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This article is intended to raise some points of interest a more flexible, responsive and artistically rewarding
and mark out some pointers for alternative approaches to  gutcome than a system based on the triggering of pre-
the design a_nd executic_m of int_eractive music systems and  made finite content (audio samples, for example).
artworks which pursue interaction that: Dynamic morphology (Wishart 1996) is explored as a
conceptual framework for dealing with streamed data
that facilitates an exploration of dynamic timbre in inter-

e implements dynamic software infrastructures, built on active, responsive music systems! and more _broadly_ asa
the object-oriented model, providing dynamic instru- conceptual framework for the design _of truly interactive
ment instantiation, orchestration and timbral control. ~ SyStéms, covering human—computer interface and sound

synthesis applications. Smalley’s spectro-morphology
It is intended that such design would be a precursor to a (Smalley 1986) follows a similar line of enquiry, but
new approach to interactivity that responds more directly from an analytical perspective. Both theories deal with
and uniquely to those who engage in the work, and in S0 ne eyolution of sound over time and provide a model
gzldnger:frmzirg:r;hem more richly for their time, energy for dealing with all sounds as compositional material. A
‘ detailed treatment of the nature of the relationship
between the excitation source and the evolution of the
sound is absolutely critical if those engaged in an inter-
1. INTRODUCTION active, responsive sound system are to perceive a cor-

Over the last six or so years, | have created a numbei€lation between the quality of their input and the quality
of large-scale audio-visual environments that have beeff the resulting sound(s).
controlled, ‘performed’, or engaged with, by people
through the dynamic of their movement and the pat-
terning of their behaviour. This installation practice has
fuelled a consideration of the nature of interactivity. Theln the technology age, interactivity has become a major
terms interactive and interactivity are broadly applied inconsideration in the development of a contemporary art-
the new media arts; however, the diversity of applicationistic practice that engages with the proliferation of com-
has lead to a lack of focus. It will be argued that theputer-based technologies. This proliferation has seen a
term interactivity is therefore widely abused and, in line revolution in the fields of animation and image genera-
with Bongers (2000), that most systems are not interacttion as well as sound art and music composition. It is
ive, but simply reactive or responsive because they lackhe harbinger of an entirely new artistic praxis, giving
a level of cognition. rise to time-based genres that apply everything from
In order to strip away the influences of current usage€artificial intelligence’ to tactile engagement as a means
and artistic practice, dictionary definitions of the termto actively engage the ‘spectator’/audience, and in so
interaction are introduced as a starting point in andoing, make the work vary dynamically. Such a work is
attempt to establish a solid understanding of the semantlefined in the moment, by the nature of the direct or
ics of the term, and subsequently, explore how such andirect influence(s) brought to bear. The audio-visual
definition might influence system design, artistic output is made up of either a collection of pre-defined
applications and a working perception of what an inter-material, triggered on the basis of distinct conditions, or
active system might be. generated algorithmically in real time. Much of this
It will also be argued that a streamed approach to datavork is called interactive. However, what do we mean
representation and interpretations for digital (interactive)by interactive? So many things are said to be interactive
instruments and responsive (interactive) sound installathat the common usage of the term is suffering from a
tions is preferential to event-based systems, because lack of focus.
more accurately reflects an ongoing interrelationship Before detailing the current approaches to interactive
between the user and the system, and as such providesusical systems, the semantics of the term interactive

e does not include any pre-defined pathways,
e takes dynamic morphology as its foundation, and

2. INTERACTION
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must be set on a firm foundation, and so | turn to theothers for their survival, and where the interaction of all
following dictionary definitions. TheOxford English parties maintains a balanced system. However:

Dictionary (2000) defines interaction as follows: ) _
e Does the racetrack alter in response to the behaviour

the prefix inter-, [meaning] between, among, mutually, of the driver? and,
reciprocally. ) e Is there actually a reciprocal energy transfer taking
interact, [meaning to] act reciprocally or on each other. place?

interaction, a noun, [meaning to] blend with each other.

The answer to both these questions is no, the user is
simply attempting to maintain a state that is acceptable
to the criteria of the game, i.e. to keep the car moving

interact is a verb, [meaning] to act on or in close relation forward and on the track. The computer program defines
with each other. the conditions to be met, and these conditions do not
interaction is a noun, [meaning] 1. a mutual or reciprocal change as a result of users’ input. They are the same

action or influence. 2. physics, the transfer of energyevery time the game is played.
between elementary particles, between a particle and a field

or between fields.

interactive is an adjective, [meaning] 1. allowing or relat- 3. MUSIC AND INTERACTION
ing to continuous two-way transfer of information between

a user and the central point of a communication system|n Interactive Music System$1994), Robert Rowe
such as a computer or television. 2. (of two or more per-defines an interactive computer music system as ‘one
sons, fprcgs, etc.)l acting upon or in close relation with eachyhose behavior changes in response to musical inputs’.
other; i.e. interacting. In this case, we can assume the term ‘musical’ implies
The prefix of the word interaction, inter-, is defined as@ common understanding. Winkler (1998) expresses this

something between, among, mutual, reciprocal. Thismusical’ understanding as being made up of a ‘huge

definition implies that the two parties act upon eachhumber of shared assumptions and implied rules based
other; that the parties exchange something, they act upo? years of collective experience’. Rowe continues by

each other in a way that is reciprocal. Ti@ollins discussing the interpretation of low-level musical signals

