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Cybernetics in Music:

a philosophical and practical investigation

Abstract:

This thesis examines the use of cybernetics (the science of systems) in music, through
the tracing of an obscured history. The author postulates that cybernetic music may
be thought of as genera of music in its own right, whose practitioners share a
common ontology and set of working practices that distinctly differ from traditional
approaches to composing electronic music. Ultimately, this critical examination of
cybernetics in music provides the framework for a series of original compositions

and the foundation of the further study of cybernetic music.
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Chapter 1

Introduction



1. Cybernetics in Music — Thesis Introduction

The physical functioning of the living individual and the operation of some of the newer
communication machines are precisely parallel in their analogous attempts to control entropy
through feedback (Wiener, 1950).

This thesis is an examination of cybernetic theories and their application to musical
composition. The primary concern of this study is to define a certain type of
electronic music in a new way, with the aim of uncovering a common ontology that
underpins the work of a number of eminent composers of electronic music, while
tracing the development of a genre of music that has hitherto been obscured by other
dominant trends. In the process, a framework will be generated in which cybernetic
music may be viewed. This framework will then be utilised to interrogate these
research findings within original musical compositions.

The first question that may justifiably be asked is: What is cybernetics? It is true that
the words cyberspace, cyborgs and cyber-men and any other word that shares the
cyber-prefix have their cultural root in cybernetics. Thus, it may be rightly assumed
that cybernetics is synonymous with computers, machines, and robotics. However,
the mathematics of cybernetics and its philosophical underpinnings have little direct
connection with these tropes.

Cybernetics is the study of systems, or more precisely, the study of organisation in
complex systems. The term cybernetics comes from the Greek word kybernetes,
meaning the art of steersmanship when piloting a boat, and has the same root as the
word for ‘government’ (Wiener, 1948). First used as a term by Plato, and later by
Ampére in the nineteenth century, cybernetics was conceived in its inception as the
science of effective government.

Modern cybernetics was defined by the mathematician Norbert Wiener in his
formative publication Cybernetics, or Communication and Control in the Animal and the
Machine (Wiener, 1948). Wiener’s cybernetics pertains to the study of systems, their
structure, regulation, constraints, and possibilities. His thesis outlines a number of
related mathematical theorems that pertain to time, statistics, information, feedback,
the nervous system, the perceptual senses, the brain, language, and society. His
cybernetic vision came from the interdisciplinary nature of the government military
projects on which he worked during the Second World War. The field of cybernetics
as we understand it today was born in this milieu and coalesced at the Macy
conferences — a series of meetings among a group of interdisciplinary scientists and
medical doctors that took place in New York between 1941 and 1960. In the late
1960s and 1970s, cybernetics began to broaden its appeal as its theories and ideas
became incorporated into the social sciences and eventually found an expression in
art, music, and popular culture.

Cybernetics is peculiar among modern sciences because of its major influence and
yet relative obscurity in modern academia. Since its inception, cybernetics has played
a major role in the development of many scientific fields, such as artificial
intelligence, complexity science, information theory, chaos theory, control theory,
general systems theory, and robotics. However, due to its interdisciplinary nature



(there are currently many more sociologists, biologists and architects practicing
cybernetics than computer scientists), cybernetics as an overarching and autonomous
discipline has struggled to become established. One fundamental reason for this is
that research departments and academic programmes have not hitherto been in the
habit of catering to holistic disciplines. Furthermore, the spin-off fields mentioned
above have been far more effective in gaining funding, often due to their military
and defence applications. Artificial intelligence, in particular, gained almost all of its
academic funding in the United States from the DARPR, an agency of the US
Department of Defence (Chapman, 1995).

While the early preoccupations with command and control in cybernetics infer
seemingly sinister implications, after his experiences working in defence research for
the United States government, Wiener himself sought to present cybernetics as a
non-militaristic science. He outlines this cybernetic liberal-humanist agenda in his
book, The Human Use of Human Beings (1950), which prefigures the sociological turn
that cybernetic study took during the early 1970s. On the implications of the
compartmentalised use of science during the Second World War, Wiener asserted:
“The measures taken during the war by our military agencies, in restricting the free
intercourse among scientists on related projects or even on the same project have
gone so far that it is clear that if continued in time of peace, this policy will lead to
the total irresponsibility of the scientist, and, ultimately, to the death of science. [...]
The interchange of ideas, which is one of the greatest traditions of science, must of
course receive certain limitations when the scientist becomes an arbiter of life and
death. [...] I do not expect to publish any future work of mine which may do damage
in the hands of irresponsible militarists.” (Wiener, 1947)

Cybernetics is at its root a science of analogy and metaphor (Hayles, 1999), of which
the most pertinent is that machines are like living organisms. This analogy can be
demonstrated from an information perspective; analogical relationships can be
constructed between living and mechanical systems that demonstrate similar
patterns of information and behaviour. It is important to note that in cybernetics,
“analogy is not merely an ornament of language but a powerful conceptual mode
that constitutes meaning through relation” (Hayles, 1999). It allows us to cross
boundaries, for the opposite of drawing an analogy is to construct a boundary.
Analogy offers a different line of enquiry and a powerful conceptual framework in
design.

Cybernetics also concerns the study of self-sustaining entities. Louis Kauffman,
President of the American Society for Cybernetics, gives this definition: "Cybernetics
is the study of systems and processes that interact with themselves and produce
themselves from themselves" (Kauffman, 2007). An important facet of this line of
enquiry is that cybernetics, in the main, is not concerned with linear cause-and-effect
processes. Instead it seeks to examine emergent properties that a system may exhibit
and recognises the probabilistic processes and circular causality that may act upon,
and are at play within, a system. To the cybernetician, the world is not a set of truths
or epistemologies that lay concealed waiting to be uncovered, but instead presents a
continuing *“dance of agency” (Pickering, 2011) in which discovery is only
meaningful in a performative context. Cybernetics holds the view that learning,
intelligence, and creativity take place in an embodied setting; they are formed when
agents interact with their environment. They are not constructed in the mind alone,



but happen via an interactive feedback process, which is a very different conception
from the traditional Cartesian view. This particular meta-systemic focus allows us to
ponder how entities, living or otherwise, contravene entropy to create structures that
are self-sustaining and have meaningful emergent properties.” This constructivist
approach underpins this thesis and helps to address the creation of self-sustaining
musical works that have emergent musical properties.

Cybernetics is also unusual because of the peculiar ontology its investigation evokes,
which runs counter to much modern thinking. The philosopher Bruno Latour (1993)
argues that modern thinking is dualistic, in that it separates people from things. He
observes that this dualism is institutionalised in our schools and universities, which
split the natural sciences (from which people are distinctly absent) and the social
sciences (the human realm), and thus a dualist ontology presides. Conversely,
because cybernetics is concerned with systems, it is much less interested with what
things are (the epistemology) than what they do. Animate and inanimate entities
gain equal footing when considering flows of information and performative action in
the world. One such example of this is cybernetician Gregory Bateson’s thought
experiment in which he ponders, “Is a blind man’s cane part of him?” In addition,
classic cybernetic research projects concerned with such things as synthetic brains
and interactive machines “threaten the modern boundary between mind and matter,
creating a breach in which engineering, say, can spill over into psychology, and vice
versa. Cybernetics thus stages for us a non-modern ontology in which people and
things are not so different after all”” (Pickering, 2010).

Cybernetics not only stands as a challenge to modernity and modern thinking in
science. In its application to other subject areas and in particular relevance to this
thesis, its application to music, it stands as a challenge to many modernist ways of
thinking about composition. For example, rather than music being formulated in the
mind of individual composers to be disseminated hierarchically into the world,
cybernetic music sees the compositional process and forming of meaning-making as
being an interaction between composer, technology, audience, and environment,
with each element playing an integral part. Cybernetic music is not fixed
compositionally, either by the symbolic representation of notation, or by a platonic
idea of a perfect musical form. Instead it is an ephemeral dance of agency, which
may exhibit emergent properties that we may define as music.:

The organic, constructivist viewpoint that cybernetics offers provides a different
perspective from which to examine and create music and organised sound with
technology. It offers a design ethos that seeks to uncover underlying structures and
modes of organisation that may assist in creating musical works that may be
reflexive, interactive, or self-organising. It is particularly useful as an ethos that may
be employed in the creation of works that do not seek to obey formal musical
structure, especially those that utilise electronic technologies and require a meta-
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language beyond formal notation that speaks to what is common between human,
machine, and environment.

According to Heinz von Foerster, circularity is the central theme of cybernetics (von
Foerster, 1980); autonomous systems are always embedded in environments and
subject to feedback processes. The feedback loop, the flow of information from entity
to environment and back again, is at the core of all cybernetic processes. Organisms
(and machines) may choose to reinforce or suppress environmental stimuli based on
this constant flow of feedback information. It allows for entities to make internal or
external changes and to adapt to environmental conditions. Feedback allows for self-
sustaining organisms that have agency within the world. According to the
cybernetician Peter Cariani, “cybernetics concerns the organisation of effective action
in the world via the incorporation of ends into means” (Cariani, 2010). This statement
not only emphasises the performative ontology of cybernetics. It also recognises the
circular causality of certain types of goal-orientated behaviour, where ends (goals)
feed back into means. Such feedback mechanisms can be found in both technologies
and evolutionary processes. This trope is examined in this thesis in its relation to
how technologies are employed in cybernetic musical composition and how this
differs from established approaches to using technology in musical composition.

The concept of feedback is integral to this thesis. It will take a central role, both in the
uncovering of cybernetic tropes and cybernetic commonalities in composers’ works,
and as a conceptual and physical tool to be employed in the creation of new, original
works. Feedback, in engineering terms, occurs when an output signal is fed back into
an input signal. The computer engineer Derek J. Smith states: “Two types of feedback
need to be identified, namely negative and positive. Negative feedback is where
corrective action is taken to reduce, or ‘damp’, the amount of an error. This is the sort
of feedback, which gives us the classic ‘closed loop’ control system (e.g. a
thermostat). It also gives us the feedback we are already familiar with in biology
under the name homeostasis (Cannon, 1927). By contrast, positive feedback [for
example, audio feedback] is where the correction is made in the same direction as
that of the original displacement. Each pass around the feedback cycle thus
maghnifies the displacement instead of diminishing it” (Smith, 1997). Feedback creates
a rapid escape from the initial signal or form and results in exponential outputs or
complex structures. In the work of many cybernetic composers, the nature of this
complex regeneration is often formed from sound in the environment, which can be
adapted using DSP processes to evolve in exponential or unpredictable ways. In
tandem with this generative process, DSP is also used to dampen and control the
nature of the exponential outputs, thus a state of equilibrium between these two
processes is sought. This conception of cybernetic music reflects the
human/machine/environment paradigm, which is central to cybernetic theory and
the use of feedback to control entropy, thus creating a homeostatic or autopoietic
state.

The purview of this thesis pertains to cybernetics and electronic musical
composition. However, it is important to state that this is not composition by
traditional means; that is, notation is not the primary mode by which composition
may be represented in this context. Therefore, it is perhaps more epistemologically
pertinent and relevant that the subject area of music technology be the residence for
these ideas and modes of approaching composition mediated by technology. Music



technology is a relatively new, multi-disciplinary academic field, and as such is still
searching for overarching theories that encompass technology and music, which
stand apart from most of the writing on the subject of modern composition that
stems in the main from formal writings about music. This thesis aims to provide a
specific academic context by which music composition that does not require notation
may be justified as part of a music-technology epistemology. This therefore implies
that this thesis contains critiques of scientific theory, philosophy, philosophy of
science, technological design, and aesthetics, as well as musicology and music.

The infusion of cybernetics into the music-technology and compositional canons is
highly relevant to the questions that recent technological advancements pose, as
Heylighen and Joslyn postulate: “As reflected by the ubiquitous prefix ‘Cyber’, the
broad cybernetic philosophy that systems are defined by their abstract relations,
functions and information flows, rather than by their concrete material components,
is starting to pervade popular culture, albeit in a shallow manner, driven more by
fashion than by deep understanding. This has been motivated primarily by the
explosive growth of information-based technologies including automation,
computers, the Internet, virtual reality, software agents, and robots. It seems likely
that as the applications of these technologies become increasingly complex, far
reaching, and abstract, the need will again be felt for an encompassing conceptual
framework, such as cybernetics, that can help users and designers alike to
understand the meaning of these developments” (Heylighen and Joslyn, 2001). As
technology becomes ever more ubiquitous and personalised, the
human/machine/environment framework that cybernetics offers becomes ever
more pertinent, and a musical form that reflects this metamodern state seems ever
more relevant.

Whilst there are many compositions and examples of the musical implementation of
feedback, there is no research that examines feedback or cybernetics in the terms
proposed in this thesis, as the basis for a new interpretive framework and generative
compositional mode. For example, at present there are very few specific titles (and
almost none outside the writings of some of the composers considered in this thesis)
that refer to cybernetics in the RILM Bibliography. There is currently only one paper
(Dunbar-Hester, 2010) that seeks to catalogue a collection of cybernetic composers
and by the author’s own admission, the diversity of cybernetic music practice
presented *“a major difficulty in addressing cybernetics as a homogeneous or
monolithic discourse” (Dunbar-Hester, 2010). Put simply, the purview of this thesis
has not been examined hitherto. This study therefore aims to address the deficit of
research in this area, and through hermeneutic, scientific, and musicological enquiry,
seeks to present cybernetic music as a coherent genre of music that shares a common
ontology and a common set of musical practices. This new analysis and the
framework it generates will provide an original and important contribution to
practitioners and the academy, which will enhance current understanding, not only
in providing a new perspective on composers who have worked in this field, but also
in new and original creative and technological outputs. This research also runs
counter to many accepted methods of symbolic artificial intelligence employed in
music informatics and many compositional systems that utilise computers, and as
such, it proposes an original way of defining a certain type of electronic musical
composition as Cybernetic Music.



The key aims of this study are to assess the significance of cybernetics and feedback
in past and potential future musical applications; to provide a new interpretation and
perspective on existing compositions; to generate useful criteria that will be applied
in the creation of organised sound; and to interpret and apply research findings in
musical compositions and performances that will interrogate the relationship
between feedback, creativity, and technology.

The fundamental objectives of the thesis are as follows:

1. To evaluate the role that cybernetics and feedback have played within music
composition.

2. To demonstrate that cybernetic music has a compositional ethos that fits
within an established canon of musical works.

3. Tointerrogate these principles in original musical compositions.

4. To develop a vocabulary of performative music practice based on cybernetic
principles.

5. To design technological and creative systems that aid cybernetic composition.

6. To critically evaluate the relevance of cybernetic music to composition and
justify my own work within this paradigm.

Finally, as the philosopher of science Andrew Pickering points out, where
cybernetics is concerned, “ontology makes a difference” (Pickering, 2011). Pickering
reasons that the modern sciences are obsessed with epistemology and the assurance
of ultimate explanations of reality. However, the ontology of unknowability that
cybernetics presents is distinctly missing from the modern scientific worldview. This
non-modern ontology comes to the fore when considering exceedingly complex
systems, which may only be known by interacting with them. According to
cybernetics, the human brain is the prime example in this instance. However, many
other much more basic systems exhibit complexity that cannot be predicted by
mathematical modelling or any other form of scientific representation. Pickering cites
the work of theoretical biologist Stuart Kauffman and the computer scientist Stephen
Wolfram (among others) as examples of the type of simple systems that exhibit
exceedingly complex behaviours. Kauffman’s work in computer simulations of
complex systems in the 1960s demonstrated how simple structures could emerge that
had their own dynamics, which could be interfered with, but could not be controlled.
Wolfram’s work with cellular automata demonstrated that under the simplest formal
mathematical rules, the time evolution of cellular automata can very quickly become
complex to the point of ‘unknowability’ — the only way to know what such a system
will do is to run it and see what happens (Pickering, 2011). Pickering argues that this
type of ‘knowing’ of complex systems is a staging of what he terms “ontological
theatre”. In fact, he postulates that cybernetic practice, and in particular the building
of machines and systems in the cybernetic idiom, is peculiar among the modern
sciences as it stages ontological theatre for us, a different way of imagining what the
world is, and of explaining how it works. This thesis explores what it means to
compose electronic music from this ontological standpoint, what this means when
constructing a technological design ethos for composing, and what music that stages
ontological theatre for us might look and sound like.



Chapter 2

Methodology



2. Methodology Chapter

Being is a process of becoming (Kierkegaard, 1864).

