
Sound Effects in Theatre: Towards Actor-Controlled
IoS Devices for Interactive Performance

Rod Selfridge
School of Computing, Engineering and The Built Environment

Edinburgh Napier University
Edinburgh, Scotland

r.selfridge@napier.ac.uk

Abstract—This paper investigates the under-explored potential
of actor-controlled sound effects in live theatre using Internet of
Sound (IoS) technologies. A technical case study was conducted
through a sound design workshop with live actors. Participants
were introduced to IoS devices as novel means to trigger and
manipulate both pre-recorded samples and procedural audio
models in real time. The devices were built using Arduino MKR
1010 Wi-Fi microcontrollers, incorporating a range of sensors,
including accelerometers, circular potentiometers, force sensitive
resistors, photoresistors. Participant feedback emphasised the im-
portance of early integration into rehearsals, cross-departmental
collaboration, and reliability. These findings inform the design of
future IoS-enabled performances, with a live deployment planned
for December 2025.

Index Terms—Internet of Sound, Procedural Audio, Sound
Design, Live Audio.

I. INTRODUCTION

Sound effects and sound design in theatre performances
have provided a vital component of storytelling [1]. In theatre,
sound helps establish the setting, convey mood, highlight
events, and drive the narrative [2]. Today, the most common
method for adding sound effects during a live theatre perfor-
mance is through specialist software [3]. One example of this
is QLab1, which provides high-quality support for operating
sound effects during a performance [4]. This software allows
users to store all required sounds and offers features such
as multi-voice playback, basic editing, parameter automation,
and cue-based control. While these tools offer reliability and
precision, they are generally operated off-stage, limiting the
potential for real-time, performer-driven interaction.

Many believe that sound in live theatre has not advanced
[5], yet several innovative productions involving sound have
been developed and performed, seeking to engage the public.
Examples include the use of binaural audio and on-stage Foley
in The Encounter by Complicité, where the theatre audience
wore headphones to experience the surround sound2. Vilkaitis
and Wiggins developed an ambisonic version of a production
of King Lear [5]. A study which included audio augmented
reality within a participatory performances is presented in
[6], which includes an overview of the use of interactive
technologies in theatre and other performances.

Funded by Edinburgh Napier University Public Engagement.
1https://figure53.com/
2https://www.complicite.org/work/the-encounter

This paper builds upon a previously reported workshop
[7] but focuses specifically on the technical implementation,
system architecture, and future deployment of Internet of
Sounds (IoS) devices in live theatre. Specifically, it investi-
gates the feasibility of actor-controlled sound effects using
networked audio devices within the framework of the IoS. A
public engagement workshop into the sound design of a live
theatre performance was conducted and included a number
of prototype devices. The setup included sensor-controlled
devices, with one integrated into a prop, allowing participants
to trigger and adjust sound effects in real-time.

The case study presents 9 networked sound devices (1 actor-
controlled), within a live rehearsal and performance environ-
ment, examining the system architecture, sound reproduction
method, and user feedback. The goal of this study is to gain
understanding and lay the foundations for future IoS-based,
actor-controlled sound effects to be deployed in a live theatre
production.

II. BACKGROUND

The Internet of Sounds (IoS) offers a framework for re-
thinking how sound can be embedded and controlled in
performance environments [8]. The IoS deals with the commu-
nication of music and sound-related information over wireless
networks, allowing for novel sound-based applications. In
terms of a theatre performance, this paradigm offers a shift
in control from operators to performers.

A. IoS Subdomains

One of the main subdomains of the IoS is the Internet
of Musical Things, (IoMusT) [9]. Performer control using
IoMusT devices has been explored in the context of SMART
instruments. These are often traditional musical instruments
complemented with electronic devices integrated into them to
allow the user to create novel performances [10], [11], [12].

The other main subdomain is the Internet of Audio Things
(IoAuT) [13]. The IoAuT focuses on distributed networks of
non-musical audio things. Some of the main concerns for
the IoAuT are with production, reception, and analysis, and
includes applications like interactive sonification and wireless
acoustic sensor networks [8].