English Dictionarydefinition of interaction outlines an into structured high-level representations. Rowe sug-
action that involves reciprocal influence. In the field of 9ests that interactive music systems:

physics, it leads us to understand that an exchange of ... interpret the input by evaluating human musical under-

energy takes place. o ) standing (Rowe 1994: 3) ... In their interpretation of
How then do these definitions translate into the area musical inputl interactive systems imp|ement some collec-

of interactive music systems, and the new media arts? tion of concepts, often related to the structure musicians
Does an exchange of energy occur when one is viewing commonly assume. Each interactive system also includes
a CD-ROM? That is, an exchange of energy between the methods for constructing responses, to be generated when
viewer and the product? An exchange of information particular input constructs are found. As methods of inter-
certainly occurs, but an exchange of energy? Probably prete?ltion approach the successful representati.on of human
not. The user requests a piece of information, and the Mmusical concepts, and as response algorithms move
computer, through the programming of the CD-ROM, towards an em_ulatlon_of human performa_nce practices, pro-
delivers that information to a screen in such a way that 97aMS come increasingly close to making sense of and
. accomplishing an instruction such as broaden the end of the
the user can comprehend it. phrase. ipid.: 4)
One could argue that a transfer of energy takes place
when someone is playing a computer game that require€learly Rowe’s position only remains true while the
a racing car driving wheel, a gear changer, brake andhput is of an instrumental nature. If the system input is
acceleration pedals to be used (many of these can b& human gesture, be it a dance troupe or a solo music
seen in amusement arcades). In this case the user is djperformer, or for that matter, a member of the public (as
ectly transferring energy through the interface by turningis true of most interactive, responsive sound installation
the steering wheel, changing gears and possibly operatvorks), the definition becomes problematic.
ing the accelerator and brake pedals. This energy is cer- Here we face the first challenge in searching for a
tainly transferred to the interface — we know this from definition of what interactivity means when applied to
the ‘OUT OF ORDER’ signs that regularly grace the digital music systems. The Rowe definition is founded
amusement arcades. The variation in condition of theon pre-existing musical practice, i.e. it takes chromatic
interface is transferred as data to the computer progranmusic practice, focusing on notes, time signatures,
This data is used by the computer to construct a scenaritchythms and the like as its foundation; it does not derive
that is then drawn on the screen, to which the usefrom the inherent qualities of the nature of engagement
responds. There is clearly a causal loop here. A causauch an ‘interactive’ system may offer.
loop being a scenario in which all parties require the Todd Winkler (1998) expands the Rowe definition

The Collins English Dictionary(1992) contains the fol-
lowing definitions:
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with four distinctions. He suggests that interactive sys-the output of the system, and the qualitative relationship

tems present differing levels of interaction, and specifiedbetween the two.

the following models: In Interactive Music Systems, Robert Rowe outlines

three stages of an interactive music system:
e The Conductor Modelexemplified by a symphony

orchestra, where everyone is controlled from a(l) Sensingwhich includes pitch and rhythmic pattern
single source. The musical interpretation and execu-  detectors,
tion is dictated by a master controller, the con-(2) Processingwhich includes the scheduling of tasks

ductor. that create musical events in response to the sensed
e The Chamber Music Modelexemplified by the inputs, and

string quartet, where control may be passed from(3) Responsewhere the constructed audible response is

player to player at different moments within a per- delivered back to the interactive agent.

formance. Winkler says, ‘Intonation, phrasing and
tempo are constantly in flux, with control often In a situation where the system is designed to accom-
passed around to the musician with the most prompany or improvise with a musician, the construction of
inent musical material’ (Winkler 1998: 25). the responses within an agreed musical aesthetic makes
e The Improvisation Modelexemplified by the jazz sense; however, this approach does nothing to further
combo, where the musicians operate within aour exploration of the inherent qualities of an interactive
defined framework, frequently pass control, andmusic system, it simply squeezes interaction into a
vary the musical score with improvised interjec- known template.
tions, interplay and improvised solo passages. |would like to proffer one further model based on the
Winkler comments, ‘Musicians trade off taking con- process of human conversation. Winkler also raises this
trol of the music, fashioning their solos into spon- conceptual model, commenting that human conversa-
taneous personal statements that alter and influend#on, like any good interaction, is a ‘two-way street . . .
the surrounding accompanimentbid.: 26). The two people sharing words and thoughts, both parties
outcome is perceived as musical because it has angaged. Ideas seem to fly. One thought spontaneously
shared form and concurs with Winkler's definition affects the next’ ipid.: 3). The human conversation
of musical understanding above. This behaviourmodel represents a number of other characteristics as
establishes a kind of musical intelligence. well: the conversation is

