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Introduction

Till Bovermann, Alberto de Campo, Hauke Egermann,
Sarah Hardjowirogo and Stefan Weinzierl

Abstract This book started as a number of notes attached to a wall, with eight
people from different academic backgrounds sticking little dots on them. The notes
had several keywords written on them, “electronic music”, “live performance”,
“improvisation” and the like. The points were used to vote for a keyword that
would set the thematic focus of an upcoming workshop, which was meant to
prepare the ground for the work on this book. There was a lively debate on which
keyword represented the most promising topic in the context of contemporary
musical instruments that would be of interest not only to scholars from diverse
academic fields, but also to practitioners both from musical instrument design and
artistic practice. Eventually, the winning note was the one that read “instrumen-
tality”. There had been a lot of discussion around that term beforehand, and it
seemed to offer an interesting anchor for a book that was intended to juxtapose a
variety of perspectives related to contemporary musical instruments.

Anyone dealing with (the design of, the study of, the performance with, the pro-
duction of, ...) electronic and digital instruments knows that they are fundamentally
different from traditional ones in many respects. These differences affect not only
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2 T. Bovermann et al.

the way we design, build, and play instruments, but they also influence the way we
think about them. Along with new instrumental configurations and practices, the
identity of the musical instrument has changed, too. In this context, the concept of
instrumentality, taken as a specific quality of musical instruments, may serve as a
starting point for observations from the most diverse backgrounds that seek to
comprehend how exactly our interaction with and our conception of musical
instruments has changed through digital technology—and what follows from that.
Thinking about what makes a sounding metal box, or a piece of software and a
sensor interface a musical instrument and why constitutes an important first step
towards understanding the meanings and functions of musical instruments in the
21st century.

In the past three years, we have been dealing with a multitude of questions,
challenges, and approaches in the context of contemporary musical instruments
within a project on the “Design, Development and Dissemination of New Musical
Instruments” (3DMIN, http://www.3dmin.org/). As a collaboration between the
Technical University (TU Berlin) and the University of the Arts (UdK Berlin), we
approached the topic both from an artistic perspective—creating new musical
instruments and performance setups together with concrete musical projects with
mixed groups of students (composers, perfomers, engineers)—and from a scientific
perspective, investigating different artistic and technical concepts for the develop-
ment of musical interfaces by performers/composers and the ways these are per-
ceived by the audience.

The collection of articles in this book presents some of the results of the 3DMIN
project, and puts them in context with invited articles by artists, designers and
musicologists, thus aiming to create a wider discourse on the role of musical
instruments in contemporary forms of electronic music and sound art. We divided
the contributions into four parts corresponding to different sets of processes in
which instrumentality plays a key role; these terms are not intended as categories to
keep these aspects separate, but as attractors which pull articles with more direct
crosslinks closer to each other. The fact that many articles could fit in more than one
section is a clear indication of the degree of interdisciplinarity achieved in current
artistic and scientific research on contemporary musical practice.

In part I, Think Know Reflect, Sarah Hardjowirogo prepares the playing field
by introducing the concept of instrumentality, considering the differences, but also
the similarities between traditional and electronic musical instruments. By identi-
fying a number of criteria for instrumentality, she develops a theoretical framework
for musical instruments that connects contemporary ones with those known for
centuries.

A second approach to the concept of instrumentality is undertaken by Caroline
Cance, who draws on evidence gathered from a linguistic study on the designations
of digital musical devices. Her findings suggest that, more than the object itself, it is
the action patterns the object is integrated into that decide whether something is
referred to as a musical instrument or not.


http://www.3dmin.org/
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Bernd Enders, in his pointed summary of the history of music technology,
outlines the technological development of the virtual musical instrument from
prehistory to the digital age. According to his explanations, only ten stages of
development separate the first simple instruments from the latest software devices,
yet in their technological complexity and their musical functionality they are worlds
apart.

Paul Théberge resorts to Gilles Deleuze’s notion of “assemblage” to take
account of the increased complexity of contemporary musical instruments, which
almost always consist of more than just one component. Such configurations, he
argues, become musical instruments only when placed within a particular network
of relationships.

The concept of assemblage is also central to the argument put forward by Deniz
Peters. His fascinating case study discusses the phenomenon of an unexpected
additional musical voice emerging from a installatory assemblage which requires
being played by three musicians jointly, and his reflections lead to the conclusion that
this an example of an instrumentality that is distributed, personal, and self-agential.

Jin Hyun Kim and Uwe Seifert discuss the shortcomings of using historical
classification systems for analyzing contemporary music instruments. Trying to
identify new potential classification criteria, they present interactivity and agency as
important emerging theoretical concepts.

Part II, Design Make Create, is opened by Amelie Hinrichsen and Johanna
Schindler reporting on their views on integrating embodied musician-instrument
relations into musical instrument design. As product designer respectively ethno-
grapher, they approach the idea of musicality by proposing a design process where
musical instrument prototypes are developed inspired by improvisation practices
originating in contemporary dance.

While Hinrichsen and Schindler look directly at the design process, Giuseppe
Torre and Kristina Andersen are more interested in the sustaining impression and
unfolding of instrumentality. Their article discusses how the act of perceiving a
digital object as a musical instrument can be considered as directly proportional to
the amount (and quality) of time invested in its development and refinement to suit
individual needs rather than generic ones. They support their arguments by a case
study on one of the pioneers and developers of digital musical instruments: Michael
Waisvisz and his work on The Hands.

Rebecca Fiebrink discusses years of artistic practice and research with machine
learning applied to instrument design. Her program Wekinator allows for a highly
interactive approach to creating complex mappings from controllers to sound
processes. She argues convincingly that such approaches can be creatively very
satisfying by making design work less technical and more intuitive, which the wide
variety of artists who work with her software confirm.

Thor Magnusson investigates how sound is represented visually in software
instruments. Starting out from a knowledgeable historical summary, he describes
the challenge of creating instruments in the digital domain and provides a number
of examples that vividly illustrate how decisively different strategies of software
design shape the identity of the resulting instrument.
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Marten Seedorf and Christof Martin Schultz present loop as a software
toolbox meant to introduce techniques and tools for sound field synthesis to
beginners already at school level. They highlight the importance of musical
instruments, in this case in the form of software instruments, not only for the public
performance, but also for a general introduction to the forms of music they are used
for, as we can learn from the traditional practices of classical music.

As an instrument builder and lecturer, Jeff Snyder looks into the five year
adventure of designing, prototyping and constantly rethinking of the Birl, an
instrument that morphed from a large, strange electromechanical contraption into a
miniature wind controller. His notion on instrumentality involves keywords like
ideas emerging from accidents, surprise, intense prototyping, and, last not least,
letting professional instrumentalists extensively test and perform with his
prototypes.

Constant testing of and performing with an ever-changing instrument is also at
the heart of Hans Tammen’s work. Over 15 years of development, practice and
performance and play, his “Endangered Guitar”, a hybrid interactive instrument
meant to facilitate live sound processing underwent lots of adaptions and transi-
tions, reflecting on the artist’s personal viewpoints towards performance.

In the first article in Part III, Compose Play Perform, Marije A.J. Baalman
argues that, since electronics and code have become essential parts of current
musical practice, boundaries between composition, instrument design and perfor-
mance are blurring. She questions common concepts like composition, instrument
design, and improvisation and investigates questions on the influences of design
decisions, new materialities and the maker’s skills.

Antye Greie-Ripatti and Till Bovermann look at instrumentality from outside:
Their concept of sonic wild{er}ness interventions takes musical practice away
from conventional performance sites. In a kaleidoscope of short text fragments, they
define a sonic variant of the notion of “wilderness”, they consider practical aspects
and artistic consequences of playing music in remote areas, and they discuss
implications of this practice on the notion of instrumentality.

Long-time collaborators and friends Bjernar Habbestad and Jeff Carey
interview each other about what it means to play an instrument in a computer music
context, about insights on their respective personal instrument development pro-
cess, and those stemming from their collaborative work. Their projects were based
on evolving software frameworks that led to the initiation of the Modality project,
which brought together several authors in this book and 3DMIN associates.

Andreas Pysiewicz and Stefan Weinzierl look upon interfaces for sound spa-
tialisation rather than sound generation. Based on an inventory of controllers for the
real time spatialisation of sound as part of musical performances, they discuss to
what extent these can be considered as musical instruments in light of the theo-
retical concepts discussed throughout this book.

Comparing B.B. King’s play with his guitar Lucille and Mari Kimura’s play with
a robotic instrument called GuitarBot, Philip Auslander analyses the role of
instrumentality and agency in musical performance. He discovers parallels between
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instrumental and ventriloquist performances and stresses the importance of dra-
matizing in both genres.

Being trained as a flutist, specializing in New Music, and being active in a
multitude of musical domains, Bjernar Habbestad argues that instrumentality is
located between the instrument-object and the player-subject, and proposes that
transgression plays a central role in defining and expanding instrumentalities in
contemporary musical practice.

Hernani Villaseiior Ramirez discusses an interesting ‘corner case’ of instru-
mentality: His group LiveCodeNet performs by means of live coding where all code
is shared between players by network. What exactly is the instrument being played
here, and where is instrumental agency located?

Hildebrand Marques Lopes, Alberto de Campo, and Hannes Hoelzl begin the
complex account of their Trio Brachiale with a “many-festo” of their artistic aims.
They propose a new concept, Second Order Virtuosity, for describing their notions of
contemporary musical practice, which they base on rich conceptual background
informing their approach, sources of inspiration they find in other artists’ work, and a
choice of representative details of their personal and shared artistic practices.

In the fourth and last part, Listen Perceive Feel, Gina Emerson and Hauke
Egermann adopt the perspective of the audience by investigating the effect of
different mapping strategies and in particular the perceived causality of gesture and
sound on the experience of musical instruments.

After that, Kai Siedenburg presents an even closer insight into the cognitive
mechanisms of auditory instrument recognition and its implications for the design
of new musical instruments. While timbre research previously focused on merely
sensory phenomena, his contribution examines how familiarity with a musical
instrument timbre changes its perception.

Looking into historical archive data, Song Hui Chon tries to identify which
design parameters of musical instruments predict its success in being used as a solo
instrument. Here, she reports that acoustical parameters like higher median pitch,
higher salient timbre, and more potential musicians increase the probability that a
certain instrument will be used in a solo role in Western classical concertos.

In the last article of this volume, Dafna Naphtali discusses the implications and
consequences that the invisibility of her instrument, voice and electronics, had on
the forms of instrumentality and the communication strategies she chose over the
course of her artistic practice.

The editors wish to thank all authors for their diverse, thoughtful and inspiring
contributions to this collection. We also wish to thank all artists and scholars who
have participated in the 3DMIN project, as well as the Einstein Stiftung Berlin for
its generous support of the project. And we wish to thank the Springer Verlag, in
particular Mr. Christoph Baumann, for a good and understanding cooperation and
for making this publication possible.
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Instrumentality. On the Construction
of Instrumental Identity

Sarah-Indriyati Hardjowirogo

Abstract The musical instruments of the 21st century and those of earlier times
differ in many respects, be it their appearance, their technical functionality, their
playing technique, or their sounds. And as they have changed, so too have our
understandings of what a musical instrument is. The lacking precision of the current
notion of the instrument and its incompatibility with contemporary instrumental
forms are consequences of a technocultural process that raises fundamental ques-
tions about the identity of the musical instrument: When (and why) is something a
musical instrument—and when (and why) is it not? In order to grasp the slight
differences between the yet-to-be-defined instrumental and the assumed other, it
seems reasonable to speak of instrumentality when denoting this particular speci-
ficity that instruments are supposed to feature. The present contribution seeks to
prepare the ground for a reflective discussion on the concept of instrumentality and
the underlying theoretical problem by considering not only the differences, but also
the similarities between traditional and electronic musical instruments. Using a
couple of different approaches to and views on the concept and defining a number
of criteria of instrumentality, it eventually yields a picture of musical instruments
that connects the contemporary ones with those known for centuries.

1 Introduction

If a traditional and relatively precise definition of ‘instrument’ excludes large areas of
contemporary musical practice from our field of study, we might be better off with less
precise alternatives. (Kvifte 2008, p. 56)

This contribution is based upon work supported by the Einstein Foundation Berlin.

S.-I. Hardjowirogo (<)

3DMIN Project, Audio Communication Group, Technische Universitdt Berlin,
Berlin, Germany

e-mail: hardjowirogo @tu-berlin.de
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The past century has witnessed a number of technological changes which
resulted in far-reaching consequences for all realms of musical practice. In the
context of music production, the processes of phono-graphy, electrification, digi-
talisation, and interconnectedness gave rise to a huge number of new musical
instruments which differ significantly from those known previously. The usage of
recorded sounds, the synthesis of sounds that are physically irreproducible, playing
instruments that are purely virtual, or having instruments communicate among each
other via a network, identify milestones in the history of musical instruments. Yet,
at the same time, they blur the boundaries between something we are prone to call
‘instrument’ and other categories such as ‘medium’, ‘system’, ‘configuration’,
‘machine’.

Many contemporary sound producing devices, and in particular those that
consist of a whole set of different functional parts, some of which may be software
or based on other kinds of media technology, raise the question—to spectators as
well as to organologists and other theoreticians, and maybe even to some musicians
themselves—of whether they are (still or already) musical instruments. Complaints
about the rather boring appearance of laptop performers, for instance, are known
well enough, and frequently they are combined with this admittedly simple, but by
no means trivial question. What, then, are musical instruments in the 21st century,
and how can they be recognised as such? What do they have in common with
instruments such as a violin, a piano, or a trumpet, and what are the differences
between them? What is their relation to other sound producing devices? What
defines contemporary musical instruments as musical instruments?

In order to grasp that specific quality musical instruments are assumed to feature
as distinguished from other sound producing devices (or ‘non-instruments’ in
general) the concept of instrumentality has been used ever more frequently over the
past couple of years. The present contribution explores the usage of this concept in
some pertinent works, discusses its use for the study of contemporary musical
instruments and works out a number of criteria that appear to be crucial for the
construction of instrumental identity.

2 Musical Instruments versus Other Things

Any project that involves introducing a new concept or sharpening an introduced
one must start out with one question: Why? If the term instrumentality shall denote
something like the ‘essence of the musical instrument’, as that which defines a
musical instrument as such, it will first have to be explained why such a concept
should be needed. Why should it not be sufficient to define a musical instrument as,
say, “any object that produces sound”, just like several (musicological and general)
encyclopaedias do, following Hornbostel’s statement that “[flor purposes of
research everything must count as a musical instrument with which sound can be
produced intentionally” (Hornbostel 1933, p. 129)?
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There are (at least) two answers to this question that are both surprisingly simple.
The first answer is: Musical instruments are not the only things that are used to
produce sound. On the contrary, our world today is full of things that are used to
produce sound but are no musical instruments. An iPod, for example, is something
that is undoubtedly used to produce sound but normally isn’t referred to as a
musical instrument but rather as a playback device. A violin, however, is something
that at least people familiar with Western music culture immediately recognise as an
item belonging to the class of musical instruments.'

But it is not always equally easy to tell whether something is a musical
instrument or not. Consider, for instance, the cases of other sound media, such as
turntables, radios, or tape machines. If it were only about them being used to
produce sound, then all of them would clearly be musical instruments. But then,
how are we to categorise smartphones, tablets, and laptops? And finally, what about
objects like saws, combs, and oil drums? All of these things are or have been used
more or less often to produce sound in a musical context. However, all of them have
originally been designed with another purpose: While the mentioned sound media
have the original purpose of playing back previously recorded or receiving
broadcast sound, smartphones, tablets, and laptops have multiple purposes and can,
among other things, also be used to produce sound, and everyday devices such as
saws, combs, and oil drums have an original purpose that has nothing to do with
sound at all.

What can be immediately learned from these examples is that instrumentality, or
simply being a musical instrument must not be understood as a property an object
as such has or has not. Rather, it seems to result from using something in a
particular way which we think of as instrumental. Consequently, an object is not per
se a musical instrument (ontological definition) but it becomes a musical instrument
by using it as such (utilitarian definition).

But there is something else that can be learned from these examples—and this is
where we get to the second answer: Musical instruments are more than only sound-
producing devices. As the above examples should have made clear, there are some
objects we immediately recognise as musical instruments, while we can surely say
of others that they are no musical instruments and of yet others that they are used as
musical instruments more or less regularly. This means that we are able to order all
of those objects according to their ‘degree of instrumentality’, and this is to say that,
apparently, there are some objects that, to us, are more ‘instrumental’ than others.
Why is that so?

One could assume that it might have to do with the different purposes these
objects have been designed for and that, for instance, we recognise the violin
immediately as a musical instrument because it has never been anything else than
that for centuries, while a saw might be used for sawing much more often than for

"Interestingly, this clear distinction between musical instruments and playback devices is relatively
new: as recently as in the 1930s, gramophones and phonographs, the playback devices of the time,
were referred to as musical instruments (cf., e.g., Straebel 1996, p. 219).
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making music. However, there are a lot of examples which suggest that the original
purpose of the objects is only partly relevant in this regard. The original purpose of
a radio, for instance, could perhaps best be described as receiving and displaying
broadcast audio signals. But in the context of a composition like John Cage’s
Imaginary Landscape No. 1 this very purpose is being used for another purpose,
namely that to make music. As will be described later, the intention with which an
object is used is undoubtedly something that plays a major role in the construction
of instrumentality. But its purpose is something that is dependent on the intention of
the person using it, and thus it is situational.

What is probably equally important, here, is the fact that some of these objects
have undergone a long process of culturalisation as musical instruments, while
others have not (yet). Culturalisation in this regard means that they have been used
for the purpose of making (a more or less specific kind of) music regularly and for a
long time in the context of a particular culture. The importance of this aspect
becomes even clearer when considering some other examples. Most electronic
instruments, for instance, are objects that are designed for the single purpose of
being used as musical instruments. Still, probably only few people will recognise
The Hands (Fig. 1, above) as a musical instrument (even if the earliest version of it
is more than 30 years old) because it has never been sold commercially and for that
reason hasn’t been used widely.

The other two images show examples for instruments that are very common in
other parts of the world but scarcely known to most people in Europe. They don’t
have any other purpose than being used to make music, still to many Europeans
they could probably be just about anything: they don’t mean anything to them
because they are not culturalised as musical instruments in the cultural context that
they are familiar with.

Subsuming, the answer to the question of why a concept denoting what defines a
musical instrument as such should be needed is that the traditional definition of
musical instruments as sound-producing devices is not sufficient any more—first,
because musical instruments are not the only things that are used to produce sound
and second, because they are more than only sound-producing devices. And this is
to say that it is not at all easy to define what a musical instrument essentially is and
that, in order to do so, we need to be able to tell what the difference between
musical instruments and other sound-producing devices is.

3 Musical Instruments and Musical Instrument Concepts

This specificity of musical instruments as distinguished from other
sound-producing devices is expressed by the concept of instrumentality, which, as
the above considerations suggest, seems to be a graduable and dynamic concept that
is not tied to an object per se but is rather a matter of cultural negotiation. Yet,
another important question remains to be answered: Why should we want to define
what a musical instrument is? This entirely legitimate question is often
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Fig. 1 Whether something is recognised as a musical instrument or not is not least a matter of
culturalisation. The Hands (above) by Michel Waisvisz are a prominent example for an early
gestural controller. The Mbira (leff), widely distributed in Africa, is played by plucking its tines
with the thumbs. Angklungs (right) are single-pitch instruments made from bamboo that are used
in the context of traditional music in Indonesia
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accompanied by the comment: A musical instrument doesn’t become one by calling
it an instrument but by using it as such. But what, then, does it mean to use
something as a musical instrument? What are the actions typically associated with
musical instruments? And what, other than that, constitutes a musical instrument as
such?

Answering these questions may contribute to a better understanding of con-
temporary musical practice in general and of the way technocultural processes like
electrification, digitalisation, virtualisation and the like have influenced the design
and use of musical instruments in our culture. The repeated questions of whether
something is a musical instrument or not indicate that fundamental cultural concepts
are in transition—once again. Taking a look at the many different musical instru-
ment concepts to be found in the recent literature, this becomes all the more visible.

It doesn’t take much effort to find as many as six different musical instrument
concepts already in a small selection of sources, which particularly show the degree
of disagreement on the precise extension of the notion of musical instrument.
Roughly a century ago, von Hornbostel and Sachs (1914) have established the
traditional organological definition of musical instruments as sound generators.
Recently, Harenberg (2012) has applied that concept to virtual instruments and
claims that, consequently, in configurations of a software sound generator and a
hardware controller interface only the former one is the instrument. Bense (2012),
in contrast, argues that, in virtual instruments, it is the interface that is equivalent
with the instrument. This view is also supported by the title of the NIME (New
Interfaces for Musical Expression) conference, which deals with topics centred on
digital musical instruments. A common definition of digital musical instruments
conceives them in accordance with Malloch et al. (2000) as tripartite systems
consisting of a sound generator, a control interface, and the mapping that defines
how one is connected to the other. Enders (1987) has described musical instruments
as quadripartite systems consisting of discrete modules for the generation, control,
modification, and storage of sound and explicitly includes automatically controlled
systems. Accordingly, GroBmann (2010) discusses the status of reproduction media
as musical instruments.

This list is, of course, only exemplary, but it illustrates quite appropriately why
re-negotiating the concept of musical instrument should matter: There is anything
but a consensus on what a musical instrument actually is, and the situation gets
particularly complicated when it comes to contemporary instruments. Consequently,
a definition referring to both traditional and electronic or digital musical instruments
is yet to be made.?

In this context, a concept that is able to capture the common essentials of musical
instruments could be of use. And that is where the notion of instrumentality comes
into play.

Tellef Kvifte’s 1989 book has made a promising attempt in this regard, but in the meantime the
situation has changed significantly through the advent of digital musical instruments (Kvifte 1989).
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4 Previous Approaches to Instrumentality

In his 1987 article entitled “Instrumentalities”, Burrows (1987) discusses the rela-
tion between the musical instrument and its player, thereby addressing some of
what he considers characteristic, if not defining features of the musical instrument.
Instead of denoting a specific instrumental quality, the concept of instrumentality,
here, is used to describe the purpose of musical instruments, yet his ideas reflect
exactly what the present reading of the term is supposed to stand for: the elements
that constitute a musical instrument.

The most important feature of musical instruments, in his opinion, is their role as
mediators between the performer’s body and the sound they produce, or, between
the inside and the outside of the human body (ibid., p. 117). He is interested in the
transitions between the physicality of the human body and the sounding body of the
instrument on the one hand and the volatility of the realms of sound and music on
the other and seeks to apply the concept of “transitional object” to musical
instruments (p. 120ff).

Burrows’ understanding of instrumentality (in the sense intended here) is very
clearly dominated by the function of musical instruments as mediators between
apparently contrary realms, namely between corporeality and fluidity, between the
inside and the outside and between the material and the immaterial.

To him, musical instruments are both part of the human body and external to it,
they are literally means of physical expression, and this exactly is what Burrows
regards as their purpose or—in his sense of the term—instrumentality.

His considerations are taken up by Philip Auslander’ who opposes to Burrows’
idea of the instrument having “its own agency with which the musician must
negotiate” the image of the ventriloquist’s dummy which, similar to musical
instruments, needs to be acted upon by a human in order to make a sound, while the
illusion of it having some kind of agency of its own is crucial to the performance.
Following an argument by Godlovitch (1998), he stresses the importance of the
specific circumstances under which instrumental sounds are produced: other than
the mere production of particular sounds, he claims, instrumental performance
involves techniques of producing them that are supposed to appear difficult to
outside observers. This relates to the popular idea that efforr be a key feature of
instrumentality—perceived effort, that is, not actual effort, as Auslander concedes.

Apparently, then, instrumentality is not so much a matter of actual playing skills,
but rather of the demonstration or, as he puts it, “dramatizing” of such skills.

The subjects of effort and of demonstrated instrumentality are also present in
John Croft’s 2007 paper “Theses on Liveness” (Croft 2007), in which a number of
“conditions of instrumentality” are defined—conditions that must be fulfilled so
that an audience would recognise a given setup of live electronics as an instrument.
These conditions can be roughly summarised as the claim that the relationship
between a performer’s actions and the resulting sound be as transparent as possible

3Cf. his contribution reprinted in the present volume.
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to the audience. Interestingly, then, Croft identifies the perception of the system as
an instrument with the perception of the performance as live. This sort of perceived
liveness is closely related to what Auslander describes as the perceived difficulty of
an instrumental performance. For this reason, Croft argues, it should be of interest
to any musician to achieve the highest possible degree of instrumentality, and thus
of liveness—because “there is nothing inherently interesting about the fact that a
computer can generate a sound in response to a person’s action; this is why the
triggering of sounds using sensors is often dull — or, at best, merely interesting”
(ibid., p. 65).

His main argument is that instruments are simply more interesting to watch for
the audience and that that should be motivation enough for musicians to optimise
the instrumentality of their live-electronics setup.

Apart from the transparency of the relationship between playing action and
resulting sound, Croft emphasizes the importance of physical effort and expres-
sivity, of a “unified expressive persona normally associated with a solo perfor-
mance” (p. 63), for his concept of instrumentality, which he sees threatened by the
disembodied sounds coming out of a loudspeaker.

Although his sound-aesthetical ideal might be a very specific one, his approach
provides a good example for the prominent role that is assigned to effort in the
context of instrumentality concepts.

In contrast, the argument made by Philip Alperson in his 2007 paper “The
Instrumentality of Music” (Alperson 2007) takes an entirely different direction.
Even though he doesn’t use the term instrumentality with regard to instruments, but
rather to music itself, he still makes some interesting points concerning his concept
of musical instrument and thereby contributes to the present definition of the term.
He starts by defining what he calls the commonsense view of musical instruments:

Typically, we think of instruments as discrete, self subsisting material objects, intentionally
crafted for the purpose of making music by performing musicians. (ibid., p. 38)

Discussing what role the aspect of intention or purpose plays for instrumentality,
he finds that there are numerous examples for instruments that haven’t been
designed as musical instruments originally but still involve some kind of human
intention, namely “the intention to use the object as a musical instrument.” (ibid.)

Another characteristic of musical instruments Alperson questions is their being
external to the human body. Many musicians are so intimately tied to their
instruments, he argues, that “it is difficult to know where the instrument ends
and the rest of the body begins” (p. 46). Finally, he stresses the importance of what
he calls the immaterial features of musical instruments. Being “musically, cultur-
ally, and conceptually situated” (p. 42), they cannot be fully understood if they are
reduced to mere material objects—as it is usually done in traditional organology.
Instead, they have to be studied in the context of their cultural and historical
embeddedness.

In a recent study on the instrumentality of “new digital musical devices”, Cance
et al. (2013) have combined a linguistic analysis of the concept of musical
instrument with an interview study, in which a number of experts had to give their
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personal definitions of musical instruments. The authors summarise their findings
in the statement that “it appears that “instrument” does not actually refer to a device
[...] but rather qualifies its interaction with users [...]” (ibid., p. 297). In their
opinion, instrumentality is not so much dependent on the properties of a device
itself, but rather on the actions and meanings it is embedded in. This view again
turns the focus away from the instrument as a material object and upon what
Alperson calls its immaterial features.