This section of the thesis examines the theoretical standpoint from which all musical
works herein will be examined and the framework from which all musical
compositions herein will be created and evaluated. The methodology described
below stems from the core interest of this thesis, which concerns the composition of
electronic music and the new frameworks and possibilities that cybernetic music will
allow in this creative process.

Before examining the areas of study for the thesis, it is important to state the
ontological and epistemological framework under which the study will be
conducted. The following section concerns some of the origins of cybernetic thinking
and how they pertain to wider philosophical and musical ideas.

2.1. The Ontological and Epistemological Position

Cybernetics offers an ontological and epistemological position that differs from a
number of conventional and well-established traditions (particularly formalism,
causality, and artificial intelligence). In considering the purview of cybernetic
enquiry, it is useful to examine the work of one of the founding fathers of
cybernetics, Norbert Wiener. He began his academic career in the early part of the
twentieth century as a mathematician studying Brownian motion. His insights in this
field brought him to the conclusion that the universe operated in probabilistic terms.
He hypothesised that initial conditions at the particle level could never predict the
outcome of a situation, but could only give an indication as to a myriad number of
outcomes. Moreover, he thought (as did Heisenberg) that initial conditions could
never be precisely known. This idea is in direct opposition to Pierre-Simon LaPlace’s
assertion that given the knowledge of initial conditions and enough computing
power, a system’s evolution could be predicted for all eternity. That is to say, that the
universe could be precisely knowable (Hayles, 1999).

It was from this probabilistic ontology of unknowability — sometimes referred to in
relation to cybernetics as ‘black box ontology’ (Pickering, 2011) — that Wiener began
to develop cybernetic ideas from the then nascent field of information theory. His
theory equated the uncertainty of the quantum world to uncertainties within the
world of communication. In commenting on Wiener’s cybernetic vision, the
postmodern literary critic N. Katherine Hayles postulates: “Statistical and quantum
mechanics deal with uncertainty on the microscale; communication reflects and
embodies it on the macroscale. Envisioning relations on the macroscale as acts of
communication was thus tantamount to extending the reach of probability into the
social world of agents and actors” (Hayles, 1999). From this perspective conventional
ideas of cause and effect, of a deterministic universe, become less tangible. Instead,
events and outcomes become blurred, leading to the notion of circular (not linear)
causality. The cybernetic framework that Wiener proposed sought to demonstrate
how messages and structure may arise from pure noise, and how life itself may be
understood as patterns of organisation (Wiener, 1950).



Ontologically, the cybernetic position can also be said to be one of ‘emergence’;
structure emerges from chaos, living organisms exhibit emergent behaviour and order
can emerge from the entropic void. Cybernetics de-emphasizes the beginning and
end, or the cause and effect, and focuses instead on the state between: the emergent
factors. Emergence in cybernetic terms pertains to structures or patterns that arise
from the interaction of smaller, simpler discrete entireties, such as, for example, the
patterns made by flocking birds, or individual ice crystals forming the complex and
unique pattern of a snowflake. Emergence pertains to the behaviour of complex
systems and offers a standpoint from which phenomena such as biology; being an
emergent property of chemistry, or thinking; being an emergent property of the
brain, may be understood (O' Connor and Wong, 2012). In cybernetic compositional
terms, music becomes an emergent property of the interactions of smaller sonic
elements. Composers such as Xenakis and Brin have made emergence central to
their compositional ideas. In Xenakis’ case, this is incorporated into his theories of
the interaction of sonic grains forming emergent structures; in Brin’s case, this takes
the form of serial computer processing of audio elements producing emergent
sonorities. Emergence is a vital concept in cybernetic composition and all the
composers considered in this thesis engage with this notion in some form.

To recognise the emergent is to view the world from a constructivist standpoint,
which recognises the integral role of environmental characteristics at play in any
dynamic system; an entity is not separate from its environment; it emerges from it
and is contained within a wider universal system. To use a musical analogy, in this
new mode of electronic composition, musical works are no longer disseminated
hierarchically; from composer to musician (and/or technology) to audience, but
instead, compositions are a negotiation between the composer, the musicians
(and/or technologies), and the audience. In the hierarchical formulation,
environmental factors are seen to be irrelevant or superfluous to the transmission of
information (Eno, 1976). In the cybernetic model, all elements of the system form a
non-hierarchical balance of control. Environmental factors are recognised and form a
part of the overall equilibrium. To recognise environmental characteristics in this
way accords with a number of modern philosophers who assert the primacy of
context and in particular communities in forming knowledge and shaping being.
Gadamer, Kuhn, Foucault, Rorty and Fish all share this viewpoint (Coyne, 1995).

States of between, emergence, and transition are reflected in many philosophical and
cultural texts that have a bearing on the ontological basis of this thesis, particularly
how one might envisage a state of ‘being’, which is in a constantly emergent state. In
thinking about being, Hegel states: “after pondering being in this pure way, we are
led to realise that we are thinking of the possibility of there not being anything at all
— or, more precisely, the thought of pure indeterminate being slides into the thought
of nothing. Yet thinking of nothing is not ceasing to think”. He further postulates: “A
thought slides into its opposite and back again. In the case of being, to think of pure
being is to think of it disappearing into its immediate opposite. To think of being is,
therefore, to think of something else, the transition into nothing whatsoever, then
back again into being. It seems, then, that thought is about something else apart from
being and nothing. It is about transition” (Houlgate on Hegel in Coyne, 1995). Once
again, the theme of entities emerging into being from the void is present and this
relates to ways of thinking about compositional structures explored in this thesis, in
particular, ex-nihilo (out of nothing) creative processes, or musical structures that



emerge from noise or interactions of sonic grains, or some form of exponential
generative process.

As previously stated in the introductory chapter, the purview of this thesis lies
within the realm of music technology and therefore when considering a musical
ontology, technology must also be considered in equal measure. Martin Heidegger
has provided one of the most important critiques of being and technology in modern
times. Although somewhat mystical in nature, Heidegger’s philosophy clears a path
to thinking about how technology may be employed in a meaningful way.
Heidegger asserts that technology ‘enframes’ existence. It is entwined in the very
fabric of being, and nothing can escape its thrall. This enframing is so absolute that it
has led to a withdrawal of being; we are no longer able to see the mystery within
things. Heidegger says that our response to this withdrawal should be a “letting be”.
We are not able to control the withdrawal but we are able to be aware of it and
attempt to be “open to mystery within things” (Heidegger, 1954). In this way we are
able to participate in the withdrawal in a more radical way. We are thus able to see
the depths of the abyss and respond in a knowing way (Coyne, 1995).

In a 2002 text on Postmodernism and the Postmodern Novel, authors Keep, McLaughlin
and Parmer state: “Where modernism thought of itself as a last-ditch attempt to
shore up the ruins of Western culture, postmodernists often gleefully accept its
demise and plunder its remains for artistic material.” They also conclude by
speculating that postmodern authors will “turn the detritus of our collapsing ‘meta-
narratives’ into the stuff of a new mode of representation”. Furthermore, this literary
experiment will take place in what they term “the ethereal void of the electronic
word”. Here we see both recognition of the void (as referred to by Heidegger as the
‘non-ground’), and the allusion to the act of ex-nihilo creation: an emergent creative
experiment, enframed in a technological milieu. While this is by no means a
complete encapsulation of postmodernist thought, these ideas are pertinent to this
thesis as they point toward the technological and creative possibilities inherent in
postmodernist tropes.

There are other ontological facets that should be considered here, namely where the
thesis stands in relation to the two overarching movements of our era: modernism
and postmodernism. Again, the theme of between arises: the argument of this thesis
oscillates between the modern and the postmodern. It stands in opposition to some
of the central tenants of modernist music, that is to say, the formal (musical) system,
hierarchies of ‘low’ and ‘high’ art, and the need for a composer’s individual style.:
Conversely, it embodies modernist traits, such as an interest in abstraction and
paradoxes, an interest in an internal ‘I’ (i.e. concerns with consciousness), and the
creative use of systems.

Furthermore, it is postmodern in some important ways, such as, the atomization of
the self (in authorship), the creation of meaning from ‘différance’ (Derrida in Berger,
2003), a concern with self-referential structures, and the *“incredulity to
metanarratives” [formal systems] (Lyotard in Berger, 2003). It seeks to be egalitarian,
drawing on ideas prevalent in classical, avant-garde, and popular music traditions
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(where there is little distinction between ‘high’ and ‘low’ art). It posits something
new, particularly in compositional method, and also in what is ‘asked’ of the
audience, as meaning is founded in negotiation.

So whilst the thesis encompasses tenets of both modernism and postmodernism, it
only rejects some modernist ideas and in many respects occupies space both between
and outside of both paradigms. As Andrew Pickering points out (Pickering, 2011),
the ontology of cybernetics itself is distinctly non-modern, both in its rejection of
modern academic dualism and in its emphasis on ontology over epistemology (also a
preoccupation of Phenomenologists such as Heidegger, and Pragmatists such as
Dewey (Coyne, 1995)). This boundary-crossing, non-hierarchical position is also
aligned with the man-machine egalitarianism found in much post-human discourse,
as ascribed by writers such as Wiener, Hayles, Gray,F and others.

The cybernetic composer Brian Eno describes two states of being that inform his
work: “All of the encouragement of modern life is to tell you to ‘pay attention to
yourself’ and ‘take control of things’. We can invent technologies and we can think of
ways of organizing the world to our advantage, to our benefit. However, the other
thing we obviously love doing is almost completely the opposite; putting ourselves
in positions where we’re not the primary figure, where we are not in control, we’re
carried along, floating on something. | like this state, which I call ‘surrender’ and
others call ‘transcendence’” (Eno in BBC, “Arena”, 2010). The practical content of this
thesis will explore both these states, and their relevance to musical composition: to
surrender to the automatic flux and flow of generatively created soundscapes, while
simultaneously being able to focus on them and manipulate them for musically
beneficially outcomes. This state of surrendering to the flux, while at the same time
manipulating for advantageous outcomes is best summed up in cybernetic terms by
Stafford Beer’s prescriptive conceptualisation of how cybernetically designed
systems work in practice: “instead of trying to specify it in full detail, you specify it
only somewhat. You then ride on the dynamics of the system in the direction you
want to go” (Beer, 1972). Beer’s ideas were central in developing Eno’s compositional
systems that employed technology (Whittaker, 2003). Ideas also parallel Heidegger’s
response to the withdrawal of being: ‘letting be’ while simultaneously participating
in the withdrawal in a more radical way. Here again the theme of ‘between’ is
discovered.

Epistemologically, this thesis does not align itself with Hegel’s ‘positive’ idealism,
the continuing positive forward movement of knowledge, to which both modernism
and postmodernism are related. Instead, it is aligned with Kant’s ‘negative’ idealism.
This position is defined in terms of ‘as-if’ thinking (Vermeulen and van den Akker,
2010). As Curtis Peters explains, according to Kant, “we may view human history as
if mankind had a life narrative which describes its self movement toward its full
rational/social potential [...] to view history as if it were the story of mankind’s
development” (Peters in Vermeulen and van den Akker, 2010). They further define
this position in relation to metamodernism, as “attempting in spite of inevitable
failure”, and *“seeking a truth that it never expects to find” and go on to state that
“humankind is not really going toward a natural but unknown goal, but they
pretend to do, so that they progress morally as well as politically” (Peters in
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Vermeulen and van den Akker, 2010). It is also worth stating that ‘as-if’ thinking is in
accordance with ‘black box ontology’ and the notion of circular causality that lies at
the heart of cybernetic discourse, where the emphasis is not on start and end points
and a progression from one state to the next, but on the ultimate unknowability of
outcomes and the sustainability of an emergent state. ldeas of the ultimate
unknowability of reality in modern times date back to Pascal, who went against
Aristotelian precepts and the ideas of Descartes to posit that there is no such thing as
a priori knowledge, but that this should not prevent scientific investigation. In a
sense, this is a performative ontology, one in which we may only know the world via
interacting with it (BBC “In our Time”, 2013).

This epistemological position also resonates with Nietzsche’s ‘perspectivism’, a
position that is *“against positivism” (which he believes provides only facts). In
describing the antidote to this, he states: “in so far as the word ‘knowledge’ has any
meaning, the world is knowable; but it is interpretable otherwise, it has no meaning
behind it but countless meanings — perspectivism” (Nietzsche, 1987). So the best way
of knowing something is to attempt to see all perspectives and to accept that all
perspectives, including one’s own, are driven by “a lust to rule; each one has its
perspective that it would like to compel all the other drives to accept as a norm”
(Nietzsche, 1987).

Derrida goes further in uncovering the ‘non-ground’ that lies beneath the
foundations of meaning (in language). No word can be said to have ultimate
meaning; meanings are constantly shifting in a “play of signs”. Analogies may be
drawn from Derrida’s work and applied to musical analysis. The underlying
meaning of a musical work is not just culturally dependent; it is constantly “under
erasure” (Derrida in Coyne, 1995). Again, from this standpoint, meaning within
music can no longer be said to be disseminated hierarchically with no loss in
transmission of intent, that is to say, compositions imbued with meaning by one
individual, namely the composer, for exact interpretation of meaning by musicians
and subsequently an audience. Instead, meaning is formed as a negotiation, between
the composer, technology, and the audience. Herbert Brin’s compositional theory of
anticommunication, examined in this thesis, shares a strong relationship with
Derrida’s conception of the non-ground in the meaning of language. Brin’s theory
was developed from ideas present in communication theory, but it has a striking
similarity to the implications of Derrida’s ideas and presents a useful philosophical
position from which to examine meaning-making in cybernetic composition:.

The epistemological approach to the practical work that will be conducted as part of
this thesis will be drawn from cybernetic analogies or metaphors — what the
cybernetician Gordon Pask called “defensible metaphors” (Pask, 1966). The strength
of using analogies in design is in the mapping of a viable model onto a nascent one.
This is particularly apt in models of self-organising or reflexive systems and those
that in some way seek to imitate the behaviour of intelligence or living organisms,
which are conceptually difficult to model by other means. In all cybernetic models,
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feedback is the central self-regulating mechanism. Organisms can appear to have
seemingly conscious behaviours and self-regulating and generating properties using
feedback systems alone (Beer, 1972). There are a number of design metaphors that
will be utilised in forming self-generating (musical) systems. One such model,
employed by Stafford Beer in his book The Brain of the Firm, is the most viable living
system known to us intuitively: the model of human physiology (Beer, 1972). Here,
Beer maps the functions of the human body onto the functioning of a commercial
enterprise. Beer’s *Viable System Model’ will be further extrapolated in this thesis for
use within a musical composition system.

Models of cognition and intelligence will also be appropriated, particularly those
that are aligned with constructive theories of consciousness. Professor of cognitive
science, Douglas Hofstadter, proposes a ‘something from nothing’ hypothesis of
consciousness in his book, I Am a Strange Loop (Hofstadter, 2007), by asserting that
the human brain is a mimetic system that mirrors the external world and is able to
create ever-greater abstractions of the external world. Hofstadter postulates that at a
certain level of abstraction the organism is able to observe its own actions within an
environment and reflect on its place. This self-referential loop is what creates the
illusion of an ‘I’ (Hofstadter, 2007). In looking to create artificial, self-generating
systems, it is useful to consider self-referential depictive systems that are formed
from the ability to create complex abstractions. Suffice to say that on a basic level,
many art forms have this quality: all are in some ways mimetic systems, some are
capable of abstraction, and some are also self-referential. This can be seen in forms of
abstract art, film, theatre, dance, etc. In some instances music may also be viewed as
an abstraction, for example of environmental sounds. The film sound designer and
author David Sonnenschein notes that many of our emotional cues regarding sound
and music are formed from our evolutionary capacity for psychoacoustic
interpretation: the sounds of predators create fear; the sound of prey promotes
action; rhythms promote sympathetic movements; the frequency range of human
speech is heightened, etc. (Sonnenschein, 2001). Nonetheless, while music is a highly
developed emotional language of abstraction and cultural convention, it is seldom
self-referential and its abstractions are limited by such things as instrumentation
(timbre, volume, pitch, playing environment, etc.).