An extension of the improvisation model above is free e unique and personal to those individuals,
improvisation, where a broad range of often chaotic e unique to that moment of interaction, varying in
interchanges, governed by a common musical under- accordance with the unfolding dialogue, but is
standing (the musical intelligence just summarised), e maintained within a common understood paradigm
encourages a homogenous musical outcome from a vast (both parties speak the same language, and address
amalgam of inputs. No formal structure is agreed in the same topic).
advance, and so the musicians continuously respond to
each other ad infinitum. Within such an interaction the starting point is known
Whilst the Winkler categories form a useful platform by one of the parties, and whilst in some discussions
for discussion, it should be noted that the notion of inter-there is a pre-existing agenda, in general the terrain of
action is not well defined in musical theory. For the conversation is not know in advance. It is a process
instance, Bongers (2000) points out Rhysical Inter-  of exchange, of the sharing of ideas. It is a cybernetic-
faces in the Electronic Arts, Interaction Theory and like product of the whole, a product that is unique to the
Interfacing Techniques for Real-time Performartbat  journey they share during their discourse.
many interactive music systems are in fact reactive sys- This process of interaction is extremely dynamic, with
tems, due to the absence of cognition. These systemsach of the parties constantly monitoring the responses of
represent Winkler's conductor model, failing to exhibit the other and using their interpretation of the other parties’
the dynamic intelligence of the other models. input to make alterations to their own response strategy,
As was true of Rowe’s definition of an interactive picking up points of personal interest, expanding points of
music system, discussed above, these definitions are albbmmon interest, and negating points of contention. This
coaxed in terms of existing musical practice. Interactiv-kind of interchange is much more in line with the kind of
ity may offer an entirely new approach to music-making, public/artist/system relationship that becomes apparent
and so in order to avoid getting stuck in the currentwhen an interactive system is exhibited in a public space
musical paradigms, we should question not only theas an interactive, responsive sound installation orimmers-
nature of the system input (such as musical notes, tempiye environment. In this scenario, the system'’s creator(s)
rhythms, or human gestures, dance movement, or a cortannot expect those engaging with the system to have
ductor’s gestures), but we should pay equal attention t&knowledge of formal musical paradigms. Furthermore,
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when the input to the interactive system is a human ges- e proximity of movement to other moving objects,
ture, it is questionable whether a musical construct, con- e inertia,

strained by the precedents of historical musical practice e consistency of movement, and the

(chromatic music, for instance), is an appropriate e Cartesian co-ordinates for both the momentary posi-
response. The appropriateness of response, i.e. a perceiv- tion, i.e. per video frame, and the position of rest.

able relationship between the gestural input and the

system output, is a central issue in the design of interactivgvhIISt direction and speed of movement may be applied

systems. This relationship should express the unique chal? €xisting musical parameters, they make much more

acteristics of each person’s engagement and commitmeﬁ?nse_v\’hen equated to the characteristics of naturally
to the instrument/art work/system and is, | suggest, besPCCUITing sounds. A consideration of the concepts of
represented by a system based on streamed data tedfy"@mic morphology (a conceptual model developed by
niques rather than triggered, pre-defined events. The maa’_revor Wishart _(1996) fc_)r descrlb_mg "’,‘" sounds, through

ping of sensed input data to processing algorithms is théhe change of timbre, pitch and_tlme in a 3D space) and
most complex and subjective aspect of system design. spectral morphology (an analytical model developed by

The mappings must be such that there is extensiv&€NNiS Smalley (1986) for analysing how spectra influ-
scope for exploration and the discovery of new out-€nce timbre) as an alternative approach to system output

comes, but where the outcomes prove repeatable to t%ecomes relevant.

extent that they confirm the cognitive map that the inter- If interactivity is predicated on the ability of bOt,h par-
actor is developing as their relationship with the interact-U€S 10 change in a way that reflects the developing rela-

ive system deepens. The mapping should reflect thgonship or discourse between them (as discussed above

nuance of the individual's engagement with the piece,by way of the racing car computer game), we have t(.)
ccept that multimedia systems that do not evolve their

and must therefore be made in real time, an issue discu% X : X i
sed in more detail later in this paper. ehaviour in relation to accumulated patterns of input

| propose that the public exhibition of interactive, (as described in the human conversation model above)

responsive sound installations and environments is a goo@ © therefore not interactive, but simply responsive, a
platform for the investigation of mappings that may be pattern of engagement that has been prevalent since the

inherent to the process of interaction. Of course, the interNVention of the Theremin. _ o
In order for the system to represent an interaction, it

face design dictates the nature and the scope of all interac- b ble of chandi d Vi h
tion to some extent, but public exhibition exposes theMust be capable of changing and evolving. The process

work to an untrained and inquisitive audience, who areOf evolution must promise continually new outcomes

prepared to invest time in the development of a relation-that are based upon the nature of a response-response

ship with the interactive system. They have no priorrelationship where the responses alter in a manner that
knowledge of the rules of engagement, and therefore Sépflects the cumulative experience of interrelationship.