5 Ciriteria of Instrumentality: A Preliminary Inventory

At the beginning of this chapter, instrumentality has roughly been defined as ‘that
which defines a musical instrument as such’, as ‘the essence of the musical
instrument’, and as a ‘specific instrumental quality’. More precisely, it denotes the
potential for things to be used as musical instruments or, yet differently, their
instrumental potential as such. Instrumentality in this sense represents a complex,
culturally and temporally shaped structure of actions, knowledge, and meaning
associated with things that can be used to produce sound. However, as also sug-
gested by the findings of Cance et al., the term must not be understood as denoting a
property an object per se has or has not, but it is rather intended as a means of
capturing the instrumental potential of a given artefact. Also, it must not be con-
ceived as a constant, but rather a graduable, dynamic term which means that an
object may be more or less instrumental, according to its expression of the char-
acteristics associated with instrumentality.

A brief analysis of the above-presented works may serve as a starting point for
the identification of those characteristics or criteria that are crucial for the con-
struction of instrumentality. The following list represents only a first, rough
approximation to those cornerstones of instrumentality. However, the cited refer-
ences show that there are numerous examples in contemporary musical practice and
current research suggesting that the mentioned criteria do actually matter for the
construction of an instrument’s identity. Those criteria that appear repeatedly and
thus presumably play a major role are the following:

1. Sound Production

Obviously, musical instruments necessarily have to be able to produce sound in
some way. This criterion represents the traditional musicological notion of instru-
ment originating from von Hornbostel and Sachs (1914) and is—quite reasonably—
neither questioned nor emphasized by any of the mentioned works. In digital musical
instruments, however, the instrument’s sound is not an immediate result of the sonic
characteristics of a material object anymore, as is the case with traditional instru-
ments. This means that, in the design of novel digital instruments, the instrument’s
sonic identity and its physical appearance have to be designed independently from
each other. While there is quite a large amount of works dealing with physical
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interface design, most prominently represented by the NIME community,* relatively
little attention has been given so far to questions regarding the sound design of
digital musical instruments.

2. Intention/Purpose

As already suggested by the original meaning of the Latin instrumentum (‘de-
vice’ or ‘tool’), intention and purpose are quite decisive features for the construc-
tion of instrumentality in that playing a musical instrument always requires both the
intention to do so and the purposeful use of something (that may also have a
different original purpose) as a musical instrument. This criterion is particularly
mentioned by Alperson, who addresses the relevance of intention for the process of
instrument building.

Furthermore, as McCaleb (2014, p. 83) points out, it is also important on a
performative level: with regard to ensemble performance, he states that “perform-
ers’ musical intentions influence, to varying degrees, the way they [...] operate their
instruments. In performance, there is a correlation between intention [...] and action
[...].” This correlation becomes particularly obvious when considering instrumental
borderline cases such as the turntable, that allow for both an instrumental and a
non-instrumental use. Here, it is primarily the performer’s intention that makes the
difference between the two.’

3. Learnability/Virtuosity

Both learnability and virtuosity involve the opportunity to improve one’s playing
skills through exercise. In a broader sense this means that the higher the impact of
practising an instrument, the higher its degree of instrumentality. The idea of
developing specific instrumental techniques over time is also congruent with the
idea expressed by Auslander that, at least in professional instrumental performance,
playing an instrument should appear more difficult than pressing a play button.

Such a demonstration of playing skills can directly be connected to Cohen’s
(2008, p. 58) idea of virtuosity, which he defines as “the exhibition of something
difficult done without apparent effort.” Monteiro (2007, p. 316) takes it even further
and declares, “[vl]irtuosity also means the possibility to bypass some kind of
impossibility [...], to go beyond reality, to cheat triviality.”

This moment of bypassing the impossible is, according to Hegel (1975, p. 958),
the very moment the instrument comes to life: “In this sort of execution we enjoy
the topmost peak of musical vitality, the wonderful secret of an external tool’s
becoming a perfectly animated instrument [...].”

In order to make this happen, however, the instrument has to be learned first. In a
paper investigating possible reasons for the success or failure of newly designed
digital instruments, Jorda (2004) has identified learnability and playability, but also

“A good overview is given in Marshall (2008).

3Such cases also exemplify the relevance of a specific instrumental sort of acting on something in
order to make it an instrument.
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effort, as determining an instrument’s “efficiency”—a term he uses to express the
correlation between the time needed to learn an instrument and the acquired playing
skills.

But especially when it comes to digital instruments, the learning process can be
challenging and quite different from that known from traditional instruments. This
is, on the one hand, due to the fact that electronic instruments usually lack visual or
haptic feedback, which makes them more difficult to play. On the other hand, their
learning procedures and playing techniques are not yet standardized and often must
be developed first.

Several efforts have been made to facilitate the learning of such instruments by
means of technical innovation. Jorda (2003), for instance, has shown how the
implementation of visual feedback can improve the learnability of an interactive
music system. Merrill and Paradiso (2005) have gone further by transferring part of
the learning task to the instrument itself, so as to teach the instrument the desired
mappings by example. However, novel instruments are still inadequately integrated
into institutional music education, although students, teachers, and instrument
designers would probably benefit alike.

4. Playability/Control/Immediacy/Agency/Interaction

Although these are actually five quite different notions, they share some common
features that are mentioned both by Auslander and Croft as well as by Cance et al.
The requirement that a musical instrument be playable may be seen as a somewhat
broader expression for the traditional idea of the instrumentalist controlling the
instrument. Both playing and controlling an instrument involve immediacy
regarding the connection between the instrumentalist’s actions and the instrument’s
sound, but they differ in the degree of agency they ascribe to the instrument. In this
regard, interaction can be understood as a concept of instrumental play that ascribes
as much agency to the instrument as it does to the performer.

The question of how electronic and digital musical instruments should best be
controlled has been—and still is—one of the key issues in the pertaining academic
discourses for quite a while now. As early as 1991, Joel Ryan from the Studio for
Electro-Instrumental Music (STEIM) in Amsterdam has problematised the “medi-
ating distance which confronts each composer when encountering the computer”
and proclaimed a “quest for immediacy in music” (Ryan 1991, p. 3) for both
aesthetical and practical reasons. A few years later, Levitin et al. (2002) were
among many who, in a similar way, expressed their displeasure with the persistent
dominance of the keyboard metaphor in electronic musical instruments.

There was not exactly a lack of suggestions of how to solve the interface
problem—but many things had to be considered that were unknown in traditional
lutherie.

The interaction with musical instruments had to be thought anew, lessons had to
be learned from HCI (Holland et al. 2013), from the other performative arts (cf.,
e.g., Benford 2010), as well as from the newly formed discipline of interaction
design (e.g., Franinovic and Visell 2007).
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Although playability did (and does) play a role, for instance, in violin making in
the sense of how to improve responsivity and ease of play through particular
constructional measures, in the context of HCI, playability issues gain a whole new
meaning. Thus, for example, in a playability evaluation of a virtual bowed string
instrument (a virtual violin interface, that is), playability means that “the acoustical
analysis of the waveforms produced by the model fall within the region of the
multidimensional space given by the parameters of the model” (Young and Serafin
2003). Analogously, numerous PM-modeled instruments have been subjected to
playability evaluations in order to allow for a latency-free, reliable, and
authentic-sounding real-time play (cf., e.g., Vergez and Tisserand 2006).

Ever since Joel Ryan’s call, there have been innumerable approaches to establish
alternate forms of control in musical instruments, ranging from gestural and
biosignal control (see Miranda and Wanderley 2006 for an overview) over feedback
control (e.g., Berdahl et al. 2012) to shared control (e.g., Gurevich 2014), where
part of the control is transferred to the instrument itself.

In this context, the idea of musical instruments having their own agency (Bates
2012) has become a popular and much-discussed topic, in artistic programs
(Jenkinson 2004; de Campo 2014) as well as in theoretical discourses (Kim 2007,
Magnusson 2009).°

5. Expressivity/Effort/Corporeality

These three, too, represent fairly different concepts all of which, however,
address the physical aspect of instrumental performance. The claim that playing an
instrument require physical action or even effort, mentioned by Burrows,
Auslander, Croft, and Alperson, goes back to the romanticistic idea of the (both
physically and aesthetically) expressive play of the virtuoso and is becoming ever
more popular again in the context of contemporary instrument building.

The variety of current works investigating the function and meaning of gestures,
tactility, ergonomics and the like in the context of musical instruments (e.g.,
Wanderley and Battier 2000; Godey and Leman 2010) shows how the physical
aspects of instrumental practice are being brought back to the fore after having been
ignored in the study of musical instruments for quite some time.

That a musical instrument is a means of musical expression and should therefore
enable an expressive play is largely uncontested. Therefore, one of the main goals
of contemporary musical instrument design is to find ways of creating instruments
that inherently allow expressivity, for instance, by means of transparent mappings
(e.g., Fels et al. 2002). However, as Malloch et al. (2006) note, “[e]xpressivity is
commonly used to discuss the virtue of an interaction design in absolute terms, yet
expressive interfaces rely on the goals of the user and the context of output per-
ception to generate information.” This problem is also addressed by Arfib et al.
(2005), who explore how expressiveness can be obtained by performing specific
gestures.

SSee also Philip Auslander’s contribution in this volume.
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The idea of expressivity is often mentioned in connection with effort, a pairing
that is known from traditional instruments. This appears to be in contrast to the
effortless play of electronic instruments, as D’Escrivan (2006, p. 183) notes, not
without stating, however, that “a young generation seems content to accept that
there may be no apparent correlation between input effort and sound output.”

6. “Immaterial Features”/Cultural Embeddedness

The cultural embeddedness of an instrument or its “immaterial features” are
particularly emphasized by Alperson and Cance et al. Whereas Alperson stresses
the significance of an established instrument’s cultural situatedness for its instru-
mental status, Cance et al. especially refer to the importance for a new instrument to
take up existing aesthetical practices.

In a similar way, Dawe (2003, p. 274) has pointed out that the “value and
meaning [of musical instruments is] negotiated and contested in a variety of cultural
arenas” and that, apart from studying its physical functionality and its location in
the organological system, an instrument’s identity cannot be fully understood
without studying the cultural contexts in which it is embedded. Despite this being a
key issue in ethnomusicology, as is impressively demonstrated, e.g., by Kartomi
(1990), still it is all too often forgotten in the study of contemporary musical
instruments.

7. Audience Perception/Liveness

Meeting the audience’s expectations, be it with regard to the difficulty of the
performance, its liveness or its expressiveness, seems to be a criterion that should
not be underestimated. Following the arguments of both Auslander and Croft,
instrumentality in the sense of a category that legitimates instrumental performance
is highly dependent on audience perception.

To date, the role of audience perception has not received much attention in the
study of contemporary instrumental performance. Only recently have some works
addressed the connection between audience perception and the evaluation of novel
digital instruments (e.g., Barbosa et al. 2012; Brown et al. 2013). Following this
idea, Gina Emerson’s contribution to the present volume illustrates how much
transparent mappings matter for the audience’s perception of instrumentality.

As also stated by Croft, the perception of instrumentality is directly connected
with the perception of liveness. Ever since Philip Auslander’s 1999 book on
liveness (Auslander 1999), the term has become increasingly popular and still
inspires a significant amount of works in the field. Lately, there has been a number
of attempts to capture the perceived liveness of digital musical instruments, e.g.
Marshall et al. (2012), Bown et al. (2014) and Berthaut et al. (2015).
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6 Conclusion

The aim of this chapter was to introduce the concept of instrumentality, discuss its
use for the study of contemporary instruments, and define a number of criteria that,
based on a literature review, appear to be crucial for the construction of
instrumentality.

As such, they also identify those fields of research that scholars and designers
need to pay particular attention to when studying and creating electronic and digital
musical instruments that are not only technically appealing, but also artistically
versatile, culturally meaningful and visually intriguing artefacts.

The study of contemporary instruments confronts us with a number of funda-
mental issues regarding the way of how instrumental identity is being constructed
that cannot be answered without taking into account that musical instruments are a
lot more than just arbitrary objects that produce sound. They are complex, culturally
freighted artefacts allowing for particular ways of interaction that result in particular
sounds. Their identity as musical instruments—their instrumentality—is con-
structed in the interplay of various criteria, among the most relevant of which seem
to be those mentioned above. If the underlying principles of this interplay were
better understood, they could inform the design process of new musical instruments
and thus contribute to the development of instruments with a characteristic and
coherent identity. But above all, they would provide general insights about how
processes of culturalisation work: how arbitrary objects turn into meaningful things
with a well-determined function—such as, for example, musical instruments.
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From Musical Instruments as Ontological
Entities to Instrumental Quality:

A Linguistic Exploration of Musical
Instrumentality in the Digital Era

Caroline Cance

Abstract The development of electricity, sound technology, electronics and
computer science during the last 150 years has allowed the emergence of new kinds
of musical devices. This paradigm shift from traditional to digital instruments has
strong consequences for instrument identity and for the relationship between the
musician and her/his instrument. Grounded in a situated cognitive linguistics per-
spective, this contribution first explores various definitions of the instrument (from
general dictionaries and musicology literature) before analysing how members of
the computer music community name and define their instrument/interfaceldevice,
etc. Analysing the different strategies of instrument naming used by designers and
users of digital instruments and by authors in computer music literature allows us to
study the on-going construction and negotiation of a new terminology. By high-
lighting the instability, the fuzziness but also the diversity of what an instrument is
to these different speakers, these analyses contribute to a better understanding of the
conditions of instrumentality in the digital era. More than just referring to a device,
the notion of instrument rather qualifies the interaction with the users, thus allowing
a new shift from the instrument as an ontological entity to an instrumental quality.

1 Introduction

For the last 150 years the technological development of electricity, sound recording
and reproduction, electronics and computer science has allowed the emergence of
new kinds of musical devices. Among others, Cadoz (1999) has extensively studied
the strong consequences that electric and digital decoupling has for musician—
instrument interactions compared to what happens with traditional instruments.
This paradigm shift from mechanical to digital instruments raises new questions
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about the identity of instruments: What is an instrument? What makes an instrument
an instrument? How does an interface get its “instrumentality”?

Grounded in linguistics within a situated cognition approach, this contribution
explores the ways members of the computer music community name and define the
instrumentlinterfaceldevice, etc. they develop, play and/or study, extending the
reflection initiated in Cance et al. (2013). After a brief explanation of our theoretical
and methodological framework (Sect. 2) we examine definitions of instrument in
dictionaries and in academic discourses (Sect. 3) before diving into users’ dis-
courses about their practices concerning musical digital devices (Sect. 4). To
conclude, we analyse how members of the computer music community name their
devices in the titles of their communications (Sect. 5).

2 A Linguistic and Cognitive Perspective on Musical
Instrumentality

This work was initiated and mainly developed within a collaborative research
project' revolving around two computer music devices: the Meta-Instrument (de
Laubier and Goudard 2006) and the Meta-Mallette (de Laubier and Goudard 2007).
In addition to the study of technological developments carried out by the other
partners, my main contribution as a linguist and cognitive scientist focused on the
discourses and practices that emerged from the development and use of these
devices.

2.1 A Multidisciplinary Framework...

Each new technology, each new artefact brings about new practices, including
language practices allowing the developers and users to communicate, exchange,
define, and also build and share know-how and knowledge, therefore constituting a
community of practices as proposed by Wenger (1998) and developed in linguistics
by Eckert (2006). Language is not transparent: in each language every speaker has
the possibility of choosing between different ways of saying, expressing and
referring to something. This non-trivial choice (i) relies on both individual (psy-
chological) and collective (linguistic, cultural, sociological and historical) strategies
and constraints and (ii) contributes to the construction of shared meaning in dis-
course. Analysing how people talk about the new musical devices they develop and
play can therefore contribute to a better understanding of the underlying concep-
tualisations expressed and co-constructed in discourse. It allows us to highlight the

'The ANR-2PIM Project in 2006-2009, involving music associations (Puce Muse, Grande
Fabrique) and research laboratories (Labri, LAM, LIMSI, IRCAM, McGill).
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dynamic negotiation of new definitions and conceptualisations emerging from these
new practices.

In order to observe and examine these language practices as cognitive but also
social, historical and cultural practices, we adopt a multidisciplinary perspective of
discourse analysis grounded in linguistics (Dubois 2009; Rastier 1991; Temmerman
2000) and psychology (Clark 1996; Te Molder and Potter 2005) within a situated
cognition framework (Hutchins 1995; Barsalou 2008; Croft 2009). In this chapter I
focus on the speakers’ activities of defining, naming, referring to and categorising
in discourse (Cance and Dubois 2015; Clark and Wilkes-Gibbs 1986; Mondada
1997) as productive indicators of the construction, negotiation and stabilisation of
meaning.

2.2 ... for a Heterogeneous Corpus

To observe both the emerging and un-stabilised practices in discourse and the
circulation of discourses, I built a heterogeneous corpus by assembling different
kinds of discourses on musical instruments, digital instruments and instrumentality:

— lexicographic definitions of instrument in French (fr) and English (en) general
dictionaries (Sect. 3.1);

— academic definitions and discussions (fr & en) about instruments in musicology,
ethnomusicology and organology literature (Sect. 3.2);

— discourses (fr) about instruments and instrumentality provided by different kinds
of computer music users when interviewed about their practices (Sects. 4.1-4.2);

— terminologies (fr & en) used in the titles of papers at the main computer music
conferences (Sect. 5).

In order to contrast lexicographic and academic discourses with users’ sponta-
neous productions (among the French community of computer music), this lin-
guistic work was mainly carried out in French. Nevertheless, a brief analysis of
English terminologies and definitions is also provided to highlight the similarities
and differences between the two languages, and to provide more evidence of the
crucial role of language diversity in conceptualisation. All French quotations are
translated and reproduced in English? in the body of the text, while the original
French is given in endnotes.

>My own translation.
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3 From Lexicographic and Academic Instrument
Definitions...

3.1 Lexicographic Definitions

Various conclusions® can be drawn from the analysis of instrument definitions in
two French dictionaries:

— Le Petit Robert (PR) (Rey-Debove and Rey 2007)

— Le Trésor de la Langue Frangaise informatisé (TLFi) (ATILF 2016)
and two English dictionaries:

— Webster’s New World Dictionary (WD) (Neufeldt and David 1994)

— New Oxford American Dictionary (OD) (McKean 2007).

Dictionaries distinguish between a generic and a specific definition of instrument
in relation to music. First, instrument is defined as a “concrete thing that allows the
user to act on the physical world” and as a “manufactured object [...]"”. The PR
contrasts instrument with tool: “more general and less concrete than tool [...]iii”.
English dictionaries also link instrument and fool, but in a hyponymic relation,
defining the former as a “specific tool used for specific purposes (scientific or
artistic) and delicate work”. In this respect, Simondon (1958), known as a specialist
in the epistemology of technology, put these two concepts in perspective by
defining both as prolongations of the body for the purpose of either performing a
gesture (fool) or getting a better perception (instrument).” In addition, the TLFi
specifies the domains in which the instrument is involved, namely technology as
well as science and art, and also emphasises the creative aspect.

Second, musical instrument is defined by the TLFi as an “object entirely made or
prepared from another natural or artificial object, the former being conceived to
produce sounds and to serve as an expressive means for composers and perform-
ers”.” This focus on sound production as a medium for the users’ expressivity does
not appear in the other definitions. In the English dictionaries musical instrument is
defined as “an object or device for producing musical sounds” without any explicit
mention of agency as in the TLFi definition. As for the PR, it only exemplifies
musical instruments in a typological enumeration based on organological classifi-
cation (areophone, chordophone, [...] orchestral instruments).

This brief overview of various definitions already illustrates a plurality of points
of view for a given concept. While instrument is defined as a thing, an object, a tool
or a device specifically conceived for a purpose, the relationships between all these
concepts are not unequivocal. Moreover, musical instrument can either be defined
intensionally (focusing on the sound production property) or extensionally (in an
organological taxonomy), and the relation between the instrument and the user is
barely taken into account (TLFi).

3For an extensive analysis see Cance et al. (2013).
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3.2 (Ethno-) Musicology Definitions

Echoing the previous section, the ethnomusicologist Dournon (1996) warns against
the reduction of instruments to their capacity to produce sounds, stressing on the
contrary the importance of the symbolic meaning conveyed and societally situated:

A musical instrument is not an object as others are; it produces sounds and carries meaning.
It includes an additional aspect, due to its functional and symbolic role in society."

After expressing how difficult it is to define a musical instrument, the music
philosopher Séve (2011) proposes a definition based on J.-C. Risset’s works
insisting on the cultural inscription of musical sounds and instruments as musical
qualities that can only be considered (and are meaningful) within a specific culture:

The musical instrument is a machine that is separable from the human body, that can be
repaired piece by piece and that allows the transformation of the energy produced by the
body of the person who plays into sounds considered as musical within the culture in which
the instrument is used.""

Concerning the musical quality of sounds, the music historian
Michaud-Pradeilles (1983) recommends focusing on the function or the use of the
instrument

[...] without any restrictive criterion, such as whether it is or is not made by a human being.
In this way, the useless distinction between musical sounds and noise can be avoided.*™

This overview of instrument definitions by academics in musicology and the
philosophy of the arts shows how perilous this undertaking is. If musical instru-
ments are characterised by their capacity to produce sounds, one cannot neglect
their symbolic and functional role. Whether or not an instrument is designed by a
human is not a distinguishing criterion; however, it is necessary to consider the
social, historical and cultural inscription of an instrument within a specific music
system situated in history and culture.

Therefore an ontological definition of the instrument (as an entity with essential
properties per se) remains very reductive, even useless according to Schaeffner
(1994, p. 9), who suggests it would be better to consider the musical instrument in
relation to a musical quality that can be acquired:

Can we define the term ‘musical instrument’? It is impossible, just as we cannot give a
precise definition of music that would be valid in every situation, every period, and every
use of this art. The problem of the instrument is linked to the question of the boundaries of
music. An object can be sonorous; what is it that allows us to describe it as musical? What
are the qualities that allow music to promote it to the same position as other instruments?'

If it is so hard to define a musical instrument within the “traditional” history of
music, how can this be done in the context of new digital musical technologies that
do not fall within such a long history? Only a few researchers have investigated this
issue, such as Brunner (2009), who has worked on
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the cultural implications embedded in the use and concept of the notion of the instrument in
the field of computer music research,

and Hardjowirogo (this volume), whose work focuses on the increasing use of
the concept of instrumentality to

grasp that specific quality musical instruments are assumed to feature as distinguished from
other sound producing devices

in the study of contemporary musical instruments, in order to identify
relevant criteria for the construction of instrumental identity.

The next sections dedicated to analysing the discourse practices of computer
music community members will allow us to put into perspective these two concepts
(their use, their meaning) from a linguistic point of view.

4 ... to the Emergence of a Terminology in a Computer
Music Community of Practices

As described in Sect. 1, the work presented here was a contribution to the 2PIM
project and consisted in the study of practices and discourses of computer music
users in relation to two specific devices: the Meta-Instrument (MI) and the
Meta-Mallette (MM). Developed by Puce Muse, both devices are generally
described as controllers mapped with sound processing software and visual syn-
thesis. Whereas the Meta-Instrument is an ad hoc device principally assigned to
individual and expert musical practice (Fig. 1), the Meta-Mallette uses commercial
interfaces (mainly joystick but also gamepad, Wii, etc.) and is conceived to be
played immediately (without any necessary prerequisite skills or knowledge) and
collectively (for example within a joystick orchestra, see Fig. 2).

To collect, document and analyse such practices, we adopted an ethnographic
approach” including interviews, participant observation during project meetings and
workshops dedicated to the MM, and participation in the Meta-Orchestre (Joystick
Orchestra). The following section focuses on the results of these interviews.

“4Quite innovative in this particular domain, with the exception of Booth and Gurevich (2012), who
proposed an ethnographic approach of ensemble laptop performance, and Stowell et al. (2008),
who developed a qualitative evaluation of digital musical interfaces through discourse analysis.
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Fig. 1 S. de Laubier,
Meta-Instrument creator.
© Puce Muse

Fig. 2 The Meta-Orchestre
playing the Meta-Mallette.
© Puce Muse

4.1 Strategies for Naming and Categorising Digital Devices
in Users’ Interviews

Ten users of digital musical devices’ were interviewed using a semi-directive
methodology. They were asked non-directive questions (e.g.: What is the Meta-
Instrument in your opinion? How would you characterize it?*) ranging from
general to specific topics. After a full transcription, we conducted linguistic anal-
yses on the lexical, morphosyntactic, semantic and discursive level, paying par-
ticular attention to how speakers refer to, name, categorize and define in their
discourse the devices (MI and/or MM) they developed and/or played.

SAll interviewees knew both the MI and the MM and had already used the MI and/or the MM
before. As creators, developers, composers and/or performers, researchers, teachers or students
from the conservatory, some of them combine different competencies and also use other devices
they have or have not created themselves.
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First of all we noticed a variety of lexical forms used to refer to the MI and the
MM. Interviewees talked about instrument, dispositif (device), outil (tool), objet
(object), machine and engin (machine), but also about interface, logiciel (software)
and programme, which are specific to the computing domain.®

They modified some of these nouns with attributive adjectives, such as instru-
ment virtuel (virtual instrument), dispositif musical et visuel (musical and visual
device), dispositif instrumental (instrumental device), machinerie portable (portable
machinery), logiciel trés souple (very flexible software) and instrument logiciel
(software instrument), to locate the reference either in the digital domain (instru-
ment virtuel, ~ logiciel) or in the musical domain (dispositif musical et
visual, ~ instrumental), depending on the reference domain of the head noun.

Generally speaking, instrument was more frequently used to refer to the MI, and
device to refer to the MM. Interface(s) appeared to be used either to refer to all the
devices that can be connected to the MM software (joystick, gamepad, graphic
tablet, wii, etc.) or as a generic term (including MI, MM, joysticks and so on).

Nevertheless, the use of these different forms depends on each interviewee and
her/his conceptualisations of the MM, MI and other devices. While some inter-
viewees considered the MI and/or the MM as instruments:

IN1 So for me the MI and the MM are instruments that enable one to generate/manage
sound and image in real-time,"
or “like an instrument’:

IN7 It’s [MM] a little bit like an instrument but it works with a computer.
But apart from that for me it’s like an instrument,™"

another interviewee (IN6) described the MI and the MM as tools rather than
instruments, using hedges’ to attenuate his statement:

xiii

IN6 I describe them as tools more than instruments for the moment, maybe not yet,

explaining:

The MM and MI devices are not mature enough yet to have a relation the same rela-
tionship with the user that an instrument has with its instrumentalist.*""

Others (such as IN3) almost never used instrument preferring interface, device,
tool and machinery instead:

6Im‘erface is defined in the field of computing as “a device or program for connecting two items of
hardware or software so that they can be jointly operated or communicate with each other” (OD).
7Hedges in linguistics refer to all the markers of uncertainty used in discourse. In the following
example they are underlined.
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IN3  That’s really the idea, to have a lighter device (MM), because the MI is a pretty
heavy device. It’s big machinery with several machines that calculate image and
sound in real-time.*"

All these interfaces are are are still very poor [...]; when I play it does not vibrate as a
guitar soundbox.*"'

Re-categorisation strategies can also be observed for instance with IN5 (music
teacher that uses the MM with his students) who reformulated instrument with
object (several times in his interview):

IN5 I wanted to create something with the Mozart samples and they they had to interpret
it [...], which was not easy moreover with an instrument an object a little bit

Xvii

new

or:

xviii

IN6  There is a really big potential with these instrum/interfaces.

