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Abstract

Sound toys as open work, composition medium and compositional tool. A collection of 

interactive sonic centric audiovisual systems, designed and influenced by aesthetics, 

processes and techniques familiar to the field of electroacoustic music, and informed 

through the composition and realisation of fixed media multichannel electroacoustic works.

A collection of original works are presented that explore a broad spectrum of compositional 

possibilities. Five open form non-linear works are introduced as sound toys. These are 

designed to be exploratory and playful compositional frameworks, or systems for 

composition, that are relevant to the fields of sound art and electroacoustic music. 

Compositional decisions are controlled or influenced by an end user (or player) in these 

playful open form works. Multidisciplinary compositional approaches and alternative modes 

for the presentation and dissemination of electroacoustic artworks are investigated.

Five fixed media electroacoustic pieces are presented. Ideas of kinesis and kinetic energy 

as an external compositional agent, and multichannel spatial approaches are central to 

these works.

Cross-pollination of aspects of both aesthetic and technical concerns of each discipline are 

explored, and these fields have been allowed to feed each other.
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List of Works (alphabetical order)

Cyclical Flow Spatial synthesis software [inf]

and multichannel composition 09:14

Sound toy & fixed media

Dioxide Dissolves Virtual audiovisual installation [inf]

Sound toy & open work

Enclosed Pteron Friction Multichannel composition 09:34

Fixed media

Hydrophilic Pulses Multichannel composition

Fixed media

I. Phase Transitions 08:48

II. Deluge 07:20

III. Effusion 05:26

Minx Multichannel composition 09:12

Fixed media

Impure Carbon Multichannel composition 11:24

Fixed media

MagNular Collaborative sound toy [inf]

Sound toy & open work

Mint Cascade Multichannel composition 09:56

Fixed media

ResOscope Open work spectral composition [inf]

Sound toy & open work

SpiralSet Open work spectral composition [inf]

Sound toy & open work

Fixed Media Total Duration = 71 minutes 
Open Work Total Duration = infinite [inf]

6



List of Performances and Presentations (chronological order)

SpiralSet

SpiralSet

MagNular

SpiralSet & MagNular

MagNular

Phase Transitions

ilinx

ilinx

ilinx

SAN Expo 2008 Brighton, UK.

Sonic Arts Network

Installation

NIME 2009 Pittsburgh, US.

New Interfaces for Musical Expression 
Paper publication & poster

NIME 2009 Pittsburgh, US.

New Interfaces for Musical Expression 
Paper publication, demo & poster

GIC 2009 London, UK.

Games Innovations Conference 
Paper publication & presentation

Expo Leeds Leeds, UK

Sound and Music

Installation

NoiseFloor Festival 2010 Stafford, UK.

Staffordshire University 

Concert performance (8.0)

NYCEMF 2010 New York, US.

New York City Electroacoustic Music Festival 

Concert performance (8.0)

ACMC 2010 Canberra, Australia.

Australasian Computer Music Conference 

Concert performance (8.0)

CMMAS Morelia, Mexico.
Centro Mexicano para la Musica y Artes Sonoras 

Concert performance (stereo)

Jun 2008

Jun 2009

Jun 2009

Aug 2009

Sep 2009

Jan 2010

Mar 2010

Oct 2010

Oct 2010
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Enclosed Pteron Friction

Mint Cascade

Mint Cascade

Mint Cascade

SARC Concert Series
Queen’s University 

Concert performance (24.0)

NoiseFloor Festival 2011
Staffordshire University 

Concert performance (8.0)

Sound, Sight, Space & Play
De Montfort University 

Concert performance (8.0)

Belfast, Nl. Nov 2010

Stafford, UK. Jan 2011

Leicester, UK. Jun 2011

UK Composer Concert San Diego, US. May 2011
University of California San Diego 

Concert performance (8.0)

Enclosed Pteron Friction ACMC 2011 Auckland, NZ. Jul2011

Australasian Computer Music Conference 

Listening room (8.0)

Papers

Dolphin, A. (2009) ‘SpiralSet: A Sound Toy Utilising Game Engine Technologies’, In Proceedings of 

the 2009 International Conference on New Interfaces for Musical Expression (NIME), Pittsburgh, 

USA, pp. 56-57.

Dolphin, A. (2009) ‘MagNular: Symbolic Control of an External Sound Engine Using an Animated 

Interface’, In Proceedings of the 2009 International Conference on New Interfaces for Musical 

Expression (NIME), Pittsburgh, USA, 2009, pp. 159-160.

Dolphin, A. (2009) ‘Compositional Applications of a Game Engine’, In Proceedings of the 2009 Games 

Innovations Conference (GIC), London, UK, 2009, pp. 213-222.
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Fixed Media Formats

Impure Carbon -8.0*

- 4.0 / 5.1 (studio)

- Stereo (studio)

- Stereo (binaural)

Mint Cascade -8.0*

- 4.0 / 5.1 (studio)

- Stereo (studio)

- Stereo (binaural)

Hydrophilic Pulses -8.0*

- 4.0 / 5.1 (studio)

- Stereo (studio)

- Stereo (binaural)

Enclosed Pteron Friction - 24.0*

-8.0

- 4.0 / 5.1 (studio)

- 4.0 / 5.1 (ambisonic)

- Stereo (studio)

- Stereo (binaural)

Minx -8.0*

- 4.0 / 5.1 (studio)

- Stereo (studio)

- Stereo (binaural)

Cyclical Flow - 24.0*

-8.0

- 4.0 / 5.1 (studio)

- 4.0 / 5.1 (ambisonic)

- Stereo (studio)

* primary format.
- Stereo (binaural)
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Comments on Formats

The primary format of each piece is the version with the highest number of output channels.

8.0 reductions of 24.0 channel pieces enable further listening and concert programming 

opportunities.

4.0 reductions of 24.0 and 8.0 channel pieces are also encoded as standard 5.1 surround 

format (,ac3) files to enable playback on home surround systems, allowing wider access to 

the works. With bass management systems these encoded versions are heard as 4.1.

4.0 / 5.1 versions of the 24.0 channel pieces are presented as two different spatial 

representations: a studio reduction of the work, and an ambisonic version recorded with a 

Soundfield microphone in the sonic laboratory at SARC, Queen’s University, Belfast. This 

recording captures a three dimensional performance of the work within a specific 

performance space.

Stereo versions of all pieces are presented in two forms: a studio reduction of the work, and 

a binaural recording of the piece recorded with a Neumann dummy head in the sonic 

laboratory at SARC, Queen’s University, Belfast.

Binaural recordings are intended to be heard using headphones. These are recordings of 

the pieces being performed within a physical space.

Stereo versions of each piece translate quite differently in the studio and binaural versions. 

Any suggestion as to which representation of each piece is preferred aesthetically (by the 

composer) is deliberately avoided to allow the listener to experience each version of the 

works without preconceptions.
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Sound Toy Software and Resources

Five sound toy software systems are presented in the portfolio. These are designed and 

developed using the Unity 3D game engine and Max/MSP/Jitter. The software, supporting 

media and technical resources are listed below.

Where software is described as Player, this version is intended for the end user, or player. If 

also described as Developer, an additional version is provided which is intended for sound 

designers or composers, enabling the user to design original sound engine systems using 

Max/MSP or alternative external sound and synthesis software.

SpiralSet

Open work spectral composition

Input Resources: Custom IR interface (optional), or mouse 

Software: Player & Developer

Supporting Media: Demonstration video & quick-start guide 

Technical Materials: Max/MSP/Jitter patches, game engine scripts

MagNular

Collaborative sound toy

Input Resources: Gamepad(s) or computer keyboard 

Software: Player & Developer

Supporting Media: Demonstration video & quick-start guide 

Technical Materials: Max/MSP/Jitter patches, game engine scripts

Dioxide Dissolves

Virtual imaginary installation

Input Resources: Computer keyboard & mouse 

Software: Player

Supporting Media: Demonstration videos & quick-start guide 

Technical Materials: Game engine scripts
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ResOscope

Open work spectral composition

Input Resources: Gamepad or computer keyboard 

Software: Player & Developer

Supporting Media: Demonstration video & quick-start guide 

Technical Materials: Max/MSP/Jitter patches, game engine scripts

Cyclical Flow

Spatial synthesis software & multichannel fixed media work

Input Resources: Mouse

Software: Player & Developer

Versions: 1.8 (8 channel) & 1.24 (24 channel)

Notes: Player version is also submitted in stereo (binaural) for demonstration purposes (1.2b) 

Supporting Media: Demonstration video & quick-start guide 

Associated Work: Cyclical Flow (multichannel fixed media)

Technical Materials: Max/MSP/Jitter patches, game engine scripts
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HDD Portfolio Contents

1.1 Introduction to key compositional themes (pdf)

2.1 The open work and play as composition (pdf)

2.2 Spectral composition and the open work (pdf)

SpiralSet - Software & Max/MSP/Jitter Resources 

SpiralSet - Demonstration Video & Quick-Start Guide 

ResOscope - Software & Max/MSP/Jitter Resources 

ResOscope - Demonstration Video & Quick-Start Guide

2.3 Collaborative composition through play (pdf)

MagNular - Software & Max/MSP Resources 

MagNular - Demonstration Video & Quick-Start Guide

3.1 Virtual imaginary installation (pdf)

Dioxide Dissolves - Software

Dioxide Dissolves - Demonstration Videos & Quick-Start Guide

3.2 Spatial synthesis sound toy as multichannel composition tool (pdf)

Software

Cyclical Flow - Version 1,2b & Max/MSP Resources 

Cyclical Flow - Version 1.8 & Max/MSP Resources 

Cyclical Flow - Version 1.24 & Max/MSP Resources 

Cyclical Flow - Demonstration Video & Quick-Start Guide 

Fixed Media Composition 

Cyclical Flow - 24.0 surround 48kHz/24Bit 

Cyclical Flow - 8.0 surround 48kHz/24Bit

Cyclical Flow - 4.0 / 5.1 surround 48kHz/24Bit (ambisonic recording of 24.0) 

Cyclical Flow - 4.0 / 5.1 surround 48kHz/24Bit (studio reduction)

Cyclical Flow - Stereo 48kHz/24Bit (binaural recording of 24.0)

Cyclical Flow - Stereo 48kHz/24Bit (studio reduction)

4.1 Multichannel composition, rationale and approaches (pdf)
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4.2 Acousmatics and degrees of abstraction (pdf)

4.3 Skewing sound image (pdf)

Impure Carbon - 8.0 surround 48kHz/24Bit

Impure Carbon - 4.0 / 5.1 surround 48kHz/24Bit (studio reduction)

Impure Carbon - Stereo 48kHz/24Bit (binaural recording of 8.0)

Impure Carbon - Stereo 48kHz/24Bit (studio reduction)

4.4 Spatial extensions of a play space (pdf)

Mint Cascade - 8.0 surround 48kHz/24Bit

Mint Cascade - 4.0 / 5.1 surround 48kHz/24Bit (studio reduction)

Mint Cascade - Stereo 48kHz/24Bit (binaural recording of 8.0)

Mint Cascade - Stereo 48kHz/24Bit (studio reduction)

4.5 Abstracted spatial syncopations (pdf)

Phase Transitions - 8.0 surround 48kHz/24Bit

Phase Transitions - 4.0 / 5.1 surround 48kHz/24Bit (studio reduction)

Phase Transitions - Stereo 48kHz/24Bit (binaural recording of 8.0)

Phase Transitions - Stereo 48kHz/24Bit (studio reduction)

Deluge - 8.0 surround 48kHz/24Bit

Deluge - 4.0 / 5.1 surround 48kHz/24Bit (studio reduction)

Deluge - Stereo 48kHz/24Bit (binaural recording of 8.0)

Deluge - Stereo 48kHz/24Bit (studio reduction)

Effusion - 8.0 surround 48kHz/24Bit

Effusion - 4.0 / 5.1 surround 48kHz/24Bit (studio reduction)

Effusion- Stereo 48kHz/24Bit (binaural recording of 8.0)

Effusion - Stereo 48kHz/24Bit (studio reduction)

4.6 Spatial scaling and containment (pdf)

Enclosed Pteron Friction - 24.0 surround 48kHz/24Bit 

Enclosed Pteron Friction - 8.0 surround 48kHz/24Bit

Enclosed Pteron Friction - 4.0 / 5.1 48kHz/24Bit (ambisonic recording of 24.0) 

Enclosed Pteron Friction - 4.0 / 5.1 surround 48kHz/24Bit (studio reduction) 

Enclosed Pteron Friction - Stereo 48kHz/24Bit (binaural recording of 24.0) 

Enclosed Pteron Friction - Stereo 48kHz/24Bit (studio reduction)
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4.7 Spectral decomposition of an instrumental sound object (pdf) 

ilinx - 8.0 surround 48kHz/24Bit 

ilinx - 4.0 / 5.1 surround 48kHz/24Bit (studio reduction) 

ilinx - Stereo 48kHz/24Bit (binaural recording of 8.0) 

ilinx - Stereo 48kHz/24Bit (studio reduction)

Appendix Appendix (pdf)

A. Game Engine Scripts
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Opening

The Structure of the Thesis

The thesis is a written commentary documenting themes, artistic intentions, and processes 

relevant to the composition of the artefacts presented in the portfolio. The individual works 

are introduced and discussed, accompanied by comments on their primary themes, 

features, compositional strategies and techniques, modes of presentation, and wider 

aesthetic and contextual concerns. Key technical aspects of the works are discussed in 

greater detail where deemed noteworthy or fundamental to the realisation of the work. An 

emphasis on artistic intention, underlying concepts, compositional concerns, and outlining 

the key features of each work is given primary attention in the documentation.

The thesis is presented in four sections. These are:

I. Compositional Themes

II. The Playful Open Work

III. Sound Toys as Composition and Tool

IV. Acousmatics and Virtual Space

Primary compositional themes are introduced in 1.1, and inter-project relationships are 

discussed from both aesthetic and technical perspectives. Rationales for the composition 

and research directions pursued are presented, providing some insight into motivations, 

artistic intentions, and interrelationships of the range of works presented. The idea of kinesis 

and kinetic energy as an external compositional agent is introduced as a central theme in 

many of the works included in the portfolio.

The works are products of varied compositional approaches that inform each other 

throughout, both aesthetically and technically. Distinctions between the creative concerns of 

the sound toy open works and fixed media pieces, their differences and interrelationships 

are identified in 1.1.

In II, a series of projects are introduced that investigate the concept of the open work. This 

compositional idea and form is investigated through the design and development of a series 

of playful software sound toys. These open form works, or systems for composition explore a 

variety of techniques and aesthetic concerns familiar to the field of electroacoustic music.
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The concept of the playful open work is introduced and discussed in 2.1. Two different open 

form spectral compositions (or sound toys) entitled SpiralSet and ResOscope are then 

presented in 2.2. In 2.3, collaborative play as composition, and the use of a simulated 

physics system as an algorithmic composition device provide the central themes discussed 

in relation to the sound toy MagNular.

In III, two intermediary works are introduced. The first, Dioxide Dissolves is presented as a 

virtual imaginary installation in 3.1. This work more explicitly demonstrates links between the 

fixed media approaches (discussed in IV), and the open form works, as the piece presents a 

series of fixed media audiovisual miniatures within an open, exploratory virtual environment. 

Cyclical Flow is then introduced in 3.2. Cyclical Flow refers to both a software system and a 

multichannel fixed media work created using the developed software. This sound toy is 

intended for use primarily as a specialist multichannel spatial composition tool. Software 

system design and development, compositional ideas and application are discussed.

IV is concerned with the five multichannel fixed media electroacoustic works presented in 

the portfolio. These pieces are intended primarily for performance using multiple 

loudspeakers, and multichannel approaches are a significant feature of this section. Specific 

themes, aesthetic concerns, relevant processes and composer intentions are outlined. 4.1 

introduces the rationale and motivations for the multichannel composition approaches 

investigated. 4.2 follows with discussion of central aesthetic concerns and related 

composition processes explored in many of the fixed media pieces. 4.3 - 4.7 describes each 

individual fixed media work.

The main body of the document ends with the Closing Comments.
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I. Compositional Themes



1.1 Introduction to key compositional themes

Christopher Small has added a word to our music vocabulary, musicking: “I [use]...the verb ‘to music’... and 

especially its present participle, ‘musicking,’ to express the act of taking part in a musical performance” (Small 

1987, 50). He includes not only composing and performance but also listening and dancing as pertaining to the 

musicking experience. Yet, is it not true that the installation and computer game also form new ways of 

musicking?1

The artefacts presented in the portfolio reflect a broad approach to composition and creative 

research. The portfolio explores both multichannel fixed media electroacoustic composition, 

and a range of approaches to the creation of open form non-linear interactive works, or 

sound toys.2 Cross-pollination of aspects of both aesthetic and technical concerns of each 

discipline are investigated, and in some respects these fields have been allowed to feed 

each other.

Throughout this document interrelationships relevant to the themes, aesthetics, processes 

and techniques applied in the composition of the fixed media electroacoustic pieces and the 

open form sound toy works are discussed. The concurrent design and composition of open 

form sound toy projects and fixed media electroacoustic pieces allows research and 

investigation in each medium to inform the other throughout. Electroacoustic composition 

provides a particular creative perspective on working with electroacoustic themes, 

aesthetics, musical/sonic structures, sound materials, and studio and synthesis techniques 

or processes, and this perspective informs the design of the sound toy works. Some of the 

sound toy systems are then subsequently used to generate sound materials for fixed media 

pieces.

It is suggested that an electroacoustic composer’s experience and insight into musical and 

sonic concerns, as well as an understanding of key concepts in sound design and synthesis, 

and their creative application may enrich perspectives on the development of sound toys 

and software designed for compositional purposes. The portfolio is the product of this 

approach, and to some degree reflects ideas articulated by Alain Thibault, and discussed by 

Leigh Landy.

1 Landy (2007), pp. 8 refers to Small (1987), pp. 50.

2 The term sound toys is considered relevant to the open form works, and the relevance of this term is discussed 
later.
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Thibault’s alternative is for electroacoustic music to see itself as part of the wider scheme of media arts. “This 

medium does not escape from cross-overs with other disciplines, leading toward the birth of transdisciplinary and 

multidisciplinary works integrating music, video, digital animation, robotics, performance, etc.".3

Motivations for the exploration of multidisciplinary composition approaches can also be 

related to comments made by Trevor Wishart. Wishart identified five key questions he 

considers to be of particular value to the field of computer music in his keynote speech at the 

International Computer Music Conference 2008.4 Two of these questions are particularly 

relevant to personal motivations for developing the sound toy projects, these being 

questions of access and the question of who listens?5 A particularly resonant viewpoint 

discussed by Wishart in this same speech is the acknowledgement of the importance of 

making, the doing, (or ‘musicking’) as a socially and individually valuable action or process in 

itself. Many of the sound toys, whilst exploring electroacoustic themes, are presented in a 

medium in which the listener is involved in making, and may access the works outside of an 

academic or specialist arts performance/presentation environment.6

Digital music has undergone fundamental shifts - it has gone real time, it has become interactive, it has become

miniaturized, and completely democratized......These are not just technological changes, but changes that bring

about shifts in musical approaches. Form factors change, analogue is reconciled with digital, and new directions 

in Open Source and DIY culture continue to challenge our assumptions on what it means to be an artist, 

composer, performer, participant, in these evolving musical/technological landscapes.7

3 Landy (2007), pp. 179 discusses the views of Alain Thibault. Landy cites Thibault (2002), Culture numerique et 
electroacoustique.

4 Hosted at Queen’s University, Belfast, Northern Ireland.

5 Access in Sonic Art appears to be of notable importance to Wishart. Landy (1999) refers to a previous keynote 
speech: “The example concerns a keynote speech that Trevor Wishart gave at the 1994 International Computer 
Music Conference in Arhus, Denmark. He played a sound example of a piece and asked whether anyone could 
guess who had made it. The fragment demonstrated inventiveness. Many people inevitably thought that the 
piece had been made by ‘one of us’. In fact the piece had been made during a community residency with the 
elderly, people who would had never heard this type of music before’’. Landy’s use of the phrase ‘one of us' is 
particularly striking, and seemingly implies an ‘us and them’ attitude.

6 Contrasting with the multichannel fixed media pieces presented, which require a specialist performance space, 
often found within an academic environment.

7 Tanaka (2010), "Music One Participates In: Performance from Stage to Street to Pocket". Seminar abstract.
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Concepts of play8 and exploration are central to the creative ideology and motivations that 

are at the foundation of many of the works presented in the portfolio, and are most clearly 

evident in the sound toy projects. The language used to describe these open form works (as 

‘sound toys’) suggests playful experiences, and without a player playing they are inanimate.

Research Questions

The works presented explore a number of different avenues of interdisciplinary practice. 

Research questions that are deemed fundamental to the development and range of the 

portfolio works are now outlined.

• What opportunities do sound toys offer as a medium and tool for composition?

• How may aesthetics, processes, perspectives and techniques familiar to the field of 

electroacoustic music inform the conception and development of interactive systems 

designed as sound toys?

• How might the sound toy medium encourage wider access to experimental sonic 

centric works, through ‘player’ access to, and exploration of compositional parameters 

of an open work?

• In what contexts relevant to the fields of sound art and electroacoustic composition 

can game engine technologies be applied?

• How may simulated virtual physics systems be utilised as a means of kinesis in a sonic 

centric context?

• How might original sound toy systems assist in the realisation of multichannel fixed 

media works?

Aesthetic Implications

The fixed media multichannel works are intended for performance using only loudspeakers, 

with no visual reference relating to the source of the sounds heard.9 The lack of any visual 

stimulus during their performance allows a composer to explore varied perceptual 

representations and abstractions of the source materials, playing with degrees of ambiguity. 

Referential uses of sound may coexist with more abstract materials, creating evocative

8 “Play, we found, was so innate in poetry, and every form of poetic utterance so intimately bound up with the 
structure of play that the bond between them was seen to be indissoluble. The same is true, and in even higher 
degree, of the bond between play and music.” Huizinga (1950), pp. 158.

9 In keeping with the acousmatic tradition.
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imaginary sound worlds. The lack of any visual elements in the performance of these works 

is fundamental to their central aesthetic interests. Here lies a primary distinction between the 

multichannel fixed media compositions and the open form sound toy works, as the sound 

toys have visual and interactive components, and interactive audiovisual relationships are 

therefore established. This evidently has an impact on wider aesthetic issues. There are 

clearly also temporal distinctions, as time is treated as a rigid structure in one form, and a 

flexible non-linear “field of possibilities”10 in the other. These distinctions are acknowledged, 

and it is not argued that every primary aesthetic concern of each work in the portfolio is 

shared. Instead, it is suggested that there are many potential crossover points of creative 

and compositional endeavour. This idea has significantly influenced the conception and 

development of the range of works presented.

The fixed media electroacoustic works often explore concrete themes and continuums 

between the real and surreal, through abstraction, transformation and context. The open 

form compositions, or sound toys differ in this respect in that the sound materials in these 

works could often be described as being within a more abstract perceptual domain. The 

origins of the sound materials are generally more ambiguous and therefore less likely to 

directly reference the concrete and real. Explicit use of concrete sound objects within a 

virtual visual environment is largely avoided in order to diminish listener/participant 

expectations relating to literal source-cause relationships, and avoid overly literal 

representation of the virtual visual environment. In the open form sound toy works there is 

little attempt to represent or simulate real concrete objects or environment behaviour in the 

virtual visual domain. Concrete referential audiovisual links are largely avoided, and a more 

abstract and symbolic approach is adopted.