out to develop a cognitive map of possible relationships':Or th|s to be gpheld, each exchange must_pe personal.
with the system, a map that deepens over time. That is to say, it must reflect the unique qualities of each

In this situation, the designer must consider why, forParticular dialogue. It must do th_is ina way that reflects
instance, would one wish to convert the movement of anthe overall quality of the developing relationship and the

arm to a musical chord, which in turn embeds itself{fansient moments r?_f el?gggeicment. _ g

within a chromatic music structure, but does not neces- VI\_/e 2)(_'39?]9”;6 this kind o |n.teract|%n Ie"efly a¥, hqs
sarily address the weight and subtleties of the interactiv _utlne. int € human conve_rsat|on moael earlier. It this
gesture? What role or relevance does a sense of tonalit nd. of interaction were applied to the design of interact-
have to the experience of interaction? Equally one hal/€ Instruments, they would need to adopt a structl_Jre
to contemplate the role of other historically ingrained that recreate_s, or evolyes the syste_m stru_cture, mappings
aspects of musical composition, rhythm, melody,and generation algorithms dynamically in response to

musical form and structure, which so clearly Constraminteractive input. The very structure of the system would
the Rowe and Winkler definitions become dynamic, and subsequently, the overall aesthetic

In order to address these issues, the interactive ianHO'[ent"'jII of the system would evolve as a result of the

must closely represent natural physical activities. Videgnomentary and historical interaction. How then do we

sensing allows continuous tracking of human movementf:omempl‘"“lte the implementation of such approaches in

. . i i ?
and provides a continuous stream of data that represent3t€ractive music systems
a qualitative indication of the movement currently taking

place. The following qualities can be derived from that4. SYSTEM DESIGN

data:
As | mentioned earlier, interactive music research has
e direction of movement, largely focused on the study and creation of systems that
e speed of movement, perform tasks appropriate to note-based, chromatic
e size of a moving object, music, where pitch is paramount, harmonic structures
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are integral, and a regular pulse forms a persistent rhythsound has just such a morphology, fashioned by the
mic definition. This approach takes the vertical and hori-many facets of its initial sounding source and the archi-
zontal approaches of existing musical praxis as itdectural and acoustic space(s) it inhabits. Rodet, Potard
foundation, thereby firmly rooting all conceptual devel- and Barriee (1984) point out that our recognition of cer-
opment within the framework of lattice-based musictain consonant sounds in speech is heavily dependent
where pitch is one axis and time is the other axis. Thison the nature of this morphology, so it is vital to our
approach is very well illustrated by the work of the understanding of the world, and our everyday experience

Hyper Instruments Group at the Massachusetts Institutef it. Wishart defines two primary areas of morphology:

of Technology (MIT), who have focused on the adapta-
tion of lattice-based musical approaches to electroni
interfaces in the pursuit of interactive instruments (see
their Virtual Violin and Beat Bugs, amongst other(
examples).

él) Gesture, which is ‘the articulation of the continuum

by the agent which instigates the event'.

2) The classification of morphology used ‘in relation

to perceived natural phenomena’.

| suggest that the imposition of musical characteristicsThe morphology is only apparent if the sound-object is
on interactive music systems only makes sense wheperceivable as a whole. Wishart comments:

designing a system as an accompaniment or improvisat-
ory application where the other elements of the ensemble
are adhering to chromatic music performance practice.
Accepting a pre-existing musical framework as the cri-
terion for the design of an entirely new musical para-
digm clearly restricts the selection of development cri-
teria. If one accepts that the aim is to create new means
for musical expression, to generate new or innovative
music, then the acceptance of historical criteria associ-
ated with chromatic music (i.e. pitch, pitch structures
that define tonalities, the recognition of chords, the

We may expect, however, that the category of gesture is in
some ways more restricted than that of natural phenomena
structures ... It is in other respects more extensive than
the category of natural phenomena — higher organisms are
capable of very subtle articulations of the continuum, which
we should only expect to find by chance in the structures
of a natural phenomena. The interface of these two types
of description may be seen in the relationship between
vocal and instrumental music. A musical instrument is a
device used to stabilise, through its resonance structures,
the pitch and dimensions of a sound-event. The morpholo-

gical structure of the sound-event is thus dominated by the
characteristics of the natural phenomena of resonance.
(Wishart 1996: 102)