However, in terms of music and sound in relation to Hofstadter’s mimetic systems,
the medium of recording provides an excellent metaphor; in recording the
representation or mimesis of the external sound world is ‘exact’. In addition, many
further sophisticated abstractions can be performed (with DSP processing) and
signals can easily be fed-back, thus enabling a self-referential perspective. The
composer Agostino Di Scipio’s work with sonic ecosystems exemplifies this
paradigm. Di Scipio’s self-organising musical systems are embedded in real spaces
and utilise sound from these environments, which are manipulated via DSP
processing and feed back into the environment in an evolving sonic process. Di
Scipio’s compositional model and his emphasis on composing interactions above the
composition of sonic structures are explored in this thesis and extrapolated for use in
original musical works. Arne Eigenfeldt proposes that “real-time composition
ecosystems”, such as Di Scipio’s, should be considered as separate entities to
electroacoustic compositions and improvisatory strategies: “They are a subclass of
interactive systems, specifically a genre of interactive composition systems that share
compositional control between composer and system. Designing the complexity of
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interactions between agents is a compositional act, and its outcomes are realized
during performance” (Eigenfeldt, 2011). As this thesis will demonstrate, sonic
ecosystems possess strong technological and theoretical links with cybernetic theory
and in many ways may be viewed as the current culmination of the fusing of
cybernetic ideas with musical composition. Eigenfeldt stresses that sonic ecosystems
are different from traditional electroacoustic compositions and improvisatory
strategies and thus should be considered as a different musical genre. This thesis
explores the development of this distinct form of electronic composition and seeks,
through original compositions, to reflect a number of important facets of its
development and ethos, which differ from conventional norms in electroacoustic
composition.

2.2. Defining Areas Of Study

There are a number of initial musicological starting points to the hypothesis, each of
which highlights historical tendencies toward considerations of complex systems
and self-organization in electronic music composition. As Christina Dunbar-Hester
points out, in perhaps the only paper written attesting to something approaching a
cybernetic music movement, “Listening to Cybernetics: Music, Machines, and
Nervous Systems 1950-1980” (Dunbar-Hester, 2010), there is an oblique but
longstanding tradition of applying cybernetics to music. However, while she does
examine some of the main composers in this field (such as Louis and Bebe Barron,
Herbert Brin, John Cage, Gordon Pask, and Brian Eno), other important contributors
are not considered (lannis Xenakis, Roland Kayn, and Agostino Di Scipio, for
example). It is also fair to state that the paper explores few of the philosophical
underpinnings and technological implementations of cybernetic music in practice.

In its musicological examination of cybernetic music, this thesis will focus on the
work of composers who have explicitly cited cybernetics as a formative and
longstanding influence on their compositional practice. However, one exception,
Alvin Lucier, has been permitted for consideration, as his work and influence are so
central to the infusion of cybernetic practice into composition that it was too
compelling to ignore. Lucier has never overtly espoused cybernetic theory in either
his written output or musical compositions. However, his musical theories and
technological practice are steeped in the philosophical precepts of pragmatism — a
school that is very closely aligned to the cybernetic ontology and thus allies directly
with the purview of this thesis. There are other composers who it would seem are
eminently eligible for consideration on similar criteria, in particular, Gordon
Mumma (specifically for Hornpipe (1967)), and Steve Reich (specifically for Pendulum
Music (1968)). However, these composers’ works are only considered briefly, as in
Mumma’s case, cybernetics as a compositional ethos was only employed
peripherally for a short period, and in the case of Reich, cybernetic ideas are not
iterated at all and his use of technology and non-notational composition was very
fleeting.:
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2.3. Research Areas

The structure of the thesis reflects the hermeneutic analysis of the composers’
methodologies and the subsequent interrogation of these ideas and practices in a
series of original compositions, which are analysed in cybernetic terms. Beyond the
introduction, methodology, and conclusion, the thesis is divided into six primary
sections, which illustrate differing practices and philosophical ideas in cybernetic
composition.

¥ Chapter 3 outlines cybernetic music in context, providing a brief history of
algorithmic composition and process music with electronics, and its
relationship to cybernetic music. This chapter serves to elucidate on the
milieu of the musical movements and aesthetics form which cybernetic
music arose.

¥ Chapter 4 examines some of the pertinent philosophical and technological
ideas that underpin cybernetic composition. This chapter serves to explicate
in detail, facets of the argument of this thesis that are important to the
understanding of composers approaches in subsequent chapters and the
approach taken in the original compositions examined in Chapter 8. These
facets include: the non-necessity of notation in this particular form of music
composition and the pragmatic basis for this compositional approach; the
cybernetic design ethos that is central to this technological compositional
approach; and, in relation to this, the theoretical and mathematical
phenomenon of feedback, which is examined in order to illustrate its
practical and important role in the technological design of cybernetic
compositional systems.

¥ Chapter 5 pertains to ‘first-order’ cybernetic music. It begins by further
outlining the philosophical and technological basis underpinning cybernetic
music, and proceeds through a number of founding cyberneticists and
composers in the field, including Norbert Wiener’s involvement in the
development of the hearing glove, and the work of composers such as Louis
and Bebe Barron, Herbert Briin, Alvin Lucier, and Roland Kayn. The term
‘first order’ pertains to a classification defined by many science historians
and cyberneticians alike in order to distinguish between specific phases in
the development of cybernetics as a body of scientific theory. ‘First order’
implies the founding period of the field, which was born from the
interdisciplinary nature of defence research during World War Two and
culminating in its official inception as a scientific field at the Macy
cybernetics conferences in 1946, which were attended by a majority of the
main cybernetic protagonists, including Norbert Wiener, Ross Ashby,
Warren McCulloch, Claude Shannon, Gregory Bateson, and Margaret Mead.
The founding of cybernetics displayed a preoccupation with control
mechanisms, closed systems, homeostasis and analogies between animals
and machines (Heylighen and Joslyn, 2001; Hayles, 1999). The composers
studied in this section reflect, not only this time period, but also the
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philosophical and technological approach of first-order systems that tend to
reflect the tropes of black box ontology, feedback, and closed systems.

¥ Chapter 6 is concerned with composers and cyberneticists that represent a
distinctly ‘second-order’ cybernetic approach. Second-order cybernetics
pertains to an evolution in cybernetic theory that occurred at the end of the
1960s. Wishing to distinguish themselves from earlier more mechanistic
approaches, while encompassing the existing established cybernetic
scientific precepts, contemporary cyberneticists defined second-order
cybernetics by emphasising autonomy, self-organisation, autopoiesis,
cognition, and the role of the observer in modelling a system (Heylighen and
Joslyn, 2001). The composers chosen for inclusion in this section reflect this
self-reflexive turn in cybernetic theory. Gordon Pask’s musicolour machine
and the work of the composers Brian Eno and Agostino Di Scipio exemplify
and echo this evolved approach to cybernetic theory.

¥ The preceding research culminates in chapter 7, which presents the
Cybernetic compositional framework, which defines cybernetic composition
and informs the author’s original work, which is examined in chapter 8. The
preceding strands of study will be brought together here in order to assess
the important musical applications and implementations of cybernetics in
music, and to investigate where theoretical, aesthetic, semiotic, and
musicological ideas of cybernetics have penetrated compositional practice.
This will enable the exploration of the interrelationships of theory, practice,
influence, and effect in a meaningful context and will prove useful in
designing new implementations of technologies, which will be utilised in
compositions that reflect the research.

¥ Chapter 8 encapsulates writings about three original compositions and
performances that reflect this research in cybernetic music (the works
themselves are included in the digital materials accompanying this thesis).
These works stem from the author’s experiments and implementations of
feedback and cybernetic theory in musical compositions. These compositions
utilise existing software from various commercial sources and also
incorporate some bespoke software design. This section of the thesis is the
culmination of the preceding research and, as such, provides an important
element of the original contribution to the field. Further exposition and
critical analysis of each of these works is also provided in order to exemplify
the implementation of the cybernetic framework outlined in chapter 7.

Conclusions will be drawn in Chapter 9 from the original musicological and
hermeneutic study to determine the parameters of cybernetic music and its
distinctive nature in contrast to traditional approaches in electroacoustic
composition. Further avenues of research in this area will be recommended and the
implications of cybernetic music will be assessed in relation to current practice in
electronic composition and possible future ramifications.



Chapter 3

Cybernetic Music in Context:

a Brief History of Algorithmic
Composition and Process Music with
Electronics, and its Relationship to
Cybernetic Music.



3. Cybernetic Music in Context: a Brief History of
Algorithmic Composition and Process Music with
Electronics, and its Relationship to Cybernetic Music.

*“Since antiquity concepts of chance, disorder and disorganization were considered the
opposite and negation of reason, order and organization. It is only recently that knowledge
has been able to penetrate chance and has discovered how to separate its degrees* (Xenakis,
1971).

While the scope of this thesis on cybernetic music has already been stated and is
strictly defined, it is worth taking some time to consider where cybernetic music
might exist within the more general field of experimental and electronic music. To do
this is to add context as to where the antecedents of cybernetic music lie and the
areas where its influence may be felt. It is important to state that the following
chapter does not provide a definitive history of experimental and electronic music,
but its purpose is rather to cite a number of important touchstones that provide some
context to this thesis. Cybernetic music may be seen as a type of generative music
that favours heuristics rather than algorithms as its core procreant mechanism.
Heuristics are a form of adaptable algorithm in which trial and error are key
constituents in any formula. We may therefore see cybernetic music as being related
to algorithmic composition and thus more broadly to experimental electronic music
in which algorithmic composition forms a significant part.

3.1 The Origins of Algorithmic Composition

Cybernetic music can also be seen as existing within a tradition of music that
incorporates chance elements in the compositional process. To the casual observer,
this trend may appear to be a relatively contemporary idea springing from
modernism and the algorithmic possibilities offered by computers. However, Curtis
Roads states, “Composers have known for centuries that many musical processes can
be formalized into symbolic representation” and that “behind modern efforts in
algorithmic composition is a long tradition of viewing music procedurally” (Roads,
1996). He thus places algorithmic music in a historic tradition of experimentation in
music. In addition, he also incorporates Process Music into his taxonomy of
algorithmic composition. Roads dates the beginning of formal processes being used
in music to 1026 and Guido d’Arezzo’s development of a formal technique used for
composing melody to text (Roads, 1996), however in truth this tradition probably
dates back much further and sees its lineage emerge through instruments such as
wind chimes, Aeolian harps, and the formalised improvisational techniques of the
ancient world.

There are many examples in the Western art music tradition that exhibit generative
qualities, including rounds, canons and fugues to name but a few. Perhaps the best-
known example of formal generative methods being used in this mode is Mozart’s
Musikalisches Wirfelspiel (Musical Dice Game), in which sequences of prewritten bars
of music were assembled according to the throws of a set of dice (Roads, 1996).
Victorian parlour games such as the Kaleidacousticon and the Quadrille Melodist
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used a deck of cards with instructions to randomise musical fragments into
multitudes of compositional possibilities for pianists to perform in real time.

However, while such methods are interesting antecedents, it is with the advent of
technologies capable of mechanically or digitally representing formal processes in
music that composers become more fully engaged in algorithmic, aleatoric, or
generative procedures in music composition. This is not to say that all composers
engaged in these methods were using mechanical or digital means to produce their
compositions. It is perhaps more prescient to consider that the idea of mechanisation
and its implications, in all its varied forms, seeped into the artistic consciousness and
permeated composers’ methods. Cybernetics and cybernetic art and music can also
be seen as part of this paradigm. This cross-pollination of technology and musical
process in the modern era arises with the advent of modernism in the late nineteenth
century. The academic Sara Danius proposes this exact thesis in relation to modernist
literature in her book The Senses of Modernism: “the high-modernist aesthetic is
inseparable from a technologically mediated crisis of the senses”, and furthermore,
“perceiving and knowing are realigned when technological devices are capable of
reproducing sense data” (Danius, 2002). Within this framework we may see
modernist music as existing in this technologically mediated milieu and its forms, to
some extent, as reflecting a technological aesthetic.

3.2 Serialism

The 12-tone method created by Arnold Schoenberg (1874-1951) came to dominate the
later modernist era in music between the 1920s and 1950s. While the development of
the tone-row method can be seen as a direct progression from late romantic music,
both aesthetically and in form, there is no doubt that the “formalised and systemic
methods” of serialism (Roads, 1996) also chime with a technological/mathematical
aesthetic. The musicologist John Borstlap defines the 12-tone method as “systems
thinking” (Borstlap, 2017). This technical focus is echoed in Mary Simoni’s statement
that “algorithmic procedures lend themselves well to serial composition” (Simoni,
2003), and even Xenakis, a major opponent of serialism, concluded that: “the
guantitative and geometric part of all music, becomes predominant with the
Viennese School” (Xenakis in Kollias, 2011).

However, while the milieu of technological advancement and systems thinking had
an influence on serialism it appears that this manifested itself in a relatively
restrictive way. Schoenberg’s student Anton Webern (1883-1945) and those that
taught Schoenberg’s methodology such as Olivier Messiaen (1908-1992) — and those
who were taught by Messiaen, including Boulez and Stockhausen — progressed and
enhanced serial methods, generalising the tone-row method to other musical
parameters such as note durations and dynamic markings. However, despite these
apparent advancements, Roads reflects that to some extent composers also became
burdened with complex “precompositional” procedures. These adjuncts to the 12-
tone method lead former serialist composer Herbert Brin (1918-2000) to remark that
he eventually became “totally stuck” in an “absurd state of completeness” when
attempting to compose in this way (Roads, 1996). Roads elaborates further in
describing the perhaps inevitable backlash to such restrictive and prescribed
methods: “in an attempt to break out of the extreme determinism of serial



composition, European and American composers such as Karlheinz Stockhausen,
Pierre Boulez, John Cage and Earl Brown experimented with aleatoric (and
stochastic) methods of composition” (Roads, 1996)

3.3 Chance Music

This ‘opposition’ or move away from Serialism was undoubtedly spearheaded by
John Cage (1912-1992). Cage, also a student of Schoenberg, is credited by many as
one of the most influential composers of the twentieth century (Nyman, 1999). Cage
popularised the use of indeterminacy in composition and significantly broadened
what might be considered as music, with epoch-defining compositions such as 4’33”
(1952), Imaginary Landscape no. 4 (1951), and Williams Mix (1952). Cage had a close
relationship with technology, which can be seen as integral to works such as
Cartridge Music (1960), Fontana Mix (1958), and Williams Mix (1952), but Cage was not
alone in combining process techniques with technological means. Karlheinz
Stockhausen (1928-2007) in particular was at the forefront of a European move to
integrate technology into process-driven composition. His pioneering technological
works of the 1950s, such as Studie Il (1954), Gesang der Jinglinge (1955-56), and
Kontakte (1958-60), are all fine examples of a technological imperative in his
composition.

In the years following World War Two, Europe was particularly well served with
electronic music studios, especially in comparison to America. Prominent examples
were the RTF studios in Paris, the NWDR studios in Cologne, Germany and the RAI
Studios in Milan, and significant European composers such as Berio, Messiaen and
Stockhausen were thus able to access these technological advances with relative ease
in comparison to their American counterparts (Holmes, 2002). However, many of
these early works were still tinged with the pre-compositional burdens of the
serialist method, Stockhausen’s exhaustive scoring for his early tape work Studie Il
(1953) being such a case in point.

Cage’s involvement with the electronic studios in America, in particular his work
with cybernetic music pioneers Louis and Bebe Barron (which is examined in some
detail in chapter 5.2 of this thesis), might be viewed as being more progressive than
his European contemporaries. However, it should be noted that Cage’s own
compositional method, as employed in tape pieces such as Williams Mix, while not
serialist in nature, was every bit as pre-compositionally encumbered as
Stockhausen’s techniques, with the need for a score of potentially reproducible
results being a primary concern. It also must be said that these compositional
methods were at complete odds with the unencumbered, non-score-based cybernetic
processes employed in the Barrons’ compositions, which utilised exactly the same
equipment as employed by Cage. Nonetheless, Cage’s stochastic methods, using the
I Ching to determine musical parameters such as length of note and its envelope,
were in sharp contrast to the controlled, deterministic, serialist methods employed
by Stockhausen.

Needless to say, while twentieth-century musical titans such as Schaeffer, Messiaen,

Boulez, Xenakis, Cage, and Stockhausen were engaged in electronic composition of
one sort or another, it was only a few who were engaging in composition with
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aleatoric processes in the early 50s. Furthermore, only Cage employed these
processes in electronic composition in this early, pioneering era of electronic music
(Holmes, 2002).