The visual and interactive components of the open form sound toy works affect the nature of 

the listening experience for the participant.* 11 Audiovisual relationships are discovered, and 

these influence the player’s mode of listening, and style of interaction with the work. 

Symbolic representations of the framework for composition in the visual interface exhibit 

abstract causal behaviours, as symbolic events in the visual domain instigate imaginary 

events in the sound domain.12 This approach to synchronisation between the visual interface

10 See 2.1.

11 In contrast with the types of listening often encouraged in the acousmatic tradition. For example Reduced 
Listening as identified by Pierre Schaeffer.

12 Causal behaviours in symbolic visual space do not attempt to represent the original sound source or literal 
cause of the sound materials.
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and resulting sonic materials is a frequent feature of the sound toys. Specific relationships 

between symbol and sound are often not made clear, resulting in an exploratory framework 

for composition, or ‘musicking’.13

Interrelationships and Distinctions

Aesthetic concerns and techniques related to electroacoustic composition are explored in 

the playful open form sound toys. Interrelationships are perhaps more explicitly evident in 

works such as Cyclical Flow, as the output of the sound toy is used for the creation of
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13 Causal listening is evidently distinctly different in each medium. In the sound toy works the symbolic cause is 
significant. In the fixed media pieces the real origin or source is frequently compositionally significant. See Chion 
(1994).
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materials for multichannel fixed media pieces. In Dioxide Dissolves, pre-composed fixed 

media is presented within an open form virtual environment in which aspects of structure 

and perspectives of the work can be determined by the end user.

Figure 1 represents and categorises the works, defining shared themes and form specific 

distinctions.14 What are perceived to be common themes in the works presented are 

represented in the left column, illustrating the crossover and influence of broader 

compositional, thematic and aesthetic concerns. Whilst all of the common themes identified 

do not necessarily relate to every piece presented, these themes recur in works in each 

medium. In the right column, what are considered to be key differences between works in 

each medium are highlighted. The terms introduced here are considered to be relevant to 

the works contained in the portfolio, and the areas defined frequently relate to the wider 

concepts, ideas and techniques discussed throughout this document. It should be noted that 

Figure 1 is not comprehensive, and simply represents distinctions relevant to the composer’s 

perspective. An exhaustive discussion of inter-relationships and distinctions is not intended, 

with the themes identified and outlined here considered to be significant to the artistic 

thinking that influenced the conception, development and realisation of the range of works 

presented.

Notes on Techniques

Cross-fertilisation of techniques and tools for sound creation, transformation, and 

composition occurs throughout. Systems originally designed for creating materials for the 

composition of fixed media pieces are explored and informally evaluated, subsequently 

influencing their development and application within a sound toy context. Some of these 

sound toys are then used to create materials for fixed media works. Technical approaches to 

techniques such as spectral transformation, granular processing, spatialization and 

synthesis are often common to works in each medium.

...as programming and software design are in themselves creative activities, yet across these must be a core 

business of compositional technique that drives the construction, articulation and sensitivity to electroacoustic 

sound and its resulting formal designs.15

14 These themes are introduced and discussed throughout the document.

15 Young (2007), Editorial, Organised Sound '\2('\), pp. 1.
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Kinesis and kinetic energy as a compositional agent

External Agency for Composition

External agency as a compositional device is familiar in contemporary music composition 

and sound art.16 The external agency could be an object (musique concrete), environment 

(soundscape), mathematical equation (algorithmic composition), data (sonification), or an 

end user (interactivity). The works presented in the portfolio touch on a number of these 

categories of external compositional influence. However, it should be noted that the external 

agent is treated as a component part of the composition process. Human organisation, 

intervention, and interaction with the materials and structures is also considered a 

fundamental component of composition, with works exploring the coexistence and interplay 

between external agency and human reaction, creative intention and control.

A number of the open form sound toy works introduce two key external agents for 

composition. These are the end user interacting with the work, and a simulated physics 

system, with both influencing the resulting sonic structures. In many of the sound toy 

projects co-dependencies and interrelationships exist between these two agents that 

determine the end result, or sonic output of the work.

Kinesis and Kinetic Agents

Central to many of the works in the portfolio is the varied exploration of kinesis and kinetic 

agents as an element of composition, in both fixed and open forms.

An agent is generally understood as somebody or something that acts on behalf of another in a process.17

The term kinetic is considered to be particularly appropriate as it suggests that aspects of 

motion (which provides compositional agency) are controlled or influenced by an external 

agent. In the works presented, complexity often emerges from natural kinetic phenomenon, 

or kinesis achieved using simulated physics technologies. In the fixed media works the 

external agents differ, but often these are derived from naturalistic events, and in many of

16 Whalley (2009) discusses a number of perspectives, and contextualises artistic application of agents and 
agency primarily in a software-based context.

17 Whalley (2009), pp. 156.
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these scenarios there is an element of what is referred to as staging.™ Prior preparation of 

the kinetic scenario or events is considered as being an element of the compositional 

process.

In each work an aspect of composition is controlled or influenced by external agents, and an 

external force plays a part in the structure and form of the materials.19 In works such as 

Impure Carbon, Phase Transitions, Deluge and Dioxide Dissolves, naturalistic processes20 

dictate elements of form, structure, rhythm and intrinsic features of the source materials. 

Materials used for the composition of Enclosed Pteron Friction are derived from a staged 

scenario in which the source is captured and enclosed. The resulting behaviours, patterns, 

intensities and trajectories of sound are dictated through the movements of the insect, which 

in this piece could be considered as the primary external agency.

Mint Cascade also explores kinetic energy and kinesis as a form of external compositional 

agent, however a key distinction between this work and the pieces mentioned previously is 

the introduction of a performative action in the sound generation process, not merely the 

staging of a naturalistic event. External forces are integral to the primary materials in the 

work, however the performer instigates object motion, choosing how many objects are set in 

motion, in which direction, and at what velocity. The exact patterns of motion cannot be fully 

predicted and are subject to indeterminate factors, such as changes in direction due to 

undulations in the surface of the performance space, angle of object, and any resulting 

collisions of objects causing obstructions for other objects, causing a chain reaction of 

changes in trajectories, collisions, and motion patterns. The performer has significant 

influence over the patterns of motion that are instigated, and when they are initiated, but the 

resulting trajectories and collisions cannot be fully predicted.

One way to avert a possibly disruptive collision between indeterminacy and control is to develop appropriate 

models for structured uncertainty that can be used interactively in a performance setting. The structure in these 

models may be formed by design, through a process of variation, or spontaneously, emerging out of a state of 

apparent disorder.21

18 The term ‘staging’ is used to describe that the event, object and/or environment is staged, with certain 
conditions often being prepared for the purposes of sound acquisition (recording).

19 Albeit using differing approaches.

20 Often staged.

21 Visell (2004), pp. 151.
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It could be argued that Mint Cascade therefore shares some compositional interests with the 

non-linear open form sound toy works MagNular and SpiralSet. Whilst these are in many 

respects very different works, the idea of naturalistic motion (which in these sound toys is 

simulated), influence and instigation by a performer contribute significantly to the larger 

compositional structures. In these sound toys, a simulated physics engine is used as a form 

of compositional agency.22 The performer (or player) interacts with the simulated physics 

system, resulting in influential interactions that cannot be fully predicted. Personal interaction 

styles of individual players could also in themselves be considered as an indeterminate 

compositional element.

Concepts of both deterministic behaviour and indeterminacy are evident in each of the works 

presented. The composition techniques explored are considered to be neither purely 

deterministic or indeterminate. Unpredictable complex behaviours may emerge, but there is 

some degree of composer or performer control (or influence) determining the 

indeterminacies. In the open form sound toy works the user influences behaviours in real

time, determining sonic spectra and events. Whilst in the fixed media works, the composer 

shapes, edits, layers and filters recorded semi-indeterministic sonic events to create 

determined larger structures.

22 “The generation of patterns with perceptually natural qualities is closely related to the problem of producing 
synthetic signals with the nuances that are required to make them seem realistic.” Visell (2004), pp. 152.
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II. The Playful Open Work

Open Form Sound Toy Works
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2.1 The open work and play as composition

...E/A art music could and should access an audience outside of that which it generally accessed, and that based 

on this premise E/A art music research and artists' endeavour should devote a certain degree of its investigative 

energy towards addressing this issue.23

Landy’s comments reflect personal artistic motivations that influence the medium and 

themes explored in the interactive non-linear sound toy works presented in the portfolio. 

Ideas of improved access to electroacoustic music influence the choice of medium, and 

constrain the technologies used for human user input, to ensure that the projects can be 

more widely distributed and experienced. A central idea for creative exploration in this 

section is the suggestion that computer game related technologies and techniques offer 

opportunities for developing existing modes of artistic presentation and dissemination within 

the realms of sound art and electroacoustic music composition/performance. The 

compositional sound toy systems presented are developed using tools which are perhaps 

less often associated with the field, but their development is influenced by electroacoustic 

music, its techniques, themes and aesthetic concerns.

Who is the Composer?

Whilst originally intended for a very different musical context, the theories of Umberto Eco 

expressed in The Poetics of the Open Work, (1959) appear very relevant to the creative 

pursuits of the interactive non-linear sound toy works.

A number of recent pieces of instrumental music are linked by a common feature: the considerable autonomy left 

to the individual performer in the way he chooses to play the work. Thus he is not merely free to interpret the 

composer’s instructions following his own discretion (which in fact happens in traditional music), but he must 

impose his judgement on the form of the piece, as when he decides how long to hold a note or in what order to 

group the sounds: all this amounts to an act of improvised creation.24

Despite the evident differences in musical context, the notion of the open work has definite 

resonances with the preoccupations of Dioxide Dissolves, SpiralSet, MagNular and 

ResOscope.

23 Weale (2006), pp. 189 summarises the views of Landy (1990), pp. 369-372.

24 Eco (1959). Also presented in Audio Culture, Readings in Modern Music, edited by Cox and Warner (2004).
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Eco’s referral to the comments of Henri Pousseur when describing his work Scambi further 

illustrate the relevance to the interactive sound toy works, as they have been developed to 

provide the user with a “field of possibilities”, and invite the player to exercise choice.

Henri Pousseur has offered the following description of his piece Scambi: “Scambi is not so much a musical 

composition as a f/e/d of possibilities, an explicit invitation to exercise choice.”25

Eco goes on to elaborate on Pousseur’s definition.

The notion of “field” is provided by physics and implies a revised vision of the classic relationship posited 

between cause and effect as a rigid, one-directional system: now a complex interplay of motive forces is 

envisaged, a configuration of possible events, a complete dynamism of structure. The notion of “possibility” is a 

philosophical canon which reflects a widespread tendency in contemporary science: the discarding of a static, 

syllogistic view of order, a corresponding devolution of intellectual authority to personal decision, choice, and 

social context.26

Eco’s comments here are again intended for a different musical context, at a time predating 

computer based gaming and interactive technologies, and yet their significance to the work 

presented, and the field is apparent. The discussion of the complex interplay of motive 

forces, and revised vision of cause and effect are also deemed relevant, and can be related 

to some of the creative concerns of the sound toy projects. One simple event, at one specific 

moment in time has the potential for complex knock on effects on the resulting cascading 

field of dynamic possibilities.27 It is suggested that relating Eco’s theories and definitions to 

the field of sound toys allows them to be appropriately described and defined as open works, 

or open form compositions.

The sound toy projects presented provide the user with varied degrees of compositional 

input and control. Compositional input is multidimensional,28 and the importance or 

significance of each input form as an element of composition is somewhat open to 

interpretation. Figure 2 represents the compositional structure of many of the open form

25 Ibid.

26 Ibid.

27 This is particularly evident in MagNutar.

28 There are a number of different converging sources of compositional input. These are simplistically 
represented in Figure 2.
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sound toy works included in the portfolio.29 Compositional input contributing to the final 

sound output, or performance of the work can be attributed to three primary forces or 

agents, each dictating or influencing characteristics of the piece.

Composer/Designer - Offline

User/Player - Real-time

Simulated Physics - Real-time

The composer/designer is responsible for designing and creating the framework for 

composition, making compositional decisions during the construction of the work. Modes of 

interaction, sound materials, transformation processes, compositional options and 

constrictions, and modes of presentation and representation are all dictated by the

composer/designer.

Visual Feedback \ 
(symbolic)

Compositional Input

Compositional
Decisions

Compositional
Decisions

Compositional
Effects

Composing a 
Framework for 
Composition

Composition System

Audio Feedback

Real-time Composition

User(s)

Reactive Generative Composition

Ongoing Physics 
Simulation

Physics
Engine

Feedback
(development)

Offline Composition

Composer
Designer

User Feedback

Physics as Agent

Figure 2. Designing for Composition - Three Compositional Forces

The user/player engages with the system in real-time, responding to both visual and aural 

feedback from the system. There is often a co-dependency between the human player and 

the simulated physics system. The physics engine employed in these works acts as a third

29 Each project utilises a computer game engine used in conjunction with external software for sound generation, 
synthesis or DSP.
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compositional agent, adding an algorithmic component to the system.30 The algorithmic 

component is accompanied by symbolic representations of the algorithmic processes in the 

virtual visual space. These provide the user/player with some insight into this aspect of the 

control system, which is enhanced through play, exploration and learning. Symbolic 

representation of the simulated physics system allows real-time interaction between the 

user/player and the system in both visual and aural domains, also allowing anticipatory 

responses that enable the user/player to react to forthcoming events.31 These two 

compositional forces (simulated physics system and user/player) influence each other 

throughout play.

Is this really composition?

An issue that has arisen from the development of the open form sound toy works presented 

in the portfolio is one of definition, and how best to describe or categorise these works in a 

way that effectively communicates their creative interests. Frequent reference to the 

technology used to realise these projects, a computer game engine,32 is largely avoided in 

this document as the term could to be somewhat misrepresentative of their creative 

concerns, as the term ‘computer game’ is loaded with social expectations of what constitutes 

a computer game.33 None of the sound toy projects presented incorporate an intentionally 

competitive framework. There are no defined characters, no winners, no carnage, and none 

of the ‘games’ can be completed as such. Instead they are considered to be exploratory 

audiovisual experiences primarily concerned with sound. The works may be explored for 

seconds or hours at the will of the user/player. It is suggested that the term best suited to 

these works is sound toys.34 This term is used as it conveys that the works are 

predominantly sound centric, and the term toy implies an intended playful experience for the 

user.35

30 See Phya by Dylan Menzies as an example of research exploring the use of physics systems in a sound 
centric context.

31 MagNular is a relevant example here.

32 Unity 3D.

33 Wider discussion of the field of ‘computer games' is outside the scope of this document.

34 See http://www.soundtoys.net for an online resource of works described as ‘sound toys’.

35 Whilst detailed discussion of software currently commercially available for mobile platforms is avoided, 
developments within the field of what could be termed as ‘sound toys’ for mobile devices are relevant. RjDj is of 
particular relevance to the open form works undertaken here, as mobile applications are developed using tools 
familiar to certain fields of computer music, http://www.rjdj.me
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Whilst the sound toys presented adopt and explore aspects of electroacoustic composition 

aesthetics and sensibilities, integral features of some sound toys are also relevant to fields 

such as multidisciplinary composition, interactivity, audiovisual interfaces and audiovisual 

composition incorporating trans-domain mappings, algorithmic or generative composition, 

and real-time synthesis and digital signal processing. A definition that best fits the sound toy 

works is to some degree a matter of opinion. However, as their primary creative concern is 

the shaping and structuring of sound over time,36 they are therefore personally considered 

as inherently compositional, albeit within a confined compositional framework that is to some 

degree pre-composed by the composer/designer. Allocation of compositional parameters to 

external real-time ‘agents' results in the works being fundamentally open and therefore of no 

fixed duration. The interaction of the user/player with the quasi-generative systems provide 

scope for varied and sometimes unexpected results, some of which may not have been 

anticipated by the composer/designer. The open form sound toy works are interactive or 

reactive systems that implement a form of dialogue or exchange between the player and the 

symbolically represented system.

These works aim to create a playful framework for composition in which sound is organised 

over time. More broadly, the central theme for creative exploration here is rooted in the 

suggestion that sound toys as a medium provides scope for developing existing modes of 

artistic presentation and dissemination of playful composition artefacts influenced by the 

fields of sound art and electroacoustic music. The projects presented explore elements of 

performance, interactivity and the allocation of some degree of improvised compositional 

control to a third party. For example, the composer/designer’s allocation of compositional 

control to a non-experienced user is a primary interest of SpiralSet.37 However, many 

aspects of this work are pre-composed. For example, the design and form of the 3D 

structure itself influences patterns of motion, thereby algorithmically determining and 

symbolically representing aspects of the sonic characteristics of the final synthesised output. 

Spectral data and its manipulation is also prepared, determining the character of the sound 

world. The user/player influences the directions and rates of motion in both aural and visual 

domains, shaping the structure of the piece within the framework prepared and ‘composed’ 

by the composer/designer. The user/player is therefore not a passive listener and plays an 

active and significant compositional role.

36 On a micro or macro level.

37 The development and completion of the SpiralSet project, the first sound toy designed for the portfolio, allowed 
a number of key compositional, aesthetic and technical issues to be preliminarily explored, informing future 
artistic directions and practice-led research strategies.
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The sound toys are presented as open form compositions as no final fixed version exists,38 

with each player having their own individual experience of the work, and the sonic output 

being different each time dependent on the nature of the interactions. The open form sound 

toy works provide the user/player with scope for compositional input within a confined 

symbolic sonic play space. In the work Dioxide Dissolves, user/player input predominantly 

determines or structures the macro level.39 In works such as SpiralSet and ResOscope, the 

user/player controls the micro structure of sound on a spectral frame by frame basis, and in 

/Uag/Vu/ar compositional input results in activity at a micro event level.

Interaction Approach

The interaction approach adopted in the sound toy projects varies between each work. 

There are however key commonalities in the types of interaction approaches implemented. 

These can be to some degree aligned with theories outlined by Paine (2002).40 Of particular 

relevance is Paine’s discussion of interactions that do “not include any predefined 

pathways”. This is a characteristic of all of the sound toy works presented. Whilst it may be 

argued that defined pathways may result in greater structural coherence, with further 

composed elements enforced by the composer/designer, the decision to avoid a single 

structured pathway through each work aims to encourage a range of potential sonic 

outcomes or experiences for the player.

In his discussion of interactivity Paine (2002) also introduces Wishart’s (1996) theories of 

dynamic morphology.

Dynamic morphology (Wishart 1996) is explored as a conceptual framework for dealing with streamed data that 

facilitates an exploration of dynamic timbre in interactive, responsive music systems, and more broadly as a 

conceptual framework for the design of truly interactive systems, covering human-computer interface and sound 

synthesis applications.

The sound toys are intentionally open, and offer significant options for choice for the player, 

providing scope for varied interactions and sonic output. A linear approach with some degree 

of ‘openness’ is avoided, with a multitude of possible pathways offering varied possible

38 Except Cyclical Flow, which is more appropriately defined as a specialist spatial composition tool.

39 As this sound toy incorporates prepared fixed media resources (audio & visual) that are of a longer duration.

40 It is important to note that the sound toy works do not ‘learn’ and adjust their behaviours according to user 
input, so in this respect to some degree they exist outside of the definitions of interactivity outlined by Paine 
(2002). However, differences in players’ interaction style are reflected in the output of each sound toy system.
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experiences of each work. The sound toys therefore become less predictable in terms of 

sonic outcome, with many diverging branches of possible outcome. This intended approach 

is informed by the notion of a “field of possibilities”.41 The player is intended to have a 

significant range of potential possible experiences of each work that may be quite diverse, 

yet these are still within a specific prepared framework for interaction that provides a play 

space for sonic exploration and discovery. The sound toys are designed so that the audible 

result of interactions can only be understood through the player interacting with the work, as 

there are limited direct indications of sonic outcome in the visual interface of each sound toy. 

Interactions and outcome are oblique and the player has no way of determining what the 

sonic outcomes of their interactions might be prior to play (or observation).

Definitions

With interactions often occurring on a micro level, issues of definition are introduced, and it 

is suggested that it could be appropriate to consider some of the sound toys presented as 

potentially exhibiting behaviours of an ‘instrument’,42 for example ResOscope. Is this sound 

toy best defined as an open form composition, composition tool, or as an instrument? It is 

suggested that issues of definition can be considered as a classification continuum between 

the three areas or definitions represented in Figure 3.

Composition

intersection

Composition
Tool

Instrument

Figure 3. Intersection of Terms of Classification

41 As previously discussed.

42 The term ‘instrument’ is considered as relevant in an open work context. In Bjdrk’s Biophilia, many of the 
individual pieces have options to be used in ‘instrument’ mode, and could therefore be classified accordingly.
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So at what point may an open work also be classified as exhibiting behaviours of an 

instrument, in the sense that an instrument offers particular sonorities and timbral qualities, 

with infinite possibilities from a compositional perspective? Perhaps the sound toy works 

become easier to classify as open form compositions where more significant amounts of 

materials within the framework for composition are predetermined? Where increased player 

options for compositional input and influence are provided, classification as an open form 

composition is still considered relevant, but classification as an instrument, of some form, is 

also considered to some degree appropriate. As these terms of possible classification (as 

open form composition, composition tool or instrument) are often all potentially relevant to 

the works presented, a continuum of definition acknowledges that these three distinct 

classification areas may be intrinsically interrelated. Absolute classification is considered as 

somewhat open to interpretation.

Definitions of the role of the player interacting with the work are also subject to similar issues 

of classification. Is the end user a player, composer or participant? The roles of the player 

experiencing the work are multifaceted, with tensions between concepts of composition and 

intention sometimes evident. Equally the role of the artist creating the work also becomes 

open to issues of definition, as the framework is composed with intention, but the eventual 

outcome cannot be fully determined due to the consideration of and provision for individual 

interaction styles. The intended modes of interaction frequently explore and investigate the 

areas at which these classifications terms intersect, as represented in Figure 3. Where the 

framework for interaction and audiovisual elements are to some degree designed or 

composed, boundaries of definition and classification are often unclear and it is the 

intersection between these possible boundaries that are of personal interest.

Where each of the individual sound toy works may be placed within this area of intersection 

is different for each project. Dioxide Dissolves is perhaps more clearly definable as an ‘open 

work’ composition as it deals with larger prepared sonic structures, so definition as an 

instrument is deemed less appropriate. In sound toys such as ResOscope, the frame by 

frame interactions of the player result in a more instrument-like experience. Whilst the term 

‘instrument’ is perhaps not the most appropriate term, there are some relevant interaction 

relationships implied, in that player exploration and learning of the methods of interaction 

and resulting sonic outcome provides scope for recreating or re-performing sonic materials 

in an instrument-like fashion.
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Distinctions

A key distinction between the sound toy works presented and many related existing sound 

toy applications in this area is the degree of control available of timbre, spectrum and frame 

by frame control of sound over time,43 providing the player with significant options for micro 

level control, influence and variations within a constrained framework. Whilst the sound toy 

works presented share some common interests with a number of sonic centric mobile 

applications, micro level control is considered to be a key defining feature from many 

existing mobile applications. Other defining characteristics include the avoidance of regular 

metric rhythm, priority of spectrum over tonal behaviours, sonic range and scope for 

variation, and no sound parameter names included within the visual play space.