Here, ING started by referring to instrum—but stopped before the end of the
word replacing it by interfaces. This type of speech disfluency® indicates some
uncertainty and fuzziness in the categorisation with an unclear distinction between
interface and instrument.

Finding the appropriate term was also a challenge for the interviewer. Over the
interviews none of the different denominations appeared to be neutral or generic
enough, and one can observe retrospectively the different strategies developed to
solve this matter, as in the following example:

to IN3 Can you describe to me the different / so again I say interfaces with inverted
commas I don’t know how do you call them / but describe the different tools instruments
interfaces devices that are usable with the MM?,**

which shows first a metalinguistic digression in order to anticipate the possible
incompatibility of the word “interfaces” and then a list containing no less than four
distinct denominations (!), from which the interviewee (IN3) could pick.

This list strategy used frequently could also be combined with an explicit
naming question:

to IN4 If you need to describe explicitly to someone who has no clue about these kinds of
tools in/instruments / how would you describe these kinds of of devices, instruments,
tools?

8All the “irregularities” in speech, such as hesitations, disruptions and false starts (truncated words,
repeated words or syllables, etc.).
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First we can even start first by discussing how you name these kinds of devices and how
you would describe them,™

which led IN4 to ratify the proposition:

IN4  So actually the term def/device is generic enough to adapt to all scenarios. So a
musical instrument is a device. It’s also a tool, something we will work, with which

pest

we’re gonna work.

These examples illustrate the reflexive activity of the interviewer and her
implication in this progressive construction and stabilisation of meaning.

4.2 Defining Instrumentality

In the course of each interview a network of semantic interdependencies was
forged, showing various relations (opposition, complementarity, etc.) between these
different linguistic forms that contribute to progressively build definitions of the MI
and the MM and implicitly of what an instrument is. For instance, Meta-Instrument
and Meta-Mallette were defined by successive oppositions, as illustrated by IN1,
who after defining both MI and MM as instruments, contrasted later on in her
interview

— a meta-instrument:

Well, as I told you, for me it’s [MI] an instrument that I rather refer to as a musical
instrument |[...] because there is really a gestural relationship in this instrument, so that it
means it’s really close to an acoustic instrument [...] and it’s really the instrument that
becomes one with the instrumentalist,*'

— and a meta-device:

So as for the Meta-Mallette, unlike the Meta-Instrument, I would say that it’s less of a
musical instrument and more of a musical and visual device.”*"

Moreover, the boundaries of the instrument category were not fixed and signs of
negotiation could be noticed. Although the MI was generally considered as an
instrument by the interviewees, depending on the context it could be:

— excluded from the category of instrument (considered less than an instrument®):

“Echoing the notion of “voiceless instrument” proposed by Bricout (2011) to take into account this
particularity of the digital devices not generating sound by themselves but needing the computer
and a specific algorithm to do so.
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IN6 No, in itself I wouldn’t put it in the instrument category, it’s the
Meta-Instrument plus erm what we called the software instrument [...], it’s the
couple made of the Meta-Instrument and the interpretation algorithm,*"

— or included in a super-instrument category (considered more than an
instrument):

IN9  Yes, I think they are instruments, it’s more than a simple instrument because in
fact inside they have a memory [...] because even Serge’s instrument has a
memory, t00.*"

Reciprocally, whereas the MM was mostly considered as a device composed of
software and various possible interfaces (such as joysticks), in the context of a
collective musical practice the joystick could become the user’s instrument:

INI A musical and visual device made of software and instruments [...] which are
joysticks for the time being.

In fact when I’m talking about it I’'m gonna say instrument for joystick meaning... meaning
you take your instrument to play it [...] so you’re gonna take the object joystick to play

[“.]’xvi

while inside the small community of the MM, instrument usually referred to
software (program, games, synthesizers, virtual instruments):

IN1  And at the same time commonly when one talks about the Meta-Mallette when one

knows a little what’s inside [...], when we talk about instrument this is the small

xvii

software part that determines how your sounds and images are gonna react.

IN2  So answers could be made by by instrument [...] so by the program when I say
instrument. So now there is a generic term that I think works pretty well that is

virtual instrument. And it is more or less accepted, so it starts to be used. We

thought a lot about the MM. First we called it games, then synthesizers and now

virtual instruments. It seems to me it’s the one that works best.™'"

In both IN1 and IN2 interviews, these comments included a lot of autonymy
markers, e.g. verbal indicators (underlined) of the reflexive work on the terms they
use and on the existence (or not) of consensus.

These two first interviews (IN1 and IN2) raised the need to explicitly question
the next participants on what they think an instrument is. I therefore started to ask
them (at the end of the interview) to provide examples and a definition of the notion
of instrument.'” This revealed that the MI and the MM were sometimes given as
examples of instruments (more frequently in the case of the MI). But above all,

0These questions were also asked to JIM conference participants in 2009 (see Cance et al. 2013).
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defining what an instrument is led users to discuss the instrumental quality of the
devices they had been talking about during the whole interview. One of them
explained his preference for using instrumental quality (or instrumentality) rather
than instrument arguing:

IN4 1 almost prefer using the qualifier than the word because something can become

instrumental. The notion of instrument, I don’t know what it is; the notion of

instrumentality maybe more, or instrumental.**"*

For this interviewee the substitution of the noun by the adjective (or by another
noun built on the adjective) demonstrates the performativity that characterises these
instruments:

The history of music is full of these things that were not instruments at the beginning
and that have been twisted by musicians to become instruments.***

Therefore this musician developed in his discourse different “conditions of
instrumentality” such as expressivity and embodiment:

[...] I don’t say that we necessarily need expressive instruments to play music but that’s
what is interesting for me [...] because in this expressivity there is something that goes
through the body, and it’s unconscious, uncontrolled,”*'

interactivity and versatility:

It’s precisely this capability via a device for any tool to serve a singular musical
] XXX11

intention in real-time, live. It supposes interactivity, a high degree of versatility |...],
tangibility:

What interested me in the MI was the fact that it’s also a material device, and when I say
material I mean tangible with real buttons [...], and this resistance is important because /
and for me it’s part of what I could call instrumental device or condition of
instrumentality, i

but also social inscription:

So what is interesting I think is that there is a small community around the instrument
and therefore some possibility of exchange [...], because for me in the conditions of the
emergence of instrumentality it is not just about / how to say that / individual skills it’s
about how you have to work at it collectively [...]. And I think an instrument is not only a
certain number of expected characteristics, of interactivity, reactivity and so on. It’s its
existence as a shared instrument, a socialised instrument, situated in a society, a time,
with a repertoire. ™"

This last quote summarises quite well the “conditions of emergence of instru-
mentality” by emphasising the importance of exchanging and sharing (musical but
also discourse) practices and repertoire within a specific context.
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5 Naming Strategies in Computer Music Literature Titles:
A Stabilisation Under Construction

Having explored how users (as individuals and as members of a specific community
of practice) refer to, categorise and define their practices, I shall now look at the
terminological practices (here specifically naming strategies) of a larger community.
The main idea is to focus on and study how the members of the computer music
community communicate with each other about their work."!

In order to do so, I refer to and extend a previous analysis of how authors in the
computer music community refer to the hardware and software objects they develop
and/or work with (Cance et al. 201312). This non-exhaustive analysis examines the
titles of the papers presented in international and French conferences (SMC, NIME,
ICMC and JIM) during the last seven years (2008-2015). A table in the annex
presents all the designations collected.

The tendency observed in 2009 is confirmed: in their conference titles authors
mainly use either instrument(s) or interface(s) modified by a qualifying adjective
referring to the artefacts they develop (as already observed in Sect. 4.1), such as digital
(musical) instrument and musical interface. One can also find a few rare exam-
ples of devices (musical devices, capacitive touchscreen devices) or controller(s)
(musical controllers, digital music controller) and a few designations of a
specific instrument qualified by one or various adjectives (digital piano keyboard,
virtual piano keyboard) conferring to it its “digitality”. Apart from these few exam-
ples, most designations encountered in the titles are structured around instrument or
interface as head noun, mirroring also most of the designations of the MM-MI
community.

Interface needs to be qualified by the attributive adjective musical to specify the
area to which it applies (music), whereas instrument already conveys the musical
aspect. Therefore many titles combine interface and musical (wireless musical
interface, expressive musical interface, etc.). On the other hand, interface anchors
the designations in the technological/computer domain and emphasises the human—
computer relationship. This might explain the scarcity of denominations combining
interface and adjectives such as virtual or digital in the corpus as well as the
frequency of denominations including a combination of instrument and the same
adjectives (such as in fr: instrument numérique, ~ électronique, ~ logiciel, or in
en: virtual instrument, etc.).

In other words, according to the domain of reference chosen, emphasis is more
on music or on computing: within the musical domain, the noun instrument is
specified by an adjective referring to computing (and therefore distanced from

""Brunner in 2009 already developed a deep and sharp analysis of the “cultural implications
embedded in the use and concept of instrument” in the computer music domain from a different
perspective.

2pyblished in La musique et ses instruments in 2013, this paper was written in 2009 in the context
of the CIMO09 conference. Therefore the first analysis concerned prior publications.
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traditional or acoustic instrument), whereas within the computer domain, the noun
interface is associated with an adjective that confers to it its musicality.

By analysing the other adjectives that qualify instrument and interface it
becomes possible to highlight other particularities of the meaning of these two
nouns. When referring to their devices as instruments, some of the authors insist on
an extra quality of these instruments compared to usual/classical instruments with
the use of adjectives such as augmented, ubiquitous and configurable. This pin-
points the versatility already described by a part of the 2PIM community.

Interface is sometimes associated with the adjective fangible, but also with
malleable or flexible (tangible acoustic interface, flexible interface). Combined with
these adjectives, interface refers more to a physical/material interface between the
musician and the computer, whereas in noun phrases such as computer mediated
interface or interface logicielle it refers to a software interface between the musician
and the computer hardware.

Three other aspects that were discussed by some of the interviewees also
emerged from the title analysis:

— Some titles lay emphasis on gesture, using designations such as gesture con-
trolled virtual instrument, gestural multi-touch instrument, gestural interface
and expressive gestural interface. While the gestural quality is not embedded in
the concept of interface, it seems more surprising to find titles combining ges-
tural and instrument.

— The notion of expressivity that was very important for one of our interviewees
(IN4) also appears through the use of the adjective expressive, either qualifying
instrument (expressive virtual percussive instrument, compact expressive
instrument, instrument for musical expression) or interface (expressive musical
interface, new interface for musical expression'>).

— Finally, some rare titles include the notion of instrumental quality (interface de
communication instrumentale, Instrumenting the Interaction) emphasised in the
interviews and in this volume (see Hardjowirogo ibid.).

6 Concluding Remarks and Perspectives

This comparative analysis of different kinds of discourses on the notion of musical
instrument allows us to specify the different semantic values of this concept
depending on practices and discourses. Dictionaries define instrument in opposition
to tool, whereas publications in the computer music literature show (a certain)
ambivalence between instrument and interface as already noted by Brunner (2009):

3This is also the name of one of the main conferences in the domain: the NIME conference.
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The specific research on input devices for musical expression in fields of computer music
ranges in its terminology without any clear coherence. We regard this circumstance as an
ambiguity evoked by the performative knowledge produced in research processes [...].

The analysis of the descriptions of some digital music devices by their users
corroborates Brunner’s analysis and demonstrates a concept of instrument with
fuzzy boundaries, which is still “under construction”. Devices can be considered to
be more or less part of the instrument category according to a sort of “family
resemblance”.

Rather than identifying category membership criteria for the instrument (as an
ontological entity with essential properties), this study contributes to specifying the
conditions of emergence of instrumentality in the digital era. Once adopted into
musical practices, especially collective ones (with a history and cultural and social
values), a device can acquire this instrumental quality,'* as illustrated by one of my
interviewees’ comments: “One is not born but rather becomes an instrument.”"”

This linguistic perspective enables us to see how this constantly evolving con-
cept of instrumentality is individually and collectively shaped and negotiated.
Mainly based on a study that took place in 2008—2009 and that specifically focused
on a small community of practices in France, this analysis could be further
extended, in order to document, describe and analyse how these practices keep
evolving through time, languages and cultures.

Endnotes

i “Une chose concréte permettant d’agir sur le monde physique.” (TLFi)

ii  “Objet fabriqué servant a exécuter quelque chose, a faire une opération.”
(PR)

iii “Instrument est plus général et moins concret que outil et désigne des
objets plus simples que appareil, machine.” (PR)

iv “Le XVIlle siecle a été le grand moment du développement des outils et
des instruments, si I’on entend par outil 1’objet technique qui permet de
prolonger et d’armer le corps pour accomplir un geste, et par instrument
I’objet technique qui permet de prolonger et d’adapter le corps pour obtenir
une meilleure perception ; ’instrument est outil de perception. Certains
objets techniques sont a la fois des outils et des instruments, mais on peut
les dénommer outils ou instruments selon la prédominance de la fonction
active ou de la fonction perceptive.” (Simondon 1958: 114)

v “Objet enti¢rement construit ou préparé a partir d’un autre objet naturel ou
artificiel, congu pour produire des sons et servir de moyen d’expression au
compositeur et a I’interprete.”

vi “L’instrument de musique n’est pas un objet comme les autres, il est un
outil a la fois producteur de sons et porteur de sens. Il comporte en effet

"“Instrumental quality is here preferred to instrumental identity as it bypasses the ontological issue.

5This formulation alludes to Simone de Beauvoir’s famous “One is not born but rather becomes a
woman.”
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une dimension supplémentaire déterminée par le role fonctionnel et sym-
bolique qu’il joue dans la société.” (Dournon 1996)

“Définir 'instrument de musique n’est pas facile: quaestio disputata. Je
propose personnellement la définition suivante, inspirée des travaux de
Jean-Claude Risset: un instrument de musique est une machine, séparable
du corps humain, susceptible d’étre réparée morceau par morceau, et
permettant de transformer 1’énergie produite par le corps de la personne qui
en joue en sons considérés comme musicaux par la culture dans laquelle
I’instrument est utilisé.” (Séve 2011)

“Pour définir I’instrument de musique, il vaudrait mieux considérer peut-
étre I’objet par rapport a son rdle ou a 1’'usage qui en est fait sans apporter
de notion restrictive, telle que la participation de I’homme quant & son
¢élaboration et éviter la ségrégation d’ailleurs magistralement remise en
cause de nos jours entre sons musicaux et bruits.” (Michaud-Pradeilles
1983: 5)

“Pouvons-nous définir le terme d’instrument de musique? Autant peut-étre
nous demander s’il existera jamais une définition de la musique, qui soit
précise et valable en tous les cas, qui réponde également a toutes les
époques et a tous les usages de cet art. Le probléme des instruments ne
touche-t-il pas a celui des limites de la musique? Un objet est sonore ; a
quoi reconnaitrons-nous qu’il est musical? Pour quelles sortes de qualités
la musique le mettra-t-elle au rang de ses autres instruments?” (Schaeffner
1994: 9)

Pour toi c’est quoi le Méta-Instrument? Qu’est-ce qui le caractérise?
Pour moi donc le MI et la MM sont des instruments, qui permettent de
geénérer / gérer du son et de l'image en temps réel.

C’est un peu comme un instrument mais ¢a marche avec l’ordinateur.
Mais sinon pour moi c’est comme un instrument.

Je les décris comme comme des outils plus que des instruments pour
I’instant, peut-étre pas encore ...

Les dispositifs MM et MI sont peut-étre pas encore assez murs pour en
faire des / une relation la méme relation avec l'utilisateur qu’un instru-
ment avec son son instrumentiste.

C’est vraiment ¢a l’idée, d’avoir un dispositif qui soit plus léger [MM]
aussi, puisque le MI C’est un dispositif assez lourd. C’est une grosse
machinerie avec plusieurs machines, qui calculent [’image, le son en
temps réeel [...]

Toutes ces interfaces sont sont sont trés pauvres quand méme [ ...] quand
Jje joue ¢a ¢a vibre pas comme une caisse de guitare [...]

J'avais envie de d’essayer de créer justement quelque chose avec les
échantillons de Mozart et eux ... euh avaient a linterpréter [ ...] ce qui est
pas une mince affaire en plus avec un instrument un objet un peu nouveau.
Y a vraiment un potentiel énorme avec ces ces instrum- / ces interfaces.
Est-ce que est-ce que tu peux me décrire les différentes / alors c’est pareil je
dis interfaces avec des guillemets, je sais pas comment toi tu les appelles /
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mais décrire les les différents outils, instruments, interfaces, dispositifs, qui
qui sont utilisables avec la MM?

Comment comment justement, si tu dois décrire, expliciter a quelqu 'un qui
connait pas du tout ce genre de d’outils, d’in / d’instruments, comment tu
décrirais ce genre de de dispositifs, d’instruments, d’outils. Déja on peut
méme déja commencer par discuter sur comment toi tu nommes ce genre
de de dispositifs, et comment tu les décrirais?

Alors effectivement le terme de dif / de dispositif est suffisamment
genérique pour pour s’adapter a tous les cas de figure, qui peuvent étre
trés différents. Donc, un instrument de musique, c’est un dispositif, c’est
aussi un outil, c’est quelque chose qu’on va travailler, qu’on va / avec
lequel on va travailler, qui permet de produire des sons de maniére
controlée.

Donc comme moi j te disais pour moi donc c’est un instrument voila donc
... que j'référence plutot a un instrument d’musique [...] parce qu’y a
vraiment un rapport au geste dans cet instrument, donc qui est vraiment
proche d’un instrument acoustique du coup, [...] et que c’est vraiment
linstrument qui fait corps avec l’instrumentiste.

Du coup la MM contrairement au MI j dirais moins qu’c’est un instrument
de musique mais beaucoup plus un dispositif musical et visuel [ ...].

Non en lui-méme je le mettrais pas dans les instruments c’est le MI plus
euh ce qu’on appelle l'instrument logiciel [ ... ] ¢ca serait plus le couple MI
et algorithme d’interprétation | ...].

Je pense oui que ce sont des instruments c’est plus qu 'un instrument parce
que en fait dedans ils ont des mémoires [ ... ] parce que méme l’instrument
de Serge aussi il a une mémoire.

Un dispositif musical et visuel [...] qui va se composer d’un logiciel et
d’un nombre d’instruments euh... qui pour le moment sont plutot des
Jjoysticks [...] en fait quand j’en parle je vais dire instrument pour joystick
dans le sens ou ... dans le sens ou tu prends ton instrument pour en jouer
[...] donc tu vas prendre l’objet joystick pour jouer [...]

Et en méme temps communément quand on parle de la mal / la MM quand
on sait un peu ce qu’y a dedans, quand on parle d’instrument, c’est la
petite partie logiciel qui va déterminer comment tes sons et tes images vont
réagir.

Donc y a effectivement apres des réponses qui seraient peut-étre a faire
par par instrument. [ ...] Donc par programme hein, quand je dis instru-
ment. Alors maintenant y a un terme générique qui marche assez bien
qu’est instrument virtuel je trouve. Et qui est accepté a peu pres, donc on
commence a l'utiliser. On a cherché beaucoup dans la MM, on appelait ¢a
d’abord des jeux, puis des synthétiseurs, et maintenant des instruments
virtuels. Il me semble que c’est celui qui fonctionne le mieux.

J’ai presque plus envie de d utiliser le qualificatif que le mot, parce que
quelque chose peut devenir instrumental. La notion d’instrument je sais
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pas ce que c’est, la notion d’instrumentalité peut-étre plus, ou
d’instrumental.

xxx Et bon, ['histoire de la musique est pleine aussi de ces des ces trucs, qui au
départ étaient pas des instruments, méme a / avant méme la synthése, et
qui ont été détournés par des musiciens pour devenir des instruments.

xxxi Donc je dis pas que pour faire de la musique il faut nécessairement des
instruments expressifs, mais en tout cas c’est ¢a qui m’intéresse moi quoi.
Parce que dans cette expressivité, dans, y a quelque chose qui qui qui
passe par le corps, et qui est qui est inconscient, qui est incontrolé, une
espéce d’échappement a la conscience que je trouve nécessaire de
conserver.

xxxii C’est cette capacité justement, par un dispositif, un outil quelconque, a se
mettre au service de de d’un propos musical singulier, en temps réel, en
direct. Donc ¢a suppose de l'interactivité, bien siir, ¢a suppose un degré
important de de de de versatilité ou de prise en compte en tout cas des des
des volontés musicales exprimées, plutot corporellement quoi. [ ...]

xxxiii Alors moi ce que m’intéressais dans le MI, c¢’est que c’est un dispositif
materiel aussi, quand je dis matériel c’est a dire tangible, c’est a dire avec
des vraies touches [...] Et cette résistance est importante parce que / et
pour moi fait partie méme de ce que j'ai envie d’appeler dispositif
instrumental, ou condition d’instrumentalité, c¢’est aussi cette résistance.

xxxiv  Donc ce qui est intéressant je pense, c’est le fait que y ait une mini
communauté autour de l'instrument, donc possibilité d 'un échange. Parce
que la aussi dans [ ...], dans les notions, a mes yeux sont connexes, ou les
conditions d’émergence de l'instrumentalité, y a y a pas seulement des,
comment dire, des compétences individuelles du dispositif. Y a en quoi ¢a
se travaille collectivement quoi [ ...] Et je pense qu 'un instrument c’est pas
que un certain nb de caractéristiques attendues, d’interactivité, de
réactivité, et tout. C’est son existence en tant qu’instrument de partage,
instrument socialisé quoi, en quelque sorte, c’est a dire inscrit dans une
société, dans une époque, dans un temps, avec un répertoire.
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From Idiophone to Touchpad. The
Technological Development to the Virtual
Musical Instrument

Bernd Enders

Digitalization transgresses the boundaries of the physically
possible, the natural becomes the arbitrary, the arbitrary is
being artificially created.

Jauk (2009, p. 439)

Abstract The history of music can be understood as the increasing digitalization of
representation and processing of musical information as notes and sounds. Musical
phenomena could be described as a continuous transition from the analog and simple
instrument like a wood block to the digital and abstract software instrument like a
virtual synthesizer on a touchpad. The development of musical instruments shows an
increase in complexity and functionality of handicraft over time, and the music
computer forms the last, most comprehensive and most abstract link in a chain of
innumerable steps in music and musical technology, starting with the human voice
and the invention of drums as a mean of sound and communication and actually
marked by digital instruments and virtual sound worlds. Ten developmental stages
can be identified with regard to the construction and the usage of musical instruments
and multimedia performances. The digital processing of sound information extends
the range of artistic presentation of musical processes to unfamiliar, albeit intriguing
and expandable dimensions. The aesthetic potential of the artistic approach to
musical and multimedia information in the broadest sense proves to be enormous.
But it is impossible to predict whether overarching paradigms of music composing
and digital culture will emerge or become apparent some day.
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1 Introduction

From both a theoretical and a practical musical point of view, the entire develop-
mental history of music can be understood as the increasing digitalization of the
representation and manipulation of musical information and processes. In artistic as
well as academic discourse, musical phenomena are being described in ever more
abstract terms in terminological and technical respects, basically expressing the
transition from the analog and concrete to the digital and abstract.

In this regard, Werner Jauk views the development of music as a process of
mediation, “from immediate expressive behavior, its instrumentalization, over
gestures, the formalization of communicative expression in presentational and
iconic signs to arbitrary codes.” (ibid., p. 2) The codes represent the abstract ter-
minology which serves to grasp the instrumentally generated or recorded sound
signals as well as the musical notes for the description of musical events (in their
various forms) in the digital age of music.

Against this background, the music computer basically forms the last, most
comprehensive and most abstract link in a chain of innumerable stages in musical
technology, ranging from the human voice as a means of sound and communication
to the artistically informed construction of virtual sound worlds. The development
of musical instruments, an integral part of technological progress since its earliest
beginnings, has always been of state-of-the-art handicraft in each era; therefore,
considering the continuous increase in complexity and functionality of handicraft
over time, a number of developmental stages can be identified with regard to the
construction and, consequently, the usage of musical instruments.

2 The Development of Musical Instruments in Ten Stages
from Prehistory to the Digital Age

The discovery of the principles underlying the acousto-mechanical forms of sound
production in musical instruments (idiophones, aerophones, membranophones,
chordophones) probably occurred parallel to the development of human culture in
prehistory and cannot be traced back accurately. As related finds from the
Paleolithic Era indicate, humans have made use of simple instruments such as
lithophones or bone flutes as well as tools like drum sticks at least as early as
30,000 years ago.

The first stage of instrumentalization, enabling sound production beyond the
potentialities of the human body alone through the discovery of the sound tool, was
followed by the “mechanization” of instruments, which on the one hand reduced
direct body contact with the vibrating body but on the other hand allowed for easier or
more efficient operation. The introduction of power-amplifying and precise key-
boards, pedals and key mechanisms (controllers), triggering various hammers, valves
or levers, to act as intermediaries between the playing human and sound production
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proper—i.e., as interfaces—already permitted a certain freedom of assigning a trig-
gering action a resulting sound (mapping). In the case of the pipe organ, the tech-
nological separation of controller (=console) and generator (=pipe body) is complete:
the transmission of data can be achieved by mechanical, pneumatic, electrical or
electronic means, even the utilization of an external power source—a criterion of
machine systems—already applies here, as the bellows providing the continuous air
stream are not operated by the organist himself, in contrast to the pump organ.

The “automatization,” or programmability, respectively, of musical processes
was first accomplished by means of the pinned barrel invented in 900 A.D., paving
the way for mechanical musical instruments such as the medieval carillons, the
musical clocks of the late 18th century, the orchestrions and pianolas (now being
controlled through punched cards and discs), which enjoyed great popularity up to
the invention of the radio and the record player in the early 20th century.

The stage of “electronification” (electromechanical, electro-optical and electronic
instruments) was inaugurated (after a few musically negligible experiments) by
Cahill’s Telharmonium around 1900. For the first time after a millennia-old history
of the musical instrument and its continuous improvement, the use of electricity
finally marked the invention of new methods for generating sounds. Innovative
instruments with unfamiliar sounds and original playing techniques were invented,
which were added to the traditional instrumental classification system under the
category of electrophones, but did not take root in the classical-romantic orchestra
(even though instruments like the Mixtur-Trautonium, the Ondes Martenot or the
electric guitar sometimes occur in combination with orchestral instruments, for
instance in works by Olivier Messiaen or Harald Genzmer).

With the mid 20th century’s electronic music, the separation between composer
and virtuoso performer was partially undone again, as a growing automatization of
sound processes and/or studio devices adopted from radio (generators, tape recor-
ders, effects units) enabled a direct translation of an artistic idea into sound
(Karlheinz Stockhausen) or as the composer oftentimes also functioned as main
interpreter of his own works (Oskar Sala).

Michael Harenberg emphasizes the electronic sound world’s significance for the
history of music: “No other invention of this century had such fundamentally
qualitative consequences for the development of music, or changed our under-
standing of music and its perception so radically as the technical means to produce,
record and distribute sound electronically — a milestone of the history of music
comparable to the invention of musical notation'” (Harenberg 2012a).

In the mid-1960s, analog musical electronics reached a technological peak with
Robert Moog’s ingenious construction of the voltage-controlled analog music
synthesizer, which unified the single devices of the electronic music studio and the
electric/electronic musical instruments in a well-balanced modular system. This
“modularization” basically distinguished between three sections of an instrument’s
functionality: (1) generators (oscillators, noise generators), (2) modifiers (filters,

1Harenberg (2013). Also cf. Harenberg’s elaborations on this issue in Harenberg (2012a, b).
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amplifiers, effects units), (3) controllers (keyboard, joystick, sequencer etc.).
Although the principle of modularization already applies to earlier experiments,
such as the Mixtur-Trautonium by Friedrich Trautwein and Oskar Sala, only
transistorization and the development of control voltage led by Robert Moog paved
the way for a “trunk-sized” compact studio.