3.4 Process Music and Cybernetic Music

In his book Experimental Music, Cage and Beyond (Nyman, 1999), Michael Nyman
places Cage at the apex of experimental music. However, Nyman places enormous
emphasis on experimental music being process music. To illustrate this point he
guotes Morton Feldman: “In the music of both men (Boulez and Cage), what is heard
is indistinguishable from its process. In fact, process itself might be called the
zeitgeist of our age. The duality of precise means creating indeterminate emotions is
now associated only with the past” (Feldman in Nyman, 1999). Nyman’s seminal
book covers process music as it emanated in the Fluxus movement in the 1960s to the
birth of minimalism and beyond, and in many ways serves as historical context for
the British minimalist movement in which he was to become a prominent figure with
his compositional work of the 1980s. Nonetheless, Nyman’s book is of particular
interest to this thesis as it comprehensively documents the role of electronics in
relation to the development of process music and it is at the intersection of process
music and electronic music that cybernetic music finds its antecedents. Nyman’s
comprehensive examination of the electronic works of composers such as Alvin
Lucier, discussed in detail in a later chapter in this thesis (chapter 5.3), is a prime
exemplar of this cybernetic intersection. Indeed, in his technological analysis of
Lucier’s work, Thom Holmes cites him as being “the godfather of process music”.

Nyman also examines the work of Terry Riley (b. 1935), whose early compositions
also exist at this intersection of process music and electronics. Riley, a major
inspiration in the development of Brian Eno’s cybernetic music, is notable for being a
pioneer in tape composition, process music, and a founder of Minimalism. Of
interest to this thesis is the role his tape compositions played in preceding his
influential minimalist pieces. In 1963 he produced a piece of tape music entitled
Music for the Gift from recordings of Chet Baker’s jazz ensemble. The piece was the
first to use tape delay as a compositional mechanism (Holmes, 2012). In a method
subsequently used to great effect in works such as Pauline Oliveros’s | of IV (1966)
and Brian Eno’s Discreet Music (1975), a single loop of magnetic tape is fed through
the record and playback heads of two widely-spaced tape recorders, so that the
sound recorded on one machine is played back on the other, creating a tape delay,
which is heard as long delays with successive, degrading repetitions (Holmes, 2012).
Of this technique, Riley states that, “by varying the intensity of the feedback you
could form the sound either into a single image without delay or increase the
intensity until it became a dense chaotic kind of sound [...] the engineer [on the
recording of The Gift] was the first to create this technique that | know of. This began
my obsession with time lag accumulation feed-back” (Riley, 1998).

This experimentation with tape loops and tape delay led Riley to a technologically
influenced music of “repeating figures and pulse rhythms” (Holmes, 2012) and in the
subsequent year he produced the seminal minimalist work In C (1964). In C consists
of 53 individual short phrases related to the key of C, which are looped and played
in loose order by an ensemble of musicians. A single piano note keeps a constant
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mechanical pulse while the non-contiguous looping phrases combine and interweave
in a complex laminar soundscape. No two performances of the piece are the same,
since the musicians make choices over which musical phrases to play in real time, as
the piece is performed. Both these musical forms, the long tape delay and the
generative qualities of In C, were hugely influential in the cybernetic compositions of
Brian Eno and a combination of both mechanisms can be seen in Eno’s tape-based
works such as Discreet Music (1975) and “2/1” from Music for Airports (1978), and
also in his work that utilises the KOAN generative music software, such as Thursday
Afternoon (1985) and Generative Music 1 (1996).

3.5 lannis Xenakis and ®ree Stochastic MusicO

The most prominent European composer to influence the development of cybernetic
music was lannis Xenakis (1922-2001). Xenakis’ development as a composer was
distinct and his work sharply contrasted with the serialism of his European
contemporaries. While Xenakis began his career as a composer studying serial
techniques with Messiaen in the 1950s, his previous training as an architect with Le
Corbusier and a love of mathematics had a profound influence on the development
of his work. Xenakis employed visual scores based on architectural concepts and
mathematical procedures to produce a dense and complex orchestral music, whose
key acoustic feature was “pointillistic noise” (Zografos, 2017). Xenakis’ main
conceptual break with serialism was the use of chance in his compositions. However,
this was distinct from Cage’s conception of chance operations, in which seemingly
random processes, typically those determined by the | Ching, were used as a
mechanism to determine musical parameters. Instead, Xenakis employed probability
theory and mathematical formulae to create music that was “difficult if not
impossible to compose manually” (Holmes, 2012). In his book, Formalized Music:
Thought and Mathematics in Composition (Xenakis, 1971), Xenakis describes the
mathematical inspiration for his pieces being the stochastic elements found in nature,
such as the behaviour of crows, the sound of falling rain, or wind blowing through
the trees. Xenakis states: “Since antiquity concepts of chance, disorder and
disorganization were considered the opposite and negation of reason, order and
organization. It is only recently that knowledge has been able to penetrate chance
and has discovered how to separate its degrees — in other words to rationalise it
progressively, without, however, succeeding in a definitive and total explanation of
the problem of ‘pure chance™ (Xenakis, 1971). Here again we see the influence of
scientific and technological advances effecting musical process. Xenakis titled this
mapping of statistical values onto musical parameters as “free stochastic music”
(Xenakis, 1971). It is precisely this mapping of data onto musical values that has a
distinctly cybernetic flavour and this theme in relation to Xenakis’ work will be
explored in some detail later in this thesis (chapter 6.3).

Xenakis was not the only European composer in the 1950s to engage in chance
processes that were different to Cage’s conception. Stockhausen and Morton
Feldman, for example, wrote works such as Klaviersttick X1 (1956) and Intersection No.
2 (1951) “where the performer is placed in a position to make spontaneous or
rehearsed decisions about the ordering of the music” (Griffiths, 2001). Nonetheless,
Xenakis’ rigorous mathematical conception of incorporating stochastic means
became his signature process. His first two works as a mature composer Metastasis
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(1953-54) and Pithoprakta (1955-56) exemplify the foundations of his compositional
approach and aesthetic. In the composition of Metastasis, Xenakis “drew an analogy
between the movement of a gas molecule through space and that of a string
instrument through its pitch range. To construct the seething movement of the piece,
he governed the 'molecules’ according to a coherent sequence of imaginary
temperatures and pressures. The result is a music in which separate 'voices' cannot
be determined, but the shape of the sound mass they generate is clear” (Choong,
1996). Le Corbusier’s influence on the piece is also explicit in Xenakis’ use of
architectural graph paper to score the massed glissandi strings.

Some materials have been removed due to 3rd party copyright. The
unabridged version can be viewed in Lancester Library - Coventry
University.

Fig. 1. String Glissandi, Bars 309-14 of Xenakis’ ""Metastaseis'(1953-54), Sourced from:
http://www.furious.com/perfect/xenakis.html

However, Xenakis also utilised a 12-tone row in realising the composition, reflecting
his debt to Messiaen. Xenakis’ second breakthrough composition, Pithoprakta,
reflected no such debt to serialism and is often regarded as Xenakis’ first truly
mature work, “in a style that acquires all its musical elements [solely] through
mathematical theories and principles” (Zografos, 2017). Xenakis used probability
theory as an inspiration for the piece; indeed the word Pithoprakta means “actions
through probabilities”. He used the statistical mechanics of Brownian motion to
provide values that were mapped onto musical parameters. It is interesting to note
that Norbert Wiener, the founding father of cybernetics, cites Brownian motion as
one of his mathematical inspirations for cybernetics (Hayles, 1999). In Pithoprakta,
Xenakis equated the individual movement of gas molecules in space to the pitch of
individual string instruments. Again, he used graph paper to represent the mapping
of time in the x-axis, and pitch in the y-axis. As Simon Emmerson notes, this
compositional configuration still displays “the influence of the most traditional
aspects of Western notation” (Emmerson, 2007). Nonetheless, as Emmerson describes
it, these “models drawn from observations of the non-human world” (Emmerson,
2007) defined Xenakis’ conception of a formalised music based on mathematical
processes, which would form the basis for a compositional career of exploration in
this area. This investigation led Xenakis to utilise cybernetic principles in a number
of his works (see chapter 6.3 in thesis for further examination). It would also lead
him to work extensively with computers on pieces such as Amorsima-Morsima (1962)
and Stratégie, Jeu pour deux orchestres (1962), which assisted him in achieving his
probabilistic compositions.
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3.6 Chance in Computer Composition

There is no doubt that the advent in the late 1950s of computer systems capable of
sequencing musical events greatly increased the possibilities of algorithmic
composition. Composers such as Xenakis, who previously had to painstakingly
assemble scores from equations and tables of figures, could delegate much of this
preliminary work to a computer. Furthermore, with the correct software and
programming, the computer could produce a score, whether visual or note-based,
and in addition, it could also play back a synthesised representation of the score.
However, the ability to create software that could improvise or generate its own
original compositions was perhaps the most radical formulation of this new
technological advance. Early forays into this type of compositional conception were
undertaken with the Barr and Stroud Solidac composing computer at the University
of Glasgow in 1959 and its “Dice-Music Master Program”, and in Los Angeles in the
early 1960s, Raymond Scott invented the Electronium, a large computer device that
was programmed with knobs and switches that produced non-predictable outcomes.
According to Scott “the Electronium is not played, it is guided” (Roads, 1996).

The work of Lejaren Hiller perhaps best exemplifies these early algorithmic
compositions with computers. At the same time as Xenakis was writing Metastasis,
Hiller and his collaborator Leonard Isaacson were producing the first computer-
composed composition: the Illiac Suite for String Quartet (Roads, 1996). Programmed
in binary code, The Illiac Suite was composed on the ILLIAC computer at the
University of Chicago, where both men were professors. The score was assembled
from four ‘experiments’. The first three of these were attempts to ‘teach’ the
computer different aspects of musical rules, melody, harmony, intervals, dynamics,
etc., and to generate compositions based on these more traditional data sets. The
fourth experiment was to use Markov chains, a stochastic mathematical process that
randomises events in a sequence by allowing the computer to ‘forget’ all previous
values in a data set except the figure that immediately precedes the next event. In
musical terms this generates a sequence of notes that very rarely repeat. While Hiller
pioneered these techniques, a number of prominent twentieth-century composers
quickly followed, notable examples being Xenakis with Atrées (1962), Cage with
HPSCHD (1969), Koenig with his Project 1 software (1979), and Truax with Arras
(1980).

Using chance in computer compositions continues to yield ever more complex
formulations; the use of Cellular Automata in particular demonstrates a
preoccupation with Artificial Intelligence and emergent behaviours that at first
glance may seem to be related in some form to cybernetic composition. While these
works are interesting in their own right and relevant to the milieu in which
cybernetic composition was born and continues to grow, they cannot be considered
truly cybernetic as the composition of cybernetic music consists of a human, machine
and environment paradigm. The pieces explored thus far do not conform to this axis
and in almost all cases the inclusion of the environment in the compositional process
is almost entirely ignored.
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3.7 Composition that Incorporates Human, Machine and
Environment

The inclusion of the environment in composition is ubiquitous; every time a piece is
performed live, in a concert hall, for example, the sound of the environment enters as
a factor in the final sound world. However, the conception being considered here is
one that is particularly pertinent to cybernetic music, namely the notion of the
environment forming a conceptual and/or structural part of the composition, one in
which environmental factors deliberately figure in providing the degree of the
aleatoricism within a piece and, in turn, form a major part of the sonic outcome of the
composition. This facet is considered multiple times in this thesis and forms a central
tenet of what we might consider as cybernetic music. However, there are a number
of composers whose work is not explicitly cybernetic, but who have nonetheless
included the environment as a key factor in their compositions. A number of these
antecedent compositions have also been influential on the subsequent work of
cybernetic composers.

One of the most basic formulations of the human/machine/environment paradigm
occurs when a microphone and amplification system is placed within an
environment with a performer. An obvious starting point here might appear to be a
work such as Stockhausen’s Mikrophonie | (1964), in which he uses the microphone
like a microscope, to amplify “normally inaudible vibrations” produced by playing a
tam tam in various ways (Stockhausen, 1971). The score contains stochastic
mechanisms and at first glance the piece appears to conform to a human/machine/
environment paradigm. However, despite Stockhausen’s conception that “the
microphone is used actively as a musical instrument, in contrast to its former passive
function of reproducing sounds as faithfully as possible” (Stockhausen, 1971), the
piece fails to live up to this promise. This is for two specific reasons: firstly the
microphone is a passive tool, it is merely capturing the sounds. While filters are used
to alter the captured sound and this element is a human/machine interaction, the
environment plays little or no conceptual role in the resultant sound of the piece; the
only factor here is perhaps the choice of microphone, its placement, and the choice of
amplification, and all of these facets point to the microphone being a tool, not an
instrument in its own right. Secondly, the environment plays little or no role in the
aleatoricism of the composition; instead this is conceptually determined by the score
and the performer. In summary, there is no feedback loop. The performer is not
reacting to the resultant sound, but reading from a score and thus the piece consists
of the interaction of a number of determinate, closed systems, not the open system
that would arise with the inclusion of the environment as an integral part of the
composition.

In contrast, composer Robert Ashley’s The Wolfman (1964) uses a microphone in a
way that incorporates the environment as a core component of the sonic and
compositional superstructure of the piece. The Wolfman is performed by placing a
microphone in an environment and amplifying the signal with a P.A. system, which
is driven to the point of feedback. The performer ‘sings’ a series of vocalisations
while at the same time modulating the resultant feedback tone by changing the
shape of the mouth around the microphone. Accompanying material is also played
on tape during the performance. Ashley states:
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“In The Wolfman the feedback is tuned for whatever place you’re
performing in. Then into that feedback are put different kinds of
modulating material on tape. That modulated feedback product is
passing through the sole microphone in the space, the singer’s
microphone. That means by just putting your mouth up to against the
microphone, and by doing simple vocalisms, you can affect that whole
feedback system in a very slow, modulation filtering sense. That's the
principle of the piece. The feedback loop and the tape sound is being
broadcast into that loop. The bottleneck in that loop is the microphone
so that by treating the resonant cavity right in front of the microphone
you actually create a model of the room in the size of the vocal cavity.
It's a very simple principle. The room just keeps moving around and
changing shape because of the way you shape your mouth” (Ashley
in Holmes, 2012).

Ashley’s conception of the microphone is very different to Stockhausen’s. Here the
use of the microphone is a central determinant in the resulting sound of the piece,
the ‘bottle neck’ — as Ashley puts it — that closes the performance feedback loop.

A slightly different, but no less cybernetic conception of the microphone as
instrument — and thus one that allows the inclusion of the environment in the
compositional process — is Steve Reich’s seminal feedback piece Pendulum Music
(1968). In Pendulum Music, several microphones are suspended in a row above a
number of speakers, which are on the floor, pointed upward toward the
microphones. As the performance begins, the amplification system is pushed to the
point of feedback and each microphone is swung over the speakers creating an
audible feedback ‘whoop’ or tone each time it passes directly in front of the speaker.
This creates a sequence of feedback tones whose timing is dictated by gradually
decreasing the velocity of each swing. The piece ends after approximately 10
minutes when each microphone comes to a halt and only one continuous,
accumulative feedback tone can be heard. Reich describes the piece as “the ultimate
process piece. It’s me making my peace with Cage” (Reich in Holmes, 2012). It is
clearly evident that the microphone and amplification system used in Pendulum
Music are being utilised as a musical instrument, even producing pitched tones.
Furthermore, the audible outcome of the piece is fully dependant on the acoustic
nodes in the environmental space, which create the particular feedback resonances
heard in each performance.