There are many examples of ‘sound toy’ applications or sound centric applications available 

for mobile devices.44 Whilst these devices offer opportunities for ‘casual’ sonic experiences, 

limited processing power45 to some degree restricts the types of real-time sound generation 

processes that can be implemented. The sound toy systems implemented in the portfolio are 

not designed for mobile devices to ensure that computing resources do not become a 

limiting factor, restricting sound generation and transformation systems. SpiralSet, 

ResOscope and Cyclical Flow are designed to exploit more powerful hardware resources to 

provide the player with finite control over spectrum and morphological behaviours of a 

number of different voices/parts. In Cyclical Flow, both spectral and spatial features require 

significant computing resources,46 with this system being designed primarily for a specialist 

performance environment.

Classification

Each sound toy presented can be considered as existing within a different area of 

intersection (Figure 3). Cyclical Flow is considered to be classified or positioned more 

towards the ‘composition tool’ area of intersection within this continuum.47 The sound

43 Except Dioxide Dissolves.

44 Examples include: RjDj, Bloom, Biophilia, Aura Flux, Sonic Wire Sculptor, Soundrop, SoundyThingie, 
Daisyphone.

45 At the time of writing.

46 A proposed future development is the implementation of the game engine system on a tablet device 
communicating with a spectral, granular and spatial processing on a desktop/laptop system.

47 lanniX could be considered as a relevant example of a composition tool.
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materials used in this system are intended to be interchangeable, resulting in a shift in 

classification, and this project is perhaps not best defined as solely being an ‘open work’.

Dioxide Dissolves can be more clearly classified as being an ‘open work', and shifts away 

from both instrument and composition tool classification domains. Control is on a macro 

level with larger sections of prepared audiovisual materials. Despite this, Dioxide Dissolves 

can be classified as an ‘open work’ as the structure of the player’s experience is open, so 

overall form, structure and duration are flexible, resulting in a wide variety of possible 

experiences of the work, and no predefined pathway is enforced or suggested for the player.

SpiralSet, ResOscope and MagNular are perhaps more closely related and aligned in terms 

of their possible classification, and it is suggested that these works exist more within the 

central intersection between the three areas of classification represented in Figure 3. 

However, even here there are gradients in definition between these works. In SpiralSet 

pathways are introduced, but a large number of options of possible pathways exist, with 

player control over path, timing, pace and repetition. Given that there is some aspect of 

constraint, it could be argued that SpiralSet can be positioned along the continuum closer to 

an ‘open work’ classification than ResOscope, in which the player has significantly increased 

option for choice, sound instigation and termination. As a result, ResOscope could therefore 

also be classified as an ‘instrument’. MagNular may be classified as existing within the most 

central point of intersection of the five sound toys presented, as all of these terms appear 

equally relevant from a personal perspective. Classification, or positioning along this 

continuum is considered open to interpretation, and the viewpoints offered here are evidently 

from the perspective of the composer/designer.

Introducing Gaming Technologies

Game engine based technologies are presented as viable tools for the creation and delivery 

of sound toys and interactive sound centric works.48 The compositional systems developed 

allow players access to parameters of composition, and sound worlds associated with the 

realm of electroacoustic music. Working with computer game technologies for sonic 

purposes provides the opportunity for the composer/designer to draw on existing 

experiences of a possible audience, and their understanding and appreciation of increasing

48 Why would a sound artist or composer choose to use a game engine for an interactive or reactive work? From 
a technical perspective, the robustness of game engine technologies is an evident advantage. Collision detection 
and an integrated physics engine are particularly enticing. Varied artistic design options are available and 
interactive functionalities are flexible.
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levels of complexity and interactivity now found in modern computer games.49 The game 

engine’s integrated physics engine has the capacity for complex virtual object interactions, 

which is particularly enticing from a sonic perspective.50 A physics engine is utilised as a 

form of generative composition agent in some of the sound toy works later described.

Toshio Iwai’s ElectroplanktorP'' is a notable example of game technologies being applied in 

an algorithmic music composition context. In this ‘game’, the symbolic and playful 

representations of the algorithmic musical processes allow easy access and a reasonable 

level of compositional control for the player. From a personal viewpoint, a significant 

limitation is the sound palette. Despite this, Electroplankton significantly influenced the 

conception of the sound toy works presented.52

Game engine software offers many possibilities for the creation and delivery of interactive 

sound or music works that allow the player control over compositional and sound 

parameters. Sound artists frequently explore ideas, and experiment with techniques that 

allow the visual domain to intimately coexist with, or directly control sound parameters using 

trans-domain mapping techniques.53 Network technologies allow communication between a 

game engine and external sound and synthesis software, providing varied creative 

possibilities for a composer or sound artist, who may then use familiar tools for the 

development of audio systems. Integrating external, flexible and open-ended sound software 

enables sound artists and/or composers to work with specialist tools and techniques to 

explore interdisciplinary approaches for creating new repertoire.

49 Current computer games often extend beyond the description of interactivity in the context of a car racing 
game provided by Paine (2002).

50 See Mullan (2011), pp. 347-357 for discussion on physics engine integration with physical modelling synthesis 
techniques in a virtual environment.

61 Published by Nintendo for the Nintendo DS handheld video game console.

52 Further discussion and evaluation of existing sound toys is refrained from.

53 See Audiovisual Environment Suite by Golan Levin as an example.
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Notes on Tools

User(s)

Visual Feedback 
(symbolic) Audio Feedback

One-Way or Bidirectional 
Communication

Trans-Domain
Mappings

Input Device

Max/MSP/JitterGame Engine

► Input or Control 

— — —► User Feedback

Figure 4. Sound Toy Resources & Communication

All sound toy projects, with the exception of Dioxide Dissolves, use the basic system 

represented in Figure 4 as their technical foundation. Two different software applications are 

used. These are the computer game engine Unity 3D54 and Max/MSP/Jitter,55 with one-way 

or bidirectional data communication between the two applications.

All sound is generated, synthesised or processed outside of the game engine,56 using 

external software for sound and synthesis. The game engine’s graphical capabilities are 

used to create a virtual environment for the symbolic control of sound. The game engine 

component could be considered to be an Animated User Interface (AUI),57 as opposed to a 

Graphical User Interface (GUI), generating real-time control data for the external sound 

system. It should be noted that the visual components of the projects are not designed to be 

considered simply as a GUI, and are intended to be an integral component of the creative 

work, with specific aesthetic and stylistic features.58

54 http://unily3d.com/

55 “An interactive graphical programming environment for music, audio, and media.” http://www.cycling74.com

56 Except Dioxide Dissolves.

57 Proposed term.

58 Aspects of the control systems, symbolic representations, and artistic style are to some extent influenced by 
the field of computer games.
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Final Comments

The open form works are presented and defined as sound toys, and this is considered an 

appropriate term to describe these sonic centric audiovisual interactive composition 

systems. Whilst the sound toys have been developed using computer game engine 

technologies, common computer game characteristics such as competition as a motivation 

for interaction is avoided, with the intention of encouraging the participant to solely focus on 

audiovisual experience and sonic centric interaction. ‘Computer games’ as a term is also 

avoided as there is potential for misconception of the works, and their function, as the term 

may (for some) imply specific goals and a competitive structure, which could potentially 

become a barrier to an audience understanding the sound toy’s themes, and intended 

interactions. Playful composition and a sound centric approach are considered to be integral 

themes, and these are well represented by the term sound toy.

The sound toys are designed as open form compositions, instruments, or compositional 

tools that are influenced by a number of fields relating to electroacoustic music, sound art 

and contemporary computer music. These projects attempt to develop personal 

compositional practice and interdisciplinary approaches to sound art and electroacoustic 

music composition. The sound toy works presented are deliberately broad in their creative 

concerns, yet all focus upon creating new interdisciplinary compositional repertoire.
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2.2 Spectral composition and the open work

Two sound toy works are now introduced which investigate ideas of spectral composition in 

an open form. Spectral analysis and re-synthesis techniques are familiar in electroacoustic 

music composition practice,59 with spectral transformation techniques being frequently used 

for sound object metamorphosis and abstraction.60

Dennis Smalley defines a particular approach to music that is primarily concerned with 

sound spectrum, which he terms as “spectromorphological thinking”. This approach is 

considered relevant to the two open form spectral compositions introduced shortly.

I intend spectromorphological thinking to be applicable to a wide variety of electroacoustic music, cutting across 

national boundaries and individual styles. However, it is intended to account for types of electroacoustic music 

which are more concerned with spectral qualities than actual notes, more concerned with varieties of motion and 

flexible fluctuations in time rather than metrical time, more concerned to account for sounds whose sources and 

causes are relatively mysterious or ambiguous rather than blatantly obvious.61

SpiralSet and ResOscope are two open form sound toy works that explore a playful and 

symbolic interpretation of Smalley's definition of “spectromorphological thinking". In these 

works, spectral motion and traversal is a central theme. Virtual object motion in the visual 

domain is intimately linked to spectral motion and progression in the aural domain. Sound is 

controlled on a micro level, with each spectral frame determined by the position and motion 

of objects in a virtual visual play space. Navigation in the virtual visual space represents the 

navigation of spectral sound space. In both these works a degree of compositional control is 

allocated to the user, allowing them to traverse, explore and additively combine sound 

spectra. Whilst these two works investigate similar spectral themes, the spectral techniques 

and symbolic control systems are distinctly different, resulting in individual sonic 

characteristics in each work. The SpiralSet and ResOscope sound toys are now introduced 

and outlined.62

59 For example, composers such as Dennis Smalley accompanied by his writings on ‘spectromorphology’ and 
Trevor Wishart, and his Composers Desktop Project software, which offers spectral processing features.

60 Related techniques are adopted in the creation of materials in the fixed media works presented in the portfolio, 
and further discussion of Smalley’s theories can be found in IV.

61 Smalley (1997), pp. 109.

62 The ideas and features of each work are described, and relevant technical information introduced. Technical 
detail is restricted where possible to focus discussion on the works themselves.
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SpiralSet

Introduction

SpiralSet is a sound toy63 with an animated visual 

interface designed for non-experienced users. The 

sound toy’s primary theme is user/player influenced 

exploration of sound spectra. The project could 

therefore also be considered to be an open form 

spectral work.

A simulated physics system, and users physical 

interactions determine the motion of three balls 

contained within the virtual 3D structure, consisting of 

interconnected pipelines, with these symbolically 

representing sonic pathways. The motion, (speed, 

direction and route) and position of the balls within the 

pipeline dynamically control the sonic output, allowing 

the user to manipulate the spectral characteristics of 

the sound output and shape the structure of the piece. 

The player engages with the work using the sensor 

interface or mouse, allowing them to tilt and rotate the 

pipeline structure, subsequently affecting the degrees 

of motion in both the visual and audio domains.

The project was originally developed as an interactive 

installation piece for presentation at the Sonic Arts 

Network Expo 2008, in Brighton, UK. A custom-made 

sensor interface is used for control of the system in an 

installation context. A home edition version has subsequently been designed which uses a 

standard computer mouse as the input device, to allow the project to be more widely 

disseminated.64 User interactions are designed to be quickly accessible, whilst maintaining

Figure 5a. Screenshots | SpiralSet

63 SpiralSet could also be described as a virtual sound sculpture.

64 This is the version presented in the portfolio.
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scope for sonic variation. The intended accessibility of 

the project informs the nature of the physical 

interactions implemented, which require little or no 

instruction for operation. The project utilises the game 

engine software Unity 3D, which is used in conjunction 

with a real-time additive synthesis sound engine 

constructed in Max/MSP/Jitter.

SpiralSet Media

SpiralSet Software 

SpiralSet Demonstration Video

Sharing the Composition

SpiralSet is designed as an open work.65 Aspects of 

the project are pre-composed, but a significant degree 

of influence over the sound world is allocated to the 

player. Controllable shifts in timbre, rate of modulation, 

combinations of sound types and overall sonic 

structure offer the player a “field of possibilities”.66 The 

shape and form of the virtual transparent pipeline, with 

its optional spiral pathways, is designed to encourage 

variable motion of the audiovisual objects. The patterns 

of motion and positions of each of the three balls within 

the pipeline are intimately linked with the progression 

and development of the sound materials. Whilst the 

player input controls are simple, the sound engine 

responds to even small movements of the balls, providing a responsive and dynamic sound 

output that relies on a degree of sensitivity from the player.

A¥ >.

h

Figure 5b. Screenshots | SpiralSet

Each section of the SpiralSet pipeline has its own attributed sonic characteristics (or sound 

set), allowing varied combinations of sonic materials when each ball enters a different

65 As discussed in 2.1.

66 A term used by Henri Pousseur to describe his piece Scambi.
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osection, or zone of the structure. There are eleven sound 

set zones in total. These are the three linking rings, four 

upper spirals, and further four lower spirals, as seen in 

Figures 5a & 5b. Once a ball enters a new sound set zone 

within the pipeline, a different sound type is generated, 

with the corresponding frequency and amplitude data sets 

being recalled in the synthesis engine.

System Overview
Figure 6. Custom Interface

Figure 6 shows the IR (Infrared) sensor interface used for the rotation of the virtual pipeline in 

an installation context. This is used to influence the simulated physical behaviours of the balls 

contained within the structure. The height of the player’s hands above each IR sensor 

determines the direction and rate of rotation. The interface design shares aesthetic 

similarities to the virtual pipeline network.

User Input [ Performer / Player J

Performer / Player 
Feedback

Figure 7. System Structure | SpiralSet

Each of the three balls contained 

within the pipeline emits a coloured 

light, (red, green and blue). The 

lights allow each ball to be more 

easily identified by the player, and 

generate additively mixed colours 

that refract around the transparent 

structure according to their position 

and proximity to each other. The 

lighting effects represent the mixing 

and varied additive combinations of 

spectra heard in the sound world, 

reflecting the synthesis techniques 

utilised in the project. Each ball is 

assigned a dedicated synthesis 

voice. The additive synthesis 

sound engine monitors the position 

of each ball, with coordinate data 

used to control and manage 

extensive frequency and amplitude
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data sets. The position of each ball, and their movements within the pipeline are intimately 

linked with the development of the sonic materials. When a ball becomes stationary, the 

timbre of its corresponding synthesis voice will remain static. When a ball moves more 

quickly, this is reflected with quicker spectral transitions. The shape of the pipeline allows the 

player to capture and hold the balls within different sections of each spiral, resulting in 

restricted spectral development, or allowing sound to be ‘frozen’ at a single spectral location.

Technical Implementation

Communication between the game 

engine software and the additive 

synthesis engine is achieved through 

an internal network connection.67 The 

visual interface is constructed within 

the game engine. All sound synthesis 

and sensor data is managed within 

Max/MSP/Jitter. Max communicates 

the sensor data to the game engine, 

influencing the simulated physical 

behaviours of the balls. The resulting 

ball coordinate data is communicated 

from the game engine back to Max 

for tracking, subsequently recalling 

the spectral data used for sound 

generation.

I
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Figure 8. Spectral Synthesis Engine

The sound engine utilises spectral synthesis techniques. This technique enables the re

synthesis of analysed spectral data derived from a sound source, using numerous sinusoidal 

oscillators. In the project construction stage, original audio files are analysed68 to generate 

the frequency and amplitude data sets used in the synthesis engine. This data is then

67 The original networking code for bidirectional communication between Max and Unity 3D is credited to Chris 
McClelland, and Unity 3D forum member Bjerre.

68 Using the application Spear to create SDIF (Sound Description Interchange Format) files.
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transferred to Jitter matrices,69 with these matrices being dynamically recalled by the sound 

synthesis engine once a ball enters the appropriate zone. Time is represented in the y axis of 

each matrix, with the data for each frequency component of each time slice stored along the 

x axis. Dynamically referencing a sub-region of each matrix allows reasonably efficient 

access to the stored spectral component data within each time slice. This technique allows 

the rate of spectral progression, or sound evolution time to be controlled directly. Storing the 

spectral data in Jitter matrices also allows transposition and attenuation of individual, or 

groups of frequency components, providing a level of sonic flexibility for the composer/ 

designer when creating the sounds for the project. For example, multiplying the spectral data 

matrices with further variable scaling matrices allows spectral transformations to be easily 

achieved, enabling transposition or amplitude adjustment of groups of frequencies, or 

individual frequency components. Matrix scaling techniques are used in the project70 to 

modify and transform the analysed spectral data, and to create some variation in the sonic 

characteristics of each ball when moving within the same sound zone of the pipeline.

Coordinate data for the three balls is sent from the game engine to Max via an internal 

network connection on the same computer. Local coordinate data relative to the ball position 

within the pipeline structure is sent to the sound engine at a fixed interval. Once a ball moves 

within a predefined zone, a zone index value is generated, recalling the relevant frequency 

and amplitude data sets for the spectral synthesis engine, and scaling the coordinate data 

appropriately for the current zone before it is routed and mapped to the ball specific synthesis 

voice.

Sound Materials

The sound world the player explores is partially ‘composed’ by the author. The sonic palette is 

deliberately abstract and consists of evolving textures, with the spectral development of these 

textures influenced by the interactions of the player. Sound materials are derived from the 

spectral analysis and re-synthesis of both acoustic recordings and synthesised tones. 

Vaguely recognisable timbres such as a re-synthesised saxophone motif coexist alongside 

more abstract electronic sounds. All sounds are transformed to some degree through the re-

69 Dynamically loading spectral data stored in Jitter matrices proved to be more efficient than using SDIF files, 
especially when dealing with the online interchanges between the large frequency and amplitude data sets 
required for creating a more timbrally rich sonic output.

70 See Figure 8.
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synthesis process. With the motion of each ball in the visual domain modulating spectral 

progression, even the more familiar acoustic derived tones may not be recognisable by the 

player. The overall sound character and sonic effect could be described as textural and 

abstract.

Observations and Reflection

Reflections on the system are informed through the observation of player engagement and 

interaction with the work when presented at the Sonic Arts Network Expo 2008, Brighton, UK. 

Key observations from the event are now outlined.

The SpiralSet installation demonstrated wide appeal in terms of player age range. Children 

as young as age 5 explored the work, both with and without adult supervision. Players were 

observed engaging with the project for varied lengths of time, for periods of up to 

approximately 20 minutes. Players spending longer periods of time exploring the spectral 

nuances of SpiralSet appeared to get the most satisfaction from the piece. This observation 

was supported by players’ verbal feedback provided after play. Some players were observed 

making minimal interactions with the system whilst exploring the work. As a result, the 

minuscule movement of the balls and resulting minimal shifts in the sonic landscape were 

commented upon in discussion, after play, as being a positive attribute. It appeared that 

players experimenting for longer periods of time would become increasingly aware of the 

sensitivity of the input device and its effect on the tilting of the structure, and resulting sonic 

output. As a result, these players would then opt for more minimal or sensitive interactions, 

showing an element of learning of the user input device, and an increased awareness of the 

micro motion of the balls and their effects on the sonic landscape. In contrast, users that 

played for shorter periods of time would often tilt the structure in an exaggerated fashion, 

resulting in less obvious ball motion to sound progression relationships. With these players, 

there appeared to be a sense of wanting to quickly work out what control they had over the 

3D structure. Once this had been deduced, no further exploration was pursued. An aspect 

that required some explanation on a number of occasions was the relationship between the 

sensor input device and the output sound. Some users appeared to be expecting a direct 

relationship between their physical gestures and sound parameters.
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The project was presented with four sets of headphones due to other installations being 

presented within the same space. The use of headphones offered some advantages, and 

appeared to allow an increased level of immersion without the distraction of external 

environmental sound. Some users were more likely to play for longer periods of time when 

the event was less busy, with no other listeners present. Other players expressed the desire 

to explore the piece in a more personal environment, suggesting that public download for 

home installation may prove a useful method of delivery for the project. The provision of 

multiple headphones provided the opportunity for family interactions (with children), and 

shared experiences. The project’s capacity for allowing players of different ages access to the 

work is in keeping with the original intentions of the project. Players commented positively on 

the capacity for variation and sonic detail, and the observed level of player engagement and 

sustained interest further support this.

The SpiralSet project proved to be appropriate for presentation as an installation piece at the 

Sonic Arts Network Expo 2008 event. The sensor interface was shown to be effective as an 

input device, but it is acknowledged that this piece of hardware limits scope for wider 

dissemination. In response to this, the project has been subsequently adapted to allow the 

use of a standard computer mouse to control the tilting of the structure, allowing it to be made 

freely available for wider public access.
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ResOscope

Figure 9. Screenshot | ResOscope

ResOscope is a sound toy and open form spectral composition. Its themes and technical 

approaches are influenced by, and can be related to ideas explored in SpiralSet. The work 

incorporates an animated interface constructed using a computer game engine, and this is 

used in conjunction with a sound engine designed within Max/MSP/Jitter. Similar to 

SpiralSet, the piece focuses on the concept of traversing through sound spectra. In this 

respect ResOscope can be viewed as further practical exploratory research in this area, 

extending and adapting the principle concerns of SpiralSet. However, there are a number of 

key differences between the two works.

These include:

a) An alternative control system providing the user with increased deterministic influence 

over the sonic output.

b) Scope for creating spectromorphological gestures.
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c) A different set of symbolic compositional representations.

d) A sound engine utilising alternative spectral synthesis/re-synthesis techniques.

e) Expansion of the range of sonic materials that the player can explore.

f) Original sound materials and visual design.

g) No custom user input device, allowing the project to be more widely disseminated.

ResOscope Media

ResOscope Software 

ResOscope Demonstration Video

0=0 oo o

Spectral Puck
Spectral Rail

OO
O O Spectrum Selectors
OO

Freeze Point

Spin Structure

Figure 10. Play Space | ResOscope

ResOscope is an open form 

spectral sound toy that aims to 

provide the user with an 

exploratory and playful sonic 

experience. A symbolic approach 

to the control of sound is again 

adopted, and no parameter 

names or technical labels are 

included in the visual domain. 

The control system is more 

deterministic than that used in 

SpiralSet, as the player may 

navigate the virtual symbolic 

play space more freely, moving 

between different sound types, 

and different sections of sound 

spectrum, without having to 

traverse through the entire 

sound. Movement between the
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different sound types is less restrictive and more ‘open’, providing further compositional 

options for the player.

The player is presented with a top down view of the symbolic sonic play space. The space 

contains a set of spectral rails and a spectral playhead marker (or puck) that the player 

controls,71 moving it around the space. When the player moves the spectral puck over a 

spectral rail, sound is produced. Each rail relates to a different sound class, with the length 

of the rail representing the full set of spectral frames available for the sound type. As the 

player controlled spectral puck traverses along a rail, the timbre of the sound evolves. 

Spectral progression is directly related to the position of the puck along each of the rails, and 

its speed of motion. By moving the puck away from the rail the player may stop the 

production of sound. By moving the puck over and then off the rail at different points, varied 

spectrally shifting gestures can be created. This symbolic technique offers the player various 

compositional options relating to sound onset, spectral progression, gesture and form. The 

option to control sound event instigation and termination results in a very different 

compositional flavour to the work when compared with SpiralSet.72

Simulated forces are used for spectral puck motion, creating a more fluid feel to its 

movement, and resulting in smoother timbral modulations. This also allows the player to 

create a sense of momentum when moving the puck around the play space. Spectral puck 

speed is cumulative, enabling the rate of spectral progression to be determined by the 

player. When combined, these features allow the user to create varied spectrally evolving 

phrases, and these can be revisited once a rail’s associated spectral features have been 

learned or identified.

Spectral Layers

The player can set up to eight different freeze points at any position within the play space. 