B. Related work

Smart shoes were studied in [14], where the shoes controlled
the sound as a sonification of the wearer’s gait. This was
focused towards medical rehabilitation whereas this study is
looking at using similar devices for the control of sound effects
during a live theatrical performance, ultimately by the actors.

Selfridge and Barthet [15] explored an interactive live
performance using networked devices where digital music
instruments sent networked messages to a HoloLens causing
mixed-reality visuals to react to the sounds. The additional
cognitive load on performers did not appear to be a significant
issue while controlling mixed-reality graphics along with the
music.

A recent study by Wu [16] focused on the centralisa-
tion of the control of sound along with video and lighting.
Using existing established stage software (Isadora, ArKaos,
grandMAonPC, QLab) it examines synchronisation and single
operator control over the multiple systems. This contrasts with
the current study, which explores democratising sound effect
control by shifting it to the actors. The use of IoS devices
supports more dynamic and embodied performances though it
may introduce additional cognitive load.

Procedural audio sound effect synthesis uses models that
allow real-time manipulation of sound through adjustable
parameters [17]. Different sound models range from swinging
objects [18], to thunder [19], to door creaks [20], and more.
Often these sound effect models use subtractive and additive
synthesis methods and are inspired by the physics that generate
the sounds in nature [21].

III. METHOD

A. Workshop Design

The workshop was hosted by The Dibble Tree Theatre,
Carnoustie, home of the amateur theatre company, called
The Carnoustie Theatre Club. The venue’s dual-space lay-
out enabled parallel testing of IoS devices and participant
interactions. The event provided participants with the unique
opportunity to collaboratively ideate and sketch their sound
design while working with the actors (in full costume and
make-up) as they rehearsed a scene.

The workshop was scheduled to be 3 hours long and was
timetabled as shown in Table I. Following the introduction,
sound designers and actors were split into 2 groups, one
situated in the main theatre, while the other was in one of
the rehearsal rooms.

TABLE I
WORKSHOP TIMETABLE.

Time Task
00:00 - 00:20 Introduction and background details
00:20 - 01:00 Ideation and rehearsal of 1st scene
01:00 - 01:15 Performance of 1st scene
01:15 - 01:30 Coffee break
01:30 - 02:10 Ideation and rehearsal of 2nd scene
02:10 - 02:25 Performance of 2nd scene
02:25 - 03:00 Feedback and data gathering

B. Participants

11 individuals participated, including 7 sound designers
and 4 actors, whose varied backgrounds provided a broad
spectrum of user feedback on the usability and integration of
IoS devices.

1) Sound Designers: Among the sound designers 6 identi-
fied as female and 1 as male. Ages ranged from 16-18 years
to 57-69 years, more than half in the 57-69 age range. 5 had
acted in amateur theatre, 1 has directed and produced films,
including Foley. 4 have also performed backstage roles, pro-
ducing theatre performances, musical director, sound recorder
and lighting director. None of the participants had experience
creating a new sound design for a theatrical performance from
a blank slate.

2) Actors: All of the actors identified as male with 3 out
of 4 in the age range of 57-69 and 1 between 31-43. Previous
experience of the actors include 1 who has produced a number
of plays, 2 who have been musical directors and 1 who has
operated sound effect software in the past. Again, none of the
actors have had any direct experience in sound design for live
theatre performances.

C. System Architecture

The IoS workshop required several hardware components,
with slightly different setups in the theatre and rehearsal spaces
due to the PA system being available only in the main theatre.
The setup for both spaces is shown in Figs. 1 and 2.

Fig. 1. Hardware setup showing IoS devices communicating via router to the
MacBook (running Pure Data) and Windows PC (running SoundPlant), with
audio outputs wired through the Front of House PA system.