Before examining specific cybernetic composers in the following chapters of this
thesis, the work of David Tudor (1926-1996) is very relevant to the idea of the
incorporation of the environment into composition. Pianist and composer Tudor is
known for being the long time associate and collaborator of John Cage. Tudor came
to Cage’s attention as an extremely accomplished concert pianist, performing the
leading avant-garde pieces of the 1950s, including the first American performance of
the Piano Sonata No. 2 by Pierre Boulez in 1950. Tudor performed the premier of
some of Cage’s most notable works, including Music of Changes (1951) and 4’33”
(1952) (Holzaepfel, 2006). However, in the early 1960s, as his collaboration with
Cage matured, Tudor became less interested in performing the piano and began to
experiment with electronics. Tudor struggled to find his own voice as a composer.
Nonetheless, it was through his technological collaborations with Cage in the 1960s,
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such as WBAI (1960), 0! 00" (1962), Variations V (1965), Variations VI (1966),
and Variations VII (1966), that he found his impetus to compose electronic music
(Pritchett, 2013). Tudor became a pioneering electronic composer, designing much
of his equipment from scratch. Most of his work with Cage centred around
amplifying found objects or instruments in an unusual way, as was the case with
Music for Amplified Toy Pianos (1960). However, Tudor was also a pioneer of
composing with circuit feedback, where the output of a device is fed back into its
own inputs and the resultant audio can be manipulated by controlling filters and
gain levels. Pieces such as Untitled (1972), Toneburst (1975), and Pulsers (1976) are
prime examples of this type of electronic composition. However, while this way of
working has many resonances with cybernetic composition, especially with the
work of Louis and Bebe Barron, these works do not overtly incorporate the
environment in the compositional process. Nonetheless, a number of other
electronic pieces that Tudor composed or collaborated on do utilise environmental
factors in their composition. One such piece is John Cage’s Variations V (1965).
Variations V is a multimedia ‘Gesamtkunstwerk’ incorporating dance, video and
music. Composed in collaboration with Cage’s life partner and choreographer
Merce Cunningham, Variations V incorporates video work from Stan VanDerBeek
projected into a space where Cunningham’s dance troop perform and react to the
surrounding environment. While the composition is credited to Cage, much of the
technological apparatus that enabled the musical performance was envisioned and
realised by David Tudor and Gordon Mumma. Mumma describes the performance
set-up as follows:

“The stage contains two systems of electronic sensors; the first is a set
of focused photocells, the second a group of five-foot-high antennae.
As the dancers move about the stage they interrupt the light, which
falls on the photocells. The vertical antennas are capacitance devices,
which respond to the distance of the dancers from each other, to the
proximity of the dancers from the antennas, and the number of
dancers on the stage. The changes of light intensity on the photocells,
and the capacitive responses of the antennas, are both transmitted as
electrical signals to electronic music ‘trigger’ equipment in the
orchestra pit. The musicians operate an ‘orchestra’ of tape recorders,
record players, and radio receivers, which contain the sound materials
composed by Cage. Before these sounds are heard by the audience
they are fed into the electronic-music ‘trigger’ equipment. The sounds
are then released to loudspeakers in the audience by the triggering
action of the dancers’ movements on stage.

Because the functions of these two separate sensor systems overlap,
the correspondence of the dancers’ movements on the stage and the
sound movements in the auditorium are extremely complex”
(Nyman, 1999).

In this instance, unlike in The Wolfman or Pendulum Music, the sound in the
environment does not form part of the compositional superstructure. The sounds
are derived from recorded materials. Nonetheless, other factors in the environment,
principally the movement of the dancers, determine the structure of the
composition, in this case by only playing snippets of recorded audio material when
a dancer interacts with the photocells or the capacitance antenna.
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Another of Tudor’s pieces that had an overt human/machine/environment axis in
its composition was Rainforest IV (1973). Tudor’s “Rainforest” series also grew from
a Merce Cunningham collaboration, in which small, ‘sounding sculptures’ were
amplitied using contact microphones. In Rainforest I (1968), small portable
sculptures were created, which would vibrate when sound was played through
them. This could be achieved by small speakers attached to the sculptures or via
larger loudspeakers in the performance space. Contact microphones were attached
to the sculpture and the resultant sound of the vibrations was fed back via a mixing
desk to the loudspeaker. Thus the sculptures altered the nature of the amplified
sounds being ‘played through’ them due to the different resonant materials from
which the sculptures were made (Tudor, 1985). In the first incarnation of
“Rainforest”, Tudor used electronic oscillators that generated bird-like sounds. In
the second incarnation he used vocal sound from a microphone, and in the third
version he used sound scores from tape to vibrate the sculptures.

Rainforest IV was perhaps the most fully realised version of the original
environmental resonance / feedback concept. Tudor states:

“My piece, "Rainforest IV", was developed from ideas I had as early as
1965. The basic notion, which is a technical one, was the idea that the
loudspeaker should have a voice which was unique and not just an
instrument of reproduction, but as an instrument unto itself [...] In 1973
I made "Rainforest IV" where the objects that the sounds are sent
through are very large so that they have their own presence in space. I
mean, they actually sound locally in the space where they are hanging
as well as being supplemented by a loudspeaker system. The idea is
that if you send sound through materials, the resonant nodes of the
materials are released and those can be picked up by contact
microphones or phono cartridges and those have a ditferent kind of
sound than the object does when you listen to it very close where it's
hanging. It becomes like a reflection and it makes, I thought, quite a
harmonious and beautiful atmosphere, because wherever you move in
the room, you have reminiscences of something you have heard at some
other point in the space” (Tudor, 1988).

Some materials have been removed due to 3rd party copyright. The unabridged
version can be viewed in Lancester Library - Coventry University.

FiS 2. Circuit diagram for ‘sounding objects” in David Tudor’s Rainforest IV: sourced from
http://davidtudor.org/Works/rainforest.html
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It is clear from the above circuit diagram that Rainforest was a feedback system in
which multiple sound sources, either from the original sound source (say a tone
generator) and the contact microphone source (placed inside the sculpture) could be
fed back in a variety of complex ways, either into, or out of, the initial sound source
mixer, or into, or out of, the contact microphone mixer. This means, for example, that
microphone source could be fed back into the speaker to reinforce the resonance of
the sculpture, or that the resultant sound could be fed to multiple sculptures in the
space, and vice versa.

With respect to "Rainforest V", Tudor said: “the object was to make the sculptures
sound in the space themselves. Part of that process is that you are actually creating
an environment. The contact mics on the objects pick up the resonant frequencies
which one hears when very close to the object, and then are amplified through a
loudspeaker as an enhancement” (Tudor, 1985). Furthermore, Gordon Mumma
reiterates the ecological nature of the piece: "the entire electro-acoustic apparatus
[was] an ecologically balanced sound system” (G. Mumma in Warburton, 2000).

3.8 Conclusion

While there is no doubt that Cage, Tudor and Mumma were all exposed to
cybernetics, and we shall examine some of this acquaintance in later chapters;, they
never claimed to be cybernetic composers. However, this does not mean that their
work is to be ignored or their influence overlooked when considering cybernetic
music, particularly  when examining works that have an overt
human/machine/environment paradigm of the kind that is prominent in some of
the preceding works. We should also not ignore the importance of algorithmic and
generative music in the formulation of cybernetic music. Indeed, some notable
commentators such as Boden and Edmonds trace the lineage of generative music
directly back to cybernetics (Boden and Edmonds, 2009). However, we must make a
distinction here because as generative music implies an ecological/non-
deterministic/non-hierarchical character, synonymous with cybernetic music, this
ethos is largely absent from most forms of algorithmic composition, which are
primarily concerned with mathematical operations not eco-systemic paradigms.

This is not to say that mathematics is absent from cybernetic music, far from it!
However, the mathematics of cybernetic music tends not to be the probability-based
calculations of Stockhausen, Xenakis and Cellular Automata, but the open-ended
and sometimes paradoxical formulations of feedback, autopoesis and complexity
theory.

So the conception of cybernetic music that follows is not one that is separate from the
musical, scientific, mathematical, and technological continuum described above,
rather it is one that is a very definite and defined example of this intermingling, with
its own very particular set of beliefs and practices.
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4. Musical Notation, Electronic Technology and
Cybernetics: a Pragmatic Perspective

[Western art music’s] assumptions are those of post-Renaissance humanism and
individualism, and it has the characteristic virtues and limitations of that viewpoint. If we
compare it with the music of the rest of Europe’s history, not to mention that of the rest of
mankind, it begins to look like something of an historical freak (Small, 1996).

Traditionally, composition has been a matter of notation and formal organisation.
Conversely, many modern musical works that utilise electronic technologies do not
rely on formal notational systems. This chapter makes the case for cybernetic
compositional systems that do not adhere to traditional forms, and in particular,
those that do not elevate notation or score as the ultimate musical artefact.

Three main areas will be examined: firstly, the pragmatic philosophical position
as it relates to technology, which argues that text-based forms such as notation are
unnecessary in works that utilise electronic media; secondly, the consideration of
the value cybernetics may have as a systematic framework for musical
composition with electronic technologies that does not require notation; thirdly, a
mathematical explanation of feedback, as it pertains to cybernetics, and some
description of how it may be incorporated both as a control mechanism and as an
audio phenomenon in musical composition.

4.1 Musical Notation

The practice of composition since the Second World War has embraced electronic
and non-musical technologies in an ever-increasing symbiotic relationship. The use
of these modern technologies has in some cases undermined the necessity for
traditional notation, particularly where pieces are either predicated by the
technology - as is the case, for example, with Steve Reich’s Pendulum Music (1968)
— or where the piece is the result, not of formal musical experimentation, but of a
‘non-musical’ process, such as with Alvin Lucier’s Music for Solo Performer (1965).

To understand the position of notation within these modern electronic works,
and its relationship to what we might term the ‘finished piece of music’, it is
useful to frame notation within a pragmatic philosophical context, in particular
the notion of the technological means and the artistic ends. The philosopher
Richard Coyne contends that: “Pragmatism advances the thesis that theory is a
kind of practice. Pragmatism also embraces liberalism. In contrast to the
Cartesian tradition, it also affirms embodiment and engagement of the senses in
human experience. It also asserts the formative power of technology in human
affairs” (Coyne, 1995).

First expounded by the philosopher John Dewey (1859-1952) and later expanded
on by Marshall McLuhan (1911-1980) philosophy divides human interaction
with technology into three broad epochs; the first epoch is the “pre-technological
era”. Here, means and ends are integrated; tools do not signify anything other than
themselves and their use in achieving short-term goals.
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Fig. 3. A graphical interpretation of the relationship of means, ends, goals and outcomes in
McLuhan’s conception of the pre-literate society.

The forms preserved in pre-literate societies today exemplify music of this era.
Here, music is not notated, but improvised. The act of playing music is often a
transformative process as part of a rite or ritual (Coyne, 1995). Music is not only a
product of practice; it is also a tool in itself. It provides both a means — of inducing
altered states of consciousness in a battle trance, for example — and also mitigates
the ends — for example, of forming a collective identity and battle cry when
advancing into conflict (Jordania, 2006). Here, music is formed as group activity,
where the music-makers and the audience are one in the same. Meaning is
derived by collective action and interpretation.

Fig. 4. A graphical interpretation of the relationship of means, ends, goals and outcomes in
McLuhan’s conception of the literate society.

The second epoch is the “technological age” (the literate society) in which means
and ends are separated; means are subservient to ends and text is the dominant
technology of this era. This separation of means and ends begins with Plato’s
abstractions of perfect forms and is perfected in Cartesian Dualism (Coyne, 1995).
Music of this era begins with the abstraction of musical notation and
culminates in the romantic era of the nineteenth century. Here notation and
instrumentation are the technological means. However, the technology in itself
seldom mitigates the ends, it merely facilitates the ends. The end is not only the
piece of music; it is also the intended emotional significance. Dissemination of
meaning is seen to be hierarchical: imbued by one individual, namely the
composer, for interpretation by musicians and subsequently an audience.

The third age is the current ” scientific/electronic era”. Here, means and ends
are partially reunited. Means may now direct process and point to new
discoveries. In the modern era, according to the pragmatic philosopher Larry
Hickman, “Theory became a tool of practice and practice a means to the
production of new effects. Theory no longer had to do with the final certainty
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but instead, as working hypothesis, with the tentative and unresolved” (Hickman
in Coyne, 1995).

Fig. 5. A graphical interpretation of the relationship of means, ends, hypothesis and
outcomes in McLuhan’s conception of the post-literate society.

In the scientific/electronic paradigm, the means mitigate the ends and in some
cases they converge with no single entity taking precedence in the creative
process. Electronic and digital tools are the dominant technologies of this era
(Coyne, 1995). Music of this epoch is mitigated by electronic technologies, which
take precedence over notation as a way of recreating a musical experience in
another time and place, and in some cases, the electronic means utilised within
a composition mitigate the outcomes to such an extent that the “medium
becomes the message”. In this type of musical work, meaning is no longer
disseminated hierarchically, but is more often formed by a negotiation — between
the composer, technology, and the audience.

Marshal McLuhan believed that with the invention of the Gutenberg printing
press, Renaissance man had traded “an ear for an eye” (McLuhan in Coyne,
1995). With the invention of the telegraph, however, McLuhan asserted that
humans had shifted back into the aural-acoustic world, which he termed the
‘post-literate society’. He further postulated that the post-literate society shared
many characteristics with the pre-literate society, stating that in the second
(rational) epoch, the visual sense was dominant, but in pre-literate and post-
literate societies, the auditory sense is foremost (Coyne, 1995).

It is therefore reasonable to assert that in the post-literate society, notation
(musical text) is no longer the dominant technological means in the compositional
process, but merely a tool that may be selected from a series of options. In many
cases, particularly where technology mitigates the end result, notation is often
redundant, both as a creative tool and a storage medium for accurate
reproduction.

“For McLuhan, in the electronic era ‘the action and the reaction occur almost at the
same time’. Electricity produced a great historical reversal in making things
instant again. ‘Electric writing and speed pour upon humans, instantaneously
and continuously, the concerns of all others are known and we become tribal
once more; the human family becomes one tribe again within the global village”
(Coyne, 1995).
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It is perhaps no coincidence, therefore, that within this context the type of
improvisational forms found within pre-literate societies have seen a resurgence in
modern times (Cee, 2010); free improvisation, jazz and new approaches to classical
music may all be seen as part of this milieu. The burgeoning use of graphical scores
may also be seen as part of this paradigm. Here, the usurping of the technology of
traditional notation sees the blurring of means and ends, which mirrors the way in
which electronic technologies are often utilised to the same effect within
composition.

4.2 Cybernetic Design and Music

It is important to distinguish, however, between certain musical practices that
employ technology, as many of these still point toward the logocentric,
technological age, while others adhere to the less hierarchical scientific/electronic
model. Creative musical works that utilise electronic technologies tend to fall into
two broad camps, which (to borrow from the terms of Stafford Beer), | shall refer to
here as the ‘reductive technological paradigm’ and the ‘generative technological
paradigm’ (Beer, 1994).

In the reductive paradigm, all the parameters of systems that employ electronic
means in the compositional process are predesigned and orientated toward a
known goal. These systems seek to eliminate problems such as circular causality
and paradoxes. Their aim is to produce ‘perfect’ structures (in the Platonic sense)
that reduce or eliminate errors. This approach stems from traditional, formal, score-
based composition and (in electronic terms) is related to the field of artificial
intelligence. The field of music informatics exemplifies this paradigm. Here, musical
parameters — notes, frequency information, or metadata — are reduced to
representational information that may be manipulated for the purposes of score
design, analysis, mimicry, recognition, or categorisation. Technology is employed as
a means to an end, with the conceptual priority on the achieving of the ends. The
technology is only a tool in producing the end result (Coyne, 1995).

To provide some concrete examples, this might be, for example, a composer
utilising the Sibelius sequencing software to produce musical works, or a computer
program that can recognise the works of specific composers and can also imitate
such work, or a software program that can recognise melodies, harmonies or lyrics
and cross reference these with a library of recorded works. This field also
encompasses some forms of systematic composition, particularly those with fixed
goals.

It is notable that in all these cases, the emphasis is on pitch over timbre and that the
act of composition is achieved solely via human intelligence; compositional
parameters are seen as being conceived by human agency alone with specific human
goals. This is a ‘top-down’ process, where all the structures within the system are
defined by the composer and controlled to produce a fixed result. This is a closed
system paradigm, in which environmental factors are conceptually expunged. If the
composer or software designer wishes to approach anything like intelligence within
the software design (as is the case in recognition and mimicry), it is a very
computationally expensive process (i.e. it uses large amounts of memory, or is
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concerned with large data sets), as all possible parameters within the compositional
system must be known beforehand.

Conversely, the generative paradigm involves the symbiotic process of music
creation between the technology and the composer. It embraces circular causality as
a central tenet and sees errors as a vital part in any system’s capacity to learn. Here,
the means mitigate the ends and in some cases they converge, with no single entity
taking precedence in the creative process. According to Brian Eno, this is a ‘bottom-
up’ approach, meaning the systemic or technological aspects act as a ‘seed’ that will
‘grow’ the composition, in opposition to an Artificial Intelligence approach where
the entire ‘tree’ must be known in advance (Eno in Toop, 2004).