When in contact with a spectral rail, these create a new spectral voice and set a central 

modulation point around which the timbre of the sound gradually shifts, moving within a 

small restricted spectral region. Slight modulation of spectral location is incorporated to 

create subtle shifting spectral effects. Simultaneously using a number of freeze point 

markers allows the layering of shifting spectrums, enabling the end user to create and

71 Using either the computer keyboard or a gamepad.

72 In which sound is continuous.
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Figure 11. System Structure | ResOscope

explore a variety of different timbral, tonal and harmonic relationships.73 The user adds or 

removes freeze points using the spectral puck. When a desired spectral vantage point is 

discovered and located by the player, a freeze point may be added using a single button 

click, introducing a freeze point at the spectral puck location. Each freeze point may then be 

simply removed by placing the puck over an existing freeze point, and then using the same 

button click to eliminate it. These simple features allow the player to create different 

combinations and densities of either the same source spectrum, or multiple different spectra 

by placing freeze points on different spectral rails.

73 Depending on the sound type.
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Spectral Set Selection

A group of six rotating spheres is located at each end of the spectral rails. These allow the 

player to select different sound types (spectral sets) for each rail. If the spectral puck collides 

with a sound type sphere, the sphere illuminates signifying that a new spectral set has been 

assigned to the rail. A total of 48 user selectable sound types are available, allowing 

exploration and combination of varied spectra. No visual clues are provided indicating the 

differences in timbral characteristics of each spectral set, or allowing each sound type to be 

identified by the player.

Circumrotate Modes

Automated rotation of the ResOscope structure may be triggered by the player. This feature, 

when combined with the spectral puck and freeze point markers, results in the structure 

acting as a form of sequencer, or spectral event generator. Different types of rotation are 

activated using the eight circumrotate objects found around the perimeter of the structure, 

(see “s” in Figure 10). When the player moves the spectral puck over one of these objects, 

the structure is set into motion. The structure rotates in different directions, its speed often 

accelerating and decelerating. Rotation behaviour is different for each circumrotate object, 

and the player is again given no visual clue that allows them to deduce differences in 

rotation behaviour. As the structure rotates, each spectral rail may come into contact with the 

spectral puck, or any previously instated freeze points. On contact, sound is generated 

according to the spectral rail type (and player selected spectral set), and the contact point. 

When contact ends, the termination phase of the sound event is triggered. The circumrotate 

modes create a sequence of spectral events in which tempo is determined by the rate of 

rotation, and as this frequently accelerates or decelerates, a consistent metric structure is 

not established. The spectral event generator facilitated by the circumrotate modes adds a 

further compositional dimension to the work.

Sound Engine

The sound engine uses an alternative spectral technique to that implemented in the 

SpiralSet project. Whereas SpiralSet uses additive synthesis as its primary method, 

ResOscope integrates a Jitter based phase vocoder with frame interpolation, used with a 

specifically composed and compiled library of sound materials that are used as the spectral 

sources in the work. The positions of the spectral puck and freeze points in relation to each
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spectral rail determine spectral location (frame) in the phase vocoder. Spectral interpolation 

is also used to further extend and blend sound materials, providing a broader range of 

spectral possibilities.74

Control data is sent from the game engine to Max and mapped to the relevant control 

parameters. Index values are generated in accordance with the spectral rail that the spectral 

puck and freeze points are currently in contact with, and the player selected sound types. 

These determine which sets of spectral data are loaded (as Jitter matrices) into each voice 

of the sound engine. Distance values are also sent to Max which are used to identify the 

positions of the spectral puck and freeze points along each rail, determining spectral location 

within the spectral set.

Sound materials are diverse in their origins, and sounds from both acoustic and electronic 

sources are incorporated. Potential sound types were analysed and converted to Jitter 

matrices, then loaded into the system and tested. The final spectral sets were selected for 

inclusion according to the composer's response to the materials in context during the 

development process. Similar to SpiralSet, an abstract textural approach is evident in the 

sound world. Harmonically rich materials are used alongside more ‘noisy’ spectrums to 

achieve spectral contrast, and offer the player a broader range of sonic possibilities.

Further Comments

ResOscope has been specifically designed as a sound toy for home consumption. Through 

the testing and development process it has become evident that the sound toy exhibits 

potential for use as a playful spectral studio tool for fixed media composition.75 Player control 

of sound instigation and termination, and uncomplicated exploration and discovery of 

specific areas (or ‘sweet spots’) of a sound’s spectrum offers further deterministic 

compositional control than is provided in SpiralSet. The composer (or player) may playfully 

explore and combine diverse sound spectra without technological challenge or impediment.

74 The techniques implemented here are credited to Jean-Francois Charles, A Tutorial on Spectral Sound 
Processing Using Max/MSP and Jitter, Charles (2008), pp. 87-102.

75 Using alternative sets of sound materials.
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Final Overall Comments

SpiralSet and ResOscope present two differing symbolic spectral approaches, using sound 

toys as a medium for playful exploration and traversal through sound spectra. Whilst the 

symbolic control systems are relatively simplistic,76 control data determines the output sound 

on a spectral frame by frame basis, creating an intimate relationship between the visual and 

sound domains. Micro movements in the visual play spaces can be perceived as gradual 

shifts in spectrum in the sound domain. The player composes (or plays) on a micro level in 

both these two works. It is suggested that players adopt a sensitive interaction style based 

on focused listening during exploration.

76 Allowing a non-experienced user to play, and removing the need for significant instruction, or any parameter 
names or technical information to be included in the play space.
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2.3 Collaborative composition through play

SpiralSet and ResOscope offer individual playful composition experiences. The sound toy 

work presented here, entitled MagNular, incorporates the option for collaborative77 

composition and play. The aim being to create a framework for composition which 

accommodates multiple player interactions, offering shared experiences, and facilitating 

collaborative and playful sound generation. MagNular may also be explored by an individual 

player, and has scope for use as a studio composition tool. The system employs a physics 

engine as a form of semi-generative compositional agent that is symbolically represented in 

the visual domain.78

Figure 12. Screenshot | MagNular

Introduction

MagNular is a sound toy and compositional tool that uses an animated interface for symbolic 

generation of sound. The player controls virtual magnets that attract or repel numerous sound 

particle objects, allowing the particles to be moved freely around the virtual space, creating

77 Or ‘multiplayer’.

78 See Figure 2 in 2.1 for a representation of the three compositional forces relevant to the work.
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player controlled clusters of sonic events on each particle collision. The user(s) compose by 

controlling, or influencing the simulated physical behaviours of the particle objects using 

virtual magnets in the animated interface. Interactions and subsequent object collisions are 

not a basic cause and effect system, as the trajectory of one object may interrupt the path of 

another, causing unanticipated deflections and multiple subsequent collisions and 

trajectories.79 MagNular is an exploratory sonic play space in which sound is experienced 

through the semi-compositional interactions of the player(s). The overall design and visual 

aesthetic exhibits some similarities with computer games, but the work is most appropriately 

defined as a sound toy, as its primary purpose is the generation and transformation of sound.

MagNular Media

MagNular Software 

MagNular Demonstration Video

Overview

The player is presented with a 3D virtual room. A variety of particle objects may be selected 

from the object palette (as seen in Figures 12 & 14) and dropped into the room by the player. 

Each particle represents a specific sound type. Player controlled magnets can be activated to 

attract particles within their immediate vicinity. Once attracted, the particles may be dragged 

around the space causing the particles to collide with the 36 tile objects mounted on the 

walls, floor and ceiling of the virtual room (as shown in Figures 13 & 14), resulting in

corresponding synchronised sonic events 

and sound transformation processes. Each 

magnet can be set to repel objects at varied 

intensities, resulting in clusters of player 

timed collisions around the room. The 

velocity of impact of each collision is mapped 

to multiple sound parameters.80 Single or 

multiplayer options are included allowing the 

sound toy to be used for collaborative play/ 

performance, (up to 4 players).
Figure 13. Room, Tiles & Magnets

79 Ideas of determined indeterminacy discussed in 1.1 are relevant here.

80 A one to many mapping strategy.
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Player control of the sound world is symbolic, with no sound or digital signal processing 

parameter names included in the virtual space. This allows the virtual space and sound world 

to be discovered by the player. The project is designed to be an exploratory experience, and 

is not a sound design tool where the sonic results can be predetermined before use. The 

system may be influenced by the player(s), but not fully deterministically controlled. The 

symbolic animated interface draws on the player’s basic understanding of gravity and the 

behaviour of magnets. These behaviours are simulated and extended, and used as the 

primary basis for interactions.81

Figure 14. Screenshot | MagNular

Magnet Behaviours

Each magnet may be moved freely around the room in three dimensions using a gamepad. 

The magnets are used to energise or stimulate the simulated physics behaviours of the 

particle objects, with the resulting collisions generating sound. Each magnet has three active 

magnet states that are operated by the player(s). These are:

Magnet Attract Mode - attracts particles within the vicinity of the magnet, allowing clusters of 

particle objects to be collected and moved around the space, resulting in collision based 

sound events.

81 A player’s prior experience of computer games may aid comprehension of the control systems employed.
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Magnet Power Up Mode - cumulatively energises the magnet over time. The longer this 

mode is activated, the greater the velocity of the particles when repelled. The amount of 

energy set for each magnet affects the timings and intensities of the resulting sound clusters 

when the magnet repel mode is triggered.

Magnet Repel / Blast Mode - triggers the repelling of the particles away from the magnet, 

instigating clusters of effected sound onsets.

Once a player has become accustomed with the sonic behaviours of each particle object and 

collision tile, compositional decisions can be made (by the player) regarding the types of 

particles and collision objects to interact with using the virtual magnets.

System Structure

User Input Performer / Player

Performer / Player 
Feedback

Gamepad

Game Engine

Mapping

Sound

Audio Output

Velocity of Impact

Collision Behaviours

Object Particle 
Collided With

Object Collision 
Trigger Message

Simulated Physics 
of Magnets

Position of Virtual 
Magnets in 3D 

Space

Behaviour of Virtual 
Magnets 

Attract / Repel

Simulated Physics of Particles in 
Virtual Space

Mapping to Sound 
Particle Onset 

Parameters

Mapping to DSP 
Processing and 
Signal Routing 

Parameters

Particles ( type* )( typex typex )

DSP Processing

Sound Engine

Figure 15. System Structure | MagNular
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MagNular utilises a computer game and physics engine technologies to create the animated 

interface, and this is used in conjunction with an external sound engine developed within 

Max/MSP. The system utilises an internal network connection on a single computer for the 

communication of data from the game engine, Unity 3D, to the sound engine. Data is

forwarded from Unity 3D to Max/MSP 

on each collision event, and particle 

object collision data is mapped to 

control sound onsets and DSP (Digital 

Signal Processing) parameters. In 

addition to using game object collision 

onset data for triggering sound onsets, 

the game engine outputs additional 

collision parameter data for mapping 

and control of sound, as shown in 

Figure 15. Data sent from the game 

engine to the sound engine includes the 

object collision onset message, particle 

index value, tile collided with index 

value, and the velocity (or force) of 

impact.

Sound Engine

The sound engine is constructed using 

a set of polyphonic samplers and varied 

real-time DSP processes. Using real

time DSP allows increased detail and 

variation in the sound output, and 

reduces repetitiveness. The same level 

of variation would be technically 

impractical with a solely sample based 

approach. DSP processes currently 

implemented in the system include 

modulating filters, multi-tap delay lines, 

modulating delay effects, FFT (Fast 

Fourier Transform) filtering processes,

* r . □ t ?

Figure 16a. Screenshots | MagNular
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Figure 16b. Screenshots | MagNular

and multiple reverb units. The player 

has fifteen available sound class types 

to choose from when introducing sound 

particles into the virtual room. Each 

sound type consists of nine individual 

sound files, with a total of 135 individual 

sound files included in the sound 

engine. The quantity and types of sound 

class particles introduced into the room 

by the player has a significant effect on 

the character, density and variety of the 

sound output. All sound files are original 

and comprise of a mixture of purely 

electronic sounds, and transformed 

sounds derived from recordings of 

acoustic instruments such as a piano 

and kalimba.

Particle collisions with the tiles within the room initiate sampled sound onsets, with each 

particle assigned a specific particle identifier index that is sent to the sound engine on each 

collision event. Each tile within the virtual room is also assigned a unique identifier which is 

again sent to the sound engine on each collision event. The tile hit determines the signal 

routing of the respective colliding particle sound to one of the multiple DSP processes. A one 

to many mapping strategy is used for the impact velocity data for each collision, and this 

simultaneously controls a number of different sound and DSP parameters. The magnitude of 

each collision results in each particle sound’s low pass filter cut-off and amplitude settings 

being adjusted accordingly. Tile specific DSP parameter values controlled by the velocity of 

impact of each collision include sample transposition, amplitude envelope, delay time 

modulation, feedback amount of delay based effects, pitch of harmonisation effects, and the 

manipulation of the spectral envelope in the FFT filter systems.

Each particle sound is panned according to the position of the tile it collides with within the 

virtual room.82 Multiple reverb units are included in the sound engine, with the reverb depth

82 Tiles on the left of the room result in the particle sound being panned left, tiles on the right result in the particle 
sound being panned to the right.
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and size also determined by the tile that the particle collides with. The reverberation 

processes used do not attempt to simulate the possible acoustics of the virtual space, and 

reverb is varied for sonic effect. The mappings are designed so that tiles closer to the viewing 

perspective of the player are less reverberant, with little or no reverb heard, whilst the tiles 

furthest from the player result in the more exaggerated reverberation effects.

Presentation and Application

During the development of the project, a number of modes of presentation and compositional 

applications for the project have emerged. MagNular was presented as a collaborative sound 

toy installation at Sound and Music’s Expo Leeds 2009. The project is also made publicly 

available for download as a sound toy.83 Also made publicly available is a version of the 

project without the completed sound engine, but instead a starter Max/MSP patch is provided 

to allow sound artists and composers to develop personal and individual sound engines for 

the animated interface. This provides scope for the development of varied sound systems, 

using alternative sound and synthesis approaches implemented by other composers or 

sound artists, allowing the project to be extended or adapted. Whilst the project was originally 

conceived and designed to include a fixed set of audio samples, MagNular has the capacity 

to be used as a studio composition tool for generating clusters of sonic events, and is 

currently being used by the author as a composition tool for fixed media works. In this context 

the project is modified and adapted to suit personal compositional requirements.

Observations and Reflection

The work was presented as a sound toy installation at Sound and Music’s Expo Leeds 2009 

and a number of observations from the event are now outlined.

Whereas SpiralSet offers a more transparent system for interactions, the control system in 

MagNular sometimes required some explanation to allow visitors to successfully engage with 

the work. This is not considered to be ideal, but did result in some positive social aspects to 

the project's presentation. Use of the gamepads for participant/player control proved to be a 

familiar input device for some visitors and a barrier to others. The sound toy showed capacity 

for extended periods of engagement, with some visitors spending 10-20 minutes exploring 

the work, and these players generally offered positive verbal feedback. Other visitors played

83 This version includes the sound engine and sound set.
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for shorter periods, and some entered the space and chose merely to observe. Visitors 

sometimes explored individually, and other times as a group. Preconceptions of ‘computer 

games’ were a barrier for some visitors who associated the work with this medium, and were 

on occasion quickly dismissive. Others seemed to benefit from previous game playing 

experience and could more quickly adopt the gamepad control systems. Individuals who said 

they had never played a computer game before were seen experimenting and exploring.

The location of the installation was not known at the time of developing the project. The court 

prison cells in Leeds town hall are a distinctive site, especially when used as an art space, 

and are a prime location for site specific installations, an observation also noted by a number 

of visitors. MagNular was not designed and conceived as a site specific installation, and the 

placement of this type of work in these characterful and historic Victorian prison cells proved 

to be an unusual setting. The work and setting were not considered as being entirely 

aesthetically cohesive. However, despite this the location proved to be unexpectedly 

beneficial in some ways. Along one wall of the prison cell there was a long wooden bench, 

with the installation being set up against the far wall at the end of the cell, with space for up to 

four participants/players. During busier periods of the event, a number of players (often from 

different visiting parties) would engage with the work, and assist each other in understanding 

the control system. Other visitors would stand and watch, whilst others would sit on the 

wooden bench observing and chatting. This resulted in the cell becoming a dynamic social 

space, a contrasting role for the former incarceration space.

Despite some incongruity between the work and the space it was presented in, the project 

was successful in providing a collaborative experience, encouraging playful and social 

interactions between different visitors to the cell, and creating a surprisingly social space 

given the location's former function.

Notes on Subsequent Developments

The visual design of the project has been modified since its presentation as a sound toy 

installation. It was determined from user feedback and testing that additional visual feedback 

from virtual object collisions would be beneficial, cementing audiovisual relationships and 

providing a more dynamic visual experience. In response to this, the project has been 

adapted so that each tile changes colour and intensity in response to the colliding particle 

object type and velocity of impact. The decision to make the sound toy publicly available 

introduced the need for an optimised version of the system to ensure that the project runs
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smoothly on lower specification computers. As a result, a modified and more efficient visual 

design was pursued which is in keeping with the style of some of the other sound toy works 

presented.
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III. Sound Toys as Composition and Tool



3.1 Virtual imaginary installation
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Figures 17a & 17b. Screenshots | Dioxide Dissolves

Dioxide Dissolves Media

Dioxide Dissolves Software 

Dioxide Dissolves Demonstration Video

Overview of Work

Dioxide Dissolves64 explores a number of aesthetic and compositional themes relevant to 

other works contained in the portfolio, in both fixed media, and open form sound toy projects. 

Compositional influence from an external physical agency is considered to be a central 

theme. Ideas relating to transformed perspectives of scale, naturalistic events as a 

compositional stimulus, and abstraction are also evident. In Dioxide Dissolves, these shared 

compositional themes, which are primary creative concerns of many of the fixed media 

multichannel works presented later, are explored using an alternative medium and an open 

form structure.85 Original pre-composed materials are presented in an open form, in which

84 All visual and sound materials used in the work are original and were created by the author.

85 Dioxide Dissolves is perhaps more explicit in demonstrating interrelationships between the sound toy works 
and the fixed media electroacoustic pieces presented in the portfolio.
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structural decisions, transformations of materials and perspectives of the piece are 

determined by the user/player.

Dioxide Dissolves is presented as a virtual imaginary installation. The work consists of 

eighteen audiovisual miniatures. Each of the eighteen miniatures is an individual micro 

composition, with sound materials composed in response to the visual materials. Each 

miniature could be considered as a self contained section of the overall work, although both 

visual and sonic perspectives are flexible and can be determined by the player. The 

audiovisual miniatures are located within a stylised 3D virtual environment that is explored 

by the user/player, resulting in the player adopting a compositional role. The player views the 

work from a first person perspective, exploring the virtual environment, viewing each of the 

miniatures in whichever order they choose, determining perspectives (aural and visual), and 

visiting the site of each miniature for any length of time. This provides the player with a

-►[ Performer / Player

Miniature
Selection

Visual Materials Sound Materials

Sound
Transformation

Visual
Transformation

(x5)

Original
Sound Ambience

Viewing
Perspective

Navigation of 
Virtual Space

Sonic Perspectives 
& Transformations

OPEN FORM 
Audiovisual 
Experience

^--------- ----------------- -----s

Figure 18. System Structure | Dioxide Dissolves
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degree of compositional input and control of the overall structure of the experience. Flexible 

perspectives of the audiovisual materials results in an experience that shares some 

similarities with a ‘real’ art installation situation.

Figure 18 represents the scope the player has for determining the structure of their 

experience and initiating audiovisual transformations in the work. Each audiovisual miniature 

is presented on an individual viewing platform within the virtual space. A miniature is 

triggered and begins playing when the player moves within close proximity of a viewing 

platform. Once triggered, a set of five perspective bubbles are introduced above the 

corresponding platform structure. If the player chooses to navigate into one of these 

bubbles, then simultaneous visual and sonic transformations, or shifts in perspective occur. 

Each of the five perspective bubbles relates to a different transformation in the audio and 

visual domains, and once the user/player exits these bubbles then the original audiovisual 

miniature materials are reinstated. The perspective bubbles provide a further exploratory 

element in the work. If a player remains within a perspective bubble, then the audiovisual 

materials will remain transformed and the player may change their viewing perspective to 

experience the more abstract animated visual effects, and transformed sounds.

User/player navigation around the virtual installation space determines the degree of 

imaginary86 reverberation, or ambience in the sound domain. Once an audiovisual miniature 

has been activated, then the distance between the player and the viewing platform 

determines the level of ambience heard. As the player moves further away from the platform, 

sound becomes more reverberant. The original and reverberant sounds are dynamically 

mixed accordingly.

Materials and Design

The starting point for the work was the capturing of the original visual materials for the piece. 

These are the primary source materials for the work and are used as a compositional 

stimulus, significantly influencing compositional choices and the overall visual design. 

Senses of scale are explored, and the zooming into the visual elements abstracts them from 

their original source. Abstraction through scale is initially achieved through the recording of 

the visual materials using a digital microscope camera. The source is carbonated water, this 

is filmed being poured into, and contained within a number of different glass receptacles.

Imaginary in that simulated ‘natural’ reverberant qualities are not the intention.
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Varied camera positions and lighting conditions were experimented with during filming, to 

encourage different reflective effects on the surfaces of the glass containers and carbonated 

bubbles. Video post-processing techniques are applied to the original microscope 

recordings. Simple colour and contrast adjustments stylise and further abstract the visuals. 

The resulting imagery derived from these staged naturalistic events inform the overall visual 

aesthetic of the virtual environment constructed, and is used as a stimulus for the 

composition of sound.

Designing the Virtual Environment

The virtual 3D space the audiovisual miniatures inhabit is explored by the player from a first 

person perspective. This method of navigation will be familiar to many who have had some 

experience of playing computer games. This perspective removes the need for an animated 

character, as a third person perspective would result in the user observing the navigation of 

a character (or avatar) within the space, introducing and requiring a further and undesired 

narrative element to the work. As the piece is not intended to have a clear narrative, and is 

preoccupied with more abstract imagery and sound, a first person perspective is considered 

to be better suited to the work’s artistic preoccupations.

The work is intended as a form of virtual installation, and does not attempt to create a 

complex detailed virtual world that is representational of, or imitates a concrete real 

environment. A minimalist design approach is evident in the virtual environment, with the 

virtual space that extends beyond the audiovisual structures simply a void, with no broader 

context or environment implied. The user moves through the virtual space without the use of 

simulated gravity, allowing free navigation in three dimensions within the confines of the play 

space. This permits navigation to various vantage points to gain different perspectives of the 

virtual environment.87 Free movement in three dimensions attempts to enhance a sense of 

ambiguity about the space itself, and to some extent reflects the idea of moving through 

water.

The platform structures are designed as a response to the visual source, with the spherical 

objects reminiscent of the carbonated bubbles. These are positioned at different heights 

within the virtual environment. Object textures are frequently transparent, also reflecting 

features of the primary visual source.

87 Inclusion of simulated gravity is also avoided as this reinforces the idea of a walking humanoid character.
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Sound Materials

Sound materials are composed to reflect the atmosphere, texture, and motion seen in each 

of the visual miniatures. Sounds are predominantly electronic or synthesised, and serve to 

further abstract the visual components. The use of recordings of water is deliberately 

avoided as this was considered to be too representational, and a more abstract approach to 

sound is intended to enhance ambiguity. Some of the audiovisual miniatures use simple 

sustained sonic textures or atmospheres, whilst others use granular techniques to reflect the 

intricate patterns of the carbonated bubbles. Sound is composed to provide a varied sonic 

palette, with some level of aesthetic coherence attempted to ensure that each miniature 

contrasts and compliments the other audiovisual materials contained within the virtual 

installation space. As the player may shape the overall structure of the experience, and the 

sequence in which each miniature is visited and experienced is flexible, the compositional 

process required some consideration of overall cohesion. Once the primary sound materials 

had been composed, the completed audio for each miniature was then subjected to a variety 

of studio transformations to create the reverberant (or ambience) versions,88 and the 

variations for each of the five perspective bubbles. The composed sound was subjected to 

various overt treatments to further extend the palette of sounds, and to reflect the visual 

effects that occur when the player enters a perspective bubble, providing alternative 

audiovisual perspectives of the materials. The player has the option to explore these 

transformations at any point during their experience of the work.

