piece is to blur the line between the per-
former and the listener, where the 8 performers are also the
audience, entangling their shared interaction through real time
control of sound features for 2 channels (i.e. speakers) each. Con-
trol is provided through a simple webapp connected to an in-
stance of zcreative’s standard networked architecture, as shown
in Figure 3.

Setup for each participant requires connecting their phone to
the local private network, opening their browser of choice and
the provided URL*. In practice this is reasonably straightforward
with only minimal support required.

As can be seen from the interface shown in Figure 6 the par-
ticipant is confronted with a simple welcome screen (top image),
that asks them to connect to the performance. Once connected
an interface with 6 unlabeled sliders is presented, representing
pairs of 3 controls for two randomly allocated channels. Each
pair enables the performer to control the gain, frequency cutoff
and Q value for that channel, as shown in Figure 5. Wrapping this
patch with Max’s multi-channel mc.poly~, with 16 channels, and
combining with nodes funnel, which preappends the channel
index, and setvalue enables each participant’s control inputs to
be routed to the corresponding instance.

A participant’s control message for each input is sent via
webosc from the app to a shared instance of zcreative, which for-
wards on the corresponding OSC message, with the slider value,
to MAX, which is matched and routed as described above. When
anew participant initialises connection with zcreative 2 channels
are randomly allocated and the corresponding controls are sent
to the connecting app, and the uniquely assigned ID provides a

3https://www.getdante.com/meet-dante/what-is-dante/.
4zcreative runs on a secure private network and it is not connected to the internet,
users must accept a locally signed certificate.
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Figure 7: FM for 8 phones performance visualization.

mapping from incoming values to outgoing OSC messages. In
this application no additional temporal state is required.

Originally it was conceived that the interface of the digital
instrument would be visualised during the performance, enabling
some visual feedback of a performers controller commands. How-
ever after early prototyping it was found that obscuring the inter-
face from the audience could induce a deeper listening experience.
This is not to say that visual feedback was not a key element
of the performance, in fact, The Immersion Studio’s large LED
array sits at the front overlooking the whole room, providing a
visual dimension to the speaker array.

For the piece the large LED array was utilised, with different
standing wave patterns® built from one of the channel’s frequen-
cies, picked at random, and then modulated by the carrier’s mod-
ulator of other channels. A snapshot image is shown in Figure 7.
While subtle, choosing the carrier at random and changing this
selection at the same rate as the channel sequencer, means that
it is possible to see the entangled interaction of the performers,
as well as hearing them.

Stills from the first performance of FM for 8 phones can be
seen in Figure 4, the top image shows a POV recording of one
listener/performer interacting with the 6 controls, while the sec-
ond is a flattened 360 image of the space with the participants.
360 degree and POV video recordings of a performance at The
Bridge can be found at [Link] and [Link], respectively. A stereo
recording of the performance is included as part of the paper’s
supplemental material.

4.2 radical interaction

radical interaction is a podcast series that is inspired through the
lens of research and interaction [29]. The first series focuses on
NIME researchers and is a set of eight interviews with broad
participant interests, ranging from PhD students, established
researchers, to well known artists. The second series, still in the
early stages of development, considers programming language
design and interaction, and we do not focus on it here. The first
series explores three themes, shown in Figure 10, but in general,
allowed each interview to consider paritcular interests of the
participants®.

To keep with the spirit of the podcast and its intention to
break with podcast norms, we explored the idea of a podcast as

5This element of the patch was inspired by a similar one found on the Cycling74’s
website by @ringtone.

SFor review we have avoided giving to much detail about participants, to keep it as
anonymous as possible.
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my interest in the underground Japanese noise scene, being Japanese by birth, myself, becoming interested
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Figure 8: One “side” of radical interaction zine.
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Figure 9: radical interaction landing page.

zine, delivered both in traditional paper format and digitally, and
the listening experience itself can be individual or shared. While
the paper zine is fun and interesting in its ownright, we forgo
discussion here as it is not directly related to the presentation
of zcreative, instead focusing on the digital version, which is
implemented on top of zcreative.