A number of different sound sources were available in
both the performance spaces based on the scene. Foley items
provided included empty bottles, slide whistles, rain sticks, a
thunder tube, whoopee cushions and wooden pegs. Both spaces
also featured a Windows PC running the live performance
audio software, Soundplant3. This software is similar to QLab,
allowing samples to be assigned to keyboard keys, which
trigger playback when pressed. All samples were uploaded to

3https://soundplant.org/



Fig. 2. Hardware setup showing IoS devices communicating via router to a
Windows PC (running Pure Data) with audio output routed through an external
speaker, and a separate Windows PC (running SoundPlant), with audio output
routed through an external soundcard and monitor speaker.

the Windows laptops to act as a backup should the networked
devices fail, or as an alternative option for the sound designers.

It can be seen in Figs. 1 and 2, each performance space
was equipped with a dedicated router, enabling real-time Open
Sound Control (OSC) communication between Arduino MKR
1010- based IoS devices and laptops running the interactive
audio software, Pure Data4. This modular setup allowed for
scalable deployment and fault-tolerant design. The IoS devices
OSC data [22] via User Datagram Protocol (UDP), commonly
used in multimedia communication [23]. Sensors within the
IoS devices have their values read by the Arduino MKR 1010
boards, connected to the local network. Data is then sent to
a predefined IP address on a stated port. Each data stream
is mapped to a unique OSC address, for example, /fsr, or
/buttonState1, allowing the receiving Pure Data software to
distinguish between sensor outputs. Multiple devices can be
connected on the same local network in this manner, making
the architecture scalable depending on user needs.

The Arduino MKR 1010 boards were chosen because they
have built-in Wi-Fi capabilities, are relatively inexpensive,
and based on the author’s familiarity with the programming
environment.

D. Interaction Design

A total of 9 IoS devices were provided to the sound design-
ers, 4 in one space and 5 in the other. The combined output
from these devices had a total of 16 different sound effects.
For participants to interact with the IoS devices a number
of sensors were made available to them. These included
accelerometers, a force sensitive resistor (FSR), a circular po-
tentiometer, rotary potentiometers, buttons and a photoresistor.
Since the workshop was also a public engagement event, the
IoS devices were enclosed in sturdy project boxes in order
to prevent unintended damage. All of the sound samples and

4https://puredata.info/

synthesis models were run in Pure Data, which received the
OSC data from the IoS devices.

1) Pre-recorded Sample Interactions: 9 out of the 16
sounds available were pre-recorded samples the control of
which was mapped to buttons, causing the sound to play
when pressed. These sounds compensated for characters not
present, reaction from the chorus or reaction from the audience
(common in pantomime performances).

Another pre-recorded sample was triggered using a pho-
toresistor. Here the IoS device was put in a case along with a
motion sensing light. The voltage across the photoresistor was
mapped to an analogue value (0 - 1024) and when the case was
opened by an actor the light came on changing the resistance.
When this analogue input value passed a threshold the sample
was triggered. Similar to the photoresistor, the voltage across
rotary potentiometers were mapped to an analogue value. In
these cases the threshold was made just above a value of
0 so that the sample triggered as soon as the knob of the
rotary potentiometer was turned. The remaining range of the
potentiometer was mapped to the volume of the sample.

2) Procedural Audio Sound Effect Interactions: Procedural
audio sound effects were introduced for 4 different sounds
available to participants. A button was used to trigger a
synthesised spark sounds, adapted from Farnell’s humandspark
model [21]. The output from the button was a direct 1-to-1
mapping to the button in the Pure Data patch to trigger the
sound effect, making it the obvious component to present users
to interact with.

An FSR was used to control the sound of a squeak. This
model was adapted from the patch by Christian Heinrichs,
available through the Bela website5. Pressure on a FSR was
mapped to the amount of squeeze on a rubber duck, giving a
different pitch squeak when released, equivalent to releasing
a rubber duck. Since pressure has to be applied to a squeaky
duck the choice of an FSR made for a more intuitive means
of control than, for example, an ordinary potentiometer.