Final Comments

Dioxide Dissolves explores the presentation of composed fixed media audiovisual materials 

in an open form using an alternative medium. The work could be described as a sound toy, 

but is maybe more accurately defined as a virtual imaginary audiovisual installation. Whilst 

the player has scope for composing to some degree, determining aspects of structure, visual 

and sound transformations, and perspective, this occurs on a macro level as larger pre

composed structures are embedded in the work. Macro level control is a distinctive feature 

in this medium in the context of the portfolio, as user/player control is on a micro, or event 

level in the other sound toy projects presented. Whilst scope for player composition is more 

limited in Dioxide Dissolves, greater emphasis is given to providing varied audiovisual 

perspectives of the pre-composed structures.

88 Which are mixed according to the distance between the player and the currently active viewing platform.
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Audiovisual Miniature Still Images

Figure 19. Audiovisual Miniatures Images | Dioxide Dissolves
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3.2 Spatial synthesis sound toy as multichannel composition tool

Cyclical Flow

Figure 20. Version 1.8 Screenshot | Cyclical Flow

Overview

Cyclical Flow is a multichannel spatial composition tool and sound toy in which the 

spatialization of sound is a central theme. The boundaries of the work are open to 

interpretation as the project could be defined as being any of the following: a real-time 

composition or performance system, playful sound toy, or real-time sound transformation 

and spatial composition tool.

This work is the final project undertaken, and integrates a variety of techniques explored 

throughout the research term. Spatial techniques, spectral transformation and granular 

processes are applied in this sound toy, or playful tool for spatial composition. A version of 

the Cyclical Flow software system is used to create the 24 channel fixed media piece of the 

same name. The software system is also used to spatially develop and rework sections of 

the 24 channel fixed media work Enclosed Pteron Friction.
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Introduction

The fixed media compositions presented in the portfolio are composed as multichannel 

works to exploit the spatial potential of specialist electroacoustic concert spaces.89 

Multichannel techniques feature less frequently in the open form sound toy works. The 

rationale for this is that an original intention of developing works in this medium was to 

design frameworks for composition that are influenced to some degree by the field of 

electroacoustic music, but also have the potential to be disseminated to a wider audience.

Large scale multichannel works evidently require performance spaces with a large number 

of loudspeakers, often in a non-standard format.90 As the sound toy works are not intended 

for this type of concert performance setting, there are evident logistical issues relating to the 

presentation of a large scale multichannel sound toy. Despite this, through practical 

exploratory research and a number of initial informal experiments with game engine based 

control systems for multichannel composition, it was concluded that a sound toy approach 

offers a number of exploratory avenues for practice-led research in the field of multichannel 

composition. This conclusion resulted in the conception and development of the Cyclical 

Flow project which is presented in this chapter.

A project was initially imagined in which the composer could create and modify varied forms 

of spatial patterns and trajectories in real-time.

Spatial Motion Theory

More generally, we may look on spatial movements as (musical) gestures, consider the typology and implications 

of different types of spatial gesture and how the spatial motion of one sound-object might relate to the spatial 

motion of others, and thus build up a concept of counterpoint of spatial gestures.”91

Ideas presented by Trevor Wishart on spatial motion are considered relevant to Cyclical 

Flow, and can be related to specific features of the work. These features are not necessarily 

direct realisations of his ideas, however techniques he describes can be aligned with some 

of the spatial motion and spatial music composition approaches adopted. Wishart’s writing

89 As discussed in 4.1.

90 With these facilities often available within academic concert spaces.

91 Wishart (1996), pp. 195.
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on spatial motion92 includes a number of diagrammatic depictions of spatial trajectories, and 

a number of his representations of spatial contours and trajectories are achievable with the 

Cyclical Flow software. Theories presented by Wishart that are of particular significance to 

the project include “time contours”.93

A motion is characterised not only by its path in space but also by its behaviour in time. We may distinguish the 

first order time properties (different speeds of motion) and second order properties (the way in which the speed 

changes through time, the acceleration or deceleration of the motion).94

This technique is relevant to the twenty-seven easing types implemented, and these allow 

the user to determine acceleration and deceleration of spatial trajectories.

Symbolic systems for setting and adjusting trajectories and spatial pathway nodes (which 

the spatialized sound objects move through) are particularly relevant to Wishart’s definitions 

of “frame”, and “frame motions”. The software system developed also facilitates a number of 

the frame transformations he describes.

In certain situations a group of sound-objects, or a single oscillating sound object, may define a line (which need 

not be straight) in the space. This may be regarded as a one-dimensional frame and we may investigate motions 

of the total frame (as opposed to motions of the individual objects).95

Simple quasi-generative systems implemented in the Cyclical Flow software for modulating 

trajectories and pathways are also relevant to his definition of “frame motions”. See “frame 

rotate” for example,96 which represents one-dimensional frame motions. Frame rotations are 

implemented as an optional automated system, allowing the pathway of each sound object 

to be modulated at different speeds and in different directions, creating shifting spatial 

trajectories.

Whilst there are distinct interrelationships between the features implemented in the Cyclical 

Flow software and the spatial motion techniques described by Wishart, it is important to note

92 In On Sonic Art.

93 As represented in Figure 10.56, in On Sonic Art, pp. 223.

94 Wishart (1996), pp. 222.

95 Wishart (1996), pp. 226.

96 Represented in Figure 10.60 in On Sonic Art, pp. 221.
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that the software is not a direct implementation of the theories he presents. His discussion is 

considered relevant here as a number of spatial techniques he describes relate to specific 

features and intended spatial applications of the Cyclical Flow project.

Figure 21. Version 1.24 Screenshot | Cyclical Flow

The supporting media for the project is now outlined.

Cyclical Flow Fixed Media Composition97

24 Channel 

8 Channel 

4.0/5.1 

Stereo 

Binaural

- Primary version

- Reduction for smaller performance spaces

-Ambisonic recording of the 24 channel version, and studio reduction

- Stereo reduction

- Stereo binaural recording of 24 channel version recorded at SARC

97 Also see 24 channel work Enclosed Pteron Friction.
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Cyclical Flow Demonstration Video

The video introduces the software’s features and demonstrates the 2D version with stereo 

sound. As the software is designed for use with large multichannel systems, stereo sound 

heard in the video is for demonstration purposes only. The 3D version is also briefly outlined.

Cyclical Flow Software

Version 1.24 (3D) - 24 channel

Version 1.8 (2D) - 8 channel

Version 1.2b (2D) - binaural (for demonstration purposes only)

Cyclical Flow Overview

In Cyclical Flow, dynamic movement of sound through space is the central theme. Symbolic 

kinetic approaches in the visual domain represent and control spatial motion in the sound 

domain. The movement of symbolic objects within a virtual representation of a multichannel 

performance space directly control patterns of spatial motion of sound. The visual 

component of the work attempts to provide a playful interface for spatial composition.

The work is to some degree influenced by phase process music and composition techniques 

such as those explored by the composer Steve Reich. The player may take a monophonic 

single line approach if they choose, but the system is designed to allow the creation of 

layered cyclical patterns of motion, where the relationships of each line/part shifts over time 

due to the use of different cyclical motion rates. This results in a form of spatial counterpoint 

and spatial interactions between multiple spatialized sound materials.

The software developed is the product of further research and practical exploration of 

computer game engine technologies98 used in conjunction with external software for sound 

and synthesis,99 in a range of compositional contexts. Two primary versions of the Cyclical 

Flow software have been developed. The first version is designed for a single ring of eight 

speakers (version 1.8).100 Once a prototype of this version had been designed and tested,

98 Unity 3D.

99 Max/MSP/Jitter.

100 Working with eight channels during the initial development phase allowed the project to be more easily 
developed, tested and evaluated.
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the project was further developed 

adding height, and full three 

dimensional movement of sound 

in space. This version (1.24) is 

configured specifically for use in 

the sonic laboratory at SARC, 

and utilises 24 discrete output 

channels. Speaker placement in 

the performance space uses a 

ring of 8 loudspeakers below the 

listener, a ring of 8 at listener 

level, and another ring of 8 

positioned above the listener.101

The developed game engine application is a tool for creating real-time coordinate and 

control data, which is used to control an external spatial sound and synthesis engine 

constructed in Max/MSP/Jitter, as represented in Figure 23.

Coordinate data is mapped to a number of parameters. These include:

• Read position and interpolation of spectral data re-synthesised by phase vocoder.

• Read position of the granular engine, creating a granular time stretch effect.

• Spatialization of sound sources.103

• Spatialization of a two channel reverb, using delayed coordinate data to create a 

spatially moving reverberant trail effect.

• Speed of spatial motion determines pitch modulation, simulating doppler effect.

The simultaneous mapping of coordinate data to both spatial and sound generation 

parameters creates a direct link between the sonic characteristics of the output, and its 

spatial behaviour, as timbral development and spatial motion are interlinked when using the 

granular engine and phase vocoder sources. This technique, when combined with the

101 The speaker configuration is identical to that used for the fixed media work Enclosed Pteron Friction.

102 A largely technical section follows. This is deemed necessary to explain the features of the software and their 
intended spatial application.

103 Using ICST's ambisonic equivalent panning external, http://www.icst.net/research/projects/ambisonics-tools/

Figure 22. 24 Channel Speaker Configuration (SARC)

Overview of Spatial and Sound Engine Structure102

81



simulated doppler effect, provides 

a range of creative possibilities for 

spatial composition. An example 

of the sonic results of these 

applied techniques can be heard 

in the 24 channel fixed media 

piece entitled Cyclical Flow.

The sound engine uses three 

primary sound sources for each 

Spatial Object. These may be 

used independently, or combined 

to create richer textures. All three 

primary sound sources for each 

Spatial Object follow identical 

spatial trajectories. The three 

sound sources are a phase 

vocoder,104 granular engine105 and 

simple sample player.

8 Channel Version

Spatial’
Motion

Timed
Delay

Speed j

3D
Spatialization 

(*. V. x)

3D
Spatialization 

(x, y, z)
10 voices in total
one for each spatial object

---- ► control data

audio (single channel)

audio (multichannel)

Multichannel 
Audio Output

Doppler
Effect Reverb

Unit
(2 channel)

Mixer

Phase Vocoder Sample
PlayerGranular Engine

Sound Projectile 
Coordinates

Figure 23. System Structure | Cyclical Flow

The functionality and features of the 8 channel version (1.8) are outlined first.

It is recommended that the reader refer to the annotated demonstration video whilst reading 

this section, as this outlines the features documented here.

The user is presented with a top down perspective of a 2D virtual space that represents the 

physical performance space. The player selects a sound type, then a cyclical spatialization 

sound object is selected and introduced into the virtual space, this is known as a Spatial 

Object. The player adjusts the positions of Path Maker Nodes that determine the pathway, or 

trajectory of the sound generating object, which is termed the Sound Projectile. The

104 Derived from techniques documented by Jean-Francois Charles.

105 A custom built granular system.
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coordinates of the Sound Projectile directly control spatial motion and two key parameters of 

sound generation. These are: spectral frame and grain read position (playhead) in the phase 

vocoder and granular synthesis engines. Coordinates of the Sound Projectile thereby control 

timbre, sound evolution and spatial motion. The x and y axis both control spatial parameters, 

whilst only the x axis is used to control spectral frame and grain read position. A simulated 

doppler effect is also integrated to create more dramatic and quasi-realistic spatial motion 

effects. The doppler effect becomes a more prominent feature when using faster spatial 

trajectory motion speeds. As a result, spatial motion can be perceptually exaggerated.

Each Path Maker Node has an associated Projectile Rate Node which is used to control the 

speed of the Sound Projectile as it travels towards the respective Path Maker Node. When 

Path Maker Nodes are positioned a greater distance apart, with a high Sound Projectile rate, 

fast moving spatial effects occur, with quicker transitions in timbre and more exaggerated 

pitch modulation effects. When the nodes are positioned closer to each other with a slower 

projectile rate, gradual timbral shifts occur within a more limited spatial area. As the y axis is 

not mapped to control spectral frame or grain read position, it is possible to create more 

gradual timbral shifts, with greater spatial motion by placing the Path Maker Nodes in 

roughly the same position along the x axis, but at very different positions along the y axis.

Figure 24 represents two Spatial 

Objects and their associated 

nodes. Each cluster of Path 

Maker Nodes corresponds with 

a player selected sound type, 

with motion of each Sound 

Projectile limited to the inter

connected nodes within its 

cluster. Each of the Path Maker 

Nodes can be moved freely 

around the virtual space, 

changing the trajectory, or 

pathway of the Sound Projectile 

as it travels between the 

different nodes. The smaller 

sphere attached to each of the Path Maker Nodes is the Projectile Rate Node, this allows 

the player to control the speed of the projectile as it travels towards its corresponding Path

Spatial Position

Figure 24. Spatial Objects | Cyclical Flow
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Maker Node. The time contour of the Sound Projectile can be determined by the user 

through the selection of the available easing curves, which further shape the spatial 

modulations. As the Sound Projectile moves between the nodes, spatial and spectral 

parameters of sound develop. These modulations are directly related to the position, range, 

and rate of motion of the projectile. The dotted lines in Figure 24 show the range of motion 

as dictated by the positions of the Path Maker Nodes.

The player selects from the ten available Spatial Objects, each containing a different number 

of Path Maker Nodes. These consist of between two to eight nodes. Two nodes provide a 

simple two stage repeating cyclical motion. Eight nodes offer scope for more complex spatial 

and spectral modulations, but are a little more time consuming to work with. The number of 

nodes in each Spatial Object affects the degree of complexity of the modulations, and has 

an effect on the cyclical features of the sound output.

Figure 25 introduces the Bezier 

Nodes. These allow the player to 

vary the curve of the path of the 

Sound Projectile as it travels 

between each of the Path Maker 

Nodes. Placing the Bezier Node 

directly in line between its related 

Path Maker Nodes results in 

linear trajectories. The further the 

Bezier Node is moved out of 

alignment with its related Path 

Maker Nodes, then the more 

dramatic the curve.

Spatial Position

Read Position / Playhead

( ^ Path Maker Node

Projectile Rate Node

Sound Projectile © Bezier Node

Automatic Trajectory Modulations Figure 25. Bezier Nodes

A generative feature is implemented which enables the user to activate automated motion of 

all nodes within a Spatial Object, altering spatial targets and trajectories, resulting in 

dynamic shifting spatial, spectral, and timbral effects. Further user input is possible when the 

generative rotation modes are active, as the Path Maker Nodes and Bezier Nodes in a 

Spatial Object may still be freely moved and repositioned as normal.
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STOP Rotation

Projectile Rate Node

Sound Projectile Bezier Node

Figure 26. Automated Rotation Modes

A central rotation point is calculated for each Spatial Object. The rotation point is averaged 

from the positions of all Path Maker Nodes within the cluster. If activated by the player, these 

nodes rotate around the central rotation point in either a clockwise or anti-clockwise 

direction, according to the selection of the player. The Bezier Nodes may also be rotated, 

and these rotate independently to the Path Maker Nodes. If the Path Maker Nodes are kept 

static and the Bezier Nodes are rotated, then dynamic shifting trajectories occur which move 

between the same static points in space. The rate of rotation can also be adjusted for both 

node types.106 The rotation modes result in dynamically changing trajectories of the Sound 

Projectile, creating a form of generative effect that is dependent upon the position of each 

node relative to each other node. The player can continue to adjust node position 

relationships whilst the rotation mode is active.107

106 See Figure 26.

107 Please note that the Sound Projectile calculates its next node destination position as it departs from the 
previous node, so when a Path Maker Node is repositioned (automatically or by the player) during an already 
established trajectory, the Sound Projectile may not be seen to visually move through its target node.
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There are a number of different ways Cyclical Flow can be explored, resulting in different 

spatial effects. Gradual textural shifts can be achieved using slow projectile rates and 

minimal relative node position range along the x axis. Rapid dynamic spatial trajectories are 

achieved using larger distances between Path Maker Nodes and faster projectile rates. 

Sounds may be attributed their own specific area within the performance space, or by using 

overlapped pathways, the user may create counter trajectories where different Sound 

Projectiles cross paths. Multilayered spatial interactions can be created using multiple 

Spatial Objects, with varied numbers of nodes and different motion rate settings creating 

shifting cyclical patterns.

User Interface Layout

The layout of the interface in the 8 channel version (1.8) is outlined first.

The user is presented with two work areas and several groups of button controls. Spatial 

Objects are instantiated using the icons in the centre of the interface, (labelled 01, 02, 03 

etc. in Figure 27). The inactive Spatial Objects appear in the Spatial Trajectory Prep Area 

where they can be freely positioned and speed settings adjusted. No sound is generated by 

the Spatial Objects when in the Prep Area. To move the Spatial Objects to the Performance 

Area where they become active and output sound, the corresponding Spatial Object icon is 

again selected. Once in the Performance Area, the Spatial Object is activated and animated, 

generating dynamic coordinate data for the spatial sound engine. When the Spatial Object is 

removed, or moved back to the Prep Area, sound output for the object ceases.

When in the Performance Area, all nodes, modes and speed settings of the Spatial Object 

may still be modified by the user, allowing real-time modification of spatial and spectral 

trajectories during sound generation/spatialization.

Easing Palette

The Easing Palette contains 27 different easing options, or interpolation curves that 

determine changes in speed, and sometimes direction of the Sound Projectile as it travels 

between each of the Path Maker Nodes. These expand the range of potential spatial and 

spectral effects, and allow time contours to be varied.
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To apply the different easing types, the user selects the chosen curve from the Easing 

Palette before an object is placed in the Performance Area. Once a selection has been 

made, any Spatial Objects subsequently loaded into the Performance Area will adopt this 

easing type until a different curve is selected. When the easing type is changed, only new 

Spatial Objects introduced into the Performance Area will use this newly selected curve.

Cyclical Flow 1.8 - Animated User Interface Layout 

Easing Palette - non-linear motion trajectory options

Performance Area Snapshots • Upper buttons store all 
Spatial Object positions, speeds and automated modes. 
Lower buttons recall all stored Spatial Object data

M FI FI FI FI FI FI pi FI Ie ir°H~n 
F"1 FI FI FI FI FI F~1 FI FI FI FI

Speed Display & 
Master Speed Scaling

Spatial Trajectory Prep Area

Spatial Object Buttons - Click to arm, 
this loads Spatial Object into Prep 
Area. Click second time to move to 
Performance Area, click third time to 
delete

•0#0G00000
•OGOOOGOGO

' Speed
• ••••••••••••••••

I-

Clear Snapshots

Performance Area

Object Central Marker - Allows placement 
of prepared Spatial Object clusters

- Reset position of Object Central Marker
- Sound type selection

Figure 27. Version 1.8 Screenshot & Layout
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Speed Display and Master Speed

The Speed Display section updates dynamically whenever a node speed parameter is 

changed, providing visual feedback of the speed settings for each node when adjusted by 

the user. The values represent the time it takes for the Sound Projectile to move from the 

previous node to the destination Path Maker Node. The overall speed of motion can be 

scaled for all Spatial Objects in the Performance Area, allowing all Sound Projectile object 

speeds to be increased or decreased, whilst still retaining relative rate relationships.

Snapshots and Recall

Once the user has created an active cyclical pattern, using any number or combinations of 

Spatial Objects, the position of every Spatial Object and its associated nodes can be stored 

as a Performance Area Snapshot. Speed settings and automated rotation mode states are 

also stored. These snapshots can then be later recalled, allowing dramatic structural shifts in 

sonic and spatial features. The Performance Area Snapshots allow for thematic repetition, 

as previously created patterns can be reinstated. Cyclical patterns may also then be 

developed with further adjustments of the Spatial Object nodes from the stored snapshot 

positions. The snapshot feature enhances the performative potential of the project, as 

complex spatial patterns can be interchanged quickly and efficiently.
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24 Channel Version
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Figure 28. Version 1.24 Screenshot & Layout
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The 24 channel version (1.24) of the Cyclical Flow software is now outlined.108

The primary features are identical to the 8 channel version, but in this 24 channel version 

sound is spatialized in three dimensions. Additional player editable windows are included, 

facilitating the control of height. The new lower windows represent the same performance 

space, but provide a front facing perspective to accompany the top down view (upper 

windows). These allow the player to adjust the elevation of each Path Maker Node and 

Bezier Node, allowing spatial movement of sound throughout a three dimensional 

performance space.

The 24 channel version includes identical groups of button controls as are found in the 8 

channel version, however these are presented in a slightly different layout. The two 

additional lower windows represent height and width, the upper windows width and depth. 

Combined these windows represent all three dimensions (x, y, z) of the performance space. 

The upper and lower left windows represent the Spatial Trajectory Prep Areas, with the 

upper and lower right windows showing the active Performance Areas.

All features of the 8 channel system are available in the 24 channel system. Spatial Object 

behaviours, trajectory modulation modes, time contours, and snapshot storage and recall 

systems are fundamentally identical, except that in this version these systems function using 

coordinates in three dimensions.

Final Comments and Future Directions

The Cyclical Flow fixed media composition provides an example of the sound toy software 

being used as a spatial composition tool. The sound space in the piece is intended to be 

ambiguous and imaginary, and no attempt is made to create a literal representation of a 

concrete space. The cyclical processes determine elements of form, and the spatial features 

of the work. The source materials used are diverse and consist of transformed natural 

recordings and purely electronic sounds. The sound materials were playfully explored in the 

sonic laboratory at SARC, whilst simultaneously capturing 24 channels of audio during play 

and improvisation. The final fixed media piece is constructed from these multichannel 

recorded materials.

108 A fixed media multichannel piece demonstrating the 24 channel version of the Cyclical Flow software is 
included in the portfolio.
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The software may be easily adapted for alternative specialist performance spaces with 

differing speaker configurations, and further opportunities for testing and creative exploration 

are to be sought. There is potential for exploring and applying the tool in the composition 

and realisation of other large scale multichannel works. Although, it is again noted that a 

limiting constraint is that the system currently relies on a specialist performance space, and 

this restricts opportunities for its creative application and use. In response to this, a further 

project is planned in which the creative and technical approaches undertaken in Cyclical 

Flow are developed, instead using low cost portable speaker systems, with an adapted 

version of the software. The intention is to create a portable and flexible multi-speaker 

system, with accompanying specialist software that has scope for presentation as a playful 

multichannel installation. This medium of delivery will provide the opportunity for the 

techniques developed to be more broadly applied and accessed.
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IV. Acousmatics and Virtual Space

Fixed Media Electroacoustic Composition



4.1 Multichannel composition, rationale and approaches

Flexibility and Coherence

A multichannel composition approach is adopted in the fixed media electroacoustic works 

presented. A variety of spatial approaches and techniques for multichannel composition are 

explored in these pieces, and spatiality is largely pre-composed.109

In performance it is possible to reproduce a spatial-gestural counterpoint featuring multiple independent motion 

trajectories. Independent motion is a feature of the real world as much as correlated motion, but is tricky to 

project in a concert hall via traditional sound diffusion of the stereo field. Whether the material is intended to be 

equivalent to reality or only imply some aspects of reality, the creation of independent motion gestures will be 

clearer and therefore allow new exploration of the composed space.110

Diffusion practice allows the re-spatialization of a piece originally realised in stereo,* * 111 

creating a live spatial reinterpretation of a work in a larger performance space. Diffusion 

practice also provides scope to enhance the level of listener immersion and envelopment in 

a work.112 From a personal perspective, works that seem particularly well suited to this 

technique often contain a single monophonic line, or one dominant morphological line. 