The digital zine is delivered as a webapp that works in two
modes; mode one presents the podcast through a community

listening approach, using zcreative to manage the shared listen-
ing experience; while mode two presents a conventional linear
listening, where each episode is presented as an embedded page
that provides the same text as the paper zine, along with the
ability to listen to that episode as audio. On opening the webapp
the user is presented with the landing page shown in Figure 9.
Clicking on the bottom image, i.e. the single listener, takes the
user through a reasonably conventional listening experience for
a podcast, where each episode can be played and text providing
context read. However, it is worth noting that while the listen-
ing experience can be linear, the podcast itself is presented in
the form of the zine, which in paper form folds out to a single
double-sided A2 page that contains descriptions of each podcast
and so on. The digital form is presented as an “infinite” canvas,
with links embedded for playing episode’s audio. An annomised
one side of the zine is shown in Figure 8.

Selecting the community listening path, top image in Figure 9,
connects the digital zine to zcreative, allocating a UUID and a
randomly allocated pitch that is used for podcast snippets. The
user is presented with a virtual representation of the paper zine,
where moving around the canvas allows different elements of
the podcast to play, while “avoiding” a particular episode casues
random elements of any (or all) of the podcasts to play. For a given
user they hear their pitch at the forefront of all played backed
sounds. Unlike the linear listening experience they can also hear
others that are present. Depending on where another user is on
the canvas, i.e. are they hovering over a specific episode’, the
user may hear only clips playing at their allocated pitch, but
as others join the shared reading and listening experience their
allocated pitches are introduced. Each additional pitch is placed

"Clicking on a specific episode locks it in, until another click is recorded.



NIME 26, June 23-26, 2026, London, UK

i i 1a.whatare you up to
3. what’s you most out : right now?

| | |
| there idea, in relation | |
! toin interaction ! !

: ., 1b. how did your get
R /' there? /

2. fishing

,,,,,,

I + | | |
I Player — Y R I — | Global Filter +-—-—> | Compressor  +-——-—> | Limiter |
[ + | | |

Figure 11: radical interaction audio pipeline.

in a 3D space by simple use of gain and reverb to give a more
ghostly sense of community presence and shared listening.

zcreative provides the backbone of the shared listening experi-
ence tracking user pitches, current position and selection, and
providing simple instructions to the frontend webapp of what
pitch and particular set of samples to play. The webapp itself
is a single page application, using HTML Canvas and SVGs to
draw and represent the digital version of the zine, along with
Tone.js [9] for handing the audio playback through Web Audio.
The audio pipeline for each player, i.e. user, along with the global
mix is shown Figure 11.

Unlike FM for 8 phones and the pebble game, described in
the following Section 4.3, zcreative does not maintain controller
information, as the zine does not have controllers in that sense,
but state is required to keep track of concurrent users and their
associated pitches. Pitches are allocated within a half octave, up
and down, from a fixed zero playback pitch, i.e. not timestreched,
and allocations are within that range. In practice, once there are
above about twenty four online concurrent users the amount of
pitch variation can become less discernible, however, through the
use of per-player reverb it is still possible, with careful listening
to determine a larger number of online users.

The radical interaction podcast zine can be listened to at the
following URL:

Gaster and Renney.

o + o + o +
| | webosc | | osc
| web <= >| zcreative |-———————————= > maxmsp
| | >|
. + | o +state | Fm +
| o +
webosc

Bt +
| pebble  +————- et e +
o + |

| |

+—t—t+  H+——+

+o——t

dice

Figure 12: Communication network for pebble.

Website: https://radicalinteraction.org

4.3 pebble

pebble is a world-building game exploring sound as an aid for sto-
rytelling. Player’s search for a way home by exploring locations
where rocks abound.

A large inspiration came from the community of single page
role playing games found on platforms such as itch.io, which has
and continues to be an amazing source of creativity.

The original aim with pebble was to build a single page role
playing game, which isn’t a lot of space, so we focused on the
following design goals:

Sound should play a key role in playing the game;
It should be easy to learn and accessible;

It should encourage player creativity;

It should be tight and have an ending.

Additionally we felt that a TTRPG was a great place to explore
zcreative from an embedded device view point, in particular the
community aspect was already manifest in the shared storytelling
elements of role playing games and thus focused on zcreative’s
centralized notion of control, rather than its implicit support for
distributed interactions.

In pebble 3-6 players create lost explorers, discover strange
lands, cursed people, exploring deadly landscapes of different
locations. With fellow travelers they discuss how to survive and,
when everything has been explored, choose a route home. A
key element of the game’s design is iteration, where players
explore different routes home with similar game play. The use
of iteration or loops in game play enables learning once and
applying multiple times, thus reducing the likelihood that players
experience cognitive overload [20].

