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This paper outlines the development, creation and
initial presentation of a computer program designed to
direct human performers in improvised musical
performance. The work, titled “Electric Sheep”, is
grounded in models of play-based improvisation of the
late 20th century, focused around American composer
John Zorn’s “game-pieces” of the 1980s. It seeks to
overcome some of the technical limitations of previous
game-pieces whilst also providing a functioning
example of player-computer interaction (PCI) in
improvised music practice. Utilising an iterative
rehearsal and development process we were able to
isolate and highlight the importance of non-verbal and
non-musical communication between improvising
musicians and offer suggestions for incorporating this
kind of feedback into future systems. Through this
work, we will highlight the value of exploring the
intersection of PCI and musical play as a valuable
method of forming insight into rich PCI interactions.
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Introduction
The use of computing in the production of music is
widespread, and has been formative in many of the
stylistic, technical and artistic developments of the later
20th and early 21st centuries [7]. The dominant
paradigm throughout this has been the use of
computing to assist human action: to automate
processes, enable faster and more intensive editing,
and in the creation of sound via synthesis [7].

Figure 1. John Zorn Cobra, North
Sea Jazz, Rotterdam / NL, 2009’
by William Veerbeek available
at https://www.flickr.com/photos
/william_veerbeek/3713911785
under a Creative Commons
Attribution-NonCommercial 2.0.
Full terms at
https://creativecommons.org/lice
nses/by-nc/2.0/.

We find that comparatively little focus has been given
to the agency of computing, and exploring aspects of
creation, creativity and aesthetics generated by
computers within musical practice. Recent
developments in machine learning and deep learning
have demonstrated potential for seemingly artistic
practice generated by computers, including in musical
applications [5, 15, 18]. However, these have largely
focused on autonomous sound synthesis or on non-real
time composition (often based on established notation
or musical data languages) [5, 12, 14, 15, 19, 20, 22,
24].

Inspiration: Zorn’s Cobra
One of the most significant experimental music
improvisation works of the 20th century is American
composer and saxophonist John Zorn’s 1984 gamepiece Cobra [3, 25] (fig. 1). Game-pieces are playful
yet formal structures for improvisation often
reminiscent of board games, involving rules designed to
challenge conventional musical practice. Cobra is a
complex game-piece, based loosely on the rules of a
tactical military simulation game of the same name
released in 1977 by games company TSR, itself based
on a historical battle in WWII, featuring eight full pages
of complicated rules and allowable moves.

This framework was intended to generate novel and
strange interactions between performers as a way to
explore not only experimental music practice, but also
human interaction and the psychology of groups and
group performance.
In Cobra, an ensemble of unspecified size (although
often between 10-20 musicians) works in collaboration
with a prompter who delivers commands via a set of
cue-cards (fig. 1). Whilst the prompter delivers these
commands, the commands are chosen by individual
members of the ensemble, who suggest these to the
prompter via a series of physical gestures, often
utilising a specified number of fingers held in front of
the performer's face.
These instructions suggest actions or modifiers for the
performers to interpret, and are mostly focused on
structural aspects of music making: who is or is not
playing, when to start, stop or change an action, and
when the piece begins or ends. They do not specify any
melodic, harmonic or thematic information, and allow
for great freedom in an individual musician’s decision
making, despite overlaying a strict form and direction
to the piece.

Making Sheep with a computer
Whilst Cobra succeeds in creating a framework that
encourages musicians to enter new situations and
perform novel actions, the requirement for a human
prompter can lead to some fundamental technical
limitations, chiefly that it is difficult for multiple
commands to occur at the same time. Similarly, the
need for commands to be displayed on static, prewritten cards limits the number of possible actions, as
well as requiring extensive memorisation of rules and

symbols prior to the performance. Furthermore, as a
performative action, the detailed and complicated rules
often led to audiences being unable to follow the
direction of gameplay, which can serve to mask the
rationale for the musical and non-musical decisions
being made by the performers.

Figure 2. The first live
performance of Electric Sheep

These limitations led us to investigate how software
could be utilised in the creation of "game-pieces" for
improvising ensembles, and how these works could
both overcome limitations of previous game-pieces and
demonstrate a model for human-computer co-creation
in experimental music performance.
We anticipated that by removing the limitations that
human prompting places on a performance it would be
possible to realise a game-piece that was both easier to
learn due to a smaller number of rules and more
intuitive commands, while providing a similar or
increased variety of experimentation and diverse
musical actions to those of other game-pieces.
Historically, experimentation and diversity have been
highly sought after in this field of musical practice [17],
so increasing their occurrence would be an indicator of
an artistically successful work.

Figure 3. The first live
performance of Electric
Sheep.