This compositional approach is related to the field of cybernetics. Here, the
control of the output is not imposed from ‘above’, in a hierarchical formation, but
is instead achieved through a balance of control between all parts of the system.
Examples of this type of approach would include a composer influencing an
algorithmic process in real time, the layering of sound in a non-linear, semi-
randomised process, or soundscapes that react to changes in the environment in
which they are embedded (Toop, 2004). These works are often reflexive or self-
referential and outcomes are not fixed but instead adhere to a “class of goals”
(Beer, 1994), that is to say that these musical systems can produce unintended or
unpredictable outcomes, but each iteration (each run of the system) maintains
enough sonic coherence to theoretically allow a listener to identify it as that
particular piece of music.

Heuristics are a device that is often employed in this type of creative enterprise.
These are not algorithms or an aleatoric processes; they don’t produce set results or
chance outcomes, but rather results that are unpredictable, but which adhere to a
‘class of goals’. Here, errors are not seen as anomalies to be expunged from the
process (as in A.l.) but as a vital part in any creative or learning process (Beer, 1994).

According to Stafford Beer, a good way of describing an heuristic would be to
imagine that you wanted to go to the top of a mountain. If you were to do this
using a system like artificial intelligence, you would have to describe every
obstacle, every rock or nook or cranny of the mountainside and provide an
appropriate map, requiring a huge amount of information. Alternatively, if you
were to use an heuristic, you’d simply give the instruction “keep going up” and
this modest command would bypass the need for all the extraneous information
about the environment. Only feedback from the environment encountered in the
runtime of the heuristic would be pertinent. Therefore, an heuristic is a very
simple set of instructions that adhere to a known criterion, which can be
evaluated and revaluated as you go along, to achieve a class of outcomes (Beer,
1994).

4.3 Feedback

Generative and real-time compositional processes often adhere to this heuristic,
environmentally-coupled model. Central to these modes of composition and more
pertinently to cybernetics is the concept of the feedback loop. Feedback is the
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mechanism by which a system is able to reinforce or suppress stimulus without
prior knowledge of the environment. In a living organism, a “criterion of
stability” (Ashby, 1952) is embedded in feedback mechanisms and this allows for
the possibility of autopoiesis (a self-sustaining organism). Thus, feedback
mechanisms can demonstrate characteristics of intelligence; however, the
amount of data needed to create this type of command-and-control structure is
extremely minimal (Beer, 1994).

Feedback loops are central to many engineering systems. One such example is a
lavatory cistern, which is a very simple but effective feedback loop; as the handle
is flushed, the ballcock sinks to the bottom of the tank, thus opening a valve
that fills the tank again with water. When the ballcock floats to the top of the
tank on the ascending tide of water, this closes the valve. According to Beer, a
system such as this ‘knows’ nothing of its environment but its behaviour exhibits
some minimal characteristics of intelligence (Beer, 1994).

A cybernetic system is one that can react to environmental stimuli and adapt to
achieve internal stability. However, it is important to make a distinction between an
organism or machine being ‘aware of itself’ and being ‘self-conscious’. In his
elucidatory book Brain of the Firm (Beer, 1994)J, cybernetician Stafford Beer asks us
to “define awareness behaviourally” (Beer, 1994). Ashby states “machines are what
they do” (Ashby, 1953). Beer further argues: “We define an assemblage of entities as
a system because they appear to be acting cohesively.” If the system responds to
stimulus, “then we can say it is aware”. Stimulus is defined as something that
“alters the operation of the system” (Beer, 1994). Beer is also careful to point out that
a system does not require knowledge of the environment to react to stimulus, as this
is only registered internally. In general, “a system avoids or otherwise counteracts
stimulus which disrupts its activity, and embraces or seeks to increase a stimulus
which favours its activity” (Beer, 1994). He further postulates: “responses to stimuli
by aware systems are either negative or positive [...] It follows that the aware entity
has, in some sense, the ability to judge which is which” (Beer, 1994). A system’s
criterion of smooth operation is based on internal stability. If we shrink away from a
burning flame it is because the pain exists inside us; it upsets our internal
environment. It might be intuitively presumed then that because organisms are able
to categorise stimuli and know in advance of environmental dangers or advantages
that this must be an essential component of designing viable systems and machines
(especially to protect against unforeseen circumstances). “All this is mistaken”,
asserts Beer. All a system requires is “a way of measuring its own internal tendency
to depart from stability, and a set of rules for experimenting with responses which
will tend back to an internal equilibrium” (Beer, 1994). In cybernetics, a system that
can survive arbitrary and un-forecast interference is known — in Ashby’s terms — as
an ‘ultrastable’ system (Ashby, 1952). An ultrastable system survives not by
perceiving external threats, but by adhering to its own internal check system. We
can conclude from this that ‘intelligent’ systems are often very simple and may have
the appearance of conscious thought, but are in fact non-conscious entities,
incapable of external perception.
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In order for a system to be self-regulating, feedback mechanisms must be employed.
Beer states: “what the term (feedback) means strictly is so fundamental to cybernetic
thinking that its connotations should be unravelled with some care”. He defines
feedback as “the return of a system’s output to its input, which is thereby changed.
Positive feedback takes an increase in output back to increase the input; negative
feedback takes back an output increase to decrease the input and is therefore
stabilizing in principle” (Beer, 1994).

In the terms of this thesis, it is conceptually important to state that almost all audio
applications and in particular DSP processes utilise feedback as a mechanism of
operation. This is particularly true of those that incorporate delay, such as filters,
equalisation, reverb, delay lines, compression, etc. A basic example, in audio terms,
is a typical feedback delay circuit (such as in Fig. 6), which consists of a signal input
(i) and an output (0). A delay line is placed between the input and output (Delta t)
and a feedback line is routed from after the delay, passed through an amplifier (*)
and fed back into the signal line before the delay circuit, which allows addition or
subtraction of amounts of feedback from the signal. This type of circuit can produce
several effects (depending on the amount of delay time and feedback); typically it is
known as a feedback delay but with shorter delay times it is also a flanger, or comb
filter (Davis & Jones, 1990).

Fig. 6. A feedback delay circuit (modified from Davis & Jones, 1990)

The delay line minus the feedback line will only produce a single repeat of a sound
signal. However, if the feedback path is added, multiple repeats are possible. The
larger the volume of the feedback path, the greater the output volume and number
of repeats.

The universal feedback circuit Beer describes in Brain of The Firm (Fig. 7) is one that
is commonly found in electrical and control engineering. It is capable of producing
positive or negative feedback (reinforcing or negating stimulus). It is also “a self-
regulating mechanism which does not rely on understanding causes of disturbance
but deals reliably with their effects” (Beer, 1994). This is significant, as it stands in
opposition to many of the symbolic representation models in A.l. research, which
tends toward symbolic representations of knowing causes in order to react.
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Some materials have been removed due to 3rd party copyright. The
unabridged version can be viewed in Lancester Library - Coventry
University.

Fig. 7. Beer’s Feedback Network (Beer, 1995, 34)

Fig. 7 displays a feedback network: Two ‘switch’ mechanisms are embedded in the
circuit: f(p) between the input and the output (on the forward line) and F(p) on the

teedback line. An input signal : will pass through f(p) and be fed back via F(p) and
added into the signal at X. So e can be defined as:

e=1i+o0F(p)

In operation, the value of ¢ is passed back through f(p) and through to the output o
(and also back through the feedback line). Before examining this circuit turther, it is
important to explain the nature of the ‘switches’ f(p) and F(p). The term “switches’
is used here as they are indeed ‘deciding” mechanisms. However, this is not based
on a simple yes/no decision or an on/off switch, but instead on a ‘sliding scale’
mechanism known as a ‘transter function’. A transfer function in electrical
engineering (and indeed audio engineering) is typically some sort of amplifier (this
may be linear or non-linear). To demonstrate the circuit practically, we could
imagine that the inputihad a value of 2. We might then imagine that f(p) was
amplifying the signal (multiplying it) by 2. This would give a result of 4 at 0. Now
let us imagine that we wished to regulate the circuit so that no matter what the
input, it would always be equal to the output. To do this we could add the value of
0.5 into the F(p) amplifier (multiplier). This would have the effect of halving f(p)
and thus returning input and the output to unity. There are a number of things to be
said of this practical demonstration. Firstly, it is easy to see how positive and
negative feedback can be generated (assuming that the value of f(p) is always
larger than 1. Values of less than 1 in F(p) will generate negative feedback
(suppressing the signal), while values greater than 1 will produce positive feedback
(massively amplifying the initial input). Secondly, it is important to emphasise that
the above example is only a snapshot of a system at a fixed point in time. In reality,
teedback systems are fluid and dynamic and amounts of suppression or
amplification are determined by the ‘sliding scale’ transfer functions within f(p)
and F(p). This means that at any constantly changing input value, the level passing
through the transter functions will determine whether feedback is positive or
negative, automatically boosting or attenuating the signal based on the value of the
transfer function. Beer further defines the transter function of the whole system as:
O(p) (Beer, 1994). To calculate this value we can use the equation:

_°___
00) = 7 =Zorm
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As has already been stated, the above equation will yield a model of a circuit
capable of providing positive or negative feedback. However, if we wish to have an
error-correcting circuit only (so that the circuit always produces negative feedback
(as in mainly the case in control engineering), this may be changed by subtracting

the value of the ‘error’ (e) transfer function from the original input:
e=1—0F(p)
This changes the overall equation of the transfer function to:

f(p)

°®)= =T rm)

Thus: “The reciprocal of the transfer function of the feedback network determines,
all by itself, the overall transfer function of the system” (Beer, 1994).

In engineering or biological contexts, an input signal may need to be amplified
greatly in the forward line, but this inevitably leads to any noise or error in the
signal also being amplitied. However, with the negative feedback circuit described
above, the feedback network automatically attenuates any error, leaving only a pure
signal to pass through the circuit. According to Beer this is a central mechanism for
‘ultrastability”: “Negative feedback corrects any output in relation to fluctuating
inputs from any cause. It does not matter what noise gets into the system, how great
it is compared to the initial input signal, how unsystematic it is, nor why it arose. It
tends to disappear” (Beer, 1994). This method is also precisely how noise is
removed in audio amplification circuitry.

Some materials have been removed due to 3rd party copyright. The
unabridged version can be viewed in Lancester Library - Coventry
University.

Figure 6

Fig. 8. Ashby’s model of ‘the simplest version of a controller.” (Beer, 1994)

Ashby’s model of “the simplest version of a controller” (Beer, 1994), extrapolated
from Ashby’s Design for a Brain (Ashby, 1952), describes the control function of an
ultrastable system. It is utilised to demonstrate a practical implementation of the
above principles. Here we see a simple feedback mechanism, which is defined by a
‘criterion of stability’ (C of S). Stimulus enters via transducers (note, microphones
are also transducers), which is registered by a ‘sensorium’. This acts according to a
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criterion of stability, and sends either a positive or negative signal to an ‘effector’,
which acts to either repel or attract the stimulus. To explain further, “a sensorium is
anything within a system that can register and classify the existence of stimulus”
(Beer, 1994). It measures the amount of stimulus against a criterion of stability. For
example, if this were a temperature scale then ‘very hot’ or ‘very cold’ would be
registered as ‘pain’ or ‘danger’ by the C of S, which would then set the switch to
‘avoid’ at these extremities and ‘attract’ in the ‘comfortable’ zone. To decide
between A and B the system must compare outcomes of making either choice
against the C of S. “To do this, its simplest strategy is to do a little avoiding and a
little reinforcing, testing out the results on its criterion, and then firmly setting the
switch. Error is an important and necessary part of decision-making and a vital
element in the creation of a stable system. It is worth noting that if experimentation
goes on too long, the system will go into oscillation. All systems are prone to this
phenomenon, in engineering it is called ‘hunting’ and in physiology ‘ataxia’” (Beer,
1994).

4.4 Variety and Recursion

In addition to the notion of feedback, Beer introduces us to some further
“conceptual components” essential to the understanding of cybernetics. These
include ‘heuristics’, ‘variety’, and ‘recursion’. As we have already noted, Beer
defines an heuristic as “a set of instructions for searching out an unknown goal by
exploration, which continually or repeatedly evaluates progress according to some
known criterion” (Beer, 1994). It is important to note that this is in contradiction to
an algorithm, which “is a technique for, or mechanism, which prescribes how to
reach a fully specified goal”. An algorithm will produce a fixed outcome, whereas
an heuristic will produce an outcome within a “class of goals”. Beer further
elucidates that “heuristics prescribe general rules for general goals”. To return to his
axiom, which is so critical in terms of cybernetic musical composition, it is in
connection with how heuristics work when interacting with complex systems that
he states: “instead of trying to organize it in full detail, you organize it only
somewhat; you then ride on the dynamics of the system in the direction you want to
go” (Beer, 1994).

In complex systems, the amount of external stimulus flowing into an agent can be
very large. We have seen how noise/error can be reduced but even allowing for this
function, the sheer amount of pure information being input, processed and output
from a system can be incomprehensibly vast. In cybernetics, the term ‘variety’ is
used to describe “the total number of possible states of a system, or of an element of
a system” (Ashby, 1952). According to Ashby’s ‘Law of Requisite Variety’, “control
can be obtained only if the variety of the controller (and all parts of the controller) is
at least as great as the variety of the situation to be controlled” (Ashby, 1952).
Variety must also incorporate error. This poses a problem in engineering terms, as
the internal variety of the system must ‘mirror’ the external situation, creating large,
complex, and inefficient control systems. So, in order to maintain operation of
accurate and complex perception, decision-making, and action processes, ways of
reducing variety must be found, if efficiency is to be achieved. Beer cites the
Algedonode (Beer, 1994), a cybernetic machine of his own creation, as a mechanical
example of such a feedback circuit, which effectively reduces complex variety and
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produces ‘correct’ responses to dynamic circumstances. Analogous to this, in audio
technology, the act of recording sound (by analogue or digital means) very
effectively mirrors the external sound environment and reduces variety to
manageable states, in what Shannon terms ‘redundancy’ (Shannon, 1948 & 1951).
Once audio information is captured in this way (particularly in digital form), it can
be measured and manipulated to produce (via measurement and manipulation of
DSP) responses or desired outcomes. Audio processors may also be considered as
variety reducers or amplifiers. For example, an audio filter can greatly reduce the
variety of an audio signal, while harmonic distortion will increase it.

So, in thinking about the cybernetic design of electronic music composition systems,
we may envisage a method of recording and means of signal processing that
interacts with the environment in real time. The concept of ‘recursion’ is also
important; in the context of designing such a cybernetic system, this pertains to a
recursive coupling, in which, by a series of feedback loops, all components of a
system (including those that route out to — and back from — an environment) are
linked; a change in one area of the system will affect all components of the system
by incremental interlinked degrees. Thus each element is recursively linked and no
one element of a system exerts overall control. Within such a system, switches (or
criterions of stability) may be set to reinforce or suppress stimulus, based on a
continuous feedback process, which tests the composition for certain
oppositional parameters. This is a dialectical, conversational process that exists
within an environmental context. These operational parameters may be derived
from measurements of information from the soundworld, such as amplitude,
frequency, rhythmical content, etc. These parameters may then be compared in
relation to each other and linked together to form a matrix of control functions; a
change in one area may indicate the need to adjust another compositional
component. Via this process, the machine may shape this material into a
compositional structure, either independently or with human interaction.k

It is also important to emphasise that, in general, cybernetic works of music are
ephemeral and each iteration is unique. Musical works are formed in real time as
they interact with an environmental space, and the act of composition tends to be in
the composition of the interactions between human, machine, and environment,
with the aim that these interactions produce emergent behaviours that may be
heard as music (Di Scipio, 2003).

4.5 Representational Versus Non-representational Systems

The above examination could conceivably beg the question, why bother to take the
cybernetic route to making a compositional system, rather than the well established,
symbolic artificial intelligence approach? Firstly, musical notation is a good tool to
use with computers if one wishes to produce music that adheres to the traditions of
Western art. However, as Denis Smalley and others have pointed out, notation is a
poor descriptor of many modern electronic musics (Smalley, 1997). This is
particularly true when the medium mitigates the message in a technologically
symbiotic creative process. It is perhaps then pertinent to look to metadescriptors
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(beyond notation) that speak to common systemic control factors in a
human/machine/environment paradigm.