Polyphonic works that use a number of layered parts, each with different trajectories, or 

patterns of motion, can sometimes become more problematic for diffusion when originally 

realised in a stereo format. Imposed spatial motion through diffusion of a stereo piece 

comprising of multiple lines can be less convincing in some contexts, as each line’s 

trajectory is forced to move together in spatial unison, which may well contradict the various 

actual and implied trajectories of each component, line, or part in the piece. This may result 

in some level of spatial incoherence, contradictory spatial motion, and a sense of forcibly 

imposed spatiality, which may interrupt the immersive experience. Contrary trajectories 

moving in unison spatially can be particularly unconvincing, and this specific example

109 The investigation of multichannel methodologies for the composition of fixed media works resulted in a 
number of technical and compositional challenges that required the development of specialist software, sound 
design tools, and techniques for realising larger scale multichannel works. The sound toy Cyclical Flow 
documented in 3.2 is one example.

110 Barrett (2002), pp. 313-23.

111 Still a prevalent format for the presentation of fixed media electroacoustic compositions.

112 The author acknowledges the potential of diffused space, “...there are many composers who remain ignorant 
of superimposed space and the potential of diffused space... because they possess a fixed 'image' of their music 
as conceived and perceived within the composed space of recorded formats”. Smalley (1991).
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attempts to highlight some of the inherent limitations of diffusion for certain types of 

polyphonic works originally realised in a stereo format.113 Individual elements of a multi

layered stereo work are bound together, making their isolation and individual distribution 

around a multichannel performance space challenging.

Sound diffusion114 requires consideration and appropriate technique to achieve an effective 

spatial interpretation, or representation of a work. Whilst live diffusion offers great scope for 

presenting a stereo piece within a larger performance space, and many composers diffuse 

their stereo works convincingly, with some works there is potential for incoherent spatial 

projection which may work against the materials, trajectories and structure of the piece.115 

Berezan (2008) acknowledges this in his comments relating to the FLUX diffusion system.

The risks are clear. Like traditional diffusion practice, there is the chance that a FLUX diffusion interpretation that 

is not well-planned, or that is executed poorly, will work against a piece.116

Live diffusion practice offers a performative dimension to the presentation of acousmatic 

works, with certain types of stereo works being better suited to diffusion than others. 

Berezan (2008) also acknowledges the varied suitability of fixed acousmatic works for live 

diffusion.

It is fairly widely accepted that acousmatic works vary in their suitability to the application of diffusion practice.117

This thinking is fundamental to the multichannel approach and rationale adopted in the 

composition of the fixed media works presented in the portfolio. From a personal 

perspective, sound diffusion practice is deemed less suited to personal compositional style 

and spatial intentions. As a result, the fixed media pieces composed for a concert 

performance setting are presented in a multichannel format.

113 It should be noted that these observations are presented as a current personal creative perspective, and are 
not intended as a wider value judgement. The purpose here is to highlight observations which have informed 
personal composition practice.

114 “Sound diffusion - the real-time (usually manual) control of the relative levels and spatial deployment during 
performance” Harrison (1999).

115 Containing multiple loudspeakers.

116 Berezan (2007), pp. 8.

117 Berezan (2007), pp. 3.

94



Observations and Personal Perspectives

When presenting fixed media works in a concert situation, there are evidently distinct 

differences in the nature of this type of performance compared to more conventional 

instrumental performance practices.118 Providing an audience with a sonic experience that is 

not available to them in a standard home listening situation reinforces the legitimacy of 

presenting fixed media works in a concert setting.119 A concert space provides a unique 

listening environment that potentially offers the audience improved audio fidelity than they 

may have available to them at home. Whilst a proportion of the audience may own a 

conventional surround sound system, such as 5.1, larger scale multichannel concert 

diffusion/performance systems offer extended scope for varied spatial projections and 

representations.

Techniques which allow each independent line of a work to be individually positioned, or 

independently spatially modulated within a physical performance space potentially provide a 

flexible spatial approach, and offer further opportunities to spatialize and organise sound in 

space.120 Thereby providing additional scope for spatial coherence121 when working with 

multiple layers of sound materials, and further opportunities for the exploration of spatial 

counterpoint as a compositional feature, using multiple perceivable objects or events.122 This 

perspective on spatial composition is central to the compositional approaches adopted in the 

multichannel works presented in the portfolio,123 and is relevant to personal compositional 

style, and current interests in spatial counterpoint and textural polyphony.

Aesthetic Approaches

Personal approaches to multichannel spatial composition are largely imaginary. Whilst 

concrete materials exist in many of the works, these are frequently further abstracted

118 Social and historical preconceptions may lead to the expectation of real-time sound/music creation.

119 A personal viewpoint.

120 If this is of interest to the composer.

121 Or incoherence.

122 “In the 3D field the increased number of simultaneously perceptually identifiable sounds allows the composer 
a richer counterpoint in both spatial and nonspatial terms.” Barrett (2002), pp. 318.

123 It is important to note that these are personal perspectives of the composer relating to the portfolio of works 
being discussed. It is not the intention to devalue, or confront alternative methods of presenting fixed media 
acousmatic works, or suggest that multichannel spatially pre-composed works are inherently more effective or 
valuable than live diffused stereo pieces. The intention here is simply to highlight possible limitations of the 
diffusion of stereo formats for certain compositional styles relevant to personal practice.
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through spatial techniques, which extend the materials beyond a spatially realist form. The 

approach could therefore be considered to be spatially surrealist. Spaces are often scaled 

and extended, skewed and misrepresented. Spaces are illusory and sometimes alluded to.

When space is implied without a direct illusion, or without a direct connection to the interrelated acoustic laws of

objects sounding in spaces, we can begin to discuss the spatial allusion. Under such situations the ‘listening

imagination’ is important: composers need to make assumptions concerning aural interpretation, and listeners

have a more active role in the experience. Because the spatial allusion is open to interpretation more than the

spatial illusion (due to its images being less precise), it is maybe here that the ‘music’ begins to emerge.124
’ *

Realistic representation of specific actual spaces 

is not a compositional intention in the works 

presented, instead imaginary spaces are 

projected, with areas of the concert performance 

space relating to different areas of perceptual 

space in works such as Phase Transitions and 

Enclosed Pteron Friction. Spatial counterpoint 

between materials with differing levels of 

abstraction is explored, combinatorially resulting 

in abstract surreal spaces.

8 Channel Configuration Figure 29. 8 Channel Speaker Configuration

All eight channel works adopt the speaker configuration and channel labelling convention 

represented in Figure 29.125

© ©
® 0

6
0 0

© ©

124 Barrett (2002), pp. 315.

125 See 3.2 & 4.6 for information on speaker configurations for the 24 channel works.
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Final Comments

The fixed media compositions presented in the portfolio are composed as multichannel 

works to exploit the spatial potential of specialist electroacoustic concert spaces. 

Multichannel techniques feature less frequently in the open form sound toy works.126 All fixed 

media works are presented in multiple versions, using different numbers of output channels. 

A primary consideration resulting in these different versions is one of accessibility. Whilst the 

opportunity to compose for large multichannel performance systems has proved to be a rich 

area for exploration, the reliance on playback systems for performance which primarily exist 

within an academic environment is not ignored. It is for this reason that additional versions of 

each of the multichannel pieces have been created for a standard surround format (5.1). 

With ambisonic 5.1 and stereo binaural versions providing home listening friendly 

representations of each work performed in a specialist performance space. The intention is 

that these versions will allow the multichannel compositions to be more widely experienced.

126 The rationale for this is that an original intention of developing works in this medium was to design creative 
products that are influenced to some degree by the field of electroacoustic music, but also have the potential to 
be disseminated to a wider possible audience, including an audience outside of an academic context. As large 
scale multichannel works generally require specialist performance spaces with a large number of speakers, a 
larger scale multichannel approach in the sound toy medium does not easily align with this aim.
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4.2 Acousmatics and degrees of abstraction

Many of the fixed media works presented in the portfolio share certain aesthetic similarities 

in their compositional approach and sonorities. Specific concrete objects and themes are 

frequently explored, with shifting perspectives, degrees of abstraction, and referential uses 

of sound considered central structural features in many of the pieces.

Theories presented by Emmerson (1986) are particularly useful in describing some of the 

compositional and wider aesthetic themes investigated. Emmerson defines a continuum 

between aural and mimetic discourse.

Emmerson describes:

...a continuum of possibilities between two poles. At one extreme, the mimetic discourse is evidently the 

dominant aspect of our perception of the work; at the other, our perception remains relatively free of any directly 

evoked image127

John Young expresses similar ideas.

The notion of an underlying continuum of realism and abstraction has therefore become a core source of 

meaning in electroacoustic music, particularly in acousmatic music...128

It is important to note that clear unarguable positioning of a piece on the continuum 

Emmerson describes is sometimes problematic. Rajmil Fischman acknowledges the 

potential compositional value of this:

In fact, many works thrive in the regions of ambiguity of the aural-mimetic continuum.129

Themes and features of many of the works presented can be directly related to Emmerson’s 

theories and discussion on a continuum between the poles of aural and mimetic

127 Emmerson (1986), pp. 19.

128 Young (2007), pp. 25.

129 Fischman (2008), pp.113.
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discourse,130 and this theory underpins personal aesthetic approaches to the composition of 

fixed media electroacoustic music. Emmerson’s use of the word continuum suggests a 

gradual scale which moves from each end of a perceptual spectrum, from aural to mimetic. 

The full length of the continuum therefore represents a variety of perceptual experiences of a 

work, and a wide range of related compositional techniques which play with aspects of 

source bonding and referential uses of sound, and the grades, or shades between the 

recognisable and the abstract.

EXPLICIT ^ ► CHIMERICAL

Lucid Obscured Evocative Suggestive Ambiguous Abstract

Figure 30. Degrees and Definitions of Abstraction

Personal methodologies that use Emmerson’s continuum as a foundation for composition 

inform the adaptation of his theory, which attempts to identify graduations in approach within 

a compositional context, and with particular reference to the possible perceptual experiences 

of the listener. The proposed extension of Emmerson’s theories uses a similar starting point 

in that a form of perceptual continuum exists in the model. This extends from the explicit to 

the chimerical. On a simplified level, explicit attempts to describe sound which is used in a 

raw, untreated and recognisable form. When materials are explicitly revealed, this relates to 

the far left of the model.131 The chimerical end of the spectrum refers to the unreal, 

imaginary, the wildly fanciful and highly unrealistic.

130 Rajmil Fischman identifies two important points when considering a work within the continuum defined by 
Emmerson. These are: “The separation into continua is only illustrative: in fact... there may be degrees of overlap 
and parallelism between continua." and “The use of the term ‘continuum’ does not necessarily imply linearity: 
while there are obvious advantages in representing some of the dimensions as linear, there are instances where 
analogies to nonlinear space are more appropriate.” Fischman (2008), pp. 112-13.

131 Although it is acknowledged that a raw recording and uncoloured representation of an object, space or 
environment may still be perceived by the listener as being abstract.
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Definitions of the levels of abstraction132

Lucid

Lucid refers to a predominantly explicit depiction of a sound object, environment, or space 

that is clearly expressed, or realistically represented. Sound materials are most likely to fit 

this definition when they are presented in a raw form. However, it should be noted that 

unfamiliar sound materials may be presented in a raw form, and therefore may be best 

described as being perceptually closer to the chimerical end of the continuum. Contrasting 

this, a lucid definition may be attributed to an artificial and staged sound world. The use of 

sound in film is useful to consider here, as supposed realistic representational uses of sound 

may be derived from sources which may be vastly different from the visual object(s) or scene 

being represented.

Obscured

A sound object, sound world, environment or space in which some colouring, skewing or 

transformation of the source is perceivable. A source is distinct and most likely recognisable, 

but some aspects of its spectrum or spatial attributes are perceptually altered. An element of 

uncertainty is introduced, with some of the original features of the source extended or 

concealed. Materials may also be obscured naturally in their pure recorded form, due to the 

removal of context when presented solely through loudspeakers.

Evocative

Evocative could be described as being sounds capacity to conjure an impression of reality 

through imagination. Impressions of reality encompasses individual memories and 

associations that will be personal to the listener. Here we are moving into a more 

impressionistic domain. It could be argued that a piece’s ability to be evocative is not 

necessarily dependent on whether the piece uses mimetic or abstract musical materials, 

each has its own capacity to be evocative. An evocative impression or image may mix fact 

with fantasy.

132 The distinctions and boundaries between each definition are open to interpretation.
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Suggestive

Suggesting or hinting at something, this may be an object, environment or space that is 

implied or indicated.

Ambiguous

Sound materials or spatial features may be difficult to distinguish or classify, and may be 

open to a number of possible interpretations, or meanings. Source-cause relationships are 

indefinite, unclear and open to interpretation.

Abstract

Sound materials or spaces that are thought of as apart from concrete realities, or specific 

objects. Materials which have limited concrete references and are experienced without 

source-bonded relationships.

Developing the Model

A sound world within a single work may consist of materials which are perceived as directly 

referential or explicit, and ambiguous or abstract simultaneously. Different types of sound 

materials within a single work may therefore exist in multiple regions, or perceptual zones of 

a continuum. Changes in perception may also change moment by moment, with perceptual 

changes not necessarily directly related to the amount of studio controlled abstraction. 

Listeners may focus on a work as a homogenised whole, or on individual components or 

elements within the work, and their focus and attention on these may be different on each 

listen. A listener’s perceptual focus may also shift throughout the experience of a single 

listen to a work, making the process of listening and perceiving both individual and dynamic.

Whereas the original model attempts to define different types or gradients of abstraction of a 

perceived whole, the model is not fully representational of the fixed media works presented 

in the portfolio, as it does not represent the combinatory effect of different types of materials
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Figure 31. Degrees and Definitions of Combinatory Abstraction

that form interwoven parts or lines within a single piece.133 Discussion of perceptual and 

aesthetic features of a multilayered composition that contains contrasting materials requires 

an extension of the model to reflect the results of a combinatory approach. Firstly, an overly 

simplified question is raised to illustrate the need for developing the model: How is a piece 

considered in terms of its levels of perceptual abstraction when a raw recognisable 

environmental recording exists alongside a purely synthesised tone within the same piece? 

Whilst the listener may perceptually separate these two elements, they coexist in the piece 

together and may even occur at the same point in time, one providing a context and 

perceptual counterpoint for the other. By introducing an alien element into a recognisable 

sound environment, abstraction occurs through context and contrast, creating a form of 

virtual extension of the sonic environment. This idea is explored in many of the fixed media 

works presented.

The model represented in Figure 31 could also be interpreted as being a temporal model in 

which each element occurs at a different point in time within a single work, changing 

perceptual relationships between explicit materials and derived transformed abstractions as

133 Multilayered entwined sound materials are a characteristic feature of the fixed media works presented.
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the structure of a piece progresses, and materials are revealed.134 Associative structural 

references, and significant shifts along an abstraction continuum are explored in many of the 

portfolio works, and often feature as key structural devices.

Applying the Model to Musical Materials

A feature evident in works such as Mint Cascade and Impure Carbon is the introduction of 

abstract musical materials. These are materials that are derived from either musical 

instruments or synthesised sound. Abstract musical materials at times coexist alongside 

concrete sounds, providing a form of abstraction through context. Counterpoint between the 

abstract musical materials and mimetic sound is explored in these pieces.

The combinatory model presented is not just intended for concrete objects or environments, 

but can be applied to musical or tonal timbres, and their interrelationships with resonant 

elements of abstracted environments or sound objects. In the model, musical or tonal 

sounds are not necessarily intended to be solely classified as abstract. For example, a 

timbre identifiably reminiscent of, or derived from a stringed instrument could be classified as 

being suggestive or evocative, as it may be musically referential.135

Spatial Abstraction

The model can also be applied to spatial representation and spatial abstraction, and in this 

respect the model is considered relevant to spatial approaches in the multichannel works 

presented. Extensions of spatial features, spatial scaling, or spatial transformations may 

abstract spatial characteristics to create an imagined alternate reality, or ‘surreality’. The 

potential, or intended perceptual effect of which can be considered using the defined terms 

in the model. A lucid representation of a space might be believable as existing within a ‘real’ 

environment, irrespective of whether it is achieved using a raw multichannel recording, or 

through a fabricated space constructed to reflect the real. Materials that are spatially 

extended or scaled in circumspace may become obscured or suggestive through this 

process. The combinatory effect of multiple sound materials with differing, opposing, or

134 For example, the composer may consider the listener’s possible changing perceptual relationship with 
transformed materials once the original source materials have been revealed. In this example, spectral or spatial 
associations and relationships may be more easily identified by the listener after a ‘reveal’, and these 
relationships may then be further developed and extended by the composer.

135 Instrumental sounds, whether these are acoustically derived or synthesised, will invariable have their own 
cultural and personal associations for the listener which contribute to their overall perceptual experience.
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incoherent spatial features may result in an unrealistic or surreal spatial effect which could 

be defined using the chimerical end of the continuum. As before, perceptual experience for 

the listener will most likely be both dynamic and individual. Many of the multichannel works 

presented move through a spatial continuum, sometimes with multiple elements or materials 

existing simultaneously within different realms of abstraction.136

Final Comments

The models discussed here are presented as a means of highlighting personal aesthetic 

approaches, and offer some insight into compositional thinking when composing the 

multichannel fixed media electroacoustic pieces included in the portfolio. It is important to 

note that discussion of perception and perceptual features is from the composer’s 

perspective, and no definitive assumptions are made about the listener’s possible perceptual 

experiences of each work.

136 See Phase Transitions as an example.
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4.3 Skewing sound image

Impure Carbon (11:24)

Impure Carbon is a multichannel fixed media work for 8 channels, (8.0). The piece has also 

been realised in 5.1 and stereo formats.137

Programme Note

Fragments emit, glint trace and spit. Modulating levels of impurity.

Overview of Work

Impure Carbon presents transformed, recontextualised and abstracted representations of 

original source recordings of burning charcoal.138 The naturalistic burning process generates 

patterns of impulses, crackles, and pops that are integral to the work. These are transformed 

and structured, creating varying degrees of modulating perceptual abstractions of the 

source. The piece explores “the possible relation of the sounds to associated or evoked 

images in the mind of the listener”.139 The explicit identification of the primary source 

materials is only provided here as an insight into the compositional process and the 

composer’s intentions. The identification of the original source is absent from the programme 

notes provided for the piece to enhance and encourage abstraction from the source for the 

listener. This is significant as the piece’s structural concern is its movement within a 

continuum between aural and mimetic discourse,140 and the subsequent varying perceptions 

and interpretations of the piece’s sound materials by the listener.

137 A studio reduction and binaural version are included in the portfolio.

138 Impure Carbon could be to some degree aligned with Xenakis' piece Concret PH, due to the primary recorded 
source materials being burning charcoal. According to Di Scipio's (1997) description of Xenakis’ compositional 
methods, the compositional focus of Impure Carbon is distinctly different to Concret PH. The restructuring of 
materials by Xenakis is undertaken very much on a micro level, with detailed editing of each impulse, and 
subsequent reconstruction. In Impure Carbon the intrinsic rhythms of the source recordings are retained, 
developed, extended and abstracted. See Di Scipio (1997), pp. 168. Also Xenakis, I. (2000), Concrete PH (1958). 
On "Electronic Music". EMF Media.

139 As described by Emmerson (1986), pp. 17.

140 Terms discussed by Emmerson (1986), and extended in 4.2.
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By deliberately removing the visual clues as to the cause of the sounds, indeed by removing or reducing visual 

stimulation of any kind, the composer is almost challenging the listener to re-create, if not an apparent cause, 

then at least an associated image to ‘accompany’ the music.141

The removal of not only visual cues regarding the sound source, but also explicit reference 

to the primary sound source in the programme notes is an attempt to heighten the level of 

ambiguity, and allow varied representations of the materials, offering differing listening 

perspectives and interpretations.

Impure Representations

John Young’s identification of three perspectives on the effects of sound transformation on 

sound image are particularly relevant to the work. These are:

(1) The potential via signal processing to stimulate alterations to our perception of sound image. This includes 

the way a listener might interpret the physical nature and behaviour of sound sources.

(2) The potential for transformation processes to offer a means to mediate between purely 

‘spectromorphologically’ based and ‘referential’ discourse carrying with them the potential for hybrid sound 

designs in which sound identities may interact with and influence each other.

(3) The capacity of a sound image to function as a structural catalyst and formal anchor.142

Reference to the term ‘impure’ in the title of the piece relates to a number of sonic and 

aesthetic qualities of the work. The modulating levels of impurity, varying degrees of 

abstraction, and shifting ambiguities and perspectives of the sonic materials are explored as 

key features of the piece. The perceptual distortion of the materials is intended to dislocate 

them. The modulating levels of impurity discussed can be directly related to Emmerson’s 

theories and discussion on the continuum between the poles of aural and mimetic discourse, 

and ideas presented in 4.2.

141 Emmerson (1986), pp. 18.

142 Young (2007), pp. 28-29.
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Impure Carbon presents the listener with a variety of perceptual distortions of the source 

materials, yet allows some insight into their origins and environmental context.143 Shifts in 

discourse and changing relationships of the materials are structural features of the work. 

The piece explores the skewing of the sound image144 and therefore the listener’s perceptual 

experience. The term skew having interpretations and connotations relating to obliqueness, 

being distorted or biased in meaning or effect, and the placement of an object at an angle.145

The piece allows its primary source to reveal itself in varying degrees as the structure 

unfolds, with the raw materials being explicitly revealed during the middle section of the 

work. This attempts to enhance the listener’s awareness of both the source and 

environment, encouraging source bonding,146 suggesting renewed relationships between the 

transformed ambiguous materials and the unprocessed abstracted materials. These shifts in 

perspective and relationships between the real and imaginary are evident throughout the 

piece. Extremities are presented, but a “point closer to reality” reveals itself later in the work. 

This approach is relevant to Barrett’s (2002) comments on “extremities” (or perceptual 

contrast), but differs in its structural form.

From a compositional point of view one can regard sound development as limited by the extremities of a possible 

sound transformation. If the transformations are based on the distortion of real-world images, a starting point 

closer to reality will expand the extremities of the transformation.147

Trevor Wishart's definition of the term landscape is also useful here. He defines landscape 

within the context of electroacoustic music as “the source from which we imagine the sounds 

to come”.148 The gradual unveiling of the burning charcoal and following departure into an 

abstract realm plays with this idea of a mental image of the source.

143 Analysis and positioning of Impure Carbon within any perceptual continuum may be more successfully 
achieved by the listener, with only their personal perceptual aural experiences of a work influencing interpretation 
and classification within a perceptual continuum. The composer is influenced to some degree through inherent 
knowledge and understanding of the source, the compositional process and treatment of the materials. Therefore 
as the composer, comments on positioning and movement within any perceptual continuum can only be from the 
perspective of intention, not reception. See Weale (2006).

144 Sound image is defined by John Young as “a term used to define both the associative and referential aspects 
of sound, including recognition of realistic objects and actions as well as illusory figures and forms associated 
with electroacoustically transformed or re-shaped sound materials.” Young (2007), pp. 25.