A circular potentiometer was used to control an interactive
theremin type sound effect, created by the author. The position
the user touches the position sensor was mapped to the pitch
of the output, with clockwise increasing the pitch and anti-
clockwise decreasing it. The choice of the circular poten-
tiometer was twofold: it provided participants with a different
and unique sensor to interact with, and it allows the user to
discretely control the pitch purely by the position they place
their finger on the sensor. An FSR and potentiometer would
require the user to glissando up or down to the desired pitch
which was not the intention of this sound effect (although can
be achieved by sliding the finger around the sensor).

The final procedural model was a storm sound effect which
was created from adapting and combining Farnell’s rain and
thunder patches [21]. Both these sound effects were controlled
by an accelerometer. The output of the accelerometer was
mapped to the two sound effects in order to increase the
intensity of the storm when the IoS device was turned. The first

5https://learn.bela.io/tutorials/pure-data/synthesis/rubber-duckie/



mapping increased the volume of the rain as the output from
the accelerometer increased. The second mapping increased
the number of thunder rumbles as output from the accelerom-
eter increased. The use of the accelerometer created an IoS
device that resembled a rainstick, a Foley object commonly
used to replicate rain. This digital version with added thunder
could be called a ’Stormstick’. An illustration of this and the
Pure Data GUI is shown in Fig. 3.

Fig. 3. Operation of the ’Stormstick’ IoS device and Pure Data GUI. The
angle of the IoS device controlled the level of rain and thunder sound effects
produced from the Pure Data synthesis modules. The GUI allows someone in
the sound booth to view the operation of the devices on the stage.

The purpose of the interaction design and mappings were to
offer participants a variety of common sensors to interact with,
affording a variety of control methods. The interactions range
from functional to performative and provide a comprehensive
overview to inform future developments. A summary of the
procedural audio models, mapping and control is given in
Table II.

TABLE II
SUMMARY OF PROCEDURAL AUDIO SYNTHESIS MODELS.

Model Sensor / Trigger Control
Sparks Button Triggers gain envelope
Squeaky Duck FSR Pressure differential input
Theremin Circular Potentiometer Frequency of oscillators
Rain / Thunder Accelerometer Gain envelope of rain /

Trigger rate of thunder

E. Data Collection

Data collection was conducted in 2 parts, using a sequential
mixed-methods design [24]. The first data collected was via
a questionnaire, gathering quantitative and qualitative data
immediately following the workshop (see Table I). Within 14
days following the workshop, semi-structured interviews were
carried out to obtain richer qualitative data. All participants (or
their parents) signed consent forms prior to data collection.
Data was gathered from both sound designers and actors to
ensure all opinions available were recorded. Sound design
participants are referred to as P01, P02, etc., while actor
participants are referred to as A01, A02, etc.

IV. FINDINGS

The feedback from participants provided valuable insights
into the performance of the IoS devices, including benefits,
challenges as well as design preferences.

A. Post-workshop questionnaire

The questionnaire completed immediately following the
workshop mostly focused on their holistic experience of using
all the different sound creating methods, (Foley, Laptop and
IoS Devices). Along with enjoying the workshop and obtaining
a greater understanding of the sound design process as a whole
for theatre productions, a number of comments were given in
relation to the deployment of IoS devices along with the other
sound creating methods.

There was little mention of the IoS devices from the
sound designers in the questionnaire. One participant (P03)
highlighted the IoS devices as a standout feature of the
workshop, noting their novelty and creative potential, while
P02 commented that there are more methods for creating
sound than they realised. Actor A04’s character was the one
who interacted with the IoS device integrated within a prop
the most. They stated “the triggers for cast are great” as well
as “Actor triggered sensors are something to watch out for”.
The reliability of the connectivity of the IoS devices was also
noted by A04 as a potential issue for live performance.