After a series of further developmental stages, the “digitalization” and IC-based
miniaturization of music electronics began in the 1970s in the form of the first
music computers (Fairlight CMI, Synclavier), whose functionality offered numer-
ous possibilities of modern studio software as well as a menu-driven user interface
despite the limitations of contemporary 8-bit technology. With the Fairlight CMI’s
eye-catcher, the lightpen, the user was able to operate the menu’s elements of the
underlying software and practically draw any oscillation, envelope function or
sequencer notes onto the screen, thus foreshadowing the tapping and swiping of
today’s tablets and smartphones.

Offering a broad range of synthesis algorithms already integrated into the system
as well as enabling the digital storage and control of any sound recorded with a
microphone (sound samples), the music computer was hailed as the harbinger of a
new musical age and directly appropriated for artistic purposes (e.g. by Austrian
composers Hubert Bognermayr and Harald Zuschrader).” In other words: both note
properties and audio signals were now being processed digitally and connected in
the musical process. From a technological point of view, analog note information
on a pinned barrel and the oscillations of a record groove now only differed with
regard to their coding formats in the musical machine.

Accordingly, all aspects of music production necessary for digital processing
were available by the early 1980s: various methods of sound synthesis, the digital
storage of sounds, the processing and modification of sounds, and the complete
controlling of sound processes, be it manually by means of innovative interfaces or
automatically through digital note information (sequencing). In this context, Werner
Jauk stresses that the digital sound experience is thus becoming ever more
immaterial and abstract: “In generating and playing, digital sound is completely
detached from bodiliness. It is not created through an oscillation produced by a
vibrating body, it is computed oscillation originating from non-vibrating material,
from codes” (Jauk 2009, p. 337).

In 1981, the introduction of the enormously successful MIDI>-standard in order
to guarantee the compatibility of sound modules with keyboards of different brands
finally ushered in the “informatization” of music electronics, as earlier experiments

Their Erdenklang: Computerakustische Klangsinfonie was premiered in the Brucknerhaus in Linz
during the Ars Electronica in 1982.

3MIDI (=Musical Instrument Digital Interface) is a music-specific standard format which not only
enjoyed popularity in musical application for a long period, but which furthermore gained a
foothold in general computer industry as a standard interface. With regard to its significance, it is
therefore comparable to the internationally widespread digital formats PCM for the audio CD
introduced in 1981 or the ever more important compressed audio format MP3 used for web
transmissions since 1991.
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with computer-based composition (Lejaren A. Hiller) in the mid-1950s had not
proven feasible due to extensive transcriptions of mainframe-computed data into
readable scores (score synthesis).

With regard to information technology, the MIDI system can be viewed as a
digital electronic variety or successor of the pinned barrel, which was invented as
early as 900 A.D. and served as a mechanical storage of note information in order
to trigger sounds with a clearly defined point of onset and duration. Similarly, MIDI
signals do not contain sound data, but merely send note information to an electronic
or even mechanical sound generator; to be precise, a key number, e.g. the number
60 (here given in decimal format), representing the note c’, is transmitted (along
with the key velocity for dynamic results). MIDI is furthermore a key-oriented
notation code, an originally action-based information system, which (similar to
dodecaphony, which is likewise informed by the equal temperament of modern
keyboard instruments) irons out harmonic alterations enharmonically and does not
discriminate between “c sharp” and “d flat.” MIDI documents the hands’ musical
play on a keyboard and is thus related to action-representing tablatures such as the
fingering notation systems for guitarists.

Soon after the introduction of the MIDI standard, MIDI-coded musical data (i.e.
note information) were being digitally processed by means of widespread PCs (e.g.
C 64, Atari ST), which then opened the door to an entirely new range of possi-
bilities to process musical information so that by the end of the 1980s,
computer-based arrangements, sophisticated (harmonically correct) music engrav-
ing techniques, creative software for composition as well as artistically and sci-
entifically intriguing analyses were either widely available or least being
experimented on in scientific environments (e.g. computer-calculated real-time
temperaments such as the Hermode Tuning system (Hermode Tuning Werner
Mohrlok e.K. 2015)). Methods of artificial intelligence (AI) suggest future appli-
cations transforming the music computer into a creative partner of musical pro-
cesses, even if these may still be restricted to an experimental-scientific context.

By the early 1990s, the shift of music technology from specifically constructed
instruments (hardware synthesizers, electronic organs etc.) to the development of
surrogate software components running on basically every regular computer with
suitable audio and MIDI periphery (sound card, keyboard etc.) marks the “virtu-
alization” of instruments and music-specific production scenarios. Such a software
basis allows for the emulation of multitrack studio tape recorders, mixing consoles,
“traditional” effects units such as reverberators or vocoders, as well as the devel-
opment of new sound processors such as transposers or auto tuning.

Modern studio or MIDI programs achieve a near-complete virtualization of all
functions of the music production process; even the hardware predecessors’ user
interfaces and brand-specific looks are being simulated “realistically” on the screen,
although usually only the functions of sound production and modification are
subject to virtualization, considering that the interfaces necessary for operation
(mouse, musical keyboard, and other controllers) are oftentimes easier to use if
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mechanical rather than virtual and thus have to remain in the realm of real physical
functionality.*

Earlier developmental stages of instrumental technology, for example the
modularization of an instrument’s functions, are being virtually reconstructed.
So-called plug-ins, i.e. special software packages, extend a music computer sys-
tem’s functionality by means of suitable interfaces (e.g. Steinberg’s VST norm) to
include sophisticated studio effects routines or nostalgic imitations of “historic”
precursors (e.g. a vintage synthesizer, Hammond organ, Fender Rhodes and many
more).

Inspired by professional sample libraries such as the Vienna Symphonic Library
(VSL), which impress the user with their ever-growing possibilities of modulation
and quality of programmability and have thus found their way into a wide range of
motion picture and TV show soundtracks, Harry Lehmann engages in a visionary
analysis of a virtual orchestra live in concert, a possibility that could very well be
realized by current technology (Lehmann 2012, p. 19ff).

While digital electronic methods are a necessary requirement of highly complex
sound synthesis processes like waveshaping or granular synthesis, they also allow
for the modeling of unusual instruments which could hardly be physically con-
structed by traditional means (virtual reality). In this context, physical modeling is
held to be a promising method of synthesis, which utilizes mathematical models to
simulate the complicated physical processes in vibrating bodies, for instance a
vibrating string attached to a resonating body, as accurately as possible and thus
ideally comes very close to the acoustic behavior of a mechanical or
electro-mechanical instrument or even potentially provides the various forms of
modifications involved in the subtle sound variations of any good interpretation.
Alternatively, conventional features may be skillfully combined with innovative
characteristics to give birth to original musical conceptions which could not have
been realized by traditional mechanical and electronic construction principles.

Digitality facilitates the device-based processing of various types of information
so that different levels of perception, particularly video and audio, can be perfectly
synchronized, paving the way for the enhanced artistic expression and experience
of a promising, possibly synaesthetic, multimedia art.

In this process, it is becoming increasingly difficult for terminology to distin-
guish between the abstract world of computer-based functions and digitally pro-
cessed information. In one case, the computer system is an entire music studio; in
another, a musical instrument; in yet another it becomes a music engraving system,
a multimedial playing device, an interactive musical educational program. In the
end, the definitions depend on the individual estimation of the features, the expected
usage or even strategic marketing, as there are no clear-cut boundaries between one
application and another, and many characteristics of both hard- and software may
principally be utilized multifunctionally.

4Cf. Ame Bense’s revealing and comprehensive discussion of the complex relationship between
real and virtual components of computer-based instruments in Bense (2013).
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Against this background, Arne Bense discusses the need for a revised
organology, which would have to take the properties of the virtual musical
instrument into account as well: “All sections in music production are by now
affected by virtualization and are thus subject to various transformation processes —
including the musical instrument. It seems to have disappeared between software
synthesizers, sound samplers, groove boxes, ‘virtual instruments,” digital audio
workstations, diverse controllers and musical interfaces. Today, organology is
undergoing a phase of reconfiguration — the organology of the computer society has
yet to be developed” (Bense 2013, p. 149).

Which part of the interactive graphic digital synthesizer reacTable should be
viewed as the actual instrument? Is it the sensational glass top that reacts to
manually placeable and movable objects with a coded underside by emitting visual
signals that optically simulate the typical structure of a modular synthesizer with
oscillators, filters, envelope generators and sequencers, or is it the integrated
computer along with the software as the sound machine proper, which however
remains hidden from the audience?

The traditional instrumental classification system was challenged as early as
1919, when Léon Theremin’s Thereminvox baffled the audience not only by its
obscure sound production principle based on vacuum tubes, but moreover with its
seemingly magical and surreal playing technique, independent of a visible, tangible
interface that would allow the musician to physically engage with the instrument.’
Even modern performances by usually female theremin virtuosi continue to put
today’s listening and watching audiences under a similar spell.

Since the digital sound can be created and modified completely independent of
playing technique, there are no boundaries to experimenting with innovative forms
of interaction between the human and the computer. Fascinating original playing
techniques with new controlling devices (mouse, pads, sensors of all kinds) are
being artistically put to the test, and newly designed interface technologies
specifically geared to the haptics and gestures of the human motor skill, which
partly stem from other, non-musical applications, as for instance gesture, voice or
game controllers, eye tracking, actuators from robotics and many more, are being
adapted for usage in musical electronic devices and instruments.°

Digital hardware is becoming ever smaller, more inexpensive and, if combined
with refined software, ever more powerful, so that many aspects of the production

5In 1930, Karl Gerstberger, a contemporary of Léon Theremin’s, attempted to put into words the
speechlessness of the listeners, who had probably never seen a thereminvox performance before:
“Who would have been immune to the spell of the uncanny, as L. Theremin performed his ether
wave music? Was is not as in a tale from the Arabian Nights, when he summoned with a conjurer’s
hands the ‘genie in a bottle’ and bade him utter sounds loud and soft, high and low?” (Gerstberger
1930, p. 171).

SCf. Jin Hyun Kim’s detailed compilation of the different developmental strands of musical
interfaces from historical and systematic perspective, including functional analyses: Kim (2012).
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and modification processes mentioned above may already be brought to fruition
with sensitive tablets,” which are so handy, easy to use and holistically designed
that they actually come close to a simple idiophone, e.g. a wood block—at least as
long as the battery holds.

Ever since computer systems started interconnecting to form global medial
networks, since the immensely significant development and spreading of the
internet, which renders the user searching for information nearly completely
independent of time and space, new forms of a network-based musical communi-
cation emerge which go beyond the mere consumption of music or multimedia.
Music production is entering a stage of “globalization” that also encompasses the
artistic application of digital music technology. Among these are not only the
worldwide exchange of MIDI files or scores, but also the transmission of WAV or
MP3 sounds, ringtones,® plug-ins, skins and many more.

But what is most intriguing and innovative are those projects that attempt to
construct interactive, virtual instruments or sound spaces on the internet, to create
collaborative compositions via the web, as for instance Austrian composer
Karlheinz Essl has been experimenting on for some years, or even to bring musi-
cians together in virtual space for making music online in real-time, which
unfortunately is currently still impractical due to delayed signals. The boundaries
between musical instrument and media devices are dissolving, music evolves into
“media music” when the platter of a DJ’s turntable becomes a creative sound
generator, as Rolf Grolmann notes in his early discussion of the “medial influence
on the construction of musical reality” (GroBmann 1997).

As a last developmental step, the “hybridization” of music technology has yet to
progress beyond its current experimental stage; its core is the considerable merging of
the musical instrument and the human, giving birth to performative
man-machine-symbioses, which by digital electronic means basically enhance the
possibilities of the human body’s interaction with a device, to basically achieve
something which had actually been in the humans’ power from the beginning, namely
the ability to put the unequaled flexibility of the voice as a body-inherent, ubiquitously
available instrument to musical use. The performance artist Stelarc, for example,
attempts to create artistic symbioses of his own acting body and machine systems
(sensors, artificial limbs, robots). Others are experimenting with the transposition of a
dance performance into virtual space, synchronizing a virtual avatar with the moving
musician’s body, or with interactive sound installations, sounding spaces and mul-
timedial creations of 3D virtual reality, which, though not yet commonplace, are
nevertheless no longer fantasies of a utopian music culture’s science fiction arsenal.

Although first experiments on a playing technique based on the so-called brain
controlling, the controlling of electronic instruments by brain waves, are so far

7Among the applications available are for instance the “old” Fairlight CMI as well as the “new”
reacTable as virtual emulations on current touchpads, albeit with certain limitations.

8Frauke Behrendt, for instance, examines the artistic relevance of mobile phone music in Behrendt
(2005).
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mostly relevant only to current neurological research rather than to musical expe-
rience, they do suggest that in the future, making music may be possible without
even moving one’s hands, as was still required for playing the Theremin (Table 1).

3 New Forms of Composing and Playing in a Digital
World of Music

Mainly caused by the impact of the Moog synthesizer, the preference for a key-
board with discrete scale steps for creating electronic music, as well as the universal
introduction of the MIDI norm left the subtly shaped, individual (monophonic) tone
quality of older music electronics such as the Thereminvox or the Trautonium in the
shade. The originally creative mode of experimenting with innovative sound gen-
eration and its (theoretically) enormous modification potential was discarded again
in musical practice—especially in pop music—in favor of easily accessible sound
programs and standardized (usually homophonic) playing techniques. However,
additionally installed controllers such as modulation wheels, faders, pedals, pitch
bend wheels and wind controllers offered intricate possibilities of modification to
the ambitious keyboarder, which for instance are inspiringly appropriated musically
by jazz virtuosi such as Jan Hammer.

But the potentialities of digital music technology are not limited to advanced or
even completely unconventional playing techniques with various opportunities for
articulation, positively demanding to be discovered and put to use for musical
interpretation live in concert; furthermore, the ways artistically inclined people are
using the mass-produced and inexpensive sound equipment of the computer age
questions the traditional understanding of composers and musicians. Since the
1990s, the creative engagement with the rich musical possibilities of the widespread
and inexpensive computer systems leads to the emergence of a breed of musician
which Karl H. Menzel dubs “PC musician” (Menzel 2005),9 along with the
development of a production space (primarily for pop music) that Werner Jauk
circumscribes, with a trace of irony, as the “bedroom studio”: “The age of con-
trolling (pre-programmed, barely modifiable) synthesis machines turns into the era
of directly working with sound in digital popular culture, now indeed at home, in
the bedroom for each and everyone and — in the collective of the bedroom-
home-studios interconnected via the WWW — with the understanding of music as
open source in the dynamic process of collaboratively making music beyond time
and space” (Jauk 2009, p. 315).

°Cf. the chronological examination of the musical technological development and its musical
consequences, ranging from the professional—originally analog—multitrack studio to digital
home recording on the PC. Also cf. the current analysis of the reciprocal interaction between music
and technology by Wandler (2012).
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Effected by digital music electronics, the mass distribution and lowered costs of
the technologies necessary for the artistic-compositional production process form
the basis of Harry Lehman’s criticism of the recent composing avant-garde, who
refuse to acknowledge these principally socio-musical changes of music culture
“because their value system is still fully anchored in classical music, which only
recognizes human subjects, but not social systems.” He calls attention to an “ab-
solute exception,” composer Georg Katzer, who recently noted laconically: “The
computer has democratized the obscure trade of the composer. Today everyone can,
even if they are at a musical proficiency level of ‘zero,” produce music ‘by the
boatload,” which, regardless of its artistic value, may moreover be copyrighted”
(Katzer 2011, p. 31).

Of course, this does not answer the question of which direction the new music
culture, closely intertwined with the availability of digital functionality, will take in
the future, which aesthetics will develop against the background of digital music
technology, whether art will experience marginalization due to large-scale distri-
bution or whether it will give birth to new creative highlights, whether the creating
artist will still exist as an autonomous instance or whether this role in the artistic
production process will be replaced by a job-sharing team consisting of program-
mer, arranger, designer and product manager, and, finally, whether there is still need
for the finite, completed work of art, or whether musical phenomena are rather
conceived as flexible material for the purpose-built generation of sound environ-
ments temporarily designed for specific situations, places and social groups.

Thanks to seemingly inexhaustible possibilities of quickly manipulating the
digital audio material, the simple realization, adaptation, transformation, division,
variation and recombination of all kinds of sounds, the composition process, in past
times considerably more lengthy and wearisome, now undergoes substantial
changes. The undo-function available in every piece of modern software and the
regular backup files permit the user to simply discard changes, return to the raw
material stored in non-destructive form and start from scratch, encouraging the user
to experiment with small and big changes without risk. Regardless of the actual
planning phase, digital composing and/or arranging thus comes close to an
improvising mode in the way the material is handled—moreover, the line to the live
act is becoming blurred, as it is principally constantly in flux. The tendency to
create, collect and recombine entire series of alternatives, versions and revisions is
growing, as Robert Henke vividly describes in his essay “tod durch iiberfluss”
(“death by affluence”, Henke 2011), making it necessary to rediscover the “art of
leaving out” and to find disciplined compositional strategies.

Already the invention of music notation rendered musical information pictorial,
allowed it to be grasped holistically: the temporal rhythmic sequence of musical
information previously necessary for sensual experience may be omitted as the eye
can subjectively choose any path through the work. Today, the computer basically
links these approaches when music is visualized on the screen in the shape of notes
or beams and is played synchronously—the computer can even merge them par-
tially when highlighted sound elements are basically halted in an infinite loop (an
option for playing an arrangement offered by modern studio programs), or when
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music is being fragmented, shifted, replicated and recombined in its elements (=-
composed) in a patchwork manner: composing in real-time, working on a “living”
musical object, as is conceptually supported by innovative music programs (e.g.
Ableton Live).

The digital processing of multimedia information extends the range of artistic
presentation of musical processes to unfamiliar, albeit intriguing and expandable
dimensions. For instance, experiments include dynamic scores such as a flowing
visualization of sounding notes reminiscent of a waterfall,'’ the performance of a
touchpad musician may be projected as a larger-than-life image onto a large screen,
even a completely unskilled drummer can be turned into a virtuoso by means of
simulation''—a humorously cut sequence of synchronized video bits, each show-
ing a single drumbeat or hit on the cymbals, and many more.

To go even farther, virtual concert performances hold such a power over large
audiences that they seem uncannily surreal: the synthetic singer Miku Hatsune—
projected onto a life-sized screen on the stage as a quasi-realiter hologram, singing
with an artificial voice live in concert (generated by means of the voice plug-in
Vocaloid2 by Yamaha), continues to exhilarate a Japanese audience of loyal fans to
the point of dancing, clapping and singing along, as these YouTube videos'* should
convince even the most skeptical reader. The relatively high, childlike timbre of the
virtual singer is reminiscent of the anime characters extremely popular in Japan,
which also inform the visual appearance of Miku Hatsune. “She” is accompanied
by a real band, which, positioned around the screen, plays live (in terms of music
technology, i.e. synchronously to the playback of the voice track). In combination
with the perfectly animated, originally and bizarrely playing “ANIMUSIC”
instruments (Animusic 2013), which would never work in the real world, the
performance thus achieves a new quality of artificiality, which can go completely
without the human musician.

The music computer, the virtual musical instrument as a universal machine for
every form of numerically coded sound generation, processing and distribution, has
radically transformed the modern music culture in every conceivable area of pro-
duction and distribution. With its various shapes and modes of application, the
music computer forms the climax (at least for the time being) in a chain of suc-
cessive developmental stages of music technology—from the hand drum to the
electronic drum pad, from the bone flute to the MIDI-based wind controller, from
the water organ to the sample library with historical organ sounds etc., a devel-
opment that began in the first days of music culture and which can be systematically
divided into ten categories of distinct characteristics and (at least partially)
chronological succession.

'%Already 1995 impressively put into action by Dominique Besson on the multimedia CD-ROM
“Les Musicographies,” (Besson 1995), which unfortunately only runs on older Macintosh
computers.

et Gjeertsen’s video “Amateur” (Gjeertsen 2006).

12E.g. Hatsune Miku (2011).
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In a constantly reciprocal relationship of music culture and technology, the
newly discovered possibilities of sound generation by means of instruments have
ever been put to artistic use, sparking off further developments, both musical and
technical. Thanks to the electronification and digitalization of musical technological
instruments and devices, the aesthetic potential of the artistic approach to musical
and multimedia information in the broadest sense proves to be enormous.

As of now, it is impossible to predict whether overarching paradigms of music
culture will emerge or become apparent some day. Austrian musicologist Werner
Jauk describes the newly emerging phenomena of the acoustic and visual arts and
medial communication as a distinctive feature of a “digital culture,” i.e. a
(pop) culture characterized by digital numeric codes, global data exchange, virtual
spaces and hedonic aesthetics, which has arisen through the potentialities of the

Table 1 The technical development of the musical instrument (taken from Enders 2005, p. 32f)

1. Instrumentalization « Externalization of music production outside the body,
separation from voice and clapping

* Discovery of the drumstick, the whistle, the flute, the string

* Development of instruments as sound tools (e.g. fiddle)

2. Mechanization « Construction of optimized operating devices (“controllers,”
especially the keyboard as an interface for musical sound
controlling)

* Construction of special sound generation mechanisms
(hammers for striking strings as mechanical amplifiers of finger
pressure, plectra for plucking strings, mouthpieces, pitch
controlling mechanisms such as keys on a flute)

* Transition to the machine by employing external power sources
(e.g. pipe organ, electric guitar)

3. Automatization * Discovery of the pinned barrel (900), programmable
instruments

* Construction of semi-automatic (e.g. barrel organ) and fully
automatic instruments (carillon, music box, orchestrion, player
piano), also by means of punched cards and discs, later by
electronic means, analog sequencers, MIDI

* Recording playing devices (Welte-Mignon reproducing piano,
MIDI recording)

» Composing devices (composers), mechanical: Componium
(1821), electronic: Illiac (1956)

» Combinations with animations, controlling through androids

4. Electronification  Construction of electromechanical instruments (Cahill’s
Telharmonium, Neo-Bechstein electric grand piano, Hammond
organ, electric guitar etc., since 1900, based on vacuum tubes)

» Amplification of acoustic (mechanical) instruments through
microphone and loudspeaker

« Construction of electronic instruments (Thereminvox,
Trautonium, Spherophone)

« Construction of new non-mechanical interfaces (Thereminvox,
ribbon controller)

* First multimedia combinations (“color organ,” 1725; light
organ, sound-on-film technique)

(continued)
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Table 1 (continued)

5. Modularization

« Construction of elements for sound generation and
modification (prototypically in the Trautonium in the 1930s,
since the 1950s as a modular synthesizer system, especially in
the Moog synthesizer in 1967)

« Largely free combination of sound elements,
synthesizer = “sound kit”

» Transistorization, leading to miniaturization and a drop in
production costs

6. Digitalization

« Digital controllers (punched tape?, polyphonic keyboards),
MIDI (since 1981)

« Digital sound synthesis (numerically controlled oscillators)

« Digital sound modification (realization by means of filters,
amplifiers, effects through algorithms)

« Digital sound sampling

* Multimedia combinations with image and video, leading to the
merging of the medially conveyed perceptual channels of video
and audio, synthesis of the arts (Gesamtkunstwerk)

« IC technology, inexpensive mass production

7. Virtualization

* Software-based digital synthesizers (native algorithms, also
modularized, e.g. plug-ins)

* Simulation and emulation of traditional instruments

* Modeling of new (mechanically impossible) instruments,
virtual synthesis, physical modeling, granular synthesis

* Interactive instruments

* Graphic and mouse-oriented user interfaces

» Development of new interfaces, e.g. eye tracking, gesture
controlling

8. Globalization

¢ Web-based musical communication, remote interaction with
the machine

 Global exchange of MIDI files and note information

* Transmission of sound, partly compressed, in real-time or as
files

» Exchange and downloads of virtual instruments, sound designs
or skins

* Virtual concerts

« Transfer of videos (incl. sound)

9. Informatization/
Artificial Intelligence

» Adaptive arrangers (since about 1990)

* Musical automata, music-making androids (already since the
18th century)

 Creative composing systems

» Automatic analysis systems

10. Hybridization

* Brain-controlled multimedia synthesizers (audio and video)
« Artistic man-machine-symbioses

* Sounding rooms, interactive 3D instruments

* Musical (multimedia) experience

* Music production and reception without hardware?
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digital electronic media and music technology, and whose significance for bodili-
ness in its interactive engagement with immaterial codes of music and its generation
in a virtual environment is being discussed thoroughly (cf. Jauk 2009, among
others). For the musical acts and experiences of humans, the digital world of music
will continue to engender manifold new perspectives and promising potentialities,
which hopefully will not cease to spark artistic highlights in the future.
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Musical Instruments as Assemblage

Paul Théberge

Abstract Traditional analysis and classification of musical instruments is often
based on an account of the material characteristics of instruments as physical
objects. In this sense, their material basis as a kind of purpose-built technology is
the primary focus of concern. This chapter takes the position that musical instru-
ments are better understood in terms of their place in a network of relationships—an
“assemblage”—with other objects, practices, institutions and social discourses.
Particular attention is applied to the violin, the electric guitar and the phonographic
turntable as examples. The assemblage is variable, and the same instrument can be
used differently and take on different meanings depending on its place within a
particular assemblage; indeed, it is the assemblage that allows us to consider
devices like turntables as musical instruments even though they were not designed
for such purposes.

1 Introduction: From Musical Instrument to Assemblage

If one were to pose the question, “What is a musical instrument?” the answer would
seem obvious: we all can conjure up in our mind’s eye the image of a piano, a
violin, a trumpet or an electric guitar; or, in our mind’s ear, the sound of a wailing
saxophone or a drum kit pounding out rhythms. Indeed, the term “musical
instrument” is typically used to refer to a relatively narrow range of purpose-built
technologies—technologies designed for the production of musically useful sounds;
what is, or is not “useful,” of course, will vary according to musical culture, genre
and context.

The simple status of musical instruments as technical objects, however, is not
without its consequences: organology, the science of musical instruments, is in part
dedicated to the classification of musical instruments according to their essential
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physical traits and sound producing mechanisms, their individual historical devel-
opment, and their geographical and cultural distribution. In this sense, modern
organology is perhaps best exemplified in the work of Sachs (1940), with it’s
elaborate classificatory scheme: developed earlier, at the turn of the century with
E.M. von Hombostel, the system attempted to classify all musical instruments,
regardless of their cultural origins, in terms of their mechanism of sound production
and then further differentiated them according to various physical characteristics. It
is perhaps no accident that this descriptive and classificatory system arose as an
offshoot of the early period of Comparative Musicology where the gathering of
sound recordings and the collecting of musical instruments were key to the field and
the colonial context within which it emerged: musical instruments were thus
understood as cultural artifacts to be gathered and classified as part of an
objective—and objectifying—Ilogic.

The tendency to isolate individual instruments as singular material objects and to
categorize them on the basis of their particular physical characteristics is thus not
simply an academic pursuit: it is also central to our understanding of musical
instruments as both cultural artifacts and as commodities. In the marketplace,
musical instruments are valued according to their provenance—a Stradivarius violin
or a Fender guitar of a certain vintage is regarded immediately as a sign of quality—
as well as their unique characteristics (a particular pattern of pearl inlay or a
hand-wired pickup can contribute to an increased evaluation).