145 The term therefore seems particularly apt in describing the perceptual preoccupations of the piece.

146 Paul Rudy agrees with Jonty Harrison in the assertion that “the beauty of sound is not only in its spectral 
qualities, but also in its recognition, ripe with associations." Rudy (2007), pp. 12.

147 Barrett (2002), pp. 318.

148 Wishart (1986), pp. 43.
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The environment in which the primary materials were recorded is also significant to the 

spatial and sonic landscape.149 Bird song, bird flight and reverberation contribute to the aural 

landscape, and provide a sense of depth and space that contrasts the close proximity of the 

burning charcoal. The spatial richness of the source recording provided by the sense of 

distance between the foreground and background materials is further enriched by sparks 

and propelled matter energetically moving in multiple directions in imaginary space.

The sharp rhythmic qualities of the burning charcoal, and its disintegration provide rich 

percussive syncopations that are a feature of the work. Punctuating percussive burning 

materials, and the sounds of birds beating wings are used as structural transition devices.

The raw and transformed charcoal materials are augmented with additional materials, some 

of which are from purely electronic sources. These are on occasion suggestive of the natural 

sounds heard in the work, establishing and reinforcing the more abstract and ambiguous 

elements of the piece. The acoustic and electronic derived resonant tones recontextualise 

the mimetic elements, on occasion transporting the sonic space to a semi-musical realm. 

The juxtaposition of the resonant tones with the charcoal materials provides an added 

dimension of ambiguity through context.150

Notes on Technique

A close microphone technique was adopted for a close proximity perspective. The intimacy 

of the recording allowing the capture of minute details of the burning charcoal, as well as 

accentuating the sense of depth and space from the distant, yet still quite prominently heard 

birds. The surface that the stereo microphone was placed upon has a notable effect on the 

sonic qualities of the recording, with the microphone being placed upon a metal grill close to 

the burning charcoal. As a result, lower metallic resonances are heard that respond to the 

physicality of the burning materials.

149 John Young's comments are relevant here: “The recorded ‘scene’ provides a low-level reference - a window 
on a real event which has a documentary connection with lived experience that in a sense cannot be reduced, 
although it can be influenced by, for example, details of recording focus determining the rhythm of presentation 
and perspectives on how we are being offered the scene. So then if a more abstracted sound world is developed 
around this using electroacoustic transformation tools, we have in the real-world sound event a groundwork for 
meaning.” Young (2004), pp. 9.

150 As discussed by Rudy (2007).
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Final Comments

The piece presents the sound materials within an imaginary space, and does not attempt a 

pure representation of the primary source abstracted from the environment in which sound 

was captured. During the composition process, the treatment of sound is significantly 

influenced by the composer’s individual responses to the materials at various stages of 

composition. This occurred from the outset, from the conception and recording of the source, 

material selection, transformation processes, and structuring of the work.
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4.4 Spatial extensions of a play space

Mint Cascade (09:56)

Mint Cascade is a multichannel fixed media work for 8 channels, (8.0). The piece has also 

been realised in 5.1 and stereo formats.151

Programme Note

Mint Cascade explores and extends the spatial motion, and spatial features of recordings of 

kinetic objects, with all spatial movement in the piece derived from 8 channel recordings of 

the animated source. The kinetic materials transform, cascade, instigate and collide.

Overview of Work

Mint Cascade is an eight channel fixed media work which explores intrinsically different 

spatial themes to the other multichannel pieces presented in the portfolio. Whilst certain 

thematic and aesthetic approaches, and transformation techniques are familiar, the 

approaches to the spatial themes and spatial features in Mint Cascade are distinctly different 

from any of the other fixed media portfolio works. The piece attempts to achieve spatial 

complexity through exploration of sound capture (recording), and the extension and 

transformation of naturally occurring spatial features.

In Mint Cascade, spatial motion and inherent spatial complexities are captured, extended 

and explored as the foundation for a spatial centric composition. The work investigates an 

approach that attempts spatial complexity using recorded natural spatial attributes as a 

starting point for composition. This approach attempts to enhance the immersive qualities of 

the inherently multichannel piece.152 Mint Cascade is intrinsically an eight channel work as 

the original primary source materials are recorded using an eight microphone array to 

capture the spatial characteristics of the source. Aspects of the spatial qualities of these 

original recordings are then ‘imposed’153 onto additional synthetic materials as a means of

151 A studio reduction and binaural version are included in the portfolio.

152 Although it should be noted that no formal data is presented to gauge listeners perceived level of immersion.

153 Predominantly using convolution or cross-synthesis techniques.
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spatially transmogrifying them, or transformed to create abstract materials which retain some 

semblance of the spatiality of the source recordings.

Materials

Physical objects are used for creating kinetic 

motion, with recordings of these kinetic objects 

providing a form of preliminary spatial imprint for 

the piece. The primary source materials are 

coins, and these are alluded to in the title of the 

work, ‘mint’. Coins are rolled to create kinetic 

motion which is loosely performed. Coins are 

recorded being thrown, rolled and spun around a 

room with a wooden floor, the imperfections of 

the flooring causing indeterminate trajectories of 

the kinetic objects. Microphones are placed in a 

similar configuration to the eight channel studio 

being used for the composition of the piece, and the intended performance speaker 

configuration, as seen in Figure 32. The dotted line trajectories indicate that coins were set 

in motion in all directions, however when rolled and spun their trajectories were erratic, as 

depicted by the solid curved trajectory paths. The indeterminate trajectories and patterns of 

motion are considered a feature of the work.154

Abstract electronic sounds are evident, providing contrast between the chimerical 

(electronic) and explicit (recorded source) materials, accentuating the impact of the reveal of 

the primary source, which is considered to be a key perceptual and structural moment in the 

piece. The overall compositional effect is largely more abstract, however explicit references 

to the original source recordings are evident, and are used as structural and perceptual pivot 

points, contributing significantly to the overall perceptual form of the work.

The term ‘cascade’ used in the title alludes to several different characteristics of the piece. 

Cascade refers to the flowing mass and fast flow of small objects.155 This cascading effect is 

particularly evident in the final section. The term cascade also suggests a succession or flow

154 Ideas of influence and partial control, but with indeterminate factors adhere to the portfolio's wider creative 
interests in the allocation of compositional control to an external agent.

155 Cascading coin objects, hence the title Mint Cascade.

COINS

Figure 32. Multichannel Recording 
& Kinetic Trajectories
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of events. Ideas of instigation inform the structuring of the materials and the approach to 

transitions in the work. Specific sonic events frequently instigate structural changes, 

successive events and shifts in perspective. Dynamically punctuating events instigate 

flowing textural masses that cascade and collide with the next successive abstract sonic 

mass. Shifting textural masses156 allude to a dense waterfall of kinetic objects moving 

through space, creating a spatial effect rich in spatial counterpoint that plays with 

representations of scale.157

Sound Transformations for Eight Channels

Whilst developing the sound materials for the 

piece, transformation processes and techniques 

that extend features of the materials,158 whilst 

also retaining or extending elements (or traces) 

of the spatial features of the original source 

recordings are investigated. For example, the 

coin recordings are transformed to create bell 

like clanging resonances that ring out around the 

space.159
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Figure 33. Multichannel Processing 1

Convolution techniques are explored in the creation of many of the abstract materials. Each 

channel of the source recording is convolved with a single impulse.160 This process is 

completed offline with each individual channel from the eight channel source recording. The 

effect of this process is that the impulse spectrum is clearly evident in the output, and a form 

of distorted or smeared spatial imprint from the eight channel source recording can be heard

156 Created using granular techniques.

157 Another recurring theme in the multichannel fixed media works presented in the portfolio.

158 A range of techniques are employed. One specific relevant technique is described by Natasha Barrett when 
discussing “the transformation of a church bell to a spatially vague pitched drone". “The strongest link between 
the ’bell' and the drone is the spectrum. In addition... When considering this process as a continuous sound 
transformation, we can say that the spectrum is the pivot point between the perception of a sound as an object 
and the perception of a sound as a spatial resonance... the result of the process is a spatially vague drone, the 
addition of sound-objects in the foreground of the picture will clarify the spatial implication." Barrett, (2002), pp. 
320-32.

159 “In the temporal context, by transforming the intrinsic properties of a sound one can change the extrinsic link 
from that of an object to that of the resonator or enclosure is essentially similar to the real-world relationship 
between a sound-object and the reverberant field." Barrett (2002), pp. 320-321.

160 Usually an electronic sound.
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in the final multichannel transformed sound. A variety of electronic sounds are explored as 

the impulse for the convolution process, creating a palette of materials for the work.

GUI ^
I i (single interlace) J

- - control 
audio

Figure 34. Multichannel Processing 2

Due to the more specialist requirements of 

working with 8 channel recordings, open-ended 

software packages were utilised for further 

transformations.161 Each transformation of the 

sound materials uses discrete channel processing 

in order to retain spatial characteristics of the 

recordings.162 Figure 34 represents the basic 

approach used for processing. The intention was 

to avoid any studio based amplitude panning tools 

to achieve the spatial placement and spatial 

modulations heard in the piece, and this spatial 

composition constraint was enforced during the 

realisation of the work.

Retention and extension of certain spatial qualities of the eight channel recordings through 

multichannel transformation techniques is considered to be a key exploratory theme.

Features

Figure 35. Sonogram I Mint Cascade

The piece moves between spatial resonances, cascading textures, source-cause signifiers, 

and abstracted representations of the ‘real’. Distinct shifts in spectral density and timbre are 

evident in the structure of the work.163

161 These include Supercollider, Max/MSP/Jitter, Reaktor and Bidule.

162 Tools and techniques include: the PV (phase vocoder) uGens in Supercollider, an eight channel granular 
patch developed in Max/MSP, an eight channel phase vocoder created using IRCAM’s Super VP phase vocoder 
externals. Bidule is used for further spectral processing including spectral delay. Reaktor is used for additional 
granular tasks and an eight channel resonator system heard in the final section of the work.

163 These are represented in Figure 35, a sonogram of the piece.
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During the introduction of the piece the source materials are obscured and an abstract 

sound world is established. The first more direct signifier of the metallic resonances of the 

coin objects can be heard at 00:55. Further transformed suggestions of the source materials 

are introduced at 01:27. The closure of this motif at 01:47 results in the instigation of the 

next section of the piece. Materials reminiscent or suggestive of the coin objects are 

interwoven with other contrasting abstract materials at various proximities, to provide a 

sense of distance and depth. A resonant space164 emerges in the piece at 02:30. This is a 

resonating scene in which further textural materials are introduced, with more focused 

suggestions of the source. A key structural transition occurs at 03:47, as more explicit uses 

of the coin materials initiate the next structural section. Here, resonant chimes emerge from 

the more spatial resonances. The first and only section in which the original source 

recordings are explicitly revealed occurs at 04:51. This shift in perspective is anticipated by a 

dominant abstracted coin spin heard at 04:48 which instigates the reveal of the ‘real’, and 

provides the only clear representation and uncoloured perspective of the spatial attributes of 

the original recordings. ‘Real’ object collisions begin initiating transformed materials at 

around 05:11, leading to a departure from the ‘real’ to a more abstract sound world at 05:16. 

Whilst there is a departure from the ‘real’, this next section explores perceptual links 

between the transformed materials and the ‘real’ previously revealed. Features of the 

materials heard in this section can be more clearly linked with the behaviours of the coins 

rolling and spinning. These spinning sound objects are terminated with further rolling and 

collision events, instigating a new spatial resonance at 05:55. The second reveal emerges 

as the spatial resonance subsides at 06:15. This is a transformed representation of the ‘real’, 

creating a shift in perceptual scale of the objects. As this section develops, the density of the 

coin related objects intensifies, creating a weighty and spatially detailed cascading effect. 

This gradually dissipates at around 07:40, leading to a reprise of the materials heard during 

the introduction of the work, but this time established source-cause relationships and 

associations provide a different perspective on the reprised materials. The reprise is short 

lived before the final significant structural shift, the emergence of a spatial resonance, the 

spectral significance of which becomes clear as fluttering resonant sounds begin to emerge. 

The piece closes with increasingly distant textural resonances receding into the distance.

164 Or ‘enclosure’ as described by Barrett (2002).
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Final Comments

Mint Cascade explores a very different approach to spatial composition than any of the other 

portfolio works presented. No great claims are made in favour of this approach, but from a 

personal perspective, my experience of working and developing the piece alongside other 

multichannel fixed media works highlighted the intrinsic spatial vibrance of the eight channel 

recorded materials, when in both raw and transformed states. Contrary to the other works 

presented, brief technical information is imparted to the audience in the programme note so 

that any perceived differences in spatial effect during its performance can be understood. 

This approach of capturing, transforming and extending intrinsic spatial features through 

multichannel recording and studio treatment is a technique that I intend to revisit in the 

composition of future fixed media works.
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4.5 Abstracted spatial syncopations

Hydrophilic Pulses (21:34)

Hydrophilic Pulses is a three movement fixed media work for 8 channels, (8.0). The piece 

has also been realised in 5.1 and stereo formats.165 The three movements are:

Phase Transitions (08:48)

Programme Note

Phase Transitions is an 8 channel piece and is the first movement from a three part work 

entitled Hydrophilic Pulses. The piece plays with abstracted shifting rhythms, syncopated 

collisions, contorted reflections and shaped resonances. The original source materials were 

captured in a single ambiguous location.

Deluge (07:20)

Programme Note

Deluge is the second movement from a three part work entitled Hydrophilic Pulses. This 

movement is constructed solely from a recording of a rhythmic leak that sprung up in my 

home during a particularly heavy storm in Northern Ireland. The piece explores, extends and 

interplays found rhythms, in the rain, the resulting leaks indoors, and in the capture of 

droplets in various real and imagined resonant containers.

Effusion (05:26)

Programme Note

Pump, spray, spatter, souse and disperse. The irrigation of the sound space. Effusion is the 

third and final movement from a three part work entitled Hydrophilic Pulses.

166 A studio reduction and binaural version are included in the portfolio.
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Overview of the Work

The work’s predominant theme is the movement of water, with the primary sound sources 

derived from varied forms of propelled or moving water. The piece is composed as three 

distinct movements with thematic interrelationships, however each movement may also be 

considered and presented as an independent piece.166 Conception of the work evolved from 

a series of four recordings of different types of water movement, in different scenarios and 

contrasting environments. Abstracted natural rhythms are a primary feature of the first two 

movements, and in these rhythm is a significant structural element.167 The rhythmic 

materials heard in these two movements are derived directly from the source recordings. 

These naturalistic source rhythms are artificially extended, developed or transformed. 

However, the intrinsic rhythmic patterns and structures of the materials are preserved to 

some degree, and never fully departed from. Whilst some of the sound transformation 

processes alter tempo, the inherent timing relationships between pulses are frequently 

retained. Natural rhythms are at times unnaturally extended through the use of interwoven 

materials at different tempi, creating cross-rhythms and syncopated interplay. The use of 

regular rhythm is most stark in the second movement, Deluge. Sections of this movement 

are suggestive of other musical idioms, particularly when increasingly metric and repetitive 

rhythmic forms are established. These rhythms are extracted or derived from the source 

recordings and further abstracted, and are not the product of grid based metric sequencing 

techniques. At other points in this movement, the naturally occurring rhythms of the source 

recordings are decimated, creating dense textures.

Phase Transitions

Phase Transitions presents an ambiguous and undefined space. The primary source for the 

piece is not explicitly identified in the programme notes for the work, and no clear insight into 

the direct source of the materials is provided. Unequivocal identification of the primary 

source is avoided so as not to impose associations that may influence the listener's 

perception of the physical objects and the space represented. It is not intended for the 

listener to relate or frame the experience of the unfolding piece directly to a previously

166 Movements have been performed as independent works.

167 ‘Then there is the decades-old question concerning (ii) the presence of pulse. Clearly, there was a great deal 
of avoidance of any sense of beat in much electroacoustic E music throughout the decades. This is diminishing in 
time...” Landy (2007), pp. 173.
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revealed, and therefore known physical source object and location. Ambiguity and an 

increased level of abstraction is encouraged. It is hoped that the listener will conjure 

individual interpretations of the fabricated environment and sound world.168

All sounds heard in the work are captured within a 

single space, with the intrinsic features of the 

original source recording explored and extended. 

Syncopated rhythmic droplets are presented 

within and around the undefined space. These are 

accompanied by erratic, intermittent punctuating 

collisions,169 with all other mechanistic and chime 

like materials featured also present in the original 

recording environment. Intricate interwoven 

rhythmic patterns and spatial syncopations are 

primary features of the piece. Composed rhythms, 

augmentations and interjections are entwined with 

the naturally occurring rhythms and descending 

collisions. The piece repaints a particular 

unspecified space, and where the contrasting 

nature of the materials may suggest artificial 

environmental constructs, in fact, all of the original 

sound materials used in this movement are 

sourced from a recording made within a single 

environment.

Spatial Approach

This movement adopts an impressionistic, 

suggestive and abstract spatial approach. The 

pursuit of explicit realism is not an intended 

aesthetic goal.170 Independent spatialization of 

layers of transient materials with intrinsic rhythmic

Figure 36. Spatial Placement 1

Figure 37. Spatial Placement 2

168 For this same reason the specific source is also not identified in this document.

169 A feature of the recording environment.

170 Implied realism is explored though.
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structures, and varied dynamic morphologies results in a detailed and lively spatial sound 

space, and intricate spatial counterpoint. For the majority of the work, each component part 

is individually spatially positioned within the listening environment. Stereo relationships of 

the original source materials171 are for the most part retained. Spatial placement of the left 

and right channels is limited across the centre point of the performance space, so that in 

most cases the right channel remains on the right, and the left channel on the left.172 Even 

with this restriction spatial parameters such as depth or distance, frontal or posterior 

positioning and width are available.

Stereo materials are spatially extended and scaled to create the eight channel work.173 The 

eight channel performance space is considered as a series of stereo pairs in which 

movement in the z axis (depth), and stereo width can be controlled, whilst retaining aspects 

of the inherent stereo spatial features of the original source recordings. On occasion, left and 

right channel relationships are presented in the front and rear174 to achieve a contrasting

spatial effect.

The piece opens with a front loaded spatial 

distribution, with the majority of the sound 

materials positioned in the frontal area of the 

performance space. Sound materials are 

initially organised in space according to their 

level of perceptual abstraction. Categorisation 

and organisation is frequently related to the 

level of sound transformation processes 

undertaken. During the first minutes of the 

work, lucid or obscured sounds are positioned 

in the frontal area of the performance space. 

Transformed reflections that could be 

classified as being more towards the abstract 

end of a perceptual continuum are placed in 

the posterior of the performance space, as

171 Originally recorded in stereo.

Performance Space

I I Lucid / Obscuredo Ambiguous / Abstract

Figure 38. Spatial Distribution 
of Perceptually 

Organised Materials

172 See Figure 36.

173 The spatialization of the work could therefore be defined as studio based diffusion.

174 As represented in Figure 37.
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represented in Figure 38. This cohabitation and interplay between the frontal space (more 

explicit materials) and posterior space (more abstract materials) creates an imaginary 

environment in which different spatial areas exhibit different levels of abstraction and 

ambiguity. In this first section, a significant amount of the uncoloured abstracted rhythms can 

be heard in the frontal area, with the more ambiguous transformed reflections heard in the 

posterior used as intermittent decorations and expansions of the sound space.

As the piece progresses, more intricate syncopated spatial rhythmic interplay is introduced. 

This is achieved through the introduction of further lucid or obscured materials in the 

posterior of the performance space. As a result, spatial counterpoint and syncopated 

interplay becomes more animated.

Features

Figure 39. Sonogram | Phase Transitions

The work begins with faint droplets of percussive resonances at a quiet dynamic. A 

descending collision pattern initiates the main section, consisting of spectrally broader 

colliding rhythmic events, opening with the chime-like materials.175 Percussive impacts and 

collision event sequences interject and rhythmically decorate the gentler micro droplet 

events throughout. Ambiguous resonances emerge in the rear of the performance space, 

augmenting spectrum, space and rhythm. Descending collision sequences instigate shifting 

patterns and rhythmic variations. Interplay between natural rhythm and more abstract 

composed interjections also develop and intertwine. Augmenting resonances shift and 

change form, tone and colour. More weighty percussive impacts then become active,176 

seemingly initiating the approach of an aircraft which invades the space, exciting further 

syncopated spatial and rhythmic interplays. When the aircraft moves into the distance, the 

syncopations subside and reduce in rhythmic and spatial counterpoint, signifying the closing 

section of the work.

175 Heard at 00:54.

176 Heard at 05:48.
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Deluge

Deluge explores abstracted rhythms derived from water droplets. In contrast to the previous 

movement, the source of the sound materials is deliberately identified. It is intended that 

listener understanding of the source provides an identifiable frame of reference which the 

treatment of the materials can be related to. The sole source of the materials used in the 

piece is a recording of a rhythmic leak that appeared in my flat in Holywood, Northern 

Ireland, during a particularly heavy storm. The recording captures the periodic dripping of the 

leak, and its collection in a receptacle. Its tone and character changes over time as the 

receptacle gradually fills with water. A glass skylight was in the vicinity of the recorded leak, 

and the distant spattering of the rain outside is also evident in the source recording.

Quasi-metric rhythms are a significant feature of this movement. Polyrhythms are created 

through layering of different transformed materials with different tempi, but with the 

fundamental rhythmic relationships of the original recordings retained.177 The abstracted 

rhythmic rain droplet structures at times become musically suggestive, with this dimension 

providing an alternative form of abstraction.

The piece moves boldly between abstract domains and representations of the ‘real’. For 

example, the highly rhythmic and musically suggestive section heard at 02:55 dramatically 

shifts to a more representational and lucid section heard at 03:30. This stark shift in 

perspective of the sound materials reinforces their source and origin, providing a form of 

retrospective context for what has preceded. This pivotal point in the piece is spectrally, 

dynamically and perspectively abrupt, and is a key structural moment in the work which can 

be clearly observed in Figure 40.

Brief Comments on Spatiality

A similar spatial approach is adopted as is used for Phase Transitions. Stereo relationships 

of the original source recordings are again generally retained, with placement of individual 

streams of droplets in circumspace resulting in spatial counterpoint. Frontal/posterior stereo 

pair placement is used for some of the lower frequency materials to ground the work 

centrally. Materials which have wide spatial stereo characteristics are also sometimes

177 As in Phase Transitions.
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positioned in the frontal/posterior to accentuate depth and enhance envelopment. Overall, 

greater spatial emphasis is given to the frontal area of the performance space.

Features

Figure 40. Sonogram | Deluge

The movement opens with imaginary resonances intertwined with more explicit materials. 

The use of resonators is suggestive of the water droplets being caught in imaginary 

containers. Individual rhythmic droplet patterns emerge in different areas of the performance 

space, creating polyrhythms and spatial counterpoint. In the first section of the work the 

emerging rhythmic patterns are explored. Attention then moves to a single dripping pattern 

entwined with more abstract materials. A synthetic intensifying of droplet density follows, 

eventually instigating a militant rhythmic structure which is directly derived from the intrinsic 

rhythmic structures of the source recording, albeit transformed.178 Rhythmic layers are 

introduced around the space, creating spatial polyrhythms that crescendo to a stark pivotal 

transition. This is a blunt perceptual shift to the more recognisably real. Militancy ceases, 

and rhythmic rigidity subsides. In the middle section that follows, softer resonances, 

fluttering textures and a much quieter dynamic is evident. A sense of tension is intended 

here, which builds to the reintroduction of the more defined rhythmic droplet structures heard 

in the opening of the movement. Spatial polyrhythms are a returning feature here. These are 

destabilised through the introduction of further rhythmical materials, and the rhythmic 

structure fragments and breaks down, finally disappearing as a spectral trace during the 

closing section.