B. Interviews

Due to conflicting commitments P06, P07 and A04 were not
able to take part in the interview process. The semi-structured
interviews were based on 16 questions, adjusted depending on
the participants role during the workshop, and occasionally
adapted based on the responses during the interview. All
interviews were recorded and transcribed before transferred
to Nvivo software6 for thematic analysis [25]. A total of 7
overarching themes were identified through indicative thematic
analysis, each with a number of sub-themes. Full details of the
thematic analysis can be seen in [7]. This paper focuses on
comments and areas specifically related to the development
and consequences of the use of IoS devices in live theatre
performance.

1) Perceived Benefits of Actor Control: The benefits of
having actor-controlled IoS devices is a paramount theme,
justifying the research and development.

a) Enhanced Timing and Precision: This concept was
strongly supported by actor A01 when they stated, “something
that can be initiated by the actor themselves, I think that’s,
that’s, that’s the future I think of actually a brilliant idea”.
From a timing perspective, actor A01 noted that self-triggered
cues could eliminate common synchronisation issues with off-
stage operators. Actor A03 identified the key benefit of timing
from using IoS devices when they states, “the cues won’t be
late, the cues won’t be forgotten about. So, in the, all other
things being equal, it could almost give a better, a better result,
performance for the audience benefit I think”. Sound designer
P05 also identified timing as a benefit of using IoS devices, “It
can only help, I would imagine because it should, it would
actually be timed exactly with the hand movements or whatever
actions are taken last, place. So, I think authenticity would be
better, you wouldn’t have that mismatch of timing”.

6https://lumivero.com/products/nvivo/



b) Increased Freedom and Real-time Adaptation: The
potential for additional creativity from using actor-controlled
IoS devices for manipulating sounds was identified by sound
designer P03 who commented, “I think it would, it would just
open up a totally different layer for creativity, for improvi-
sation. Yeah, that that’s really interesting”. This additional
freedom was also identified by P01 who said, “add in the
sound at a time when you hadn’t thought of adding in a
sound, but if they feel it goes with whatever they’re doing at
the time, then they can just add that sound in”. A specific case
was mentioned by P05 in relation to pantomimes, where the
audience often communicate with performers. They stated, “a
call out or something that actually stops the flow of what’s,
what the speech normally hits and then that then affects when
the action happens, that then needs a sound effect”.

c) Enhanced Authenticity and Audience Immersion: In-
creasing the believability of the sounds being created is another
key potential advantage of using IoS devices to control and
manipulate the sound effects. Sound designer P01 expressed
this point when they said, “I think it would make them believe
in it more because it happens, the actor is able to control
exactly when it happens”, linking believability with the benefit
of the actor controlling the timing of the sound effect.

When asked to what extend producing sound effects as a
performer might affect an audience’s perception of authentic-
ity, A02 stated, “ it’s completely important. I think it’s, it’s
crucial for giving the impression that it’s all real”. A02 gave
the example of when authenticity was broken when, during a
performance they had to answer a telephone, yet the sound
of the phone ringing continued after they had picked up the
receiver.

d) Actor Agency and Integration into the Production Pro-
cess: Early integrating of actors into the sound design process
was identified as imperative when using actor-controlled IoS
devices. The paradigm changes the traditional separation of
roles of sound operator and actor, giving the actor increased
agency over sound, facilitated by the IoS devices. This was
seen as an important progression in theatre production by A01
who said, “the whole idea of incorporating sound effects that
are actually initiated by the actor themselves... ...that’s the
future”. Speaking of the workshop experience, A03 stated “the
actor, actors were able to contribute some ideas to them using
the tools that were there, so it was very interactive”.