recognition of tempi and time signatures, etc., as out-
lined by Rowe (1993) as the characteristics of an inter-
active music system) is inappropriate. The field of philo-
sophy defines this kind of criteria confusion as a A human movement is characterised by a smooth,
Category Mistake (Ryle 1995), i.e. the application of continuously changing relationship of the limb to the
characteristics, descriptive of one phenomenon ont®ody, each movement being made up of many infinites-
another where they are not necessarily characteristic. jmally small variations and adjustments. The overall
Perhaps it is time to develop a new conceptual framemovement defines a gesture, and the nature of the way
work for interactive music systems. in which that gesture is enacted is described as the
weight of the gesture. It is not possible to extricate from
a gesture the individual moments of movement and
adjustment that make up the overall gesture. In this
The contemplation of existing musical paradigms sug-sense, human movement reflects Wishart's statement
gests the creation and collection of individual events thathat ‘sound objects with a dynamic morphology can only
equate to single points of action and only become parpe comprehended in their totalityib{d.: 94).
of a continuum of movement when contextualised within - Computer music is also characterised by continuance
known musical forms. Dynamic morphology (Wishart of variation and adjustment. Similarly, a single sound is
1996) is a conceptual model that can be applied to bottperceived as a whole, not as a collection of the myriad
sound generation and sensing systems, and suggestsamples that create it in a digital playback system, but
continuously evolving stream of sound events (audiblegs a stream of contiguous sonic information. Whilst it is
or silent). possible with a computer to extract a single sound
The morphology of a sound is expressed in a ‘threesample, it is meaningless to the human ear. Wishart
dimensional pitch-duration-timbre spacebid.: 94),  points out that:
indicating a simultaneous and continuous multi-
dimensional deviation through the characteristics of
pitch, timbre and time. It is important to note here that
Wishart is referencing timbre as one of the inherent
musical characteristics of a sound. With few exceptions,
existing musical composition practice investigates When considering interactive, responsive installations
timbre as a function of orchestration rather than a prodthat use sound as their principle medium, dynamic mor-
uct of a single source over time. A naturally occurring phology can be applied to both the sound production

5. DYNAMIC MORPHOLOGY

In general, sound objects with a dynamic morphology can
only be comprehended in their totality and the qualities of
the process of change will predominate in our perception
over the nature of individual properties. (Wishart 1996: 94)
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process and the analysis and management of the relatioextant. For instance, the parameter(s) may be the fre-
ship between the person(s) interacting, and the systemuency of the oscillator, or the variable that will be
response(s). For the installation to respond dynamicallymapped to frequency, or the mixer channel or bus input
there must be dynamic variation in timbre, pitch, ampli-into which the generated audio is to be fed. The func-
tude and associated envelopes. The spectromorpholodionality of the class is the domain of the code written
model (Smalley 1986) is also a useful tool for the ana-within it, and it is essentially a blueprint for an object.
lysis of the input gestures. As an analytical tool, it allows Once extant, it becomes an object that performs a func-
the differing weights of gesture to be categorised as distion, as described in the class design, until it is no longer
tinct. If the gestural input data is stored in audio filesrequired. At this stage the object may be disposed of,
(Wessel and Wright 2002) then this technique becomesand a garbage collection mechanism removes the object
particularly applicable. A real-time interactive system isfrom the computer's memory, thereby providing
dependent on the resolution of qualitative characterismemory allocation for new object creation.
ation of the input data, and in the same way as a complex As mentioned earlier, the beauty of the OO approach
audio signal can be broken down into primary frequencyis that units of functionality can be dynamically created,
partials, so too is it important to examine the individual plugged together, detached and disposed of in such a
movements that make up a gesture as a whole. Complexay as to fulfii the momentary requirements of the
data analysis of this kind can provide a large number ofglobal program. An analogy may be a symphony orches-
control variables that make for subtle and unique synira whereby, aurally, instruments are added when
thesis responses. required and removed when no longer required. A com-
If dynamic morphology is applied to the design of poser will orchestrate a composition to use particular
responsive and interactive instruments and installationgnstruments for a desired timbral quality at points
it becomes clear that the system design itself must béhroughout the work; however, the capacity of the
dynamic, and that during an interaction, an instrumenborchestra is essentially fixed. If four flutes are required,
must be able to change in fundamental ways to producéhen the flutes are seated in the orchestra at the begin-
timbres that were impossible at its inception. In otherning of the work and remain until the end. What would
words, it must be possible for it (in accordance with thehappen if a work were being orchestrated in accordance
nature of interaction) to evolve into a new instrumentwith a responsive/interactive schema, predicated on
altogether. Dynamic software architectures are a halldynamic morphology? Such a situation may require
mark of object-oriented software design. twenty flutes at one point, and no violins, and within
minutes require sixty violins and no flutes. A software
infrastructure can allow for such occurrences within the
limits of the processing power of the host CPU (central
The model for dynamic morphology is embedded within processing unit), and the limitations of the software
the concepts of object-oriented (OO) programming. Andesign.
OO program is essentially a structure that facilitates the If designing an OO interactive music system, dynamic
creation of variations on the defined classes (the ternrmorphology would extend beyond the scope of varying
class carries a specific meaning in OO programminga fixed audio stream through the use of equalisation or
explained below). This process allows the dynamic cre-other filtering, or an otherwise variable synthesised
ation of as many versions of the class as are necessargutput from a collection of algorithms (which no matter
For instance, in a student marks register program, ihow the algorithm is designed will have a finite range
would be the number of students on the course. Thi®f aesthetic and timbral variation), to a dynamically for-
process thereby allows the dynamic creation of an inframing orchestration. In such a dynamic orchestration, a
structure of functioning units from a set of blue prints new sound object would be created when the morpholo-
(the classes). It allows this infrastructure to be createdyjical scope (by which | mean the aesthetic range of
at the time of need, and to be resized as necessary (adxpression) of the current algorithm is reaching its
a student, or lose a student). limits. The new algorithm may exist only as long as it
The building block of all OO software design/applica- is required, and may be augmented by other dynamically
tion is the Class, a blue print for a functional unit that created instruments, before being disposed of. Some-
has a range of behaviours. In sound synthesis terms, thtaing very similar may be generated again based on
class may look for a range of variables and performinteractive input, but it will exhibit variation in accord-
some operation on an audio input stream, or may geneiance with the varied collection of the conditions of cre-
ate an audio stream which is fed into a software-baseation. In other words, if this instrument were a flute, the
mixer within the program (patch/instrument). type of flute would be defined at the point of creation,
The class will contain some parameters in its descripby the process that creates it; hence, the object could be
tion; these parameters must be provided by the processither a piccolo, alto flute, bass flute, wooden flute as
that creates the instance of the class (each instance ofthe moment requires and in accordance with the scope
class is called an object) in order for the class to becomef the parameter variables of the class.