Secondly, as Douglas Hofstadter points out, artificial intelligence is not able to
solve the problem of computer compositions sounding creative or original
(Hofstadter, 2007). Furthermore, according to the technological philosopher,
Richard Coyne, computer interfaces are also very poor at interacting with
human behaviour in a meaningful or creative way (Coyne, 1995). There are
some good reasons for this, with the lack of feedback mechanisms in many A.l.
systems, the inability to creatively utilise ‘error’, and the Cartesian dualism that
permeates much of this research, to name but three. Finally, A.l. makes systems
based on the Cartesian paradigm function more ‘efficiently’, whereas cybernetics
focuses on sustainability, which encapsulates the creative act and creativity as
fundamental elements. So in order to create a self-sustaining musical system
that can respond to its environment and interact with a composer in a
meaningful way, we must turn to the more pragmatic approach that cybernetics
offers.

To summarise: New forms of compositional structures are akin to pre-literate
forms of musical practice, where performance and process are mediated by
technologies, and ends or outcomes are not fixed but held within a frame of
ritual or ontological beliefs. Within this context, the technology of notation can
be seen as the dominant technology of a past era and not of the current time.
New technologies are directing us toward an expanded musical epistemology
and an ontology that is more akin to the pre-literate society than the literate.

Composers such as Lewis and Bebe Barron, Herbert Brin, Roland Kayn, Brian
Eno, Agostino Di Scipio, Gordon Pask, lannis Xenakis, and John Cage,
amongst others, have laid the theoretical and creative foundations for utilising
cybernetics within musical composition. Cybernetics offers an engineering
framework that allows composers to design electronic musical systems that are
meaningfully interactive or self-creating without needing to utilise notation. It also
adheres to a pragmatic position, which sees the blurring of means and ends in
the compositional process. A.l. views computers as tools — the artificial thinking-
machine is a subservient entity. Cybernetics offers an alternative view, one in
which computers can be vibrant, symbiotic entities that may partner us in our
creative acts, assisting and enhancing our creative endeavours in reflexive,
innovative, and interesting new ways.
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Chapter 5

First Order Cybernetic Music



5.1 Norbert Wiener — Cybernetics and the Inception
of Electronic Assistive Audio Technology

We know that for a long time everything we do will be nothing more than the jumping off
point for those who have the advantage of already being aware of our ultimate results
(Wiener, 1953).

This examination of Norbert Wiener’'s (1894-1964) involvement with the
development of the ‘*hearing glove’ is something of an aside from the main purview
of this thesis, which is concerned with musical composition. However, it is an
important perspective to consider, as it demonstrates an interlinking of cybernetics
and audio technology at an early stage in the development of both fields. Assistive
technology is important in the context of this thesis in relation to the
Human/machine/environment paradigm of cybernetics and the implications this
has for music composition.

Music making is intertwined with tools and technologies, from instrumentation to
notation. Though we may imagine a Platonic, idealised musical piece in the mind, in
the attempt to realise it in the real world, it becomes mediated by many contingent
conditions. Even a-cappella vocal singing is mediated by environmental factors and
social or musical conventions (such as the aforementioned technology of notation).
These contingent conditions can alter the Platonic idea of the music in unforeseen
and unpredictable ways. We may say that the ‘idea’ of the music becomes somewhat
subject to probabilistic processes in its translation from the mind to the finished
work. In thinking of this phenomenon, one might assume that the more contingent
or ‘abrasive’ the mediating technology, the less fluid it is at ‘translating’ our idealised
form, and thus the more probabilistic processes come into play in this translation.
Thus, there exists a tension between the imagined and the realised, and this
dichotomy comes into sharp relief when we consider how machines assist us in
creating music.

A common conception in music composition that utilises technology is that the
machine perfectly assists the user in realising imagined pieces of music and that
probabilistic processes are not an issue in any ‘translation’ process. In examining the
extent to which technology may introduce probabilistic processes into compositions,
it is worth considering assistive technologies that aid severely disabled composers;
here the focus of how a technology is assistive is at its most pertinent and much
might be considered about the degree of mediation or translation involved in the
design of such a system. An example here might be using voice recognition to trigger
a music-sequencing package. While this technology might be enabling in the sense
that it ‘gets the job done’, the process itself might be very laborious and time
consuming. The rigidity of the machine might well constrain the possible options.
We might also consider that in this model the technology is not an equal partner, it is
merely a subservient tool, a means that only exists for the ends. There is very little
that is adaptive or reflexive about this technology.

Another factor that needs to be considered with the voice-triggering example is the
extent to which the technology is replacing a part of able-bodied functionality. This
guestion is important as it points to where much of the thinking behind this type of
assistive technology comes from, which is deeply rooted in Platonic ideas concerning
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‘perfect forms’ and the mind/body split that is synonymous with Cartesian dualism.
So rather than ‘accepting’ the body as it is, the technology seeks to force the
functionality of the physique; to make the body be of comparable ability to one that
conforms to an idea of a perfect form. This thinking also elevates the mind over the
body; the body is a tool that can manifest ideas that correspond to internal perfect
forms in the external world.

Clearly, these aspects of assistive technology present us with some problems,
particularly when we move beyond designing tools with clear-cut goals and begin to
consider technologies that might drive process and point toward new creative
possibilities. ‘Straightforward’ tools are useful and have a justified role to play in
assistive technology, but they are not akin to technologies used in many scientific
applications. According to Marshal McLuhan, in the scientific/electronic era, we see
the blurring of means and ends, where the technology has the ability to direct
process and point toward new conclusions and discoveries (Coyne, 1995). A good
musical example of this type of technologically-driven process in music making
would be Alvin Lucier’s | am Sitting in a Room (1969), where the technology and the
environment mitigate the outcome to such an extent that ‘the medium becomes the
message’. What is imagined by the composer may only be realised through the
enframing power of the technological and environmental milieu; the sound of the
piece and the composer’s intensions are wilfully at the mercy of these conditions.

In order to improve human/machine interaction in music making, it is worth
revaluating the design and use of creative machines that assist process. A new
framework is needed for this type of endeavour, one that embraces circular causality,
breaks with the Cartesian tradition, and points toward new creative possibilities.
Cybernetics offers us a constructive way of examining these issues. Indeed, as shall
be demonstrated, cybernetics lies at the core of much of the thinking behind the first
electronic assistive technologies that were designed for audio applications.

One interesting consequence of applying cybernetic principles when studying
systems is that boundaries between entities can become buried or broken down;
when one conceptualises information, control, and communication as an integrated
system, entities may no longer be separate but seen as part of a unified whole. This
idea is most pertinent when we consider the boundaries of the human subject. The
anthropologist and cybernetician Gregory Bateson pondered this conception of
boundaries when he considered the question, “Is a blind man’s cane part of him?”
(Bateson, 1972). In general we would consider human boundaries to be defined by
epidermal surfaces. However, N. Katherine Hayles asserts, “cybernetic systems are
constituted by flows of information. In this viewpoint, the man and the cane join in a
single system, for the cane funnels to the man essential information about his
environment.” This viewpoint is the same as when we might consider a “deaf
person’'s hearing aid, a voice synthesizer for someone with impaired speech, a helmet
with a voice-activated firing control for a fighter pilot” (Hayles, 1999) — and for that
matter, a music ecosystem capable of autonomous composition and reflexive
interaction with performers.

We might observe in the above list of assistive technologies that it moves "from

modifications intended to compensate for deficiencies to interventions designed to
enhance normal functioning” (Hayles, 1999), and that this transitional list further
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demonstrates how conceptually difficult it is, from a cybernetic perspective, to draw
distinctions between these categories. However, one of the founding fathers of
information theory and cybernetics, Norbert Wiener, considered that it was critical to
draw distinctions between certain types of assistive technologies; namely those that
fall into the categories of being either ‘good’ or ‘bad’ machines. In his book The
Human Use of Human Beings (Wiener, 1950), Wiener states that machines become evil
when they are rigid and inflexible. "The ultimate horror is for the rigid machine to
absorb the human being into itself, co-opting the flexibility that is the human
birthright" (Hayles, 1999). By contrast, the cybernetic machine is flexible and
adaptive, maintaining homeostatic stability in the face of all-consuming entropy. For
Wiener, the "cybernetic machine is ranged alongside man as his brother and peer”
(Hayles, 1999). The cybernetic machine reinforces rather than threatens the
autonomous self: "when boundaries turn rigid or engulf humans they lose their
agency, the machine ceases to be cybernetic and becomes simply and oppressively
mechanical" (Hayles, 1999). And thus we see the paradigm of the repetitive and
restrictive vs. the symbiotic and enhancing.

Cybernetics is a science of analogy and metaphor, the most pertinent one being that
‘living organisms are like machines.”"™ This analogy can be demonstrated from an
information perspective; analogical relationships can be constructed between living
and mechanical systems that demonstrate similar patterns of information and
behaviour. It is important to recall that in cybernetics, “Analogy is not merely an
ornament of language but a powerful conceptual mode that constitutes meaning
through relation” (Hayles, 1999). It also allows us to cross boundaries and offers a
powerful conceptual framework in design. Cybernetic machines are not merely
compensating for lost behaviour; they are working symbiotically with human entities
to enact new analogies or new approaches to outcomes.

Cybernetics lies at the core of the inception of electronic assistive technologies. In her
paper “Cybernetics and Disability” (Mills, 2011), the academic Mara Mills writes:
“Information theory and cybernetics emerged in a milieu committed to the
materialisation and control of communication, rather than the ‘erasure’ of materiality
and bodies. As a consequence, these fields prioritized certain kinds and
arrangements of bodies above and beyond the sheer isolation or transfer of
information” (Mills, 2011). “Early cyberneticians paid an obsessive attention to
embodiment - through a policing of human difference that required as much
physical labor as information exchange — as well as to physical media, which were
evaluated in terms of their efficiency for carrying signals and their compatibility with
human norms” (Mills, 2011).

Norbert Wiener’s ‘Hearing Glove’, was just such a cybernetic device. An early
electronic haptic interface, it was developed in the electronics labs at MIT in 1949.
Designed as an aid for deaf people, it converted sound waves into electromagnetic
vibrations that could be felt in the fingertips. The hearing glove was built upon
technologies such as the Vocoder and the Spectrograph that were developed at Bell
Labs almost a decade earlier. The device was most notably associated with Helen
Keller, who visited the MIT labs on a number of occasions to test the device. Wiener
told Keller that the hearing glove was his first “constructive application of
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cybernetics to human beings” (Keller, 1950). “The prosthesis Wiener designed can be
understood as operating through analogy, for they transformed information from
one modality into another” (Hayles, 1999). Machinic analogues were required to
mediate between sensory domains. “The hearing glove was a ‘strong analogy’, a
concrete analogue that replicated the speech processing performed by the inner ear.
Although the glove was not a digital device (it did not quantize speech waves), it did
filter the ‘information’ from the ‘non-information’ or redundancy in speech. This
abstraction of information from speech waves was not abstract in the sense of being
immaterial: the frequencies subtracted from the human-generated speech wave were
transferred directly to other material media. Moreover, the information transmitted
by the glove was defined with reference to certain physiological parameters” (Mills,
2011). Beyond tactile hearing, Wiener conceived of the glove as a feedback device to
correct what he called the “grotesque and harsh intonation of deaf speakers” (Mills,
2011). He also suggested that these principles could be used as a basis for further
work in sensory replacement. In his 1950 overview of cybernetics for the American
Academy of Arts and Sciences, Wiener discussed the glove as a prime example of
both feedback and information compression (Mills, 2011).

Some materials have been removed due to 3rd party copyright. The unabridged
version can be viewed in Lancester Library - Coventry University.

Fig. 9. Norbert Wiener using the Hearing Glove: https://arts.mit.edu/stefan-helmreich-
discusses-upcoming-symposium-material/(2017)

Cybernetic music is rooted in questions about how technology might best assist us.
In the hearing glove we can see a cybernetic model of an assistive technology that
mirrors the use of cybernetics in electronic composition, one that utilises analogy to
cross boundaries and operates in real time. It also works symbiotically with the user
by filtering out unnecessary information in order to make the ‘translation’ experience
seamless and un-rigid. The example of the hearing glove demonstrates that
conceptions of technological interfaces and audio technology have been with us since
the earliest days of electronic music. Yet, even today, the cybernetic model
encapsulated in the hearing glove is rarely made explicit in electronic music. From
this point forward, this thesis examines the story of cybernetics in musical
composition and how these conceptions of non-subservient tools are becoming ever
more accepted as common assistive technologies in this realm. The hearing glove
points toward how a cybernetic machine might partner us in a creative endeavour
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and if we apply the spirit of these ideas to music composition this manifests in a
rejection of perfect Platonic forms and an embracing of probabilistic processes; we
may only realise the piece of music by interacting with the technology, the
technology mediates the outcome in real time and therefore mitigates the outcome,
driving process and pointing toward new outcomes.

FF



5.2 Louis Barron, Bebe Barron & John Cage

In order to create electronic life, you have to be free to abuse the circuit
(Louis Barron in Greenwald, 1986).

One of the most prominent examples of cybernetic analogies being utilised with
early electronic audio technologies is the work of Louis (1920-1989) and Bebe (1925-
2008) Barron. These pioneering composers not only produced the first piece of
electronic music to tape in America, Heavenly Menagerie in 1950 (Holmes 2002), they
are also credited with creating music using cybernetic principles, most notably for
the seminal 1956 science-fiction film Forbidden Planet (MGM, 1956).

Louis and Bebe originally hailed from Minneapolis and both studied music to degree
level at the University of Chicago and the University of Minnesota respectively. After
the couple met, they moved to New York and married in 1948. As a wedding present
they were given a gift of one of the first tape recorders to be imported into the United
States from Germany (Wierzbicki, 2005). Intrigued by the possibilities of this new
technology, Bebe Barron recalls that they “did the usual experiments: slowing the
tapes down, running them backwards, and adding echo” (Juno and Vale, 1994). To
support themselves during the early 1950s, the Barrons opened a recording studio
business in Greenwich Village that catered for the burgeoning New York avant-
garde scene. This was the first electronic music studio in America and one of the first
in the world, predated only by Schaeffer and Henry’s studio at RTF in France
(Holmes, 2002). Louis’ expertise with electronics allowed him to expand the studio’s
equipment, building oscillators, speakers, and delay and reverb units.

Concerning the studio’s technology, Bebe recalls: “We were using the same
equipment that the classic electronic studios were using, although we were more
limited because, number one, we were considerably earlier than most of them and
we had to make a lot — in fact almost all — of our equipment. We were also limited
financially because we didn't have an institution behind us” (Holmes, 2002).

Some materials have been removed due to 3rd party copyright. The unabridged
version can be viewed in Lancester Library - Coventry University.

Fig. 10. Louis and Bebe Barron in their Greenwich Village Studio in 1956 (Taylor, 2013)
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After moving to California for a brief period, the Barrons refined their knowledge of
the German tape machine by making recordings of a number of notable authors,
including Anais Nin, Henry Miller, and Aldous Huxley. These were later released
under the title of Sound Portraits on the Barrons’ own record label (Wierzbicki, 2005).

The couple returned to New York in 1950 and quickly became part of the bohemian
art scene in Greenwich Village, gaining a reputation for their work with sound and
electronics. It was here that they met John Cage (1912-1992). At the time, Cage was
predominately interested in utilising chance operations in his compositions.
According to Holmes, Cage’s interest in engaging chance procedures in his works
had three main motivations. Firstly, to “create music for which the outcome was not
preconceived — composition that was indeterminate of its performance” (Holmes,
2002). Secondly, to disengage “a composer from their natural instinct for making
pretty music” (Holmes, 2002). And thirdly, to “remove the composer’s taste entirely
from the process of making composition” (Holmes, 2002). It was from this
philosophical position, which on the surface appears akin to cybernetic precepts
concerning order from chaos, that Cage proceeded to engage in composing by
electronic means.