Throughout pebble sound is used as a creative tool for story-
telling, providing prompts for the players to expand the emerging
environment. As the game progresses players interact with six
“pebbles”, connected via webosc to zcreative, that enable contin-
uous control of different sounds. The sets of accessed sounds
change with each iteration of route exploration. These intercon-
nections are shown diagrammatically in Figure 12. The A3 design
and text for pebble is included with the paper’s supplemental
material.

The heart of pebble’s game mechanics is a pair of nested loops,
where players explore a route home, as shown in Figure 13. Each
route is envisioned through first selecting one of six cards, each
a themed drawing that is intended to invoke a sense of place and
time, chosen by rolling a six-sided die and placed on the map.
The cards can be seen in the bottom left of Figure 14. At this
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Figure 13: pebble’s game loop.

Figure 14: Physical elements of pebble game.

point one or two players are chosen to perform with one or more
pebbles, which in turn causes the connected sound generator
to produce sounds that creates a feeling of the weird, eerie, and
a sense of three dimensions, with respect to the selected card.
Each set of sounds is bespoke for the chosen card and there are
multiple sets for each card, that are picked at random for each
iteration of the game.

Sound set selection must be tied to each card and thus must be
dynamically communicated to the sound generator, which itself
is a simple Max patch for playing and controlling samples. Origi-
nally, we developed a button pebble that one of the players would
click to indicate the card that had been pressed, however, after
playing the game with a number of different groups the general
consensus was the conventional affordances of a pebble were
lost when it was cast as a button. To work around this constraint
an alternative way of selecting the corresponding sound set was
necessary and we considered two possible options; embed a NFC
tag in each card and a NFC reader in each pebble, requiring the
card to be swiped or tapped on a pebble; or embedding a commu-
nication device within the dice themselves, allowing rolling the
device to select both the card and the corresponding sample set.

Using NFC tags introduces a new interaction into the game,
while in the most part keeping with the intended affordances
of a pebble, but a downside is the implementation cost. Adding
a tag to each card would be straightforward, however, adding
an NFC reader to each pebble would increase the complexity
of the embedded technology within each pebble. It was fairly
clear that to create smart dice an embedded IMU could be used,
something we are already using for the pebbles themselves, how-
ever, with a new size constraint. A single dice is generally quite
small and a custom PCB would be required and potentially worse
still sourcing what would need to be a tiny lipo battery is not
trivial. Luckily, role playing games are not the niche business
of yesterday and in today’s post COVID gaming world there
already exits GoDice6®, which are Bluetooth enabled dice, shown
in the middle left picture in Figure 14. Utilizing GoDice’s API it
was straightforward to implement a driver that translates die roll
notifications to webosc messages that are transmitted to zcreative,
just like any other supported control signal. The dice, as per the
pebbles themselves, communicate with zcreative using the unidi-
rectional protocol, and the server itself was extended to support
a new (die) controller type.

5 Conclusion

zcreative and its example use cases presented in this paper provide
one response to our original research questions, framed and
inspired by Kristina Andersen’s magic machines. zcreative is a
toolkit for exploring musical machines that have a shared and
networked heart, providing a framework for exploring story
telling and shared agency in a time of digital overload.

The three applications introduced in the previous section
scratch only the surface of what might be possible with zcre-
ative. Shown clearly by the work of Hwang and Marasco with
MoNoDeC, a multichannel audio system that inspires to incor-
porate listeners and performers in an entanglment, similar in
spirit to FM for 8 phones, that connects through the use of mo-
bile phones and speakers, there are a multitude of application
domains to explore with zcreative. Of particular, interest is the
connected nature of these systems to contribute to shared story
telling, through exploring its use for new interactions within
spatial audio and how it might expand narrative story telling in
TTRPGs. We plan to begin a wider exploration of zcreative’s use
in the design of TTRPGS by placing it in the hands of game mak-
ers and players, asking them what they might use an entangled
and networked tool for sound exploration in their own or future
games.

8https://particula-tech.com/pages/godice
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Clearly zcreative conceptually, does not have to be tied to
sound control interfaces, and it could be interesting to consider
its uses from a music control metaphor approach, similar to that of
McNamara et el [39]. This aligns with our interest in TTRPGs and
it seems reasonable to develop zcreative both for expanded audio
lead storytelling, along with more general use for introducing
dynamically connected materials, enhancing game play.

6 Ethical Standards

This work was ethically approved by our university’s Faculty
Research Ethics Committee. Al was not used in the creation of
this paper.
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