178 But not re-sequenced.
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Effusion

Overview

Effusion is the third and final movement from Hydrophilic Pulses. Its themes relate to the 

movement, displacement and irrigation of water. As in the first movement, the source sound 

objects or environments used for the original recordings are not explicitly revealed. The idea 

of displacement of water is central, but the actual objects and associated imagery are not 

explicitly identified. An abstract space is presented within which imaginary machinery 

pumps, collects, and disperses water. The sound world created is quite different to the 

previous two movements, in that strongly defined rhythmic structures are departed from. The 

piece metaphorically siphons and spews water collected in the performance space during 

the previous movements, with this idea influencing the treatment of the materials in this final 

movement of the larger work.

The contrast in materials compared to the first two movements is reflected in the 

development of the approach to space. Whilst similar techniques to the previous movements 

are used for elements of the work, structurally significant focal materials are more spatially 

dynamic, energetically moving through circumspace. Spatial modulations explore an intimate 

coupling of the amplitude contours (or envelope) of the sound materials with spatial location. 

Spatial motion is determined by the dynamic morphologies (amplitude) of the source, with 

wider dynamic contrast resulting in more exaggerated spatial modulations.

Features

The piece opens with suggestions of water movement in an imaginary space. Abstract 

resonances are introduced, accompanied by a pedal resonance signifying a distant engine 

drone. The flicking of a switch by an unrevealed individual at 01:00 instigates the next

123



section of the work, in which weighty and spatially dynamic abstract materials move 

aggressively through the space. Sounds reminiscent or suggestive of water pumps, 

spattering and dispersion gain momentum, and gradually begin to dominate the space. 

Varied representations of imaginary pumps and dispersed water are intertwined to create 

textural counterpoint. At 02:12 the first stage of irrigation ends. At 02:17 a distant machine 

starts up, closely followed at 02:23 by a second imaginary irrigation machine, this time at a 

closer proximity. Irrigation and dispersion intensifies. At 02:59 a second switch is heard 

which ceases the intensity of the process. Textures gradually settle and dissipate, and the 

metaphorical drainage process draws to an end. The machines are heard quietly working 

away until the final switch at 04:51, signifying the close of the movement and the work.

Final Comments

This three movement work reflects a constrained approach to composition, in that specific 

concrete materials and themes inform the compositional ideas and processes, and the use 

of a broader palette of sound materials is restricted. Whilst sound materials are structured 

and composed, intrinsic features of the source recordings are to some extent preserved. The 

abstraction, development, augmentation and extension of the sources play with shifting 

perspectives. Consideration of perceptual features of the materials informs the 

compositional process and their treatment and structuring, but it is again noted that 

discussion of perception is from the composer’s perspective, and no definitive assumptions 

are made about the listener’s possible perceptual experiences of the work.
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4.6 Spatial scaling and containment

Enclosed Pteron Friction (09:34)

Enclosed Pteron Friction is a multichannel fixed media work for 24 channels, (24.0). The 

piece has also been realised in 8.0, 5.1 and stereo formats.179

Programme Note

Enforced enclosure in a glassy chamber, and a paper bag that previously contained 

doughnuts. Sugar crystals, fluttering, and futile attempts at escape amplified and 

transformed.

Overview of Work

Enclosed Pteron Friction is a large scale multichannel work created using close proximity 

recordings of a wasp enclosed within a drinking glass, and doughnut packaging (a sugar 

crystal filled paper bag) as its primary source.180 In both cases, microphones are placed 

within the enclosure containing the wasp. The recorded materials appear raw, extended and 

transformed in the piece, with minuscule sounds being significantly amplified and intensified. 

The piece explores themes relating to distorted senses of scale, and presents a form of 

suggestive and ambiguous narrative that plays on human referential associations with the 

subject. Source recordings are subjected to a variety of spatial and spectral transformations 

to further abstract and extend the materials.

The programme note for the work deliberately avoids explicit identification of the source, and 

is designed to provide some insight in to the themes and materials in the piece once the 

source is revealed during a performance.181

179 A stereo binaural recording is provided which is recorded in the sonic laboratory at SARC. This recording 
attempts to give some sense of the spatial effect of the full 24 channel version. A studio stereo reduction is also 
included to provide a representation which more accurately conveys the fidelity and clarity of the piece, as the 
performance space colours the binaural recording.

180 Original source recordings captured by Andrew Dolphin and Ben Ramsay. Composition by Andrew Dolphin.

181 Programme notes avoid the technical, and aim to provide some insight into the broader themes of the work. 
“When there is a program, it is not always useful. Christian Clozier has suggested: “The information given in 
programme notes deals with ‘how' (technical), and sometimes with ‘for whom’ (place, year, commission), but only 
rarely with ‘what’ and ‘why’, that is with the conditions of the ‘message’ rather than its nature” (Clozer 1996, 31).” 
Cited by Landy (2007), pp 36.

125



Referential and Suggestive Narrative

Whilst composition of the work did not initially begin with any clear predefined narrative 

structure, narrative is a suggestive structural feature of the work. The representation of a 

recognisable life form, and the frequent shifts between explicit, lucid, referential sounds, and 

suggestive abstractions creates a form of ambiguous and incoherent narrative. The work’s 

narrative is often unclear, vague and sometimes contradictory. The compositional approach 

to narrative is not literal, and is more appropriately described as impressionistic and 

connotative. The sound of flying insects, and maybe wasps in particular, have specific 

associations for many listeners, which depending upon individual disposition may evoke an 

unsettled response.182 It is likely that personal associations with the subject will invariably 

have an impact on the listening experience.183

Scale and Space

A form of rescaling of perspective is a central characteristic of the piece. Presenting a close 

proximity recording of a small space within a larger performance space in itself creates a 

form of spatial scaling, as does the significant amplification of low level micro sounds derived 

from the wasp’s movement within the enclosures. Transformations of the materials attempt 

to enhance the allusion to extended scale and size. The piece makes use of a broad 

dynamic range to provide contrast and expand the scale and extremities of the work, from 

the more intimate microscopic sections, to the dense claustrophobic, loud and intense 

swarms.

An imaginary and ambiguous three dimensional space is presented. Acoustic characteristics 

of the glass and doughnut bag are embedded in the sound materials, and evident in the 

work. When combined, these create a hybrid imaginary space, with two environments and 

perspectives distilled together. A particularly evident resonant frequency can be heard in 

some of the sound materials. This is the natural resonance of the glass in which the wasp is 

enclosed, and provides a distinct identifier of this specific space. The resonances of the 

glass distinctly colours some of the materials heard in the piece.

182 This is most likely related to an association with a fear of being stung, an association that may well be 
reinforced if the listener has been previously stung by a wasp.

183 These possible associations with the subject and subsequent responses will of course be individual for each 
listener.
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The wasp’s wings and flight 

result in dominant resonant 

frequencies, and these are 

enhanced though the treatment 

of the source recordings to 

create a pedal, or a form of 

pitched resonant anchor in the 

piece. This is particularly evident 

in the swarm sections. Here 

source sounds become, to some 

degree, musically suggestive.

The texturally rich swarm effects are key structural and spatial features. Dense layers of 

wasp materials create an impressionistic sense of swarms of insects. The swarm sections 

are spatially and spectrally dense, and represent the more intense structural moments in the 

piece. The swarms often make use of all 24 channels to create dense textural structures that 

extend to the outer boundaries of the performance space, and are rich in spatial 

counterpoint. A sense of spatial instability is frequently projected to represent the often 

erratic natural movements of the wasp subject.

Multichannel Technique

The final piece is realised for 24 channels, using three rings of eight speakers. One lower 

ring (beneath the listener), one mid level ring (at listener height), and one upper ring (above 

the listener).184 Figure 42 represents the intended speaker configuration for the performance 

the piece in the sonic laboratory at SARC.185 The selected speakers extend to the 

extremities of the performance space. Listener level speakers are mixed at a lower 

amplitude level than the upper and lower rings to accentuate vertical perspective, and 

compensate for the larger, and more closely situated speakers placed at the listener level.

A preliminary sketch of the work was initially composed in stereo to gain some insight into 

the possible compositional application of the materials, and how they might be treated and

184 The chosen 24 channel configuration provides three levels of possible height. The number of speakers is 
restricted to 24, as this was considered to be technically achievable with the resources available.

185 The specialist sonic laboratory performance space at SARC provided the opportunity for exploration of unique 
larger scale multichannel projects. As a work composed for this specific specialist performance space, the 
effectiveness of its translation in other large scale performance environments is yet be determined.
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structured. Taking some influence from the stereo sketch, an initial eight channel version 

was then composed as a developmental stage.186 Stems from the eight channel version are 

then developed vertically, either being positioned in the vertical axis, or spatially modulated 

to add vertical motion.187 This initial 24 channel version of the piece is then spatially 

augmented in some sections, and restricted in others to extend the overall level of spatial 

contrast in the work.188 Spatial restriction in a number of sections allows sound to move 

more perceivably to the extremities of the performance space, without being masked by 

sounds closer in proximity to the audience. This enhances spatial contrast and intensifies 

the impact of the spatially denser swarm sections.

The piece is augmented using additional materials spatialized using the Cyclical Flow 

software.189 The software enabled the creation of more spatially dynamic materials that 

accentuate sections of the work, and reflect the erratic movements of the wasp.

Realisation of the piece proved to be the most challenging and time consuming of the fixed 

media works undertaken. Technological, compositional and aesthetic challenges presented 

themselves at various stages of its construction, requiring the development of new personal 

methodologies190 and resulting in a number of revisions.

Features

In Figure 43, the spectral structure is represented as a sonogram.191 Spectral contrast and 

abrupt shifts in spectral density are clearly evident, as are the four spectrally rich swam 

sections which are considered to be structurally significant.

The piece opens beneath the listener, with glassy sustained resonances that are 

accompanied by ambiguous and suggestive resonant micro sounds that hint at the subject.

186 Tools from ICST (Institute for Computer Music and Sound Technology) were utilised in the composition of the 
work, http://www.icst.net/

187 This was partially realised using DAW software, a custom built Max/MSP patch and Jack (inter-application 
virtual audio routing software). MIDI control data in the DAW software controls elevation of the eight channel 
stems, which are routed into Max/MSP and vertically positioned, then recorded as 24 channels. The elevation of 
each stem is independently controlled.

188 A response to personal observations in listening sessions.

189 This software is included in the portfolio and is outlined in 3.2.

190 Also influencing the development of the Cyclical Flow software.

191 This is a spatially reduced sonogram and does not represent the spatial features of the piece.
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Figure 43. Sonogram I Enclosed Pteron Friction

The sustained resonances heard in the lower area of the performance space are suggestive 

of an enclosure. In the upper area of the performance space, sounds emerge that are 

suggestive of an environment outside of the confines of the enclosure. New spatially 

dynamic resonances are introduced at 01:25, spectrally signifying the wasp, and at this point 

in the piece these are suggestive of a semi-musical form.192 In the first two minutes, a sense 

of tension is established through the use of ambiguous materials. This tension is further 

enhanced in the structural shift heard at 02:30. Here, a perceptually obscured wasp like 

sound sweeps beneath the listener, cycling from front to back, moving to the outer 

perimeters of the performance space, and then quickly moving back through the 

performance space to the opposite end. Whilst spectrally constrained, this section is 

spatially dynamic. Clearly recognisable wasps emerge (lucid), and a swarm is attracted 

which fills the performance space. The swarm intensifies and crescendos, finally quickly 

disappearing into the distance to be terminated by a smaller group of insects. The sound 

world moves noticeably to a more intimate space at 04:16 in which micro sounds are 

significantly amplified, and motion around the space is often exaggerated, creating a 

dramatically altered sense of scale. Wasps erratically dance and interplay around the space. 

At 04:45 a new swarm emerges, quickly moving into the space, responding to the low 

resonant thud. This swarm recedes, and a more intimate space is again established. This is 

but a brief respite, and a large swarm texture quickly returns at 05:44, and then exits again 

with an abrupt change in perspective back to the close proximity wasp materials that quickly 

enter the foreground, snatching attention away from the swarm. The intimate space 

becomes more frenetic and spatially dynamic, providing a sense of urgency. This urgency 

recedes, and a percussive glassy texture emerges that is later quickly removed by more 

erratic insects. The final crescendo in the piece emerges at 07:42. This is the final wasp 

swarm which fills the space using all 24 channels. New transformed resonances are 

introduced here, developing the sound world, and increasing intensity in the climax of the 

work.

192 With materials being reminiscent or suggestive of stringed instruments.

129



The swarm finally disappears into the distance above the listener, with a few remaining 

wasps lingering. The outdoor environment signified during the opening of the work is again 

introduced, suggesting an environment outside of the enclosure in which the insects may 

have escaped.
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4.7 Spectral decomposition of an instrumental sound object

ilinx (09:12)

ilinx is a multichannel fixed media work for 8 channels, (8.0). The piece has also been 

realised in 5.1 and stereo formats.193

Programme Note

ilinx - a category of play.194

"the pursuit of vertigo”, disorientation, dizziness, to momentarily shift or disrupt perception 

through disorientating changes in the direction of movement.

Overview of Work

The disorientation and dizziness alluded to in the title of the work reflects the dynamic 

gestural and structural shifts heard within the piece. Changing trajectories and detailed sonic 

interplay are key characteristics, with periods of relative stability and calm contrasting with 

the more dizzying features heard within the work’s structure. This contrast attempts to 

enhance and intensify the impact of the colliding sonic structures that contribute to the 

overall suggestion, or impression of instability and disorientation.

Varied sonic materials are created using a traditional musical instrument, using non- 

conventional instrument playing techniques. These materials are transformed to create new 

sound morphologies, inviting the listener to interpret and decipher the causal sources and 

imaginary physical gestures initiating the sounds heard in the piece.195 A variety of 

instrument excitation techniques are playfully explored during the process of recording the 

performed source materials for composition. Throughout this process the instrument is

193 A studio reduction and binaural version are included in the portfolio.

194 Les Jeux et Les Hommes (Man, Play and Games). Caillois (1958).

195 Smalley (1997), pp. 110 refers to the term bonding play in relation to source bondings.
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considered as a sound object,196 and the composer’s performance of the instrument 

considered as morphological event and gestural shape acquisition.197

A view of musical sounds as complex morphological events and not simply ‘notes' of specific pitch centre and 

duration is an innovative musical observation, particularly associated with the application of electroacoustic tools 

to music, and one that can be actively exploited in electroacoustic composition.198

Approach, Form and Aesthetics

Whilst the work could be in part analysed and described with reference to harmonic 

language, this is not the method in which the piece was composed. The materials are 

considered more in terms of musical and gestural shapes. Physically improbable gestures 

feature, and these may contribute to perceptual experiences of the work.

Dennis Smalley refers to gesture perception within a spectromorphological context as a 

bidirectional process, which can be described as:

cause - source - spectromorphology
or

spectromorphology - source - cause199

Smalley acknowledges that an imagined human gesture can be interpreted from the 

spectromorphological attributes of sound.200 As the primary sound materials in ilinx are 

derived or descended from a conventional musical instrument, this assertion has particular 

significance here.

196 Or “objet sonore” as defined by Pierre Schaeffer.

197 As opposed to specific melodic or harmonic progressions with a regular rhythmic metric structure.

198 Young (2004), pp. 9.

199 Smalley (1997), pp. 111.

200 “When we hear spectromorphologies we detect the humanity behind them by deducing gestural activity, 
referring back through gesture to proprioceptive and psychological experience in general. Everyone uses this 
spectromorphological referral process when listening to recordings of instrumental music. Not only do we listen to 
the music, but we also decode the human activity behind the spectromorphologies through which we 
automatically gain a wealth of psycho-physical information.” Smalley (1997), pp. 111.
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The sole instrumental source for all sound materials in the work is a dulcimer. The 

implements used for instrument excitation include a violin bow, a metal ruler, all fingers of 

both hands to simultaneously excite as many strings as possible, and the traditional dulcimer 

hammers. The hammers were used in a conventional fashion, and also with varying 

amounts of tissue paper wrapped around and secured to the end of each hammer, to 

achieve differing degrees of muted percussive timbres. The instrumental source materials 

are subjected to a range of transformation processes, ilinx therefore presents an imaginary 

stringed instrument to the listener. The source instrument is alluded to, but is rarely explicitly 

represented. It thus becomes a form of imaginary meta-stringed instrument that exhibits 

improbable morphological behaviours. A playful and exploratory approach is adopted 

throughout the sound transformation and structuring processes, with the composer’s 

personal aural responses to the materials steering the process.

Reduced listening as a perceptual mode is vital to the composer of electroacoustic music - it is what steers the 

composer in the direction the material wants to go!201

The piece delivers an intentionally coloured and often abstract representation of the source 

instrument. The materials are frequently deliberately subjected to quite drastic treatments, 

creating a hybrid sound world, which to some degree represents the inherent nuances of the 

source instrument, whilst frequently moving towards a more ambiguous, colourfully distorted 

and synthetic electronic sound world. The processing often destabilises and even shatters 

the instrument’s intrinsic morphologies. Indeed, the nature and effects of the transformation 

processes themselves contribute to the morphological design of the imaginary instrument.

Reference is also made to the fact that morphological identity can spring from the inherent shape characteristics 

of naturally occurring sound objects, as well as the morphological artifacts of signal processing routines.202

The nature of the transformations of the instrumental source dynamically shift the materials 

of the piece between representations of first-order surrogacy,203 where the materials retain

201 A Schaefferian theory discussed by Rudy (2007), pp. 11.

202 Young (2004), pp. 8.

203 Described by Dennis Smalley as "first order surrogacy, the traditional business of instrumental music. If that 
instrumental source is electroacoustically transformed but retains enough of its original identity it remains a first 
order surrogate.” Smalley (1986), pp. 82.
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some semblance of their original identity, through to second-order surrogacy,204 where 

increased levels of ambiguity are introduced, and the instrumental source becomes unclear. 

The structure of the piece not only plays with modulating levels of source-cause ambiguity, 

but also makes specific use of what Smalley describes as gesture-carried, and texture- 

carried structures.205 Percussive, unrestrained and dynamic gestures are the gesture-carried 

structures, where the focus centres predominantly on gestural features. These are 

contrasted with the more sedate passages that encourage examination of the shifting 

spectral landscapes.

Figure 44. Sonogram I ilinx

The sonogram of the piece highlights the use of spectral glissandi and the dominant 

structurally significant percussive impact points that initiate shifts in spectral and textural 

materials. Dynamic contrast is notably reduced in the final third of the piece, and this is 

considered to be a less ‘dizzying’ section of the work.

Techniques

FFT (Fast Fourier Transform) based processes and techniques are explored for sound 

transformations, with the filtering, distorting and skewing of the spectral content achieved 

through Jitter matrix based operations, using a patch developed as an extension of the Jitter 

Phase Vocoder.206 Magnitude data is treated using varied matrix transformations, many of 

which are combined to significantly abstract the materials from their source.

204 Described by Dennis Smalley as “Through sound synthesis and more drastic signal processing, 
electroacoustic music has created the possibility of a new, second order surrogacy where gesture is surmised 
from the energetic profile but an actual instrumental cause cannot be known and does not exist.” Smalley (1986), 
PP 82.

205 "In a gesture-carried context gesture dominates. It the gesture is strongly directed and swift moving, the ear is 
more likely to ride on the momentum generated rather than dwell on any textural niceties at the gesture's interior. 
With a less impetuous gesture we can imagine the possibility of enticement by internal textural detail which would 
create a certain equilibrium between gesture and texture. The ear recognizes that a gesture is in progress: the 
sense of directed motion remains, and can be temporarily taken for granted while the ear shifts focus to delve 
into textural motion, perhaps to merge again once a more urgent sense of directed motion is detected.” Smalley 
(1986), pp. 83-84.

206 Developed by Luke R Dubois.

134



Spectral synthesis techniques, as described and utilised in the SpiralSet project, are also 

employed to generate further materials that are increasingly identifiable as being of an 

electronic origin, yet still retain a level of spectral coherence with the source instrument.

Spatial Approaches

The spatial approach adopted in the realisation of the 8 channel work is similar to that 

applied in the first two movements of Hydrophilic Pulses, and is discussed in more detail in 

4.5. The piece is primarily spatialized using stereo pairs distributed in the performance 

space, with stereo left/right relationships mostly retained.207 Dynamic modulation of spatial 

position is featured at key structural points, such as the ascending spectral sweep which can 

be heard moving from the front of the space to the rear.208 Each component part within the 

work is allocated a spatial position within the performance space. The interplays between 

these individually spatially located component parts results in dynamic spatial interactions 

and spatial counterpoint.

207 This technique is similar to diffusion practice for stereo works, but each independent part is individually 
spatialized, providing opportunities for spatial counterpoint. It could be argued that this spatial approach is best 
described as studio based diffusion.

208 Heard at around 03:08.

135



Closing Comments

The work undertaken has resulted in the development of a number of different personal 

approaches for exploring multidisciplinary composition, and is influenced by various aspects 

of the fields of electroacoustic and computer music.

The compositional projects presented in the portfolio have been grouped according to their 

aesthetic relationships and modes of delivery, and are not presented chronologically 

according to when each work was realised. Their development at the Sonic Arts Research 

Centre at Queen’s University in Belfast was generally concurrent, in that sound toy works 

were conceived and developed whilst actively composing fixed media multichannel works. 

This approach allowed cross-fertilisation of ideas, concepts and techniques at many stages 

and cognitive levels, some of which have been formally documented here.

Evidently there are clear distinctions between each medium explored, and these are 

acknowledged. A multidisciplinary approach has allowed exploration of new personal artistic 

directions which are not confined by the conventions of a specific idiom or medium, creating 

a broad body of work influenced by diverse aspects relevant to electroacoustic and 

computer music composition. This document discusses some of the themes, methodologies 

and compositional thinking relevant to the breadth of works presented, and hopefully 

conveys their interrelationships.

The portfolio works are deliberately broad in their aesthetic and artistic concerns, modes of 

delivery, and scope for exposure to prospective audiences. On the one hand, many of the 

fixed media works explore and exploit specialist multichannel concert performance spaces, 

and on the other, inclusivity and wider experiences of electroacoustic artworks outside of 

these specialist environments are promoted via the sound toy projects. Composition, 

whether this is ‘serious’ or ’playful’ is personally considered to be socially and individually 

valuable, and the sound toy works attempt to allow wider access to compositional processes 

within a playful framework informed by electroacoustic music practices.

The playful sound toy works provide the player with scope for ‘musicking’, offering varying 

degrees of compositional input, control, influence, or decisions within a confined framework. 

Whilst they are sound centric, the medium is not solely concerned with sound, and this 

evidently has certain aesthetic implications. It is very much a matter of personal perspective 

as to what may constitute meaningful composition, and any conclusive viewpoint on what
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makes for meaningful composition in the context of the sound toy medium is left for the 

reader to decide.

An awareness of, and ideas relating to access and inclusivity are of personal interest, and 

have influenced my research directions and creative output in the last three years. Creative 

research and composition within an academic environment is considered as highly valuable, 

but a personal belief is that there is greater scope for allowing access and inclusion to the 

products of this research to a wider audience outside of academia. Artistic exploration and 

research which is not governed purely by commercial motivations is invaluable, and wider 

public access to, and experience of the outcomes of these endeavours should be promoted. 

Media and methods for composition will evidently continue to develop, and the range of 

works presented reflect the period in which they were composed, a period in which the 

democratisation of media is becoming increasingly prevalent.
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