The initial concept was to develop a computer program
that could deliver individual commands to an ensemble
of eight improvising musicians utilising visual cues.
Considerable research and development has been made
into systems that improvise audio alongside performing
musicians with varying degrees of success [5, 6, 12,
18, 22, 24], but there has been little investigation into
computer led music performance involving human
performers. Interestingly, a core concept in much
previous research is the idea of player-computer

interaction (PCI) occurring with both parties conceived
of as equals, often discussed as collaboration [4, 5, 6,
18]. Similarly, there is a large focus on the technical
aspects of creating successful human-computer
interactions, including pitch, rhythmic and gestural
analysis, modification and response [4, 5, 6, 8, 11, 18,
22], but little research on how group behaviour or
human responses are affected in music performance
involving PCI.
In this instance we made a conscious effort to explore
the direction of musicians by a computer as opposed to
a ‘computer-as-musician’ model, to more closely follow
the tradition of Zorn’s Cobra and related ‘game-pieces’
which rely on a director or conductor, and in the
process investigate a model of PCI in music practice
where humans assist a computer program to realise its
"artistic wishes". This creates a model where the
interest and drama, to both audience and performers,
comes from the idiosyncratically “unhuman” commands
that are given and how the group must interpret them
to realise them in a successful and aesthetically
pleasing or interesting manner. This leads to situations
where performers must not only interact with each
other, but also with a dynamic non-human director,
realising Zorn’s desire for game pieces to “deal with
form, not with content, with relationships, not with
sound.” [25].

Development
The instigator for the development of Electric Sheep
was a performance entitled no new noise as part of the
2017 Melbourne Festival (fig. 2, fig. 3). Presented by
the Australian Creative Music Ensemble (ACME), no
new noise explored the use of artificial intelligence and
creative technology within contemporary music

practise. It asked a number of composers to respond to
the idea of artificial intelligence and generative
technology replacing the roles of composers and
musicians.
We sought to design a model where a computer
program could work with an ensemble of human
performers to collaborate on musical performance. To
do so, we established a number of criteria:

•

•

•

There must be interaction or dialogue between
the human and computer
participant/participants
The model must allow human performers a
degree of creative freedom, to ensure there is
true collaboration and not merely human
performance of computer creativity
The work must be artistically engaging for the
performers, and not an example of “tech for
tech’s sake”

These criteria led us to a number of early decisions as
to the shape of the work.

Figure 4. The player commands
for Electric Sheep.

Firstly, we decided that the computer’s output should
mostly be decided in real-time, and not pre-composed.
This allows for the potential of input data to affect its
decisions, as well as ensuring it is operating on the
same "time-scale" as the human performers. Secondly,
due to the exploratory nature of the project and the
desire for real time creativity and problem solving, we
established that we would work with musicians with an
extended practice in improvisation and experimental
music. Lastly, and most significantly in the design of
this project, we identified that the majority of current

musical HCI and PCI projects utilised sound as a shared
language, however historically many musical pieces
have been communicated or developed via other
means, including verbally, graphically and via
instruction [1, 13, 21]. We identified this as an
interesting and previously unexplored application of PCI
in a musical context.
Initially we focused on the design of a set of commands
and iconography to control the piece, focusing on a
number of design goals.
•

Rules must be simple to learn and follow in a
performance situation.

•

Rules must be open ended enough to offer a
wide range of performance outcomes, but not
so open-ended as to offer no useful instruction.

•

Iconography should be designed so a nonmusical audience can follow.

Following these goals, we designed five player
commands with accompanying icons (fig. 4). In
addition to these commands, a player's command icon
could animate by spinning around its axis directing the
player to immediately alter what they are playing.
Whilst there are a number of similarities between the
commands in Electric Sheep and those of prior pieces of
game-music, care was taken to ensure that commands
were included based on their usefulness in gameplay
and not based on precedent.
Continuing with our design goal of providing a visual
interface that was understandable for both performers
and audiences, we took care to design a simple but
visually exciting visual display. Animation was utilised

to draw viewer’s attention to cues as they were
triggered, and visual interest was generated through
smooth animated transitions between commands,
which also gave the musicians a period of time to
prepare for the upcoming command.

instrument, and commands were overlaid on top (fig.
7).

Initial concepts involved providing individualised
commands to each performer via their own screen, but
through discussion it was decided that a single visual
output that could be shown to all performers and the
audience would provide the more engaging interface,
as well as ensuring a system that was more easily
constructed and ported between different performance
venues (fig. 6).

Figure 7: Screen layout for Electric Sheep, showing individual
performer squares as well as area for group commands

Figure 6: Stage layout for Electric Sheep showing positions of
screens for musicians and audience.

Figure 5. The group commands
for Electric Sheep.

Working with a standard 16:9 ratio display, the screen
was divided into a three-by-three grid, with each
performer allocated a single square. Each musician’s
cell displayed an iconic representation of their

The centre square was reserved for "group commands",
these are commands that applied to all performers, and
acted as further modifiers for their actions. These
commands were intended to provide moments of
cohesion, where all performers would align to play in
the same tonality, mood or tempo, and also to inform
performers of the end of a piece (fig. 5).

Technology
We identified a weighted probabilistic model as the
most suitable option for generating commands as it
would allow us to easily modify to the likelihood of each
action occurring, and therefore provide an avenue to
shape the decisions made by the program towards a

desired aesthetic. To provide an overall shape to each
performance, we implemented an extra parameter
referred to as the "density curve". This was a userdrawn curve created immediately before a performance
that controlled the overall duration of the piece, as well
as providing approximate control over how many
players should have an active command at any point in
time.