2) Identified Challenges of Actor Control: Although there
are significant perceived benefits of having actor-controlled
sound effects, participants identified a number of concerns
with the introduction of this technology.

a) Device Reliability and Network Performance: Device
reliability is a paramount concern and was an issue through
the workshop, where the author often had to reboot the devices
when they stopped working. The importance of reliability was
highlighted by A02 who emphasised, “That they work. I think
that’s the number one thing”. This was again stressed by P01
who asked, “Is it going to work every single time?” Sound
designer, P04 highlighted that “If it’s not working then I could
see that, that could be a frustration for an actor”. Actor A02

indicated that having a conventional system as a backup would
be sensible.

b) Increased Cognitive Load and Stress for Actors:
Introducing actor-controlled sound effect introduces an addi-
tional element for actors to consider when performing. This
represents an increase in their cognitive load and the potential
for additional stress. Actor A03 stated they felt some “trep-
idation” about the concept of actor-controlled sound effects,
stating “it might be a bit, find initially a bit stressful for actors
to be actually in charge of their own sound effect”. This was
also highlighted by sound designer P05 who said, “then the
layers of processing and thinking about the environment as
well as their own personal actions would be overwhelming”.
Actor A02 indicated that they give sound very little thought
when performing, implying that this would be something new
and additional they would have to think about - “the sound
aspect, but quite frankly, it hardly even enters my head... ...it’s
somebody else’s problem”.

c) Integration with Costume, Props, and Stage Elements:
Unlike IoMuT devices, which tend to remain integrated in
a single instrument, the IoS devices within a live theatre
production may well have to be integrated into multiple
costumes. This aspect was highlighted by P01 who stated, “Is
it something that’s attached to a costume? ...you’ve got to
think about costume changes”. This was also mentioned by
A01 who said, “You know whether or not they need to build
extra pockets in or sew, sew inside pockets in, sew the thing
into the costume”. P01 also indicated that the sensors might
be subject to unusual external stresses, for example, “Is it
something that can accidentally be covered over or covered
in foam?”

d) Actor Consistency and Training Requirements: The
requirement for actor-controlled sound effects to be integrated
as early as possible into rehearsals was highlighted on a
number of occasions by different participants. This was clearly
encouraged by P03 when they said, “ I think that this creation
of sound design by performers should be incorporated into
rehearsals as early as possible”. A03 supported this when they
stated, “ I think things like this would have to be rehearsed
and rehearsed and rehearsed”. P03 stated, “I think if you’re
going to use sound like live ones, the actor-led ones, they have
to be incorporated pretty much from the start so that the actor
gets used to using them and it becomes almost, almost second
hand”.

e) Potential for Audience Distraction: If the incorpo-
ration of the IoS devices for actor-controlled sound effects
is not carefully considered and seamlessly integrated then
it was believed that this could prove a potential distraction
for audiences. This was most clearly expressed by P03 who
stated, “There’s a possibility that the audience might be
taken away from, from the performance if sound was being
created explicitly, or if there was something being done by
that performer, that could distract the audience from the actual
performance”.



V. DISCUSSION

Due to the performative nature of the IoS devices imple-
mented in this study, particularly through the control and
manipulation of procedural audio models, it is believed the
IoS devices presented in this paper sit more towards the
IoMusT domain rather than IoAuT. The findings obtained from
participants in relation to actor-controlled sound effects via
IoS devices indicates great potential for future live theatre
performances.

A. Benefits

The benefits identified were often focused on the timing of
sound effects, allowing increased precision, artistic freedom
and enhanced authenticity. The vast majority of scenarios
participants envisaged actor-controlled sound effects being
deployed were for slapstick style sound effects. It should
be acknowledged that this may well be influenced by the
pantomime scenes that the workshop was built around. Only
P03 gave thought to an actor being able to control an atmo-
sphere using an IoS device, “I think something that would be
really interesting is, sort of some, some ambient sounds. Only
because ambient sounds can resp, normally ambient sounds
respond to what is happening in the scene. So you’ve got the
beginning of it, and then maybe when things are getting more
tense, you’re, you’re noticing the ambience sounds getting
stronger and stronger”. This illustrates that IoS devices have
the potential to not only have highly synchronised sound
effects reacting to specific interactions on stage, but opens the
possibility that atmospheric sound intensity can exactly match
the emotional intensity of an actor on stage.