6. OBJECT-ORIENTED DESIGN
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Any synthesis approach that does not allow for the  musical installation being ‘performed’ by inexpert
real-time addition of new algorithms is inherently lim- agents (the general public).

fted. For instance, itis not possible to add a band to a The public exhibition of interactive musical environ-

filter in real time, an entirely new filter object must be . . . .
. . . . ments is a good forum for the exploration of interaction
created and the previous object disposed of, which cre-

ates a disruption in the audio signal. Lexically separatén three-dimensional spaces, such as art galleries and

synthesis processes are required for true dynamic morQUbl!C. sp/aces. This ;nethot(ta_ll of w%rk;ng f_r eej the dartfltst/
phology of synthesis processes. musician/composer from the predetermined and often

Existing sound synthesis software tools allow Someunconscmus patterning of existing musical practice, and

individual instruments to be created and disposed O]bythmaklng the works trg{!y thlree (cjillmer)smnalh ?r?gages
dynamically, so long as their algorithms are defined at"! Sp"’!cet asaf\co(;npo& Izna metllumdln m?c th('e same
the instantiation of the main program; the mixing infra- way as IS lrue for dance. As mentioned earlier, this pro-
structure (routing, EQ, etc.) must also be created at th&€ss allows for the application of the concept of dynamic

point of instantiation of the program so all the algo- morphology and spectromorphology to the movement

rithms run at once, from the time the piece/system isand behaviour patterns of people within the installation,
' the qualitative relationship

started. The synthesis process must be connected to e We'gut of , ghestlfjre, h hetic of th d
base synthesizer (the foundation synthesis engine ar}aetweent e weight of gesture, the aestnetic of the soun

audio output structure) at the time the program jsoutcome, and the way in Wh'Ch the space IS Ut'l'sed_'
instantiated. An entirely new synthesis process cannot N @ Sense, the public exhibition of interactive musical
be added after this point. This includes algorithms€NnVironments creates an ecosystem formed by:

developed in response to changing conditions of interac- ¢ the human presence and nature of behaviour,
tion. The sounds may be audible or not as the input ¢ the response of the technology (the aural or visual

demands, but the processes are all constantly running. response as experienced by the inhabitant of the
Clearly, this is not an efficient use of resources, and is  installation), and

not a good way to encourage dynamic morphology o the space itself.

beyond the initial capabilities of the instrument(s). ] . . ] ]
Drawing on the previous orchestral analogy, the The process of understanding this dynamic relationship

above situation would equate to the orchestra playing #&tween the human condition and the physical space is
wind quintet, but requiring all the other members of the SUPported by the study of cybernetics, and in particular
orchestra to remain on stage, and worse, to require thEb_e closed_causa_ll |0(_)p, a phenomenon which forms the
entire orchestra to attend all the quintet rehearsals antiird and final pillar in this suggested approach to the
sit silently in their chairs during the rehearsals and per-deSign and exploration of interactive music systems.
formances. However, before moving to consider the closed causal
The predominant paradigm of music composition isloop, a further extension of software design approaches
assumed, whereby the composer/programmer creates thg€eds to be considered.
resources they expect to need for the entire composition Throughout the above consideration of design con-
at the beginning of the work. These resources contain &€PtS for interactive, responsive musical environments, |
set group of instruments, with an inherently limited aes-have talked of the environment, or instrument evolving
thetic and morphological scope, a limitation that in my OVer time in response to learned patterns of input. Such a

view has no place in interactive electronic music per-system would require a level of cognition, i.e. a software

formance, because: infrastructure that could establish the patterns of interac-
) . tion based on historical knowledge, and act accordingly.