But folklorists and ethnomusicologists have also long recognized that common
objects and technologies built for other, more mundane purposes can also be put to
musical use: for example, the adaptation of household implements, such as spoons
and washboards, for use in rhythmic accompaniment has long been a common
element of traditional Appalachian and bluegrass music. More recently, as com-
puters have become central to music production in a wide range of avant-garde and
popular musics, many musicians and DJs have come to think of their laptops as
their primary musical instrument; on a somewhat larger scale, sound engineers
frequently refer to the recording studio—comprised of a number of distinct spaces
and technologies for the recording, processing and mixing of sounds—as their
“musical instrument.”

Clearly, these diverse notions of what a musical instrument is, or can be,
challenge conventional conceptions of musical instruments as a limited set of
purpose-built technologies. To meet this challenge, it is necessary to problematize
the conventional characterization of musical instruments as objects and to under-
stand them within the broader contexts in which they operate and take on meanings.
To that end, I want to introduce the idea of musical instruments as a kind of
“assemblage,” a concept that allows one to take instruments into account not only
as they are defined by their technical characteristics but also as they are constituted
in variable sets of musical practices, genres, institutional settings, social ideologies
and discourses.

The concept of “assemblage” was introduced by Deleuze and Guattari (1987,
pp. 71-73, 503-505) and has been influential in a number of areas within the
humanities and the social sciences. It is intimately related to other concepts used by
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the two theorists, such as their ideas concerning language and the “machinic” (Wise
1997; Guattari 1993), but an “assemblage,” insofar as it can be isolated, is perhaps
most succinctly described as “a multiplicity which is made up of many heteroge-
neous terms and which establishes liaisons, relations between them” (Deleuze and
Parnet 1987/2002, p. 69). This multiplicity is extremely variable, historically
contingent, and any object, activity, discourse or institution can take part in multiple
assemblages. It is the individual components and their interactions that give a
particular assemblage its special character: “Thus, the assemblage’s only unity is
that of a co-functioning” (ibid.).

In relation to music, Georgina Born has made use of the idea of the assemblage
to describe the mediating role of technology in musical creativity (2005) and, in a
more elaborate fashion, to analyze the links between musical practices and social
identity (2011). In the latter work, Born identifies four planes of social mediation,
ranging from the micro-social relations of musical performance and practice, to
musical audiences and imagined communities, to the more abstract levels of social
identity formed by class, race and sexuality, to the institutional forms that govern
the production and economies of music (2011, p. 378); the assemblage is consti-
tuted by the interactions of all the elements of these four planes of mediation.
Born’s use of the assemblage in this instance—as a concept that operates at a high
level of abstraction and ties together diverse levels of social interaction—is con-
sistent with Deleuze and Guattari’s work and with many others who have used the
concept in the social sciences.

However, in a more recent work dealing with gender, education and electronic
music, Born and Devine (2016) have used the idea of assemblage in what appears
to be a more varied and flexible fashion. Throughout their essay they refer to a
variety of “technological assemblages” (ibid., pp. 3—4), “material assemblages that
incorporate technological objects,” “techno-social assemblages” (p. 4), and
“music-technological assemblages” (p. 8, 14), with each term underlining subtle
nuances in their analysis of the technological mediation of gender. This usage
suggests multiple, intersecting assemblages or, perhaps, a complex nesting of
assemblages that may be extremely productive in thinking about musical instru-
ments in general. With this in mind, I would like to briefly take up a number of
examples, as case studies, to explore how one might think of musical instruments as
assemblages.

2 Violins and Fiddles: Identical Instruments, Diverse
Assemblages

In some of my earlier work (Théberge 1997), I drew on the ideas of Bourdieu
(1984, 1990) in an attempt to understand the dynamics of musical instruments and
practices. My aim was, in part, to understand how musical practices essentially
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redefine the character of an instrument and the sounds it produces. This turn to
practice was critical, or at least it seemed to me at the time, as a way of counter-
balancing the influence of design in the construction of musical technologies: the
idea that “musical instruments are not ‘completed’ at the stage of design and
manufacture, but, rather, they are ‘made-over’ by musicians in the process of
making music” was an important point of departure for my study as a whole
(Théberge 1997, p. 160).

In considering the differences between the “violin” and the “fiddle”—two
instruments that are physically identical but differentiated by style, genre and
practice—I invoked Bourdieu’s notion of habitus to describe the structured dis-
positions, postures, and playing techniques that underlie these differences (ibid.,
pp. 166-167). While habitus is a useful concept for getting at some of the subtleties
of musical practice and, in particular for Bourdieu, their basis in class and other
social determinations, I would argue that because the concept depends on processes
that are largely unconscious and the product of mimesis, it is not well suited for
analyzing the larger range of social, institutional and discursive constructs and
interactions that characterize the idea of assemblage.

In this sense, the concept of assemblage can be brought to bear in analyzing
what is at stake in naming an instrument a “violin,” or a “fiddle,” by calling on a
wider range of distinctions: not only does the violinist hold the instrument and
bow in a different way from the fiddler, but the music they play, their concepts of
musical sound, the ensembles and other instrumentalists with whom they play, the
venues where they perform and the audiences they address, the educational and
economic institutions that offer material support, the discourses that describe and
validate their activities, and the social interests that inform those discourses
constitute what might be called an assemblage. Considering the violin or the
fiddle in this way reveals a network of relationships that is as complex as it is
variable.

The idea of the assemblage might also be useful in considering musical
instruments as they move from one cultural context to another: for example, the
violin has been an important addition to a number of Eastern musical cultures,
where it has been taken up in traditional musical ensembles as well as in the
production of popular music. In classical Indian music, the instrument is held and
played differently from any Western tradition—some instrumentalists sit
cross-legged and hold the instrument between the shoulder and toe—and, beyond
body posture and technique, the instrument resides within a network of musical
relationships that reflect broad musical, social and cultural norms. It is beyond the
scope of this short essay to go further with this topic, but it is important to note that
such an assemblage would (much like the difference between the Western violin
and fiddle) be quite different from that which constitutes the instrument as used
within the Bollywood film industry, for example.
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3 The Electric Guitar: Technological Assemblage
as ‘Integrated Circuit’

Modern electric and electronic instruments pose additional challenges to analysis,
in part, because they are not singular technologies: for example, unlike a violin, a
saxophone or an acoustic guitar, the electric guitar is relatively meaningless without
a means of amplification; guitarists also frequently employ a variety of pedals and
special effects devices that profoundly alter the sound of their instruments. In a
sense, we might consider the guitar-effects-amplifier combination as a kind of
“integrated circuit”—or perhaps a rudimentary technical assemblage—a device
composed of multiple components, each of which is necessary for the functioning
of the device as a whole. At one level, the differences in sound produced by these
components are important in defining the stylistic differences between the uses of
the electric guitar in a variety of genres, from country, to jazz, to rock and heavy
metal music (cf. Waksman 1999). This is not simply a matter of practical or stylistic
concern, however: with the multiplication of technical components, there is also the
potential for multiple, intersecting (and possibly conflicting) assemblages.

A good example can perhaps be found in a segment of a documentary produced
by the BBC, The Story of the Guitar (2008), in which guitarist The Edge speaks of
his guitar setup for the U2 hit, “Where The Streets Have No Name” (1987). In the
song, The Edge employed a digital echo effect that created a rhythmic underpinning
to the notes and chords he played on his instrument: because he must coordinate the
tempo of his playing precisely with the repeated sounds produced by the echo, The
Edge effectively becomes part of the “integrated circuit’—a kind of real-time,
musical embodiment of actor-network theory, human and non-human actors
working together in a seamless, co-determined process (Latour 2005). But for my
purposes here, what is interesting to note is the role of such digital effects devices
within rock music culture.

Within rock, there has been a long-standing antipathy towards digital technol-
ogy: synthesizers and drum machines have been regarded with scepticism, and
outright hostility, by many rock musicians and fans. As a result, the use of digital
effects devices in rock could potentially be seen as a point of contradiction within
the genre: indeed, while The Edge stands in front of huge racks of effects processors
in his practice space, where the documentary was filmed, equipment racks of this
kind are typically kept off-stage during live rock concerts, far from the sight of fans.
In a sense, the musical-discursive assemblage of rock, which emphasizes freedom
and authenticity in performance, risks contradiction by a technical-discursive
assemblage more typically associated with electronic music, which places a pre-
mium on the hi-tech values of precision and automated processes. Interestingly,
what might be potentially perceived as an inhuman surrender to the machine-time
of the echo is defused by The Edge when he describes playing rhythmically with
the device as “almost like playing off a second musician... a kind of conversation.”
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The Edge’s statement in the documentary thus asserts the dominance of the human
(and the rock assemblage) over the potentially disruptive effects of an intersecting
technical-discursive assemblage associated with digital culture.

4 The Turntable: An Assemblage en Route to a Musical
Instrument

By now, the phonograph turntable is widely considered as not simply a playback
device—a device designed for the consumption of music—but as a productive
device, a musical instrument of the first order: indeed, the inclusion of courses in
DJing and turntablism at prestigious educational institutions, such as the Berklee
College of Music, in Boston, during the early 2000s marked an important moment
in the legitimization of the turntable as a musical-technical assemblage.

Many commentators focus on the DJ or turntablist as the motivating force
behind the transformation of the turntable into a musical instrument but an analysis
of the assemblage that is the turntable suggests a broader set of social and cultural
transformations that must be taken into account. Perlman’s (2004) discussion of
audiophiles, for example, situates the turntable within a male, domestic culture of
technical preoccupations and obsessions that was quite different from the world of
DJs. From the 1950s onward, hi-fi enthusiasts understood the turntable as part of a
network of specialized audio components that could be fine-tuned into the “perfect”
audio reproduction system. The turntable was thus part of an assemblage composed
of multiple, specialized technologies, an aesthetics of sound quality based on the
idea of ‘fidelity,” a press dedicated to the dissemination of esoteric knowledge, a
specialized manufacturing and retail infrastructure, and a broad-based understand-
ing of the role of technology in the definition of music and leisure in a suburban,
post-war lifestyle.

The turntable that became the centre of a variety of dance-oriented popular
musics from the 1970s onward, however, was the focal point of a diverse range of
assemblages: for example, Jamaican sound system DIJs typically combined
turntables with specialized audio mixers, headphones, equalizers, effects, and
amplification systems whose chief aesthetic criteria was power and control, not
fidelity (Henriques 2011). In hip-hop, DJ techniques of scratching and beat
matching became the basis for a broader set of technical processes utilizing digital
samplers, drum machines and recording studios, on the one hand, and the val-
orization of a distinct repertoire of past music made available through specialized
networks for record distribution, on the other (Schloss 2004).

If the large-scale social component of these assemblages was based in a street
culture that was informed by racial and economic inequalities, the aesthetics and
social underpinnings of techno and rave culture, as described by Simon Reynolds
(1999), was perhaps the flip side of (or a reaction to) the turntable assemblage
inherited from the 1950s leisure culture. Rave DJs initially employed many of the
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same technologies as sound system and hip-hop DJs—turntables, mixers, head-
phones and massive amplification systems—however, they quickly added com-
puters, elaborately timed projections and light shows and, more recently, cell phone
and messaging technologies, to create a more “immersive” and “interactive” aes-
thetic environment. While mega-rave events have the air of a massively constructed
“integrated circuit” designed for momentary pleasures, each component within the
circuit can be analyzed within a larger set of assemblages: for example, Nye (2011)
has turned his attention away from records, turntables and amplifiers to the role of
DJ headphones in the production of electronic dance music (EDM). Used as a
practical device for cueing recordings, Nye links the DJ headset to the dominant use
of ear buds in contemporary music listening and to the longer history of headsets in
broadcasting and air travel: understood in this way, the DJ headphones become a
part of a larger techno-social assemblage linking dance culture to notions of
mobility, modernity and travel in the early 21st century.

5 Conclusion: Instrument Design and Assemblage

I would like to end this discussion with a brief comment on the problem of
designing new musical instruments in the 21st century, a central theme of the
volume in which this essay is found. Instrument builders, interface designers and
computer programmers all work and operate within their own techno-social
assemblages—assemblages that influence how they think and work within their
respective fields and influence the technical design of the devices they build. As
Rodgers (2010) has argued, we often see the design process as isolated, but wider
social discourses are reflected in engineering practices.

In addition, while instrument makers must, of necessity, focus their attention on
the immediate problem of creating new and unique designs for the objects they
produce, they must also try to introduce those objects and devices to a world of
pre-existing and constantly shifting music-technological assemblages. To do so
forces any new device into a precarious and uncertain terrain. This is not simply a
matter of knowing the marketplace for one’s products nor even a matter of working
closely with a select group of musicians: designers of new musical instruments
cannot ultimately determine or predict how their inventions will be taken up within
musical culture nor how they might be adapted for unintended purposes. The
development of the saxophone is a good example of the former problem—it was
designed in the 19th century for the world of concert music but only truly became
popular when it was taken up by jazz musicians decades later—and the turntable, as
described above, an example of the latter.

What the concept of musical instruments as assemblage might offer to the
instrument designers project, however, is a larger framework within which one
might consider musical instruments not as singular objects, but as components
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within a network of other instruments, technical devices, social settings and edu-
cational, institutional and discursive contexts. Understood in this way, the project is
not so much to design objects, but to design relationships.
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Instrumentality as Distributed,
Interpersonal, and Self-Agential:
Aesthetic Implications of an Instrumental
Assemblage and Its Fortuitous Voice

Deniz Peters

Abstract Philip Alperson, in ‘The Instrumentality of Music’, extends the com-
monsense concept of musical instrument to an understanding encompassing the
instrument’s musical, cultural and conceptual situation. This understanding shifts
the focus from a work-based aesthetic to one in which “listeners appreciate the
human achievement with specific regard to accomplishment in the context of the
demands of the particular instrument involved”. With this advanced understanding
of instruments and the instrumentality of music in place, I shall discuss a moment of
genuine instrumental discovery (as opposed to deliberate design). During an
improvisatory extension of the piano’s sound board as part of a trio exploration with
Bennett Hogg and Sabine Vogel using fishing wire, suspended bansuri flutes,
contact microphones, and, vitally, transducers placed inside violins and on the
piano’s sound board, an unintended feedback loop formed, resulting in an addi-
tional voice, curiously turning the trio into a quartet. While the found voice’s
dynamics and character could be nuanced by varying the dampening of singular
piano strings, as well as via the sustain pedal, it could, overall, only be summoned
up and influenced in an indirect manner, via an ensemble effort. In analysing the
situation of the discovery and in discussing its aesthetic implications, I offer a
contribution to Alperson’s notion of instrumentality in two respects: performers
may together form a single voice, that is, their instrumentality might join; and an
installation may, under certain conditions, acquire its own instrumental agency and
identity, extending the cultural situation to include the natural environment, and the
algorithmic.
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1 Introduction

If a guitarist grows, files and shapes her fingernails to achieve a particular contact to
the string and a particular sound, then is not the fingernail a part of the instrument?
And if a saxophone player manages to create a recognisable timbral signature
despite the individual characteristics of different instruments she plays, then is not
the embouchure—the totality of facial, lip, mouth, tongue and throat anatomy and
control, including the skill in adjusting the configuration as to produce the char-
acteristic sound—a pivotal part of the instrument? If a particular sonic demand—
say, the demand for a more carrying sound—guides a luthier’s amendments to the
material and design of a violin, then is the guiding intention, which might have
sprung from the demands of a social setting in which the music is to be performed,
not part of the instrument, implicit as it may be?

Philip Alperson, in his “The Instrumentality of Music’, elucidates how questions
such as these have led him to problematise and qualify the “commonsense view of
musical instruments”, according to which “musical instruments are devices that
performers use to make music” (Alperson 2008, p. 38). Alperson enlarges the
commonsense concept in two directions: firstly, as to the musicality of instruments,
in the sense that (if I read him correctly) music making is not the sheer mechanic
activity of producing a sound, but a personally and socially, hence culturally and
historically meaningful, intentional activity that turns the instrument into a musical
one. This activity includes the body in a way that “in some cases, it is difficult to
know where the body ends and where the instrument begins”, so that “the per-
former’s musical instrument is better understood as an amalgam of material object,
the performer’s body, and bodily dispositions as habituated by the developments of
various musically related skills” (p. 46). Things that might not appear to be
instruments at first sight turn out to be instruments after all through their use by
people who are not classically thought of as musical performers, but who use them
musically: composers, conductors, recital hall acousticians and technicians, and
listeners using sound reproduction devices. Alperson shows that it makes sense to
include composition software, batons, performance spaces and mobile audio
devices (given the musical intentions by those using them) in the category of
instruments, very much like “‘natural’ and ‘found’ instruments” such as “conch
shells, grass reeds, stones [...] a typewriter, a steamboat whistle” and so on. All
these can become musical instruments when one essential condition is met: “What
counts is that an object takes its place in the world of musical practice” (p. 38). Not
only is the manipulation of the instrument an intentional activity, however, but also
do instruments themselves become what they are through being part of a practice
and should thus not be conceived as separate entities from that practice. In
Alperson’s words, “we must understand musical instruments as culturally freighted
objects, that is, as objects that arise in the context of the history of musical practice”
(p. 46). With this, Alperson arrives at an advanced understanding of musical
instruments as “instrumentalities in the context of human affairs” (p. 47).
Ontologically, this extends the idea of musical instrument to include its musical,



Instrumentality as Distributed, Interpersonal ... 69

conceptual and cultural sifuatedness." (Remarkably, this means that a piano is not
an instrument without the immaterial practices which have unfolded and which
keep unfolding around it.)

The second direction in which Alperson enlarges the commonsense concept of
musical instruments is towards what he calls the “instrumentality of music [italics
mine]” (p. 46). This is an exquisite effort to view performativity, performance,
performer, and performed instrument as intimately intertwined with the musical
work. Alperson recognises the performance as an aesthetically appreciable event in
terms of its instrumental accomplishment, giving rise to the “work-in-performance”
(p. 47)—in this understanding, a work is doubly bound in consciousness.” Also,
Alperson argues that the music’s cultural and social agency enters the (thus
enhanced) work concept. The idea of music’s “full instrumentality” (p. 50) as
conceived by Alperson, then, recognises both its aesthetic and “nonaesthetic”
(socially instrumental) (p. 49) artistic values. By identifying the enlarged concept of
musical instrument as a point of intellectual leverage, Alperson manages to syn-
thesise the reach of music into human life, and the reach of human life into music,
into a single, overarching idea.’

In what follows I shall consider a case of joint instrumental creation, describing
the creative situation and process in and by which a group of three improvisers
(including myself) explored the instrumentality of an installatory assemblage. The
creative process led to the discovery of a semi-autonomous voice, a voice that in its
behaviour and timbral character resembled an Aeolian harp. Reflecting on this voice
and on its effect on, and role in, the trio improvisation, as well as on the particular
aesthetics amidst which it arose (an aesthetics of interpersonal engagement and
intimacy), and building on Alperson’s concept, I shall argue towards three points of
differentiation, nuancing, and extension: (1) instrumentality can be distributed in the
sense that it can be established across various instruments and various players;
(2) instrumentality is not limited to the cultural domain but may also include the
(natural) environment; (3) a crucial part of hearing the work-in-performance—next
to hearing and appreciating the work and the performer’s artistic accomplishment—
is the appreciation of the inferpersonal accomplishment within the
work-in-performance whenever there is more than one performer. This last point
adds a third consciousness to Alperson’s pair, in that interpersonal performativity is

!Simon Waters, in his ‘Touching at a Distance’, extends and argues a strikingly similar point, with
fascinating insight on the body-sound relation. He summarises: “The constraints and constructs
upon which music depends are not only, not even mostly, to be found in the physical object of the
instrument, but also in the physiology of this particular body, in the assumptions and embodied
knowledge which operate in this particular player, and in the interpenetrations between all of these
and the framing acoustic and social environment” (Waters 2013, p. 123).

’In the sense that a listener can simultaneously appreciate both the work and the performer’s
instrumental accomplishment.

3Alperson’s insight opens up a view on all the socially and perceptually fine-grained detail
involved in what, in ordinary talk and understanding, has sedimented to the vague and near
meaningless expression that this or that practice or object ‘blurs the boundaries’ between instru-
ment and, say, composition.
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present (i.e. expressed) in the work as performed. I suggest that this interpersonal
aspect of duo, trio, quartet, or any multiplayer performance is a readily overlooked
key component of both the musicality of instruments (and their ensemble con-
stellations) and music’s (social) instrumentality. In advancing an argument based on
what was originally found via a complex creative process, I put forward a case in
point towards the view that artistic research may yield conceptual insight.

2 Exploring the Instrumentality of an Installatory
Assemblage

In the summer of 2014, during a research residency by Bennett Hogg and Sabine
Vogel at the aesthetic lab of the Emotional Improvisation research project based in
sz,4 we decided to concentrate our trio work on a transfer from an outdoors duo
fieldwork situation to an indoors trio setup including a lid-less grand piano. Hogg
and Vogel were interested in trying out an instance of transfer—as the question of
outdoor fieldwork/indoor performance adaptation is a recurring theme in their own
work in Landscape Quartet (a practice of musicking in and with nature)>—, whereas
my specific interest was to observe and better understand which part of the expe-
rience would provide the coherence between the two events, thus making the
transfer metaphor meaningful. We realised that the shift from windy mountain to
piano in a calm room would be a challenge, and apart from transplanting a part of
the mountain installation into the project room, we had no preconceived idea of
how an experientially meaningful shift would eventuate.

For a number of days, Vogel and Hogg had hiked up to Schweizeben, which is a
one hour train-ride and three hour walk north of Graz, a city in southern Austria in a
region that is situated at the southeastern fringes of the Alps. The site at
Schweizeben was at about 1000 m altitude, sufficiently removed from the sur-
rounding valleys to be outside the general reach of sounds from human activity. The
weather on those days was often windy, with an imminent thunderstorm, and it was
the wind’s agency as well as the quasi-social relation between trees that became the

*The project which I direct is called Emotional Improvisation: Musical, Interactive, and
Intermedial (Austrian Science Fund FWF/AR188, 2014-2019) and hosted by the University of the
Arts Graz.

5In a nutshell, the practice continuously developed by Landscape Quartet (Bennett Hogg, Sabine
Vogel, Stefan Ostersjo and Matt Sansom) resists standard soundscape art techniques and
approaches that represent nature in sound, instead playing in and with the natural environment,
with a particular emphasis on connecting with it, and on giving it a voice. Hogg reasons that he
chooses “to work in ‘Nature’, taking up an ecosystemic approach to the working process as a way
to resist the ecomimetic tendencies of producing work with ‘Nature’; not trying to ‘render’ the
natural through the cultural” (Hogg 2013, pp. 264-265). Vogel (2015, p. 332) describes Landscape
Quartet’s practice of “reconfiguring” an outdoors work indoors.
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Fig. 1 Sabine Vogel at Schweizeben playing a bansuri flute while listening to the Aeolian
installation via headphones

primary focus of attention within Vogel’s and Hogg’s improvisatory experimen-
tation (Fig. 1).°

The instrumental installation on the mountain consisted of three bansuri-flutes
hanging off a nylon fishing wire spun between two trees. Hogg and Vogel tied a
hydrophone to the wire on which the bansuri flutes were suspended, and the duo
explored ways of improvising with the live-recording of the wind playing the
fishing wire and the bansuris themselves in a number of varied setups including a
blown violin. That the wind could actually play the suspended bansuris was
unexpected, and it was just as unexpected that the bansuris would resonate with the
fishing wire, amplifying its aeolian harp effect.” This experience led Hogg and

In “Tuning-in’ (Vogel 2015, esp. pp. 327-329), Sabine Vogel describes her practice of
“tuning-in” whereby she—via “slow walking, listening, feeling, smelling, watching, observing,
meditating, being still and aware” (Vogel 2015, 327)—develops a sense of the environment, and
experiences the reciprocity of its presence and her own presence in it.

"Vogel (2015, p. 328) mentions her ongoing practice of placing her bansuris so that the wind can
play them. In earlier pieces she had stuck flutes into the soil (for a work on hills at Allenheads) and
hung them off a beam (for a work at Klagshamns Udde), but, according to personal conversation,
she had never before suspended them off a fishing line that itself functioned as an Aeolian harp, nor
had the bansuri resonated with a string so that they could be heard without microphones and
electronic amplification.
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Vogel to mount contact microphones directly onto the bansuri flutes in the sub-
sequent indoors setting.

Vogel and Hogg brought back recordings of aeolian-induced sonic passages, and
of a passage of interlocking cowbell sounds from a group of cattle that on one
occasion grazed close to the site. Back in the project room we were joking that now
I, at the piano, would have to be the wind and the cows. And we went ahead and
tied the fishing wire to a piano string. The resonance did carry, but so softly that we
ended up amplifying the sound—adapting an installatory element used in the
outdoors experience. For this Vogel and Hogg tied a contact microphone to a
suspended bansuri flute, sending the signal to a transducer, which is a small
vibration speaker that instead of a membrane uses any surface it is attached to as
resonator.

Rather than putting the transducer into the piano directly, we wanted to include
Hogg’s instruments in this growing resonance chain, and so he attached it to one of
his violins. Hogg wrote a software patch to send and modulate the sound from a
small microphone mounted on the other violin via his laptop to a transducer placed
in one of the circular holes of the piano’s iron frame, i.e. directly on the piano’s
wooden soundboard, a soundboard made from spruce.

We improvised a number of pieces, trying out different installatory tweaks,
introducing further transducers into the piano to play back the aeolian and cowbell
recordings, and a further flute, violin and microphone. The exploratory process was
driven by the question whether we could somehow enter the same or at least a
comparative experience to that of the environmental fieldwork (which was marked
by an overall sense of connectedness with natural agency). After every alteration of
the instrumental assemblage we improvised a piece or a set of pieces, subsequently
analysing changes to the level of interconnection and ensemble playability the
alteration had effected (Fig. 2).

And then it happened. Not only could we hear that the piano string’s sound was
being extended and modulated through the resonance chain going via the flute and
past the first violin; the sound obscurely ended up feeding back through the piano,
in such a way that I could feel its vibrations in the keys and in my fingertips.

A feedback-like voice arose, a voice that could move between a number of
pitches, amongst other factors depending on the pitches played on the piano.
I discovered I could finely influence the dynamic of that voice via the pedal, and
found that nearly every millimeter of pedal movement made a difference.

Further on I found that even the raising or lowering of a single key’s damper
changed the spectral character of the voice. Rather than systematically dissecting
the limits and behaviour of that voice in a mechanistic and isolated fashion, we kept
on improvising with it, so as to not allow for our constructive intentionalities to
override the experience of discovery. We understood that we were dealing with an
unfamiliar other, and we kept the shared imaginative connection we had immedi-
ately made between the natural agencies on Schweizeben and that voice’s agency
intact. Intently, we tried to explore the newfound instrumentality and increase our
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Fig. 2 Images of the
installation in the project’s
aesthetic lab. a Detail of
suspended bansuri flutes and
contact microphones, plus
transducers inside the piano’s
frame; b Hogg’s violins, one
with transducer, the other
with small microphone;

¢ performance situation
(Peters, Vogel, Hogg)

interpersonal presence in the resonating circle that had formed. We discovered that,
for example, if I slowly lifted the pedal to decrease the resonance’s energy, Hogg
could steer against it, using a controller to increase the microphone gain. At this
point we had reached a setup in which Hogg and myself felt that we were able to
hear and ‘feel’ each other’s nuanced presence in the overall sonic development very
clearly, with Hogg describing the experience as that of a “circuit”; Vogel however
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uttered that she, playing the flute and not the bansuris, felt “excluded”. It was only
after some further adaptation—such as making the bansuris accessible to Vogel by
removing surrounding objects to extend the space around the far end of the piano—
that both Vogel and Hogg could be heard to give sonic impulses that helped raise
and sustain, or dissolve the voice. The instrumentality had spread to the entire trio.
Yet on top of this, the voice retained a behaviour of its own. We noticed our trio
had become a quartet.