Although procedural audio models were demonstrated to
participants of the workshop, there was not the time available
to provide an in-depth description of the concepts and models.
This goes some way to explain why “procedural audio” was
not specifically referenced in the feedback. Sound design
participant P02 did reference the control of the squeaky duck
procedural model when they stated, “We didn’t feel it was
enough of an effect as against the Swanee whistle, but it didn’t
have big enough range. But you could see how there could be
times when that would be used or used in a different way”.
This emphasises the requirement to develop the interface of
the procedural audio IoS devices to be able to reproduce the
specific sounds, across the required range.

This enhanced timing and artistic freedom are direct af-
fordances based on the IoS concept. By integrating the IoS
devices with control of procedural audio synthesis models,
novel sound design for performances can be facilitated. Due to
the adaptive nature of the synthesis models, every unique per-
formance could have a slightly varied sound design, based on
the actors control. When an actor’s control of their own sound
becomes second nature, then this gives them an additional tool
to express their emotion, with the potential for creating a more
authentic and captivating performance for audiences.

B. Technical Considerations

As seen in the findings, the participants highlighted a
number of potential issues with using IoS devices for actor-
controlled sound effects which should be considered in future
developments.

The biggest concern from participants by far is reliability,
some devices having to be re-booted during the rehearsals.
This issue has been noted on Arduino git page under issues
for the MRK 1010 with no solution offered7. The ability for
actors to trigger their own sound cues is a novel concept for
them and, as witnessed in the workshop, the IoS devices at
times did not produce the sound effect. To reduce this risk
early development of the IoS device should be undertaken to
ensure a stable Wi-Fi connection. This would include testing
within the theatre to ensure there is no site specific interference
that could cause issues. Participants did also recommend that
a back-up always be available, i.e. through QLab or similar
that will be available should there be any live technical issues.

Another issue, which was not identified by participants due
to the nature of the prototype IoS devices in the workshop
environment, is that an IoS embedded within a costume may
get hot. This should be considered when consulting with
costume design as well as consideration as to how the IoS
device could be cooled during moments that the actor is off-
stage. Accessibility to the wearable IoS device is therefore an
important consideration. The workshop had the IoS devices
contained within project boxes that were secured by screws.
This mistake was identified early on when the first device
needed rebooted. A quick release box or similar should be
used.

A final technical consideration should be given to the
sustainability of the IoS devices. It should not be an issue
to re-use the IoS device in a different costume, or in a new
prop. This may mean changing out sensor components and
new models in Pure Data but should have very little waste
involved.

C. Production Considerations

As discussed in section V-B, the costume design department
will need to be consulted at the very beginning to ensure
the smooth integration of the IoS device. This will allow for
secret pockets, holes for sensor access and other requirements
can be integrated when costumes are being made. It may
be more logical that a separate garment is required for the
IoS device due to multiple costume changes. Only by early
and collaborative discussion with the costume department will
solutions be identified.

Discussion with the prop department will also be similarly
important for those IoS devices that will be hidden in a
prop. It is envisaged that integration into a prop may not
be as problematic as into a costume, but there will still be
important discussion about how a prop will be placed on
stage. Orientation might well be vital, scene changes often
take place in very low light and to a precise timescale to

7https://github.com/arduino/nina-fw/issues/85



fit in with the next curtain change. Early collaboration and
practice should be able to mitigate potential misplacements or
accidental triggering when a prop is being placed on stage.

When developing the actor-controlled wearable or prop
the ultimate arbiters of the interface (and even inclusion)
is going to be the production management team, (Director,
Producer, etc.). A collaborative initial discussion with them
has to occur before any development takes place. Not only
do sounds suitable for actor control need to be identified, but
consideration has to be given to the character, as well as the
actor playing the character. As identified in the findings, it
is believed that inclusion of an IoS device in a live theatre
performance will increase the actor’s cognitive load. This is
due to the shift from the traditional separate dedicated sound
team to an additional responsibility for the actor. Therefore,
bestowing the responsibility to an unconfident actor who is
heavily focused on their lines, movement, timing, interacting
with other performers, etc., may be detrimental compared with
an actor who is confident with these aspects.