o it does. not address the human context, by Whlf:h INeural networks are an approach to computing,

mean it has evolved to cater for existing ,mus'ce,‘ldeveloped for pattern recognition tasks, and capable of
practice and does not addresses the potential flexibeing trained with an initial set of sensitivities, and
llity of computer music systems or the developing |5 ming 1o evolve those sensitivities in response to
range of approaches to interfacing with Interactive, 5 ieq input over time. The inclusion of a neural network

music sysFems; . L , in the kind of software design discussed above would
e itis not driven by artistic values, it is predicated by allow the system to be trained:

programming limitations;

e it is aesthetically limited; e To recognise individuals from their gesture patterns

e it does not allow for the evolution of a musical work and movement characteristics (a useful feature for
over an extended time frame, where the context for  training an interactive environment to respond inde-
the work may also change; and pendently to different people, and also useful for

e it caters to a paradigm based on a pre-determined interactive dance performances where it could be
musical work being performed by an expert per- compositionally valuable to attribute different

former, and as such does not cater to the indetermin-  response patterns to different dancers).
ate form or resource requirements of an interactive e To make subjective, qualitative judgements about
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the observed movement/gesture patterns, so that ththe engagement, is a critical consideration in the devel-
system could determine the intent of the movemeniopment of interactive, responsive environment installa-
or gesture. Qualitative data of this kind would tions. One of the principal concepts of cybernetics is the
greatly extend the scope of current systems, that canausal loop. A closed causal loop is one in which each
respond, as described earlier in this document, taf the elements contained in the loop act upon the others
speed of movement, position of movement, relation-in a constant and varying fashion to maintain equilib-
ship between two bodies, etc. The accumulation ofrium. The only influences on a closed causal loop are
subjective, qualitative data would make additionalthe elements it contains. As | shall outline below, an
layers of intention-based aesthetic responses availnteractive, responsive environment installation exhibits
able through the structured control of more sophist-the qualities of a closed causal loop.
icated synthesis algorithms. These additional layers Within an interactive, responsive environment
would in turn make for much more sophisticated, installation, human movement and behaviour patterns
unique and individualised interaction. act upon the technology, the sensing system collects
e To control vast numbers of synthesis variables in ainformation about the nature of the human movement,
structured manner, directly related to the subjectivethe weight of the gesture, the speed and direction of
qualitative data output of the neural network, and inmovement, and feeds the data to audio and video algo-
turn control much richer aesthetic outcomes. rithms that respond in whatever fashion the artist has
e To analyse the aesthetic output of the interactivedesigned. The response of the system is presented in the
system, and generate new algorithms that wouldPhysical space, and takes the form of changing sound
extend or fine tune the aesthetic scope of the outpupatterns and variations in video or animation projections.
of the system. This may see the output algorithms/N this way the technology acts upon the space, altering
of an interactive, responsive environment evolvingthe architectural and energ_etlc nature_ of the exhibition
over time, so that the response patterns of the’Pace, and these changes in the physical space cause an
installation adapt to an accumulated knowledge qulterano_n of behawour by th_ose that_lnhablt the _exh_lbl-
how people interact with it, and in so doing may tion. Th|s_ alterqnon of pehawour, l_)e it one of ex_C|tat|on
totally discard the algorithms the artist(s) estab-OF Placation, will be driven by an intention to bring the
lished for the piece. This kind of development is system to equilibrium, or drive it into an unsteady or

currently occurring in artificial life animated worlds chaolic state. : . .
both in exhibition environments and online (see The human response to the alterations in the environ-

Sommerer and Mignonneau 1998) ment forces the closed causal loop into a further itera-
' tion. The input to the technology, the human movement,

Neural network development would directly support Will Probably vary, the output of the technology will
the ideas of dynamic orchestration, as outlined abov&/@y and the physical space will in turn be changed, gen-
through the use of object-oriented programming. Forerating a new and dls_tlnct response from those W|th|n it,
synthesis output to reflect the minutiae of individual ges—an_d so the loop begins again. Interdependent relation-
tures, the synthesis algorithms must become much mor%hIpS are formed between:
sophisticated, which in turn requires more variables, e the technology that mediates the installation
more than would be easily controllable in a non- response,
structured manner. Neural networks provide a mechan-
ism to control vast numbers of synthesis algorithms in &
controlled and subjective, qualitative manner, and as
such are a valuable addition to the interactive system
development tool kit.

The examination of cybernetics moves the desigr
approach away from the foundations of existing musical
or computer sciences practice into an area of contempol
ary exploration of the phenomena of the natural world
and the human condition, areas that in my view are vita\Ten::hl'll:l'li:}g[vr
considerations in the development of a new artistic para
digm.