The fourth, semi-autonomous voice suggests that, next to the separate instru-
ments, the interconnectedness of the instruments creates a new instrument—the one
producing that very fourth voice. What, then, is the instrument in the given sce-
nario? Following what Alperson calls the ‘commonsense understanding’ of musical
instruments—i.e., the notion that “musical instruments are devices that performers
use to make music” (p. 38)—the present instrumental complex could be read either
as an installatory extension of the piano; or, just as well, as an installatory com-
bination of piano, strings, flutes, violins, microphones and transducers to be per-
formed by three players. But the instrumental assemblage further invites a closer
analysis in terms of the advanced understanding for which Alperson argues, in
which “the musical instrument is better understood as an amalgam of material
object, the performer’s body, and bodily dispositions as habituated by the devel-
opments of various musically related skills” (p. 46). This certainly seems to hold for
each performer individually in the given case. But, beyond the individual level, it
seems that all three performers together work on establishing a shared instru-
mentality. The striving for this finds its expression in Vogel’s remark that she, at
first, felt excluded from “the circle”; her insistence in becoming part of the circle
motivated a phase of collaborative creative experimentation.

Is there sufficient reason to think that a shared instrumentality was in fact
gained? First, a reminder: the bodily extension of an instrument—Ilike in the case of
Alperson’s embouchure example—is not simply a given, but an achievement, as it
may depend on skilful conduct; only upon establishing skilful bodily extension is an
instrument in Alperson’s enlarged sense created (see his first category of enlarged
understanding, ibid.). Now, whenever an instrument is played by multiple per-
formers, and when, also, its bodily extension is multiple, then a compound sound or
even single sound as in the present example might become the result of a joint
intentionality. In the present case physical vibrations are intersected by electronic
circuitry and digital algorithmic modulation; yet resonances and feedback loops
within the instrumental assemblage can and do form. Whenever they do form, they
do so as a consequence of shared decisions and actions, actions that afford a careful
balancing—a balancing of instrumental bodily extensions and intentionalities. As
Alperson points out, in improvisatory music (and, one could add, notwithstanding
notated elements) the spontaneity of musical decisionmaking is foregrounded. In
the present case, three improvisers engage their intentionalities (recalling
Alperson’s second category of enlarged understanding, ibid.) at any given moment
or for any duration to create the assemblage’s compound instrumentality—what
could be called its instrumental identity. The identity deviates from those
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historically formed ones of the individual instrumental components; for example the
piano—despite its very characteristic Bosendorfer sound—stops sounding like a
‘classical’ piano as the new instrumentality’s practice unfolds, modulating a set of
contributing historic practices (this time recalling Alperson’s third category of
enlarged understanding, ibid.). Plus, the assemblage’s resonance and feedback
behaviour would produce sounds that are not direct consequences of instrumental
actions, but arise from the assemblage’s internal dynamic, giving the impression
that the sounds are caused by an additional agency—Ilike in the case of the wind at
Schweizeben. The presence of this additional agency and the joint decisionmaking
it affords from the players are also an important part of the emerging practice that
comes with the newly developing instrumentality. On these grounds it seems jus-
tified, I think, to say that what otherwise would merely be a material assemblage has
indeed become an instrument in Alperson’s richer understanding.®

3 Distribution, Natural Environment, Interpersonal
Accomplishment: Three Extensions to Alperson’s
Concept of Instrumentality

Shared instrumentality in the sense of the example discussed in the preceding
section—involving an assemblage of multiple instruments and combining the
intentionalities of more than one performer—is covered only to some extent by
Alperson’s concept.

In his diagram illustrating his extended understanding of musical instruments,
Alperson includes, next to the performer’s instrument, the instruments of composer,
conductor, and audience (Fig. 3). Alperson counts baton and orchestra as the con-
ductor’s musical instrument (ibid.), and thus, indirectly, considers collectivity. The
baton is, clearly, an instrument only in combination with the orchestra, as it does not
make a sound itself (other than perhaps a nearly inaudible swishing noise as it cuts
through the air, or a tapping noise with which some conductors call for order), but
rather mediates the conductor’s movements, which are directed towards sound
production. To call the orchestra an instrument, however, seems accurate only
insofar as there are situations when the individuality of its members is attenuated
within (or abstracted away into) a collective sound producing body. The members of
the orchestra are, in such cases, subjugating a part of their work-directed inten-
tionality to that of the conductor. But a closer look reveals that amongst each other,
as a collective or compound body, a shared, sound-directed and work-directed

8An appreciation of the factors that went into the constitution and ongoing restitution and
unfolding of the new instrumentality during listening makes a difference. If a listener did not notice
the existence of an intentional dynamic between the performers directed at establishing and
maintaining a shared instrumentality, then much of the identity of the performance—the substance
of its intricate interpersonal dimension—would be missed.
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Work

Composer || Score || Performer Conductor Audience

Musical Instrument Musical Instrument Musical Instrument Musical Instrument

Fig. 3 Alperson’s diagram of his third version of the ‘standard presentation situation’ (p. 45)

intentionality can also build: orchestras have their own characteristic ‘sounds’ and
interpretive practices with which the conductors work (more or less successfully).
The issue becomes even more apparent when considering that small ensembles
without conductors—say, string quartets—still arrive at becoming ‘one instrument’
via a more fluid negotiation of sound- and work-directed intentionality between its
individual members. The issue, then, is that through group consciousness or joint
intentionality (like in the case of non-conducted ensembles, but even in the case of
conducted orchestras), instrumentality becomes distributed between more than one
person and more than one instrument. This more complex case is not explicitly
featured by Alperson in his pertinent list of various intentionalities (p. 46), in all
likelihood for space reasons. Put differently, while an ensemble is a combination of
individual performers, each using her instrument in the discussed widened under-
standing, sophisticated ensembles form a compound intentionality, without which
the sounds made individually would not merge into a cohesive overall sound and
interpretation. Like in Alperson’s observation of the orchestral case, their instru-
ments join into a single instrument with distributed instrumentality.

The suggestion of distributed instrumentality invites yet another closer look. If
individual instruments (each made up of material objects, bodies, and skills)
combine to form a larger unit, and if intentionalities combine also, then this dis-
tribution needs to be taken into account in the idea of instrumentality. However, the
combining of intentionalities, as well as the reaching of stretches of joint inten-
tionality or states of group consciousness, are not only extraordinary achievements,
but also a question of a choice made for a particular aesthetic position. When in the
preceding section I noted and argued that “the instrumentality had spread to the
entire trio”, this shows that instrumentality can shift between its individual
(monadic) and distributed (shared) forms. Performers—for instance in the case of a
disjunct improvisatory setting in which three subjectivities independently contribute
to a sonic situation—start out with three separate instrumentalities. Now, depending
on the aesthetics of the improvisation, these instrumentalities might remain separate
if performers choose to restrict their interpersonal activity to negotiating individual
sonic territories for example (each strand of activity here being musical in itself).
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That is, an audience (and the performers themselves) would here be in the presence
of three individual minds representing their individuality. But if performers choose
to increase the interdependence of their decision-making, if they choose to (and
competently) create shared sonic gestures for instance, then, in these instances,
their intentionalities align, and instrumental intersubjectivity is reached. (In the
example with the fourth voice arising from joint action, the presence of this fourth
voice is direct evidence of such collective decision-making successfully in place.)
An ongoing passage will then sound as if it were created by a single being—while
in fact being created by a compound being, via a balancing of individual and group
consciousness.’ Shared instrumentality is, therefore, fragile or even precarious,m a
state to be reached rather than being ordinarily given, since a musical process—
improvised or composed and interpreted—might shift and drift between keenly
negotiated subjective co-presence, stretches of achieved intersubjectivity, and
arbitrary sound making.

A second conclusion that can be drawn from considering the production and
reception aesthetics of the discussed trio example is that, given suitable instrumental
design, natural agency—in the form of environmental agency—can enter the musical
setting and its instrumentality as another contributor. With ‘natural agency’ I do not
only mean that, say water may enter into the assemblage by way of the three modes
identified by Stefan Helmreich (“evoking”, “invoking”, “soaking”, see Helmreich
(2012), ‘Underwater Music: Tuning Composition to the Sounds of Science’, p. 153),
or that animals and plants may enter it. I also mean any other dynamics an (instru-
mental) environment may have on its own accord or upon stimulation. This
includes self playing media, circuits, algorithmically driven instruments and, more
generally, media-instruments'' whenever they are capable of autonomic variation
and of (atleast a small level of) interaction. The alterity of all these potentially agential
entities (in their agency going beyond the composer’s instruments already identified
by Alperson, p. 45) enriches the image of the instrumentality of music.'?

And a third extension of the understanding offered by Alperson concerns the
point made about the way in which, in appreciating the work-in-performance, “we
might speak of a double consciousness of the performance of the work and the
performance in the work”. As was seen in the present discussion of the achievement

°cf. Sherrie Tucker’s intriguing account of the experience of rubber band group improvisation: “At
first I experienced choices. [...] Then, we all became a body/organism and I stopped thinking in
terms of what my own impulses were [...] and tuned in to what the organism was doing. [...] It
wasn’t a passive experience to fold into the organism, but a different way of being. [...] There was
a shift in consciousness. Maybe it was the reorientation from self-consciousness to
group-consciousness?” (Hahn 2016, p. 158).

19 am grateful to Férdia Stone-Davis drawing my attention to this in personal conversation (2016).
"'A term fittingly coined by Sarah-Indriyati Hardjowirogo in her ‘Medien-Musikinstrumente’
(forthcoming).

'2Simon Waters’s idea of “treating performance as a complex dynamical system in which the
feedback loops and interpenetrations between performer, instrument, and environment are fully
recognised” (Waters 2013, p. 122) anticipates my point.
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of shared instrumentality and joint intentionality, the performance ‘in the work’ is
in itself twofold: not only can a listener appreciate technical accomplishment and
virtuosity; she can also appreciate the performers’ interpersonal accomplishment
and virtuosity. The diagram (ibid.) could thus be expanded to include an arrow that
is directed from performer back to performer, representing both the interpersonal
distribution of instrumentality between performers within ensembles of any size,
and the interpersonal sophistication a listener can appreciate.

This last point clearly offers a remarkable opportunity for an extended unpacking
in many intriguing aspects, ranging from the vivid attainment (or falling short of)
and display (or lack) of interpersonal phenomena such as trust, intimacy, respon-
sibility, through to the sounding presence or absence of a Buberian I-You rela-
tionship (Buber 1923) finding its expression in music. I can, within the present
context, only highlight this potential. But I think that I have covered sufficient
ground to show that not only is an advanced consideration of instruments and
instrumentality, with Alperson, instrumental to a more refined and subtle under-
standing of music; it is also high time to consider the crucial interpersonal
dimension of musicking and creativity more carefully:'? its culture, ethics, aes-
thetics, and future potential as a site of profound human encounter, societal and
individual value, and growth.
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Interactivity of Digital Musical
Instruments: Implications of Classifying
Musical Instruments on Basic Music
Research
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Abstract The introduction of the computer as musical instrument and the devel-
opment of interactive musical instruments have led to completely new purposes and
questions for music research; as a result, it no longer seems adequate to rely on the
traditional classification of musical instruments, which is based on the purpose of
instrument design and presentation of instruments in public or private exhibition.
Based on insights from the philosophy of science, this paper suggests pursuing
another purpose of and approach to instrument classification appropriate for basic
music research. We argue that (digital) computing systems, to some extent, have the
potential to act as autonomous and artificial social agents. This argument is based
on the conceptualization of machines as (abstract) automata. In addition, we exploit
concepts from dynamic systems theory in a metaphorical manner to find a more
appropriate point of view to develop new research questions. Discussing interac-
tivity, for which embodiment and situatedness are prerequisites, we suggest taking
interactivity, agency, and autonomy into account to develop an appropriate clas-
sification system of musical instruments and at the same time to rethink the tra-
ditional concept of musical instrument. Whether a musical instrument can be
defined as broader than a device that has the function of generating sounds, i.e.
whether it can be viewed as an embodied, situated or even social agent, remains a
challenging question for basic music research. To discuss this question, not only
sound generating actions, but also other musically meaningful actions that involve
agency should be taken for granted.
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1 The Hornbostel-Sachs System and Musical
Instrument Classification

A musical instrument is defined, in general, as a sound-generating tool used
explicitly for making music. In traditional musicological studies on the classifica-
tion of musical instruments, the system developed by von Hornbostel and Sachs
(1914) is representative: physical-mechanical devices manufactured to generate
sounds are foregrounded, with focus on the mechanism of a sound generator,
including its material and the ways of vibrating it. Musical instruments that generate
sound by means of electrical energy were subsequently included into the
Hornbostel-Sachs (HS) classification system in 1940 as electrophones. Hugh
Davies’ system of classifying electrophones into electroacoustic, electromechanical
and electronic musical instruments (Davies 2000) provides a further subset of the
HS system, extending and at the same time sustaining the HS system. However,
with the invention of digital computers and computer programs describing the
generation of sounds and using these computers as musical instruments (Mathews
1963)—for the sake of brevity, referred to here as ‘the computer-as-a-musical-
instrument’—these classification systems may no longer be adequate.

In the context of computer music, the term “instrument” refers to a program
describing an algorithm that realizes or performs a musical event (Dodge and Jerse
1985). The principles of algorithmic sound generation are based on information
processing, which is, following Norbert Wiener, to some extent not material or
physical: “Information is information, not matter or energy” (Wiener 1961, p. 132).
Information and not energy is conceived of as constitutive for musical events and
essential for a model of musical sounds. Musical events that are generated by means
of a mathematical construction are algorithmically computed. To what extent can
‘the computer-as-a-musical-instrument’ be included into the HS system? Since
algorithmically generated sounds can be heard by transforming numbers into
electrical energy vibrating the loudspeaker’s mechanism, one may try to classify the
computer as an electrophone, taking into account the resonating mechanism of
loudspeakers. This attempt to latch onto a single aspect of making algorithmically
generated sounds audible, however, would lead to a modification of the HS sys-
tem’s criterion. In the first HS system (von Hornbostel and Sachs 1914), in which
electrophones were not included, the original criterion for classifying musical
instruments, i.e. the material of the sound generator, was already slightly modified
and extended by the class aerophones. Aerophones that allow for sound generation
by air are classified by how the sound generator is vibrated rather than by the
material of the sound generator whereas for idiophones, membranophones, and
chordophones the material that is vibrated to produce sound, such as a part of the
instrument itself, e.g. a membrane or string(s), plays a substantial role and in turn
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becomes—in terms of traditional logic—a principium divisionis. For this reason,
the logical consistency of the HS system was put into question (Simon 2004).
A further modification of the classification criterion applied to the computer con-
cerning its resonating mechanism would render the HS system definitely improper
since it would bring together both the properties of the sound generator and those of
the resonator in terms of inclusive disjunction—in other words: a musical instru-
ment could be classified taking both the properties of the sound generator and those
of the resonator into account. As a result, some instruments that would be assigned
to one class when focusing on the properties of the sound generator might also
belong to another class regarding the properties of the resonator and an instrument
could be even in both classes; according to the adequacy conditions for classifi-
cation this would prove to be incorrect.

2 Scientific Concept Formation: Classification
and Taxonomy

2.1 Classification and Taxonomy I: The Logical Concept

To elaborate, a classification system, i.e. a taxonomy, is based on classifications of a
domain into classes (sets). Logically, there are two adequacy conditions for a
tenable classification. Firstly, exclusiveness: the classes in a classification are
mutually exclusive, i.e. members of one class cannot belong to another class.
Secondly, completeness: a classification must be complete, i.e. there is no member
of the domain that is not a member of a class. A classification system or taxonomy,
then, forms a hierarchy of classifications. As a correct classification system consists
of correct classifications at all its levels, classification systems, as classifications,
can be correct or incorrect. The correctness of the system depends on correct
classifications and their fulfillment of the adequacy conditions. So, from a purely
logical point of view, the concept of classification system is well-defined.
Moreover, classification is the most fundamental scientific concept (Hempel 1952;
Stegmiiller 1974, pp. 19-27). Logical standards of scientific classification should be
respected and maintained in empirical research. However, the question of whether
logical standards are sufficient for empirical research is posed: How is the logical
structure of classification related to empirical data? What is the empirical content of
a classification system? If we are developing a correct classification system, there is
no guarantee that it will be scientifically fruitful and exhibit empirical content.
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2.2 Classification and Taxonomy II: The Problem
of Empirical Adequacy

In the empirical sciences, a scientifically fruitful classification system allows for
gaining new insights and formulating new empirical laws. Exclusiveness and
completeness are logical adequacy conditions of correct classifications. A purely
logical correct classification system forms a necessary condition for fruitful
empirical research—but it is not sufficient. The question to be discussed in detail is
(Stegmiiller 1974, p. 21): Given a classification C of a domain D in k classes (sets)
S, how do we know that C satisfies both adequacy conditions?

Two answers are possible: (1) Both conditions are satisfied because they are a
logical consequence of the definition of the k classes S. A logical analysis, then, is
sufficient to show that C is a correct classification of D. But in such cases we are
(only) dealing with logical truths. (2) For the empirical sciences, the more inter-
esting and important cases deal with empirical truths. In such cases it is logically
possible that extensions of (empirical) concepts, i.e. the classes S, do not encompass
the whole domain D, i.e. the completeness condition is violated. It might also be
logically possible that extensions of concepts intersect, i.e. the exclusiveness con-
dition is not respected. In empirical interpretations, adequacy conditions might
indicate scientific laws or—as in biology—are scientific laws concerning that
domain. In such a case, a classification respecting the exclusiveness criterion
expresses an empirical fact that one, and only one, combination of properties can be
ascribed to an animal.

In asserting an empirical classification of empirical phenomena, two ideas are
interwoven and assumed. Firstly, an assertion is a summary of empirical facts,
meaning that until now no other entity has appeared. Secondly, there is a hypo-
thetical assumption involved that the assertion will hold even in the light of future
discoveries. A revision of a classification may be dependent on to what extent it
allows for new or broader scientific insights. According to Wolfgang Stegmiiller
(Stegmiiller 1974, p. 27), the relation between the logical structure and empirical
content of qualitative or classificatory concept forms, i.e. of classification, can be
summarized as follows: Classification systems are based on conventions because
the manner of classifying a domain in classes is a scientist’s free choice. But
conventions that are guided by considerations concerning simplicity and fruitful-
ness of the system are not the only relevant thing for building classifications or
classification systems; empirical facts are also necessary to ensure that both ade-
quacy conditions have been satisfied. Moreover, hypothetical assumptions are
necessary to support the claim that both adequacy conditions will be satisfied for the
future. So, even at the most fundamental level of scientific concept formation, i.e.
classification or classificatory concepts, there is an interplay between concept for-
mation, systematic observation, empirical-hypothetical generalization, empirical
confirmation and intuitive considerations of simplicity and fruitfulness.

We may conclude that, from a logical point of view, there is no doubt about what
constitutes a correct classification system. Moreover, classificatory concepts are the
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most basic scientific concepts, and any claim that a correct scientific classification
system could violate both adequacy conditions leads to pre- or unscientific thinking
and concepts with scientifically less information content. Furthermore, the philos-
ophy of science shows that scientific purpose and potential for new insights are of
main importance in setting up a classification system.

3 The ‘Computer-as-a-Musical Instrument’, Interactivity
and Automata: A Necessity of a New Approach
to Musical Instrument Classification?

Considering the literature on musical instrument classification (Kartomi 1990;
Montagu 2007; Simon 1992), in conjunction with readings from the philosophy of
science (Hempel 1952; Stegmdiiller 1974), it is doubtful that—as some scholars
propose—giving up the logical structure of correct classification systems helps
tackle problems involved in the HS system. Furthermore, to us, it is doubtful that
any approaches extending the HS classification system without explicitly discussing
the purpose of a classification system can be fruitful at all. Coming back to the
question of whether it makes sense to classify the ‘computer-as-a-musical-
instrument’, we may also ask, is it necessary to revise the classification of tools for
making music—which is based on their mechanisms of generating sound—when
taking the conception of the ‘computer-as-a-musical-instrument’ into account? Two
important changes took place within the last century which are difficult for the HS
system to cope with, and need to be taken into account: (1) The need to study
(social) interaction and interactive systems, i.e. interactivity; and (2) the need to
study the autonomy and agency of cognitive artificial systems participating in
artistic creation and performance. Point 2 is necessary because, with the invention
of digital computing machines, the conception of a machine or automaton has
changed dramatically. A (digital) machine or automaton is no longer a purely
mechanical system, such as a clock.!

From a philosophical or epistemological point of view (Nelson 1989), the main
difference between the classical conception of an automaton or machine as a
mechanical system and the logical conception of an (abstract) automaton emerging
in the 1950s consists in the importance of energy input and external control for the
former. The latter conception takes into account signal input or information as
input, i.e. the (physical) signal is a carrier of information. So, it is viewed as an
information processing system. Furthermore, internal states and control underlying

"However, this was not recognized by Rebecca Wolf, who traces the history of the concepts of the
automaton, machine, and clock (Wolf 2014).
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a system’s observable input-output behavior, i.e. rules guiding behavior (Nelson
1989), are taken into consideration. Internal control can be thought of as repre-
sented by rules, which describe state transitions and output based on current input
and the state of a system, i.e. an (abstract) automaton with state transition
function and output function. In this context, it is important to distinguish between
embodied and free rules concerning the physical realization of an automaton.
Embodied rules form the physical bases of a system’s basic potential capacities, the
processor, and enable systems to carry out free rules, i.e. algorithms. Free rules can
be thought of as programs that can be added to a system by a programmer or by
learning, which are then carried out by the system’s embodied rules, i.e. its pro-
cessor. In sum, this abstract conception of an automaton captures the idea of an
information processing system with internal states and the system’s input-output
behavior that is determined by two functions expressed through a system of rules:
an automaton is a rule system and as such a logical or mathematical object.

From an engineering point of view a rule system is a specification of a physical
machine’s behavior. According to Minsky (1967) a particular machine is typically
identified by its functioning or behavior rather than by its material construction.
Abstract automata, as already indicated, capture a machine’s functioning or
behavior in form of an abstract description, i.e. its input-output behavior in terms of
rules. So, an abstract automaton is “a specification of how a physical object ought to
work” (Minsky 1967, p. 5) or function. A machine, then, may be viewed as a
physical realization of an abstract automaton: Digital computing machines are
realizations of abstract automata. So, in general, an automaton is an abstract
specification of a machine. The digital computer is a realization of an automaton
and not a mechanical system like a clock, because its behavior is rule-governed and
based on information. The concept of an (abstract) automaton is at the core of the
theory of automata. In general, today’s automata theory provides—with Turing-
computability and the Chomsky hierarchy—a reference point and precise scientific
conceptualization for the intuitive and pre-scientific term ‘“automaton.” Therefore,
the ‘computer-as-a-musical-instrument’ may be viewed as the realization of an
automaton. Moreover, automata theory provides the theoretical framework for
cognitive science, which assumes as working hypothesis that cognition is some
kind computation, by giving an explication of the intuitive notion of computation.

Since the digital computer is a realization of an (abstract) automaton, in par-
ticular a finite transducer, a substantial difference between classical mechanical
systems and automata as information processing systems must be taken into
account to understand the extent to which a ‘computer-as-a-musical-instrument’
differs from traditional physical-mechanical musical instruments. Using a (digital)
computer, i.e. an information processing system and (abstract) automaton, as
musical instrument involves embodied and free rules, i.e. algorithms. The question
of how the conception of a musical instrument is changed therefore deserves
thorough discussion.
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4 Interactivity: Towards a New Approach to Musical
Instrument Classification

4.1 Interactivity I: Interactive Versus Algorithmic
Computation

In the course of the development of digital musical instruments, there is a devel-
opment from a disembodied automaton to an embodied and situated one. The
‘computer-as-a-musical-instrument’ is based on algorithms realizing computational
functions transforming input (i.e. arguments) into output (i.e. values). According to
the American computer scientist Peter Wegner, in the first computer programs
developed in the 1950s and 1960s, algorithms, whose descriptions are programs,
realize computational functions. In this metamathematical paradigm of computa-
tion, the input is completely defined before the start of computation and the output
provides a solution to a general problem at hand (Wegner 1997; Wegner and Goldin
2003). The procedure for calculating function values and the arguments of the input
domain are specified in advance and cannot be changed during the execution of a
program. Such algorithms of computation following identically reproducible rules
ensure the identical recurrence of output. Therefore, computation of output values
from their inputs by such an algorithm taking place in a closed system, which is not
affected by factors of the environment external to itself, is not conceived of as an
interactive system (Wegner 1997). The first idea of ‘the computer-as-a-musical-
instrument’, based on its capacity to algorithmically generate sounds, was realized
within the dominant paradigm of computation in the 1950s and 1960s, which can be
characterized as non-interactive.

4.2 Interactivity 1I: Interactive Music Systems

Since the 1970s, ‘the computer-as-a-musical-instrument’ has played an important
role in the context of live electronic music, which consists of the interplay between
sounds generated by traditional musical instruments and electronically generated
and manipulated sounds. For this purpose, so-called interactive music systems have
been developed to capture data from a live performance and transform them into
parameters for algorithmic manipulation of sounds. In early interactive music
systems such as score-driven interactive music systems used, for instance, in Pierre
Boulez’s piece ... explosante-fixe ... (1973, 1974), Philippe Manoury’s Jupiter
(1987) and Pluton (1988), the principle of a knowledge-based system developed by
a traditional approach to artificial intelligence served as a basis for interactive live
performances. The score-following technique allows the computer system to
monitor musical events coming from a live performance and to compare them with
the score, which serves as a kind of represented knowledge of the computer system,
so as to process computer-generated sound parts. Such kinds of interactive music
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systems using knowledge-based processing have a hierarchical structure of inter-
action processes—from the sensing, to processing, to the response stage (Rowe
1993). A knowledge-based process of interpreting information coming from the
sensing stage, taking place in the processing stage, is separated from the sensing
stage as well as the response stage. In other words, an exchange between internal
and external processes does not take place during the processing stage. Output
events of machines as a response to input events are determined in this isolated
stage and realized by top-down organization. Hence, knowledge-based interactive
music systems are conceived of as decoupled from the environment and therefore
not interactive.