As highlighted by participants, early integration of the IoS
sound effect devices is vital. This will help prepare the actor to
integrate the use of the device into their performance, reducing
their cognitive load.

D. Sound Design Considerations

As with all theatre productions, the sound design will
be developed first and foremost around the script and the
desires of the production team. Once the sound(s) and actor(s)
that will use the IoS devices have been identified, (as per
section V-C), the design of the sounds has to be considered.
This includes understanding if the sound is a spot sound
effect or an atmosphere. It may be that the sound is a non-
verbal vocalisation or occurs off-stage. It is also important to
consider if the sound will only occur once or will be repeated
throughout the performance.

Taking these different sound effect aspects into considera-
tion may well guide as to whether a sample or a procedurally
synthesised sound effect might be more suitable. For example,
if a single slapstick punch which only occurs once, a sample
might be considered most appropriate. If the sample was to be
repeated throughout, then ear fatigue should be considered and
possibly a more dynamic sound effect would be more suitable.
At the other end of the spectrum might be an atmosphere
which adapts based on the changing emotion of a character or
scene. In these circumstances, a procedural audio synthesis
model, which have the ability to adapt and modulate in
real-time through sensor-control of an IoS device, might be
best suited. As highlighted by P02, the range of control /
fidelity of the procedural models afforded by the sensors has
to be tailored to ensure the actor’s expression is accurately
represented.

If using a prop, like a telephone, as described by A02, it
might be the case that the actor-controlled device is used to
stop the sound effect. For example, a ringing phone stops when
the receiver is picked up. The sound design considerations will
inform the hardware design. If using a sample sound effect

one might choose a button or a FSR as a trigger. If used for
non-verbal vocalisations some form of a potentiometer might
be more suitable, giving a range of responses. Again, early
rehearsals would be required so that controlling the sound
effect becomes second nature to the actor.

VI. FUTURE WORK

The next stage for this research is to develop and inte-
grate the network sound devices into a live performance.
Development for this is already underway with a view to
integrating IoS devices in a pantomime performance planned
for December 2025. This live performance will serve as a pilot
to establish quantitative reliability baselines, including testing
network stability and measuring packet loss rates, alongside
objective usability metrics for actor-controlled sound effects.

Beyond this, IoS controlled sound effects has the potential to
be employed in a more distributive performance, where actors
are not co-located, similar to musical performances which
became the focus of increased academic research during the
Covid 19 pandemic [26]. An example of this could be a novel
performance co-located in London’s West End and Broadway
in New York.

Although UDP is the network protocol of choice to the
majority of networked musical implementations [27], it should
be noted that systems that use specialist operating systems
in relation to remote musical performances [28], and these
may help achieve a more robust network connection and
hence reliability. Similarly, a bespoke wireless communica-
tion implementation in the design of scalable sensor/actuator
systems for artistic productions is given in [29]. The choice
of microcontroller for this investigation into IoS controlled
sound effects was the Arduino MRK 1010. Investigation into
more practical solutions should be undertaken. Rushton, et.
al. examine a number of different microcontrollers in relation
to distributed spatial audio, stating that the Teensy was an
attractive candidate based on processor, price and support
[27]. The drawback they identified was the low quality audio
fidelity offered, but with this (and networking considerations),
it should be remembered that the current IoS devices for sound
effects are looking at communicating OSC data and not an
audio signal.

VII. CONCLUSION

The use of IoS devices to control sound effects in live the-
atre performances is an exciting and novel prospect, enabling
real-time, actor-driven interaction with sound. Through the
facilitation of a workshop, data has been gathered highlighting
the benefits of the use of IoS devices to create new interactive,
engaging and dynamic theatre performances. The workshop
pilot revealed valuable insights to inform future research.
Feedback from the workshop participants also offered key
lessons on integrating IoS devices with all the different aspects
of theatre production. The aim to maximise actor and audi-
ence experience throughout a performance, while minimising
potential obstacles remains central to future development.
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