Space

7. CYBERNETICS — THE CAUSAL LOOP

The relationship between the physical exhibition space
the technology used to execute the work, and the human
movement and behaviour patterns that form the basis of Figure 1. Closed causal loop.
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relationships that are exhibited in the exhibition
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dynamic and complex image process of the work (‘Art as
a Living System’). Sommerer and Mignonneau assume,

similar to Gregory Bateson (1982), that the patterns of mind
(consciousness) and the patterns of matter are reflections
of one another and part of an unbroken dynamic whole.
(Sommere and Mignonneau 1998: 148)

space, and
e the definition and experience of the physical space.

| have taken particular inspiration from Norbert
Wiener, a key proponent of Cybernetics. He conducted

a great deal of research into the application of cybernetic . One of the Ploneers of [nteract|ve arts, the American
video, and responsive environment artist Myron Krueger

principles to the organisation of social systems. In 1948 e . ) . .
he wrote: expresses a similar sentiment when discussing his early
interactive video works:
It is certainly true that the social system is an organisation
like the individual, that is bound together by a system of
communication, and that has a dynamic in which circular
processors of a feedback nature play an important role.
(Wiener 1948: 24)

In the environment, the participant is confronted with a com-
pletely new kind of experience. He is stripped of his informed
expectations and forced to deal with the moment in its own
terms. He is actively involved, discovering that his limbs
have been given new meaning and that he can express him-
self in new ways. He does not simply admire the work of the
artist; he shares in its creation. (Krueger 1976: 84)

Wiener's comments can be applied to interactive,
responsive environment installations, and in so doing,
imply that a well-designed interactive, responsive envir- _
onment may represent patterns of social interaction, anffiere. Krueger, as an artist, draws the same pgrallels
subsequently provide a basis for the consideration szxpresseq by Wiener, Capra, Sqmmerer and I\_/Ilgn_on-
aspects of the human condition. neau; hg |nd|cqtes that the experience (_)f engaging in a

Fritiof Capra (1996) also focused on this aspect of thd' €SPonsive environment involves an active engagement
closed causal loop when he wrote: with gach moment, and_that each moment of engag(_ement

contributes to the creation of the art work. The particip-
...the diSCOVery of feedback as the pattern of |ife, appliC'ant does not have the Opt|0n Of tak|ng the stance Of a

able to organisms and social systems . . . (helped) .. . sOCigdetached spectator; they are inherently part of the pro-
scientists observed many examples of circular causality

o . ) cess, part of the artwork/instrument itself. Indeed, the
implicit in social phenomena, ... the dynamics of these - . - .

o ~~area of animation and digital imagery (the focus of
phenomena were made explicit in a coherent underlying S d Mi ; K) is leadi
pattern. (Capra 1996 62) Krueger,_ ommerer an M!gnonneau s wor ) is leading

_ o _ ~ the way in creating interactive, responsive environments
So too are the patterns of relationship in an interactivethat evolve as a result of changing input conditions, a

responsive environment made explicit and coherentead from which those involved in the development of
through many iterations of the closed causal loop discusinteractive music systems could learn a lot.

sed above, each one rendering with greater detail the

nature of the relationship. The user/inhabitant of the

interactive, responsive environment installation develops$. SUMMARY
a cognitive map of the responses of the installation, test
this map through iterative exploration, confirming prior
experience, and actively engages in the evolution of th
ecosystem in which they find themselves.

In 1998, the virtual reality and interactive installation
artists Christa Sommerer and Laurent Mignonnea
expressed similar thoughts when discussing the develo
ment of the interactive digital arts:

Fhis paper has presented a range of approaches to inter-
active music system design, and in so doing draws some
Qiistinctions between the current note-based approaches,
and a more sound-based approach that embraces
dynamic morphology as a foundation for evolving aes-
Yhetic and musical outcomes. For interactivity to develop
Rhto an interesting and truly engaging art form, it must
move away from the concept of interaction as defined in
... the art work . .. is no longer a static object or a pre-current interactive musical performance systems
defined multiple choice interaction but has become a pro{embedded as they are in existing musical practice), and
cess-like living system. (Sommere and Mignonneau 1998jn CD-ROM and virtual reality systems where the user
158) experiences a mediated journey along predefined paths,
Sommerer and Mignonneau (1998) also comment that:during which they are presented with predefined audio
o _ o , . and possibly visual stimulation. We must seek to
From the insight that interaction itself and the interrelation develop experiences that are not predetermined, and that

between entities are the driving forces behind the structure?eﬂect each individual's nuance of input in a unique and
of life, ... artists investigate interaction and the creative P g

process itself. Creation is no longer understood as expreg!filling manner. In working towards this point, inter-

sion of the artists inner creativity or ‘ingenium’ (according active instrument and installation systems must be
to Hegel) but becomes itself an intrinsically dynamic pro- developed which change in response to accumulated
cess that represents the interaction between the humaWser input in the ways discussed above. If they do not, as
observer, his/her consciousness and the evolutionarys the case for nearly all current interactive, responsive
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