Figure 8. An example of the
visual output of the final
program. It shows four individual
commands, one with an ostinato
modifier, plus a group mood
command.

Figure 9. A screenshot of the
early prototype used to begin the
iterative development process.

We broke the system into separate front and back-ends
to decouple distinct tasks. The backend was written in
Max 7, a visual programming environment for art and
multimedia, with most of the logic written in JavaScript.
This backend was responsible for generating all
commands and had its own graphical interface for
adjusting probability weights, drawing the density curve
and controlling the start and stop of the piece (fig. 10).
This enabled us to adjust the decision's output by the
system as the piece was running, allowing for very
rapid development during rehearsals as well as
providing an option for human intervention during a
performance if required.
The frontend was written in TouchDesigner, a visual
programming language focussed on interactive 3D
graphics (fig.8). Communication between the frontend
and backend was accomplished using Open Sound
Control (OSC) allowing either end to be developed
independently and making the system easily
modifiable.

Refinement
Once we had developed an initial working prototype
(fig. 9), a period of iterative development with human
performers commenced. This period encompassed five
sessions over a ten-week period, involving eight

improvising musicians. In these sessions, feedback was
sought from the performers as to their experience and
interaction with the program, but also as to whether
the commands were suitable for generating
performances that were perceived as being "musical".
Initial responses suggested that the commands were
generated too often, and had too high a level of
instruction, which both hindered performers' choices
and often led to them feeling overwhelmed.

Figure 10: The Max 7 interface providing parameterized user
control to the decision-making model and the density curve.

During this development phase we discovered our initial
assumptions about appropriate inputs for musical
decision making were incorrect. We had assumed that a
more sophisticated version of this application could
incorporate audio input from each musician, analysing
pitch and amplitude over time and using this
information to inform upcoming commands (for
example see [12]). Interestingly, whilst our desire in
future iterations of the piece was to involve audio
analysis, the development process suggested that

monitoring and responding to interpersonal feedback
was more important than musical analysis when
determining whether a command was perceived of as
appropriate or "musical" by the performers.
Similarly, when engaged in performance, the group’s
collective sense of humour would often steer the piece
one way or another. This emerged as musical jokes
such as small phrases being repeated or reinterpreted,
external musical references such as familiar choruses or
themes, and musical and gestural references to
interactions that occurred outside of the current
performance (such as at a previous rehearsal). As a
human participant in musical play, this factor is
intuitive, and recognition is often based on non-verbal
cues or shared cultural knowledge, factors that rely on
very different inputs than those of audio signals and
MIDI values that are most readily associated with an
interactive musical system.
Aside from humour, other non-verbal communication
also emerged as a repeated oversight in the software’s
decision making. Improvising musicians rely heavily on
eye contact, conventional and intuitive gestural cues
[17]. It is notable that all performers involved in this
project were trained musicians and all were very aware
of the importance of communication during improvised
musical play, yet this particular oversight was not
initially apparent.
Finally, equity of performance opportunity arose
numerous times, where the weighted probabilities did
not adequately stop certain performers from
dominating iterations of the piece, whilst other
performers did not get a chance to play. Whilst this
could be seen as a valid outcome of a probabilistic

model, and indeed having certain performers featured
more at times than others is often musically
interesting, it all also led to situations where performers
felt the need to apologise after performances for
dominating the game, and it was felt that the program
was not delivering "fairness" in its commands.
Viewed together, these findings may stand as the most
significant take away for the project – whilst audio and
musical inputs are important considerations in
improvised music, when designing a system for
computer mediated musical play, subtle, interpersonal
communication plays an equally fundamental role and
needs to be accounted for.
Future Work
Electric Sheep as it stands lacks real-time feedback and
is unaware of the actions of the human performers.
Although we think an ideal implementation of the
system would incorporate sophisticated feedback and
contextual awareness, we found the simplicity of the
system led us more directly to understanding the
subtleties of the game-piece. As such, refraining from
closing this loop in at least initial future iterations could
offer yet more insight into PCI and musical play.
We are investigating redeveloping the system as a
mobile or web application for wider distribution. By
incorporating some form of continuous or prompted
user response we may be able to gather enough human
assessment of model-generated musical decisions to
feed into a reinforcement learning process. Assessing
the musicality of such abstract commands presents
challenges but the success of our own reflective
development process leads us to think this approach
may be fruitful.

We also intend to incorporate basic audio analysis.
Simply implementing a measure of amplitude could
enable additional game mechanisms and goals such as
directing the ensemble to play very loud for a set
amount of time or rapidly change dynamics.
Enabling Electric Sheep to have a reliable sense of
social, cultural and musical context, and then
responding appropriately and with some amount of
originality could also be an avenue for future work.
Although the output of this and similar systems will
likely not reach the standards of performers or
expectations of their audiences in the foreseeable
future, it can provide contrasting examples that expose
the gaps in our understanding of PCI and forms of
creative play.

be an important future area of research in the
development of PCI in interactive musical situations.
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