In a further stage of interactive music systems, not only sound events of a live
performance, but also bodily actions and information provided by different kind of
sensors are taken as input data. This kind of interactive music system therefore
includes sensor systems to detect bodily actions and algorithmic mapping from
parameters of bodily actions as parameters for sound synthesis and manipulation. If
sensors are attached to an object that can be used gesturally, this object can serve as
a controller for sound synthesis, comparable to a control unit of a traditional
musical instrument, such as a piano key. This kind of controller is called a gesture
controller. Recently, research on gesture controllers has flourished in the context of
interactive music, and given rise to the “new digital musical instruments” (Miranda
and Wanderley 2006). Accordingly, new digital musical instruments differ from
those instruments that are also digital but do not contain a gesture controller. In our
view, the term “interactive musical instruments” is more appropriate for referring to
such instruments than “new digital musical instruments” since the latter does not
specify what kind of aspects are added to digital musical instruments; several
interface designers and composers already define or characterize their instruments
as “interactive musical instruments.”

4.3 Interactivity III: Interaction and Feedback in Research
on Interactive Musical Instruments

In investigating interactive musical instruments, Thoben (2014) distinguishes three
components: an interface, a mapping, and a sound-generating component, taking
into consideration that an interface provides haptic and visual feedback and a
sound-generating component provides acoustic feedback. Although he uses the
term “interact” in relation to the (human) performer and the interface, as he writes
“The performer interacts with a musical interface [...]”,2 his attention is paid to a
component of ‘interactive’ musical instruments that remains passive in the sense
that it does not exhibit agency and is not able to initiate actions.

Translation of Thoben (2014, p- 433, Fig. 1) by the authors: “Der Interpret interagiert mit einem
musikalischen Interface, [...].”
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Let us elaborate this point: When “interaction” is used in the social sciences and
the humanities, it is assumed that communicating systems involved in information
exchange exhibit intentions, intentionality and make decisions to some extent.
Traditionally, in the social sciences and humanities these capacities have been
ascribed only to humans. Hence, in such conceptual framework only humans can
interact: the terms “interact” and “interaction” can only be correctly ascribed to
humans; machines and animals are excluded. Whether this is still appropriate today
is another question and is under discussion but—in our opinion—might be rea-
sonably doubted. In computer science and research on human-machine interaction
[sic!] “interaction” is often used without any further specification in a loose and
metaphorical manner rather than as a precisely defined term according to a con-
sistent scientific terminology. In general, “interactive” or “interaction” mainly refers
to technological capacities that the computational artifact offers the user, e.g. use of
an interpreter or compiler.

Thoben’s article uses the terms “interact” and “feedback.” According to our
reading the connotation of the term “interaction” as used by Thoben is almost
synonymous with that of “feedback.” For Thoben the interface provides haptic and
visual feedback and the user “interacts” with the interface. He also speaks of
auditory feedback provided by the computer system following some algorithmic
processing. So, for Thoben “feedback” seems a relevant term to analyze the artistic
human-machine relationship, often called “human-machine interaction.” But even if
one thinks of this relationship in terms of control theory, “feedback” would refer to
the human as a system exhibiting closed loop control. This is just one part of that
relationship: the human being receives feedback—not the computer system or the
interface. In general, nothing is said about the artifact’s capabilities. Therefore, the
appropriate description of that relationship mentioned by Thoben must be—instead
of the “performer’s interact[ing] with a musical interface [...]”—that the performer
acts upon the interface and, as a consequence, the interface reacts by sending
signals to the information processing unit: The interface exhibits no agency.
Furthermore, “interaction”, as described by Thoben, is only ascribed to the rela-
tionship between a performer and an interface. But that is just one part of the whole
artificial computational system involved in that relationship between human and
machine. If we take the whole information processing system into account, e.g. our
current digital computer system consisting of hardware (with interfaces) and soft-
ware or a laptop on “wheels” with sensors, i.e. a robot, we are dealing with
computationally bounded agents. In such a case it is justified under some cir-
cumstances to talk about (social) interaction between a human and an artificial agent
because some of these systems exhibit more than reactive behavior and also carry
out decisions. To some extent their behavior is likely to be best described as being
based on “intentions.” This point of view leads to new research questions for music
research as it raises general epistemological questions such as what the
“cognitive-emotional” and behavioral boundaries of such artificial computational
systems are. A particular question to be investigated for music research is what their
boundaries in artistic contexts are. Moreover, as more autonomous but computa-
tionally bounded agents enter the arts, music, and education in addition to
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(empirical) aesthetics, normative issues as well as ethical concerns will become
increasingly important and relevant for society in general and in music research in
particular. Questions to be addressed are who the creator of an artwork or piece of
music is; who will be responsible if in an art installation some person gets hurt
because the computational agent involved is capable of learning and
decision-making during interaction. The general question is to what extent a
computationally bounded agent will be able to follow our current normative the-
ories and whether these theories are adequate. Also questions concerning machine
ethics come to mind.’

To sum up: Thoben’s article indicates scientific thinking of the natural sciences
and engineering. Even if one restricts oneself to an engineering approach to
human-machine relationship in artistic contexts, relevant notions need to be clari-
fied. Therefore, as Thoben uses “feedback” and “interaction” as synonyms, at least
the term “feedback” should have been clarified in a scientific manner, e.g. as in
control theory, and its application to analyze the relationship of human and machine
in the social context of artist actions should have been discussed as well. In
addition, he restricts his description to a human “interacting” with interfaces
neglecting the whole artificial system as part of that “interaction.” Accordingly,
Thoben focuses on the classification of interfaces and interface designs. This might
be appropriate from a purely technological point of view, but as a result, his
classification, which is conceptually based on the traditional HS system and an
instrument designer’s perspective for “new interfaces for musical expression”,
cannot provide insight into the new quality of interactive musical instruments and
fails to develop new research questions.

4.4 Interactivity 1V: Interactive Musical Instruments

It is obvious that using ‘the computer-as-a-musical-instrument’ is based on a
mechanism which is not comparable to the traditional conception of a
physical-mechanical system. The material of the sound generator or the ways of
vibrating it are not essential for the characterization of a device, which is governed
by free rules that are carried out by embodied rules. Taking the aspect of interac-
tivity into account, the following questions should be thoroughly addressed.

30One is reminded of the science-fiction author Isaac Asimov’s well-known “three laws of robotics”
indicating the importance of an ethics for machines which is now becoming a real social necessity
about 60 years ago. A machine ethics (Anderson and Anderson 2011) or android epistemology
(Ford et al. 2006) is not only urgently needed for military, educational, or social applications, but
also for the arts.
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1. Is the term “interactive musical instruments” appropriate for a class within a new
classification system for musical instruments? What new and broader scientific
insights can be provided by such a classification system?

2. Does interactivity need to be integrated into criteria for a new system classifying
musical instruments? What would then be the purpose of such a classification
system?

The term “interactive musical instruments” is a candidate to use in place of “new
digital musical instruments” when emphasizing the theoretical concept of “inter-
activity.” Taking into particular account the increasing number of sociological and
psychological studies on musical interaction as well as research in media science or
sound studies on interactive art in connection with “autonomous artifacts,” i.e.
interactive systems, interactivity might be integrated into criteria for a new system
classifying musical instruments; such a classification system of musical instruments
follows scientific purposes of basic research in musicology other than those for
presenting instruments or designing instruments (Kartomi 1990; Simon 1992).
These considerations lead to the claim that it is necessary to pursue another
approach to classification of musical instruments for music research.

4.5 Interactivity V: Embodiment, Situatedness, and Agency

Taking up Peter Wegner’s statements, a system of computation, which Wegner
characterizes as closed regarding its environment, i.e. there is no information
exchange between the computational system and its environment during a com-
putation,® proves to be non-interactive. To exhibit interactivity, a system should be
able to change the procedure for calculating function values and the arguments of
the input domain during computation, not working on a completely defined input
before the start of computation. In addition, a system that allows for interaction with
its environment during the execution of a program is embodied and situated in an
environment, and equipped with sensors capable of sensing environmental events
as well as actuators to act on its environment (Kim 2012; Schmidt 2010). Embodied
and situated systems can therefore be conceived of as prerequisites for interactivity
in practice.

Accordingly, it can be assumed that embodied and situated interactive musical
instruments allow interactivity between artists, artifacts, and musical events. In such
cases, interactivity can be conceived of as a core property of those interactive
musical instruments. As a result, a new dimension of instrumentality comes into
play, given that a property of a musical instrument is its ‘instrumentality.” What
implications does this have for the conceptualization of a musical instrument?
Traditionally, a device that has the function of generating sounds is considered a
musical instrument. This implies that a musical instrument is a reactive apparatus

“This means that the system does not interrupt to ask for new information during computation.
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that a human being intentionally acts upon. Instrumentalities accordingly comprise
those properties of an object which is acted upon to generate sounds, such as
material resistance and tactile feedback, which are related to motor actions used to
generate and control musical sounds. Those, however, are reactive properties. By
contrast, an embodied and situated interactive musical instrument such as a musical
robot—that not only simulates and extends the mechanism of sound generation, but
also exhibits some kind of agency to ‘interact’ with humans—acts as an autono-
mous (and social) agent that is not only reactive, but could initiate other agents’
musical actions.” So, interactive artifacts can be conceptualized as embodied and
situated agents. If a new classification system integrating interactive musical
instruments is developed, its purpose might be to investigate the interactivity,
autonomy and agency underlying each musical practice that can be characterized as
(inter)action fulfilled by a certain goal. Musical agency can be considered in terms
of the initiation of musical actions that influence other musical (albeit receptive)
actions.

4.6 Interactivity VI: Dynamic Systems
and Autonomous Agents

Dynamic systems theory might provide some useful metaphors to generate first
ideas for dealing with such complex concepts. In dynamic systems theory an
(embodied) agent and its environment are conceived of as being coupled in constant
interaction, forming dynamical systems. State variables of the dynamical system
agent A and motor outputs M have effects on the environment E and sensory inputs
S have effects on the agent A. Via S and M, both systems (A and E) are tightly
coupled. In general, although coupled to another system, a dynamical system
cannot completely specify the trajectory of another dynamical system (Beer 1996).
Therefore, the interaction of both agent and environment is best viewed as “mutual
sources of perturbations, with each system continuously influencing the other’s
potential for subsequent interaction” (Beer 1996, p. 182). The main idea is that “an
agent’s behavior does not simply arise from within the agent itself, but rather
through its interaction with its environment” (Beer 1996, p. 183). According to
Beer (1996, p. 183), one important lesson can be drawn from dynamic systems
theory: “[W]e must learn to think of an agent as containing only a latent potential to
engage in appropriate patterns of interaction. It is only when coupled with a suitable
environment that this potential is actually realized through the agent’s behavior in
that environment.” This raises two questions: (1) Are there degrees of interactivity
for different kinds of artificial agents? (2) To what extent do these different kinds of
interactivity influence the potential for artistic and musical action when interacting
with human or other artificial agents?

SFor more on agents as dynamical systems and robotics in music research, see Schmidt (2010).
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The first question can be dealt with in terms of an agent’s autonomy,® referring
to a proposal for a classification of autonomous agents by Stan Franklin and Art
Graesser (Franklin 1997; Franklin and Graesser 1997). They define an autonomous
agent as “a system situated within and part of an environment that senses that
environment and acts on it, over time, in pursuit of its own agenda and so as to
effect what it senses in the future” (Franklin and Graesser 1997, p. 25)" and give
several examples of different agents. Franklin and Graesser provide a rough clas-
sification of autonomous agents in analogy to biological taxonomy, in which
autonomous agents are divided into biological, robotic, and computational agents.
The property of being a natural kind® provides the criterion for this classification at
the highest level because “[e]very culture and even very young children readily
distinguish between animate organisms, artifacts and abstract concepts” (Franklin
and Graesser 1997, p. 30).

Biological agents subsume cognitive agents; only humans and some higher
animals are currently classified as cognitive agents. Computational agents are fur-
ther divided into software and artificial life agents. Software agents consist of
task-specific agents, entertainment agents, and computer viruses. A further classi-
fication via matrix organization, i.e. feature collections, is then proposed.9 Such a
classification (albeit preliminary) in conjunction with new terms such as ‘agent’,
‘interactivity’, and ‘agency’ might be taken as a reasonable starting point for
empirical research in connection with computational modeling and cognitive
robotics (D’Mello and Franklin 2011; Seifert and Kim 2008) guiding research on
interactive art and music.'” As a consequence, research taking into account such a
classification assesses each system’s latent potential as well as the latent potential of
a whole coupled system and its relevant state variables. It might also connect
naturally to computational investigations of complex systems in the social and
biological sciences (Axelrod and Tesfatsion 2006). In cognitive science and arti-
ficial intelligence some authors (e.g. Beer 1996, 2014; Port 2003) view dynamical
systems and agent-based approaches to cognition as the most promising route to
computational cognitive modeling and the explication of embodiment and (social)
interaction. So, there is a strong relation to current music research on embodiment

5¢Autonomy’ related to artificial systems is discussed in Vernon (2014).

“For a detailed comparison of different agent concepts see Schmidt (2010, pp. 35-44).

8In different areas of research on classification or categorization such as developmental psychology
or cognitive anthropology natural kinds are distinguished from classification systems that are
merely conventional. Natural kinds exist independently of our classificatory activity and are not
merely conventional (Kornblith 1999). For example, classifying the world into animate and
inanimate objects might be a natural kind whereas classifying the world into different kinds of
musical instruments is a conventionally culture-dependent categorization.

Note that matrix organization enables the intersection of sets.

1%For more about agents as dynamical systems and robotics in music research, see Schmidt (2010).



92 J.H. Kim and U. Seifert

(Leman and Maes 2014), thythm (Large and Kolen 1994), joint action (Keller
2008) and alignment (Bharucha et al. 2012). Moreover, it introduces a more
‘ecologically’ valid point of view for investigating internal processes if embodiment
and interactivity are studied empirically in connection with computational cognitive
modeling in new media art environments (D’Mello and Franklin 2011; Seifert and
Kim 2008; Verschure and Manzolli 2013).

5 Concluding Remarks

As our reflections concerning scientific concept formation and interactivity showed,
there is the question of whether a new classification system of musical instruments,
integrating interactive musical instruments including autonomous agents, leads in
turn to a rethinking of the concept of a musical instrument, since conceptualizing a
musical instrument as an apparatus does not cope with interactive musical instru-
ments under development, i.e. taking its interactivity, autonomy and agency into
account in the sense that it can exhibit musically meaningful, interactive behavior
and initiate musical actions. The traditional concept of a musical instrument
involves a minimal condition of making music, namely sound generation. Musical
actions emerging during interaction, however, are not only sound-generating
actions, but also other musically meaningful actions, such as actions allowing
people to rhythmically adjust to each other and to be musically together, comple-
menting or becoming attuned to each other.

As a result, further conditions of making music, which are related to
non-verbally meaningful interaction that allows for shared affect and social bond-
ing, can be taken into account. Whether and how this rethinking could in turn lead
to a new definition of a musical instrument remains a challenging question for basic
music research. Where musical actions are desired, there is a development of tools
by which these actions can be executed effectively. We are at present confronted
with a ‘tool’ that is capable of initiating musical actions which we may entrain and
become attuned to. How can we define and integrate it into a classification system
also directed towards the traditional tools called ‘musical instruments’? If the term
‘musical instrument’ should not be abandoned, musicologists must widen the
extensions of instrumentality regarding musical events that cannot be reduced to
sound events, but are rather understood by non-verbally sounding events that make
sense to their participants during their interaction, and are described by “musical” in
the context of each cultural community. This attempt might only succeed within the
scope of basic music research, which allows music scholars to pursue an explication
of the concept of music.
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Movement Meets Material—An
Improvisational Approach to Design

Johanna Schindler and Amelie Hinrichsen

Abstract How can we integrate an embodied musician-instrument relation to
musical instrument design? To answer this question, we have proposed a design
process where musical instrument prototypes are developed taking a specific
improvisation practice from contemporary dance. Over the course of four impro-
visation sessions, we invited an acoustic musician, an experimental electronic
musician and a contemporary dancer to develop a solo performance with given
material. Their improvisations inspired the design of three instrument mock-ups,
which integrated movement, material and sound. After four subsequent improvi-
sation sessions the process resulted in two refined instrument prototypes. Using
improvisation as a performance setting, our developmental process revealed that for
live set-ups the instrument benefits from a reliable system, which allows the
musician to perform in a spontaneous and flexible manner. To further engage the
musician with the instrument, the sound synthesis process should reflect genuine
material sound qualities of the object. Emphasizing its identity as an instrument, we
refer to this as material authenticity, a notion, which raises questions on the rela-
tionship between material, digitality and sound.
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1 Introduction

Within the community of electronic experimental music, it is nothing new that
discussions have circled around bodily gestures and expression. A closer look at
this community reveals that live set-ups are often established according to very
specific and individual needs. For example, when Jeff Carey expresses the wish, “to
have a physical grip on my sound,”” he is searching for a corporeal and immediate
response within the set-up or instrument he performs with. This “physical grip”
supports bodily communication with his instrument and the audience during the
performance as well as addressing his muscular memory during the composition
and rehearsal processes of new pieces. For Carey, this also implies the disappear-
ance of notebooks from stage. Without such an external controller interface the
audience is “much more present” to Carey and “it comes to a nervous feedback”.’
Going one step further, Pierre Alexandre Tremblay’s work aims at “the body and
the interface [...] becom[ing] one™ through continuous practice. He considers his
instrument as an extension of his body. These statements reveal three constituent
elements for live performances: the musician, the instrument, and the audience.
Within this triad, the notion of corporeality is crucial to music making and, in our
case, for instrument design. It alludes to the phenomenology of perception, which
we need to take into account. Referring to Jean-Luc Nancy’s statement, “the body is
the openness” (2007, p. 105), we can say that on stage, it is through the sensible
body that the musician enters the physical world in the form of her instrument and
its sounds.

Against this background, we approached the following research question: How
can we design a digital musical instrument, which integrates expressivity in sound
and movement from the beginning? Miranda and Wanderley (2006) define five
major decisions within such a design process: a selection of gestures “to control the
system” (p. 4), a number of sensors to measure these gestures, algorithms for the
sound synthesis process, a mapping and the “feedback modalities” in addition to the
sonic output the digital musical instrument produces (ibid.). In more specific regard
to developing a new piece, electroacoustic composer Young (2015) claims that,
“the most serious problem in composing electroacoustic music is not the seemingly
limitless range of available sounds, but the problem of how to direct sound mate-
rials through the inevitable labyrinth of possibilities that the composer faces to
achieve aesthetically satisfying results” (p. 159). To contrast these infinite

ISince 2001, the international conference on New Interfaces of Musical Expression (NIME) brings
together researchers and musicians who discuss the design of new musical interfaces.

2Jeff Carey, Interview, April 3, 2014.
3JC, Interview.
“Pierre Alexandre Tremblay, Interview, November 11, 2014.
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possibilities digital sound synthesis opens up, the design process aimed at the
following: The instrument should incorporate a distinct sonic and material-visual
identity as well as possibilities for the performer to get in touch with the generated
sound and the audience. Therefore, we combined direct acoustic sound signals with
pre-defined options of digital sound modification and mapped them to the musical
instrument. We intentionally designed a system opening up both intuitive and
predetermined options of use and interaction with the object. A set of limitations
challenges the musician to work with or around a given structure and stimulates
creativity at the same time. Additionally, we avoided the presence of a computer in
order to keep the musicians focus on the instrument itself while playing.

Given the expertise of contemporary dance to relate bodily movement, space and
sound, we looked to this discipline for inspiration on the design process of the
instrument. Improvisation is a well-established method in the performing arts to
enhance spontaneous and immediate play and interaction on the one hand, and to
develop new pieces—or in our case: a new digital musical instrument—on the
other. In contemporary dance, improvisation in particular has become relevant as a
means to liberate the dancer from hierarchical structures imposed by teachers and
choreographies and to develop an individual style (see also Carter 2000, p. 181).
We therefore utilized an improvisation strategy, which contemporary choreogra-
phers Nik Haffner and Christina Cuipke® developed, in the design process. This
strategy can be described as follows: Haffner and Cuipke use short improvisation
cycles to come up with new choreographies, during which they have a dialogue
without words. One of them improvises a short sequence of movements for about
one minute. The other watches, reflects and answers with a sequence relating to
what she just saw, but focusing on certain elements that seemed interesting to her.
After taking three to five turns, they end up with a short sequence of movements.
The one watching is allowed to take notes, but the dancers should not talk to each
other during the whole process. It is a playful method for which observation,
identification, response and surprise are crucial elements. The material—that is, the
choreography—develops over time and almost by itself. It is through the interplay
between several people that elements emerge.

In our specific research setting, we asked two musicians (one with an electronic
the other with an acoustic background) as well as a contemporary dancer to
improvise with each other during four sessions. The strategy described provided a
formal structure which continuously demanded the participants and the designer to
make choices. In this manner, the participants’ individual inputs evoked more
concrete ideas regarding sound generation as well as motion patterns and playa-
bility each time, which fed into the instrument we aimed to design.

SNik Haffner is the Artistic Director of HZT (Hochschuliibergreifendes Zentrum Tanz) Berlin.
Christina Cuipke holds an MA in Choreography from Amsterdam School of the Arts. During a
workshop at HZT Berlin in 2014, Nik Haffner introduced the method to one of the authors.
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1.1 Improvisation in Performance and Design

Whilst in the performing arts, improvisation has been frequently discussed in regard
to concrete practices (see e.g. Bormann et al. 2010; Brehm and Kampfe 1997;
Nakano and Okada 2012) or in the form of manuals on improvisation in Jazz,
acoustic music, digital sound generation and experimentation in music (see e.g.
Crispin and Gilmore 2014; Keep 2009), improvisation in the field of design is
regarded as a tool to support design work on various levels (Gerber 2007, p. 1069).
In the 1980s, designers started to approach human-computer-interaction (HCI) and
interface development (cf. Mareis 2014, p. 133). In doing so, they did not only
focus on the interfaces’ functionality; rather, they considered and designed them to
enable agency (ibid., p. 135). To gather inspiration on potential
human-machine-interactions designers developed human-centered methodologies
such as “informances”™® (Burns et al. 1994, p. 119f) and “experience prototyping™’
(Buchenau and Suri 2000). Loke and Robertson state that design research, which
aims to understand human activity and movement within interactive systems, “is
[...] described, with a particular focus on enactment and physical role-playing [as
well as] methods for working with the moving body and felt, kinaesthetic experi-
ence” (Loke and Robertson 2009, p. 395). Gerber even suggests actively applying
Johnstone’s rules of theatrical improvisation (1989) to brainstorming sessions “to
support collaboration, spontaneity, learning through failure, and storytelling”
(Gerber 2007, p. 1072). Consequently, we can observe collaborative, embodied
approaches based on movement and improvisation especially in HCI
design-research (e.g. Hummels et al. 2007; Klooster and Overbeeke 2005; Larssen
et al. 2007; Loke and Robertson 2013; Moen 2005). Furthermore, recent studies
within the domain of musical instrument design focus on the sound-movement
relation and implement improvisation in the development process. For example,
Sylleros et al. (2014) developed several sounds, and asked musicians to think of
gestures, which they would use to produce these sounds and then integrated indi-
vidually adapted gestures into a refined prototype (p. 94). Using a different
approach, Donnarumma et al. (2013) mapped two neuronal signals resulting from
muscle contraction and limb movement to an instrument, and asked novice per-
formers to improvise with it. The clear connection between the bodily signals and a
limited number of sound signals facilitated non-expert musicians to perform with
the instrument. (pp. 130ff) Again related to bodily signals, Lee and Yeo (2012)
mapped several dancers’ respiration to sonic parameters, which were then naturally
connected to their performance movements. In the subsequent interviews, the

SInformances can be described as improvised role-plays with the use of props in front of an
audience of peers or clients. Designers use this method to “build an increased empathy for the
people that [have been] identified as the users” (Burns et al. 1994, p. 120).

7“[Aln Experience Prototype is any kind of representation, in any medium, that is designed to
understand, explore or communicate what it might be like to engage with the product, space or
system we are designing.” (Buchenau and Suri 2000, p. 2).
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dancers stated that they perceived the resulting sounds as generally supportive for
their dance performance (p. 4).

The instrument design studies above demonstrate how both intuitive, associative
actions as well as spontaneity are centrally important in “mak[ing] (something)
from whatever is available” (Oxford Dictionary 2015). This traditional definition of
improvisation hints to the emergence of elements during the improvisatory action.
However, Sennett (2009) rejects the idea of spontaneity, “if ‘spontaneous’ repre-
sents a mindless occurrence” (p. 236f). With explicit reference to Jazz music, he
claims instead that improvisers act within a strict framework of “rules of economy”
and via impulses that demand deliberate decision-making, because “otherwise they
lose focus; [...] the harmonic reversals are disciplined by what came before. Above
all, the jazz musician has to select elements for his or her own instrument [that]
someone playing a different instrument can respond to” (ibid.). Sennett’s example
underlines the development of existing elements as well as the emergence of
entirely new parts over the course of improvised actions. In this context, Redgate
(2015), who is famous for redesigning the classic oboe to play experimental con-
temporary music,” states that he uses improvisation to “push boundaries and to look
for new and original ideas and novel solutions to problems” (p. 213). While the
current literature seems to agree on the aspect of emergence during improvisation,
several authors would disagree with Redgate on the suggestion that it “leads to
solutions”. Bormann et al. (2010) claim that the freedom to give up rules during
improvised activities sometimes results in discarding elements rather than devel-
oping them further (p. 12). It is this specific productive action, which reveals
problems and malfunctioning aspects in the first place (ibid.). Also the authors
quoted above (Donnarumma et al. 2013; Gerber 2007; Lee and Yeo 2012; Sylleros
et al. 2014) concluded that their studies revealed further necessary refinements for
example regarding the integration of corporeal aspects into the prototypes they had
developed, instead of directly resulting in final instruments.

Improvisation has become a frequent tool in various design fields to integrate
corporeality into the developed objects. Yet, in instrument development processes,
improvisation is involved at a late stage only, namely to address questions of direct
sound-gesture-mapping.

1.2 The Role of the Environment

Elaborating on the specific combination of improvisation and contemporary dance
Brehm and Kampfe (1997) state that improvisers take up impulses from their
surroundings and transform them into something “meaningful” and “satisfying”
(p. 15), thereby altering the environment. Such an ongoing back and forth between
improviser and their surroundings renders the elements emerging during

8See also Redgate (2016).



102 J. Schindler and A. Hinrichsen

improvisation fragile and transient (see also Douglas and Coessens 2012, p. 183).
At the same time, it allows the improvisers to choose and focus on the elements
they consider most promising. One could say that improvising consists in a constant
mutual exploration and negotiation of possibilities between the improviser and the
environment. Within the field of electroacoustic research this complex dynamic
system between performer, instrument and environment is referred to as “perfor-
mance ecosystem” (Waters 2007, p. 2).

Gibson’s theory of affordance (1986) approaches the material and usable com-
ponents of the environment from an ecological perspective, that is, he looks at what
the environment offers, or “affords,” to fulfill an animal’s needs (pp. 127f). Each
animal or human might perceive affordances differently and make use of them or
not, but an affordance is stable and “always there to be perceived” (p. 139). In
regard to our specific setting the environment consisting of the space, the techno-
logical setup, material, instrument mock-ups, the generated improvised sounds and
movements, the improvisation structure, the participants, their own and others’
bodies and body memory as well as disciplinary backgrounds. All of the above
afforded distinct behavior in relation to the given task of improvising a solo and
each of these affordances influenced the participants’ judgments on whether they
considered the others’ and their own actions as meaningful or not. Consequently,
the affordances of the material(ity), for example, which the performing participants,
designer and ethnographer interpreted individually, influenced the resulting proto-
types to a strong degree.