Cage contacted the Barrons to ask if they would act as sound engineers for a series
of tape-based compositions that Christian Wolff, Earle Brown, and Cage himself
were proposing. Cage had recently received a grant of $5000 from a young
millionaire, Paul Williams, with which to achieve these experimental tape-based
pieces (Wierzbicki, 2005). The most prominent work to emerge from these
experiments was Cage’s Williams Mix (1952). Cage conceived of the piece as a mix of
environmentally recorded sounds that were to be spliced together on a series of
tapes. The order, length, and dynamic contour of the recorded material were to be
determined by his method of chance operations. Cage’s favoured technique for
producing random number sequences in this period was the | Ching, the ancient
Chinese Book of Changes. He took the numbers generated by the I Ching process and
assigned them as operators to determine different musical parameters within the
piece. Cage stipulated that recorded sounds should be in six categories: city sounds,
country sounds, electronic sounds, manually produced sounds (including musical
instruments), wind produced sounds, and small sounds requiring amplification
(Holmes, 2002). The recording and editing of the score was a major technical
achievement, not least because many of the environmental sounds had to be
recorded on location, not an easy feat with equipment that was far from portable
(Holmes, 2002).™

Williams Mix took nine months of work to complete and saw its first performance in
1953 at the Festival of Contemporary Arts at the University of Illinois. The piece was
performed using 8 tape recorders and was the first octophonic piece of music
(Collins, 2010a). Its controversial reception can be heard in the raucous, mixed
reaction it received from the audience at a notable recorded live performance at
New York Town Hall in 1958, where applause and cheers can be heard mixed in
equal measure with verbal disdain and displeasure (Cage, 1952). While Williams Mix
was surely groundbreaking in its utilisation of technology coupled with random
processes, it cannot be considered as belonging to a canon of cybernetic music. The
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academic Simon Biggs contrasts Cage’s work of this period with that of lannis
Xenakis, and concludes that while Xenakis’ work is derived from cybernetic
principles, Cage’s work by contrast may be “cosmetically similar”, but it
nonetheless derives from different sources of inspiration, namely that of neo-Dada,
Fluxus, Eastern philosophy, Jazz, and traditional African music (Biggs, 1987), and as
such it cannot be considered cybernetic in its inception. At this time, Cage’s instinct
toward chance operations also has a different impetus from the cybernetic
recognition of probabilistic processes. Cage wished to remove the self, ego, and
emotions from the compositional process, in order that it might be unaffected by the
composer’s memory or taste (Andrews, 2012). Furthermore, the influence of Eastern
music and philosophy gave Cage his primary view of music’s purpose, that of
producing a “sober and quiet mind, thus making it susceptible to divine
influences”. This was in contrast to what Cage saw as the traditional view of music’s
purpose as “communication” (Cage, 1991).

While on the surface, some of Cage’s aspirations appear to chime with a cybernetic
compositional perspective,# for the cybernetic composer there is no overt desire to
remove ego and emotions from the compositional process, rather there is a
recognition that there are always probabilistic processes at play within the
compositional process. The process of cybernetic composition focuses on the
interaction of man, machine, and environment, and the information flow between
the elements of the system and the composition of these elements take precedence
over any musical notation or implied emotion imbued by a composer. There is also
a recognition that there is no innate meaning within music and that the audience
will imbue the work with its own meaning, therefore, the memory and taste of the
composer does not need to be usurped,; it is incorporated as an equal element in the
compositional process, but it is by no means the primary focus.

And again, while superficially, it would appear that Cage’s Eastern influence might
find favour with many cybernetic composers, his view that music should produce a
“sober and quiet mind, thus making it susceptible to divine influences” (Cage, 1991)
is entirely absent from the cybernetic standpoint. And while some cybernetic
composers, such as Brian Eno, produce music that could be said to induce such a
state, others such as Roland Kayn distinctly do not. Nonetheless, in neither case can
it be said that it is the intention of these cybernetic composers to produce music
with an overt ‘purpose’ or implied meaning.

While it is almost certain that Cage had some familiarity with cybernetic ideas
before the composition of Williams Mix, despite initial impressions, the piece itself is
guite distinctly un-cybernetic in its compositional approach. Firstly, it is not designed
to be ephemeral (a characteristic of almost all cybernetic composition and a trope to
be examined many times in this thesis); the score attempts to define a consistent and
repeatable piece of music, which theoretically, is the same in each performance.
Secondly, the composition does not overtly include the environment in its
performance; while environmental noises are used as the basis of the recorded
material, no environmental factors are used as control mechanisms or live sonic
inputs in the performance. Finally, the technology is used simply as a means to an
end, as a tool to realise a text-based score. It is not utilised as a feedback mechanism,
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or as something that drives process and points to new discoveries: man, machine
and environment are to a large extent kept separate in the compositional process.

By contrast, the Barrons’ own compositional approach was overtly cybernetic. After
completing Williams Mix in 1953, the Barrons gained a reputation for composing
electronic music for films, most notably in collaboration with the film-maker lan
Hugo (husband of Anais Nin), and also in commercial advertising work (Holmes,
2002). These projects provided the opportunity for introductions to major
Hollywood studio executives and in 1955 the Barrons gained their most important
musical commission, composing the music and designing the sound effects for the
seminal science-fiction film Forbidden Planet (1956). It was their work on this film
that cemented their reputation as pioneering electronic composers and it also
established their cybernetic compositional method.

Louis had a passion for electronics and the emerging field of sound synthesis and he
saw these new technologies as fertile ground for creating new forms of musical
expression. In the quest to design more sophisticated audio circuitry, he studied
Norbert Wiener’s 1948 book, Cybernetics: Or, Control and Communication in the Animal
and the Machine. Here, Wiener makes several references to the practical application
of vacuum tubes to mimic or replicate systems found within living organisms. For
example, on page 130, Wiener discusses modelling the function of a neurone (nerve
cell) and states: “it is perfectly possible, for example, to cause any message going
into storage to change in a permanent or semi-permanent way the grid bias of one
or a number of vacuum tubes, and thus alter the numerical value of the summation
of impulses which will make the tube or tubes fire” (Wiener, 1948). Furthermore,
electronics engineer and musician Phil Taylor notes: “An entire chapter is devoted
to the topic of feedback and oscillation and describes a non-linear oscillator more
commonly known as a relaxation oscillator. This type of circuit is used to generate
the sawtooth waveform that drives the raster scan in a T.V. set, creating the picture.
Relaxation oscillators were constructed from gas — usually neon or argon - filled
tubes known as thyratrons. These relaxation oscillator and ring modulator circuits
were a few of the building blocks that Louis used to create his unique sounds”
(Taylor, 2013). Following the principles and equations described in Wiener’s text,
Louis constructed many variations of custom oscillators and ring modulator circuits
using the valve technology that was ubiquitous to the electrical engineering of the
day. His approach was not to think in terms of classical signal processing, but to
treat the circuit as a living organism going through a lifecycle — of birth, life, and
eventual death (Wierzbicki, 2005). Bebe states: “What we did was to build certain
types of simple circuits that had a peculiar sort of nervous system, shall we say.
They had characteristics that would keep repeating themselves” (Holmes, 2002).

Analogue valve circuitry is distinct from subsequent transistor or digital sound
technologies as it can be overloaded by hundreds of volts beyond its normal
operational capacity, thus pushing the circuitry into unknown and inherently
unstable states of operation, something that is impossible to achieve with transistors
or micro-processors. Of this phenomenon, Louis stated: “in order to create electronic
life, you have to be free to abuse the circuit” (Greenwald, 1986). In order to produce
the unique tones heard in Forbidden Planet, Louis built individual circuits for
different themes or motifs. Taylor notes that “this was an innovative approach to
composition, where each circuit had its own characteristic voice” (Taylor, 2013).
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Some materials have been removed due to 3rd party copyright. The
unabridged version can be viewed in Lancester Library - Coventry
University.

Fig. 11. An example of Louis Barron’s cybernetic circuit diagrams (Taylor, 2013)

The sound circuits often tended to burn out irreparably, which made the process of
recording essential in capturing these ‘never to be repeated’ sounds. Bebe recalls:
“No matter what we did, we could never reconstruct them. They just seemed to have
a life span of their own... We never could predict the movement of them, the
patterns of them. It really wasn't like composing music at all” (Holmes, 2002). The
ephemeral noises created by overloading the circuits were edited and compiled by
Bebe, who also further manipulated the sounds on tape, using effects such as reverb
and tape delay, to produce a rich and dynamic electronic soundscape. Although both
had trained in composition, they did not consider this creative process to be
composition but rather a cybernetic process; instead of the circuits producing ‘notes’,
they were defined as ‘actors’, which could be designed to replicate the actions or
characters within the film. It was not until they worked with John Cage that they
were persuaded by him to consider their soundscapes as music (Chaudron, 2011).

It is also interesting to note that the Forbidden Planet soundtrack blurs the distinction
between music and sound effects. The Barrons were originally hired to produce
sound effects for the film, but the studio was pleasantly surprised with the
musicality of the results and asked the Barrons to score the entire soundtrack for the
film (Wierzbicki, 2005). In film sound-theory terms (Bordwell and Thompson, 1985),
the Barrons’ soundtrack blurs the distinction between music and sound effects,
between what is diegetic and non-diegetic sound (that which may be heard by the
characters within the story world of the film, and that which is not). While, the mise-
en-sceéne of a film is not a ‘real’ environmental space (it is a fictional one constructed
on a film set), the use of film sound in this way displays similarities to Brian Eno’s
approach to ambient music, in that it is music that is designed to mingle with the
surrounding environment and the sounds of each should interact in the audible
space, blurring the distinctions between music and environmental sound.= This
mingling of music and sound effects is very unusual in conventional film sound
(more commonly, it tends to be a feature of cartoons); however, it does share traits
with the music of other cybernetic music composers such as Eno.
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When considering this notion of the environment playing a role in cybernetic
composition, it is also worth noting that real environmental factors affect analogue
circuitry in a way that is not found in digital or transistor technology. Room
temperature, humidity, and changes in mains voltage greatly affect the performance
of valve circuitry, and just as in conventional musical instruments, this has an
important effect on the pitch and timbre of electronic musical instruments that utilise
valve technology. While this may be regarded as a minor interaction in the real time
compositional process, it does comply with the human/machine/environment
paradigm at the centre of cybernetic ontology.

However, it is the way in which the circuits were used in the compositional process
that highlights the Barron’s cybernetic intentions. Louis was primarily interested in
designing audio circuits that had an organic ‘built-in uncertainty’ and was, by
contrast, decidedly unimpressed with the electronic synthesisers that were to follow
his inventions. For Louis:

“[A synthesiser is] designed to do something precisely and repetitively, even
if the repetition is just the cycles of a sine wave. It's locked in, it’s
lobotomised - it doesn't have a chance to express itself. It simply expresses
what you want to express, nothing more. But to turn that around, to ask
what the circuit wants to express regardless of my intention, now that has
authenticity. It's an authentic expression; it produces certain qualities that
have feelings to them... synthetic to me is the opposite of organic. Synthetic
music lacks this life-like quality. | think that to some extent, I’ve been able to
create circuitry that doesn't have a complete description of what it's going to
do. It makes sounds that you can resonate to; it creates emotional rapport...
With synthesisers you tell the machine what you want and then hope that it
can do it. With me, | don’t know what | want - I've given up wanting. |
might have an expectation, but I’'m process orientated. | care about what
goes on, and | accept what comes out. If it sounds good | accept it gratefully”
(Greenwald, 1986).

The Barrons saw their audio circuits as models of organic life, which is a distinctly
cybernetic viewpoint. It is also interesting to note that when Louis speaks of
“emotional rapport”, it is not as a response to a composer’s intended emotional
meaning but in relation to a performative interaction with a technology as it is
producing sound. Thus, we see the presence of the performative ontology that is
central to cybernetic thinking. Sources such as Holmes, Wierzbicki, Greenwald, and
others state that Louis’ interest in Wiener’s work underpinned not only his approach
to building audio electronics, but also the philosophical approach to their working
method.

According to scientific historian, Andrew Pickering, one of the central tenets of a
cybernetic ontology is a performative image of the world, a ‘black box ontology’, in
which the world is only knowable through our interactions with things in it. “A
black box is something that does something, that one does something to, and that does
something back — a partner in, as | would say, a dance of agency” (Pickering, 2011).
In describing the Barrons’ compositional process, the necessity of performance and
interacting with a black box (in this case the analogue audio circuitry) is central to
the Barrons’ approach. In conversation with Ted Greenwald, Louis describes
prodding the circuit to life by applying a stimulant:
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“’It could be a voltage coming in from the outside, or it could be letting more
current pass internally by changing a resistance, or by adjusting some kind
of feedback.” The method of control is always manual [performed], a variable
resistor or capacitor built right into the circuit. Louis doesn’t think in terms
of filtering, amplifying, oscillating, or any of the component sound-shaping
processes that synthesists are familiar with. ‘The circuit itself would have a
number of those things going on internally to get the total result. If it
sounded good to us, we’d try to capture it on tape. From then on we’d have
the tape as working material [...] these circuits are as if a living thing were
crying out, expressing itself. There’s an organic type of behaviour going on.
[...] This life-like quality makes our approach very different from what’s
called the classical electronic music studio, which uses oscillators, filters,
equalizers, and other laboratory instruments. Luening and Ussachevsky
were getting started with that at the same time we were. | felt that that was
the wrong direction, because laboratory instruments are made to be very
precise and very definite, and people aren’t. Art isn’t. In working with the
circuits, you think they’ll do one thing, and usually they do something even
more interesting that you hadn’t expected. [...] So I tried to make a circuit,
not unpredictable, but with a built-in uncertainty” (Greenwald, 1986).

There are other cybernetic traits evident in the preceding quotations. Firstly, a will on
the part of the Barrons to be distinct in their approach to composition, on this aspect
Louis noted that: “The musical community absolutely hated the word electronic. Our
greatest enthusiasm came from painters, poets, and dancers. Musicians felt that we
were betraying the whole cause” (Greenwald, 1986). Furthermore, they also wished
to be distinct from other electronic music studios, they did not use the same
approach or instrumentation (filters, oscillators, etc.) as other contemporary
electronic sound studios. Louis was explicit in that he wished to build circuits with
inherent instabilities and then drive them beyond their operating capacity in order to
obtain interesting and uncertain results. This approach embraces a performative
human/machine/environment paradigm and is distinct from all other forms of
composition with electronic music except the cybernetic approach. Secondly, it is
clear that within the technological compositional process, the means and the ends
have become blurred; the means (the technologies) are no longer simple tools, to be
utilised with a fixed goal in mind. Here, the means are driving the process and
pointing to new discoveries. This is in keeping with McLuhan’s hypothesis of the
post-literate society (Coyne, 1995), which also postulates a non-utilisation of text-
based scores and an emphasis on performance in the process of making meaning.

It is also worth noting that Louis Barron identified other types of compositional
processes that were akin to his own cybernetic approach. In discussing his disdain
for enforcing notation-based composition on electronic instruments by adding
musical keyboards to synthesisers, Louis stated: “I see more interaction in the way a
Theremin works. It made some charming ballet numbers if the proximity of the
dancers was controlling the music. That's an example of a looser relationship, an
opportunity for the performer to do something different — not just different for the
sake of being different, but meaningful — different in a way that makes sense*
(Greenwald, 1986). To reinforce this interactive, performative approach, Baron states
the limitations of computer-based composition:



“But a computer is a very rigid thing... The greatest performing musicians
almost always take liberties to stretch something, or to tighten it up. They’ll
play with it; they’re not rigidly tied to a metronome. It’s actually the attitude
with which you engage yourself, and the machine that determines what
comes out. There will be people who want to explore, but that exploration
can’t be conducted with a computer at the moment. I'm interested in things
that present computers can’t, or don’t bother, to do. They’re working on
machines, which will take their input in natural language, rather than
artificial language. We should be able to throw a switch that allows
occasional errors — not so much errors as discrepancies” (Greenwald, 1986).

Here we see Louis’ frustration at a community of electronic music composers and
manufacturers who are, in his opinion, increasingly ‘going in the wrong direction’ —
away from a cybernetic ontology and toward a more traditional reductive approach.
Louis’ viewpoint chimes with Heidegger’s view of technology as an all-consuming,
constrictive and reductive force, one, which he believes, conceals true being.
Heidegger states that we cannot escape the concealing power of technology; we can
only participate in it in a more radical way, one in which we might, if only fleetingly,
reveal true being. The Barrons’ approach would suggest a recognition of the
revealing possibilities of the technology that they utilised, a technology that was
designed to create sounds, but was unconstrained by musical convention or notation;
a technology that was usurped in unconventional ways in the hope that it might
produce or reveal unconsidered insights.

By orthodox standards, even in a modern context, the Barrons’ music is unusual; in
conventional parlance it is ethereal, mysterious, and otherworldly, but it is also well
structured, intriguing, and strangely beguiling. Its originality is a testament to the
Barrons’ singular cybernetic vision, something which stands as a beacon for all other
subsequent work in this field.
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