1.3 Methodological Setup

Over the course of nine months we, that is, a designer (in the following referred to
as D) and an ethnographer (E), convened for four improvisation sessions for which
we invited a contemporary dancer and choreographer (CD), a musician with a
background in acoustic music and contemporary composition (AM), and a musician
with a background in media art and electronic music (EM). Following the con-
ceptual approach developed by the designer (Amelie Hinrichsen), we asked the
participants to improvise one-minute solos (which we refer to as a quick round)
according to the improvisation method explained above. At the end of the session,
the participants’ experiences were discussed regarding surprising moments and the
potential of the material they improvised with (see Sect. 2.1). In addition to
recording the sessions on video and feedback discussions, D and E closely observed
the three participants, took notes, pictures and—in the case of the ethnographer—
more detailed Fieldnotes as Emerson, Fretz and Shaw describe (2011, pp. 21ff).

To analyze the first session, D applied the improvisation technique described
above to her own practice: She watched the video recordings of each quick round
and took fifteen minutes to improvise with the same materials the participants had
been using (see Sect. 2.1). These first immediate responses resulted into three
material constellations (see Fig. 1la—c).
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(b)

(c)

Fig. 1 Material Costellations
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Afterwards she combined video stills, photographs, notes, keywords and sket-
ches within three corresponding mood boards to identify and group similarities and
differences in the participants’ actions regarding movement patterns and sonic
output. Similar to the participants, she transferred and translated these ‘codes’ she
had identified in the participants’ solos in an intuitive manner, i.e. immediately and
guided by personal preferences. D then developed three instrument mock-ups based
on impressions of the first session (see Sect. 2.2). The use of these mock-ups during
Session #2 (see Sect. 2.3) guided the decision-making process for more refined
improvisational prototypes (see Sect. 2.4). These were played in the third session,
technically refined once more and tested in a final, fourth improvisation session.

Parallel to this, E wrote detailed descriptions immediately after each session to
capture her impressions. On the basis of these texts, the pictures and
video-recordings, she carried out a qualitative analysis. That is, she coded the

ELINNT3

material both according to pre-determined categories (“improvisation”, “material-
ity”, “corporeality”, “sound”), and in an open manner to examine further aspects,
which would influence an live setup of instruments, but which we had not con-
sidered as important beforehand (Emerson et al. 2011, p. 171ff).

Following these individual analysis procedures, D and E exchanged their results
once before and after each improvisation session. In this manner, D could integrate
E’s observations into the designed mock-ups and later prototypes. Additionally, we
discussed the structure of each improvisation sessions according to our own per-
ception and in consideration of the participants’ feedback on time cues, techno-
logical setup etc.

Along with the descriptions of the mock-ups and the prototypes, the “design
(ed)” and the ethnographic perspective are combined in the following descriptions.
The first two of four improvisation sessions are depicted in detail, because they
were most relevant for the resulting design of the final prototypes. After each
description we will show how the results of our analyses led to these instrument
mock-ups and later prototypes. In addition, the technical refinements for Sessions
#3 and #4 are briefly outlined (Sect. 2). In Sect. 3, the influence of improvisation on
the design of the instrument is discussed as well as how materiality and corporeality
are mirrored in the improvisation process. This is followed by concluding remarks
on the limitations and opportunities of the chosen approach, as well as comments on
its implications for the broader notion of a digital musical instrument.

2 Analysis of the Improvised Design Approach

2.1 Session #1: Material Exploration

In the first session we asked the participants to improvise with three different
physical materials. We had supplied materials that complemented each other and
offered diverse qualities in their sound, size and materiality. We chose transparent
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film, cardboard tubes, white balloons and polystyrene foam (see Fig. 2).”
Transparent film, familiar from the context of domestic painting work, was chosen
for its subtle qualities of extreme lightness and sensitivity to airflow. The tubes’
simple shape and resonant body offer diverse possibilities for interaction without
being too direct in terms of symbolic content or connotation. Balloons in contrast
are rather concrete and complete in their appearance. They convey a distinct
symbolic content and allude for example to birthday parties and funfairs. Finally,
closed-cell extruded polystyrene foam combines both soundproofing and sound
generation qualities. Its structural characteristics contrast significantly to those of
balloons and transparent film.

Both the participants’ different backgrounds and the range of material to
improvise with were selected to ignite a transdisciplinary dialogue evoking ideas for
the design of the instrument we wanted to develop. In addition, the musicians were
encouraged to bring some of the tools they usually work with (see Figs. 3 and 4).
The dancer’s tool—his body—was present and did not require any further
equipment.

We asked the participants to subsequently improvise a short solo taking turns
three times (quick round, as stated above). A different participant initiated each
round so that three rounds of improvisation took place; he or she could choose one
of the provided materials. Afterwards, the participants performed an improvisation
of five minutes as a trio—still using the same kind of material, which had been
selected in the beginning. In a final collective improvisation, the participants could
choose any of the given materials and combine them; no external time cues were
given. A square of approximately 2 m* was marked on the floor as performance
space. Stepping inside the square indicated the start of the improvisation, stepping
outside its end (see Fig. 5).

2.2 Analysis of Session #1: Instrument Mock-Ups
2.2.1 Balloons

Observations:

During Session #1, it was observed that there was an overall characteristic of
contrast in how the participants dealt with the balloons. Moments of careful han-
dling and soft sounds, even silence, were juxtaposed with the application of a lot of
force, with one balloon even bursting. The acoustic sounds produced ranged from
loud squeaking to soft hissing. One key moment was the following: AM slowly

We purposefully offered four different kinds of material for three rounds of improvisation only so
that one material would remain unused in the end of Session 1.
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Fig. 3 Tools for acoustic modification brought along by AM
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Fig. 4 Tools for digital modification brought along by EM

Fig. 5 Performance space
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deflated one balloon, producing a shrill squeaking sound. EM imitated and digitally
modified this playing mode. With the help of reverb, pitch shifting and grain delay,
he produced several layers of long-lasting sonic textures, squeaking more softly
than the original sound, which seemed to be filling the entire space. A further key
moment can be described as follows: CD used a lot of force pushing the balloons
hard on the ground, even performing push-ups on them, producing trembling in his
arms (see Fig. 6a, b). Both AM and CD held and squeezed the balloons repeatedly,
which EM picked up to alter the texture of his sounds through squeezing and
rubbing a balloon with the thumb (see Fig. 6¢, d). Furthermore, AM used the
bouncy quality of the balloons to play rhythmical patterns (see Fig. 6e).

Designer’s response:

To account for the intense use of body weight and close contact especially by CD,
the instrument mock-up consisted of three balloons, which were all attachable to the
body with adjustable straps. One balloon was equipped with a piezo element, the
second with a condenser vibration pick-up.'” Incoming audio signals could be
modified with some reverb, frequency shifts and rhythmical delays during Session
#2. A headset-microphone was installed in the third balloon, resulting in low fre-
quency sounds when the balloon was held and squeezed, imitating the sonic
qualities played by EM.

2.2.2 Polystyrene Foam

Observations:

During two moments in the use of the polystyrene foam, D noticed a
space-structuring aspect. Firstly, when CD was holding one piece of polystyrene
foam between his teeth and pausing in various positions (see Fig. 7a) and secondly,
when AM was arranging several pieces of polystyrene foam in an upright position
within the performance space (see Fig. 7b). Acoustically, loud sounds like cracking
and crashing produced by stabbing and scratching (see Fig. 7c) were dominant,
even though they were contrasted with very soft sounds like crackling resulting
from stroking and tapping on the polystyrenes foam. A remarkable moment for D
was EM’s answer on AM’s first run. After AM had first slowly and softly broken
apart small pieces of polystyrene foam and let them fall to the ground (see Fig. 7d),
EM attached a contact microphone to a piece of polystyrene foam and modified the
direct output. Instead of the expected crackling of a dry amplification, we heard
subtly pitched sounds. In parallel to this, the amplified microphone output with
rhythmical delays and reverb remained in the audible background. The most
dominant motif for D regarding movement was one of rotation, a windmill-like

10The same kind of miking was used by EM during Session 1.
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() (d)

Fig. 6 Key moments identified during Session #1 improvising with balloons

movement performed by CD, which was varied during the collective improvisation
(see Fig. 7e).

Designer’s response:

The mock-up resulting from these key moments was a V-shaped paddle with a
wooden handle, clearly and playfully suggesting its use for shoveling air and wind
generation. By providing a second smaller paddle, the possibility to create a spatial
structure as described above was taken into consideration. Using it to play and
stroke the bigger paddle resulted in constellations of geometrical shapes, structuring
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Fig. 7 Key moments identified during Session #1 improvising with polysterene foam

both the improviser’s action and the performance space. In terms of sound gen-
eration, contact microphones (two piezo elements and one condenser vibration
pick-up) were attached to the bigger piece of polystyrene foam to enhance per-
cussive playing. Once more, reverb and filters enabled the modification of incoming
audio-signals. The designer applied a digitally modeled marimba corpus to the
signal picked up from the top piezo element, and decided to process the other two
captured signals each with a resonator network as well as one with a reverb and the
other with a “Ping-Pong” delay. The high-pitched, bell-like sound of the top piezo
imitated EM’s first sonic response to AM’s “falling snow”. The other signals
resembled distorted, guitar-like sounds, which implemented a reference to AM’s
attempt to break and destroy the material.
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2.2.3 Tubes

Observations:

Key moments of the tube setup consisted, for example, of CD putting all the tubes
inside one another (Fig. 8a) and AM taking them apart afterwards. Then she
arranged them on the floor and used them for rhythmic playing (Fig. 8b). We
observed playing modes such as percussive playing and blowing into the tubes, as
introduced by AM (see Fig. 8c) as well as swinging the tubes like a pendulum,
which CD brought up (see Fig. 8d). The amplified sound quality of EM’s first run
provided the guiding motif for D’s translation of the quick round. Multi-delays with
time shifts provided irregular rhythmical patterns of low-frequency, wood-like
percussive sounds with a high level of tension and energy.

Designer’s response:

D’s immediate associations to the observations were related to floating on water, the
rocking of a wooden boat, sailing, barrels hitting against each other, (natural) forces
and adventure (see Fig. 8e—g). Hence, for the visual representation, D decided to
stay within these moods and themes. The resulting mock-up was a telescope-like
object consisting of three inwardly collapsible tubes. Varying the artifact in size by
pushing and pulling this telescopic construction would enable tonal changes
depending on how far each element is pulled out. The designer equipped the
mock-up with a piezo element in the middle to enhance the percussive playing
techniques observed at repeated occasions. Metallic and wooden filters modified its
output. Also, she attached a headset microphone to amplify further activities such as
blowing and swinging. Consequently, the mock-up can be interpreted as a telescope
but can additionally turn into a foghorn or a quarterstaff while blowing, hitting or
swinging it.

2.2.4 Resulting Mock-Ups

After Session #1, we considered the resulting three instrument mock-ups as rep-
resentations of three possible instrumental worlds, each suggesting different modes
of interaction in respect to sonic modification. To open up the possibility of fading
each channel in or out and looping the main output, each setup was equipped with a
compact USB control surface. The mock-ups differed in the physical material
generating sound, in their construction as well as in their degree of distance to the
body. Particularly, the balloons were meant to provide the closest relation to the
body by being attachable to different limbs. The tubes featured a second degree of
distance in matters of corporeal relation, since they needed to be held by the
performer who could directly touch them and play them with her hands. In contrast
to direct manual touch and as a third degree of distance, a second paddle was
provided for playing the polystyrene foam mock-up (Fig. 9).
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Fig. 8 Key moments identified during Session #1 improvising with tubes



Movement Meets Material—An Improvisational Approach to Design

(a) (b)

Fig. 9 Instrument Mock-ups for Session #2
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2.3 Session #2: Exploring Instrument Mock-Ups

For the second session, the improvisational structure was maintained according to
the previous session, as were the participants and their order of activity."" Instead of
the “raw” material of Session #1, this time the three instrument mock-ups were
used. (1) Three air-filled balloons, equipped with straps and belts to individually
fasten them to the body of the performer, (2) two triangular polystyrene boards (one
bigger than the other) with the larger one equipped with a handle and the other left
entirely blank, and (3) various telescoped cardboard tubes with variable total length.
Each instrument was installed on a black pedestal accompanied by a notebook (see
Fig. 10).

2.4 Analysis of Session #2: Instrument Prototypes

The designer translated the insights gained from the observations and feedback
during the second session into refined prototypes. This process was complemented
by an individual exchange between D and one participant per instrument. CD was
interviewed for the refinement of the balloon mock-up since he had chosen it in
Session #1, and EM informed the further development of the tube mock-up.'?

The following paragraphs reflect upon the use of the mock-ups with specific
attention to their improvisational, material and corporeal qualities. We combined
our observations and the participants’ immediate feedback with material extracted
from interviews carried out with EM and CD following Session #2. At the end of
each paragraph, implications for the design of the improvisational prototypes are
outlined.

Improvisation:

In contrast to the first session in which materials were destroyed, participants
considered the instrument mock-ups to be fragile, hence handled them very care-
fully. During the feedback time, EM pointed out that, especially in an improvisa-
tional setting, he required his instrument to be both physically robust and also with
regards to its software. He needed to be able to rely on “a system that works”."> CD
reported that improvising was similar to exploring. According to him, instruments
for improvisation need to “challenge your understanding”'* so that they contribute

11 . .
In Sessions 3 and 4, we proceeded in the same manner.

>The acoustic musician had to cancel her participation after the second session for personal
reasons; so two prototypes were further developed. Following Session 3, D again consulted EM
and CD regarding the technical adjustments of these prototypes.

SEM, Interview, December 29, 2015.

14CD, Interview, December 23, 2015.
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Fig. 10 Performance space for Session #2

to the “journey of discovery”.'> AM and EM also stated that an improvisational
setting required more sonic variation than was offered by the instrument mock-ups.

Materiality:

Compared to the dynamic, nuanced and immediate acoustic interaction with the
material itself (in Session #1), the participants considered the digital level static and
uniform. During the later interview, EM added that in his musical practice he
preferred the access to a large range of frequencies.'® In this context, he referred to a
concept, which we call material authenticity, an idea, which is congruent with our
aim of giving the prototype a recognizable identity. In his opinion, the instruments’
material identity, which generates distinct acoustic signals, should be maintained in
the production of sound. He considered the recognition of genuine material ele-
ments crucial, especially against the background of the infinite number of sonic
qualities we are able to produce through digital sound synthesis.

Corporeality:

In Session #2, the participants were more present and aware of each other during
collective improvisations than in Session #1; they improvised in a more inclusive

ibid.
1°EM Interview.
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manner and played together (see Fig. 11b, c). We were surprised, however, that the
participants varied the intended degrees of distance (see Sect. 2.2). After all, the
mock-ups had been designed with the aim to be used respective to bodily relations
we had observed during Session #1. The balloon mock-up, for example, was used
in an unexpected manner: the participants only rarely strapped the balloons directly
to their bodies. Instead, they used the strap clips to produce sounds (see Fig. 11a) or
to fasten the balloons to each other (see Fig. 11d).

In one of AM’s solos, we observed her turn towards the controller to change the
amount of output channels for the balloons (see Fig. 11a). This produced a break in
her performative, bodily presence: moving towards the controller and arranging
settings interrupted her playing; musician, instrument and controller were separated.
In this context, AM’s preference of the tube mock-up is worth mentioning: “the
didgeridoo created a relation to the body or system of the instrument.” The artifact
she performed with had a clear connotation, which led her to identify it as an
independent entity. While the bodily contact between her and the instrument was
obvious, she focused on the corporeality of the instrument, rather than on the
immediate relation between her body and the tube mock-up.

2.4.1 Balloons

Observation and Conversations:

The manner in which the balloon-material constellation was designed is called a
compound situation: several things of the same kind are arranged as a whole.
A comparable image reappeared when CD held all three balloons very close to each
other (see Fig. 11f). After having discussed with CD whether it was more inter-
esting to deal with one or several objects, D decided to aim for a compound of one
situation, that is, one object that consists of many parts like a modeling balloon.
Furthermore, CD stated that he generally experienced lightness as a limitation: “I
lift the balloon up and I’'m not getting any weight information. [...] It’s not affecting
my balance. [...] I like playing with things with a bit more weight because then you
can relate to them more, you can alter your balance, you can counterbalance,
moving it around affects you.”'” In addition, CD indicated a preference for
something roughly the size of another human body, because his hands were not as
“intelligent” as his body, which he referred to as his main and specific tool."®

Designer’s response:

To have a greater physical effect, the designer added weight to the prototype by
filling an inflatable structure with other kinds of material. In the end, she stayed

7CD Interview.
3CD Interview.
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(c) (d)

(e) (®

Fig. 11 Key moments identified during Session #2 improvising with balloons

with small polystyrene foam balls for their sonic and material behavior: the balls are
electrostatically loaded and move towards or away from hands touching the
inflatables from the outside. In this manner, D provided a new haptic experience
coupled with a further layer of acoustic quality. Additionally, in reference to CD’s
general comment on corporeality, the prototype was adjusted to an average body
size, made out of five elements connected by joints. During the interview, CD also
remembered the moment when he pressed the balloon with the headset microphone
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between his knees as a satisfying object-sound-movement relation (see Fig. 11g).
Consequently, the designer kept this element in the prototype for the following
sessions.

2.4.2 Tubes

Observation and Conversation:

AM carried out an interesting movement pattern with the tube mock-up: she pulled
the tubes out and pushed them back in by changing her body position (see Fig. 12a,
b). To do so, she supported one end of the tubes with the tip of her right foot and
held the top part with one hand. Bending her torso forward and straightening her
back produced a telescopic shrinking and enlargement of the tube. EM stated that
the transition from acoustic to digital sounds had to work smoothly and should be
done in a “smart” way. This does not necessarily mean that switches and controllers
should be on the instrument itself. Yet, for the specific case of the tube setup, he
would prefer an inclusive solution in order to increase the instrument’s mobility.

Designer’s response:

Taking this into account, D decided to include a light-sensor on the bottom and an
LED on the top. In this way, the extraction of the tubes could be mapped to the
sound synthesis process. She further applied two pressure sensors to the top part
and two potentiometers on the ends of the top and middle tubes. Also she imple-
mented a broader range of frequencies in the sound synthesis, since EM considered
this an important attribute of a good setup. The observation of AM’s practice of
telescoping the tubes described above was translated into an additional hand-strap
on the top part of the tube prototype.

2.5 Further Technical Refinements: Improvisational
Prototypes

Following Session #3, the improvisational prototypes were readjusted once more
according to our observations and the participants’ feedback.

While the tube set-up technically stayed the same and the construction was only
slightly modified—a button was added on the top and a foot-strap on the bottom,
the balloon setup was refined in more detail. D equipped it with a control unit
containing two potentiometers, two buttons, an x-y-joystick, a microphone, and a
hand strap. It enabled the performer to record loops, change the delay time and the
feedback, as well as filters. Furthermore, D added two bend sensors on the object
itself to directly map the objects’ curvature to sonic aspects. The acrylic glass joints
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Fig. 12 Key moments identified during Session #2 improvising with tubes
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(a)

(b)

(c)

Fig. 13 AM produced rhythmic figures in nearly each round

were replaced with rubber bands to turn the setup back into a compound of one as
well as to enable airflow between the single elements (Fig. 13).

3 Discussion

Our observations and results described above are discussed in line with the triad
improvisation-materiality-corporeality. However, since we perceived these last two
aspects as closely related during the improvisation sessions, we will discuss them
jointly (Sect. 3.2). The closing paragraph serves as a reflection upon our impro-
visational design approach and discusses the idea of material authenticity, a term
the designer coined during the development process. It merits special attention since
it opens up further questions in regard to the design of digital musical instruments
and therefore offers a connection for future research in this field.
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3.1 Improvisation

In the setting presented, the interactive improviser-environment-relation described
in the introduction to this article was a crucial part of improvisation; it consisted of
a constant mutual exploration and negotiation of bodily, sonic, and material pos-
sibilities. For example, the irreversible deformation and even destruction of the
material provided altered the participants’ ‘environment’ significantly, in that they
effectively changed the material in its sonic as well as haptic qualities. Furthermore,
sounds played by one participant left an impression on the other participants, hence
influencing their actions and playing style.

A persistence of individual playing styles was noticeable across the sessions,
even though several playing modes disappeared from Session #1 to Session #2.
Instead of developing ideas introduced by others, the participants preferred to
engage around individual ideas, sometimes carrying on even across the sessions.
For example, after Session #1, CD stated that he had needed “some time to calm
down”, because in the beginning he had aimed at “a perfect minute [of improvi-
sation] every time”. Therefore, it seemed on the one hand that he picked up on his
own stylistic elements to fulfill his high self-expectations, and—in congruence with
Brehm and Kampfe (1997)—on the other hand, to produce something meaningful.

In a group of improvisers such as this, one would usually expect elements to
emerge through the participants’ interaction. But as stated above, it was only rarely
that the participants collaboratively developed elements. One could assume, how-
ever, that the improvisation setup within which we asked the participants to develop
their solos constituted an overload of demands. Being confronted with a strict
structure and timeframe, rich material qualities as well as a transdisciplinary group,
the participants had to follow the “rules of economy” (Sennett 2009, p. 236) in
order to orientate themselves. Despite this possible overload of demands, the par-
ticipants appreciated being challenged in order to come up with ideas—just as
Sennett expresses in the following quotation.

Getting better at using tools comes to us, in part, when the tools challenge us, and this
challenge often occurs just because the tools are not fit-for-purpose. [...] the challenge can
be met by adapting the form of a tool, or improvising with it as it is, using it in ways it was
not meant for. However we come to use it, the very incompleteness of the tool has taught us
something. (Sennett 2009, p. 194)

With the explicit reference to tools, that is, in our case to material, mock-ups,
and refined prototypes, the quotation makes a good transition to further reflections
upon materiality and corporeality.

3.2 Materiality and Corporeality

Let us take one more look at the challenges mentioned above. For example, after
Session #2, CD stated that, “the limitations made you think”. Here, limitations
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clearly refer to the modified material. In Session #1, the material provided was
relatively indirect in its connotations and possibilities of use. In comparison, the
designed and objectified mock-ups in the second session offered much clearer
affordances, that is, functions and usability in Gibson’s sense of the term (1986,
p. 127). We already showed that the participants perceived the constitution of the
materials and treated them according to the ideas the material quality provoked—or
as Gibson says, “The object offers what it does because it is what it is” (ibid.,
p. 139). Behavioral patterns distinct for each participant reappeared with their
interactions with each material: AM produced rhythmic figures in nearly each
round, CD constrained himself through using the material as a body extension
inhibiting his movements, and EM repeatedly combined several pieces of one
material group to explore their sound qualities. This reveals that the material
affordances and the participants’ embodied practices influenced both their impro-
visation and the instrument design to an equally high degree.

Furthermore, we can conclude that corporeality exists on three levels. Firstly, on
the aforementioned individual level of embodied practices, which the participants
used for their solos. Secondly, on the level of artist-instrument-relation. It was most
obvious in the direct, very engaged and close bodily contact between the partici-
pants and the raw material during Session #1, which seamlessly transformed into
the careful handling of the objects during Session #2. Finally, on the level of bodily
presence of the participants. AM stated e.g. that EM was not accessible during
collective improvisations, which—again—changed in Session #2, where the col-
lective improvisations consisted of more inclusive exchange.

Interestingly, the participants perceived one affordance similarly: in Session #2,
the moment of destruction disappeared completely. Instead, participants all treated
the mock-ups very carefully, which can be linked to the mock-ups’ more objectified
shape and material identity. This points to the conclusion that as soon as there is a
manufactured object to handle, it should be robust and stable so that the musician
can use it in a free, intuitive and spontaneous manner, without being afraid to break
anything.

3.3 Limitations and Outlook

The presented design process can be characterized as transdisciplinary and iterative.
Transdisciplinary, because the process involved four different disciplines:
Contemporary dance, acoustic music, electronic music, and product design. It was
iterative, because the participants involved reconvened several times. In each ses-
sion, all participants were working towards and discussing aspects of digital
musical instruments and live set-ups. The process became more directed each time.
It departed from material exploration and instrument mock-ups to playing with
refined improvisational prototypes. The design and functionality of these prototypes
emerged step by step, which was also manifested in the behavior of the participants:
their activities underwent a change from individually exploring material
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possibilities to playing together ‘on’ one object. Similarly, different performance
practices informed the subsequent discussions. The participants stated varying
needs according to whether they performed in a predetermined setup with a com-
posed piece, or whether they were supposed to be improvising. Furthermore, we
showed that the participants’ exploratory manner of dealing with the proposed
material as well as their reaction to the perceived sounds and movements influenced
the design process to a high degree.

In conclusion, the chosen improvisation practice opened up a broad range of
aspects that can impact and enrich the design process. At the same time, it revealed
the interdependent relation between (1) individual practices, experiences, and
demands, (2) a transdisciplinary group constellation, (3) spatial settings, (4) im-
plemented technologies, and (5) provided materials. It is due to this complex net-
work of aspects that we are unable to clearly state which of them predominantly
influenced the participants’ improvisations and, consequently, the developed
prototypes.

We showed that improvisation in a performative context can significantly shape
the design of a musical instrument. It revealed insights into the interplay of
materiality and corporeality—aspects we consider to be crucial for an instrument
design process. Furthermore, spontaneity and flexibility are important factors to
consider in an improvisational setting. An instrument played during improvisation
therefore needs to be a stable and reliable system providing the performer with
immediacy and variability at the same time. In regard to the chosen improvisational
approach it is noteworthy that CD’s bodily engagement decreased significantly
while playing with the improvisational prototypes during the final session. From
Session #1 to Session #2 we noted the disappearance of several playing modes. We
explained this with the emergence of form. We consciously designed a digital
instrument usable in a performative, improvisational live set-up. It was never
intended to become an artifact for dance performances. Yet, the applied method
stemmed from contemporary dance and both CD’s movements and input strongly
informed the developed instruments. It is noteworthy to perceive such an important
disciplinary foundation to slowly disappear in the concretization process of the
instrument.

One more aspect connected to the overall design process merits further attention:
Digital sound synthesis opens up infinite possibilities of sound generation and
manipulation. We think that in this labyrinth of sonic possibilities, materiality can
act as a leitmotiv for an electronic instrument’s audio-visual character, which will
consequently form its ‘identity’. In our sessions, the instruments’ materials
informed their emerging identities in that they provided genuine and recognizable
sound signals and playing patterns. We thus speak of an instrument’s material
authenticity. When for an electronic live set-up, an artifact is combined with digital
sound generation, we consider it important to integrate this authenticity. When
connecting these two spheres, mechanic-analogue and digital sound generation, in
one hybrid instrument, we should take care that they ‘speak the same language’. In
this manner, the performative and musical flow between the musician and the
instrument can be strengthened and mutually enhanced.
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Playing with refined prototypes during Session #3 already raised the partici-
pants’ expectations towards the instruments. For our final session, we had achieved
the aim of two digital musical instruments including a limited set of sound synthesis
based on their material components. These were cardboard for the tube instrument
and transparent film filled with tiny polystyrene foam balls derived from the balloon
mock-up. Material authenticity marked the sounds produced both during the quick
and the collective improvisation rounds: Filters and delay, for example, modified
the participants’ blowing into the cardboard tube, but the sound of in- and exhaling
remained audible. Also, the trickling polystyrene foam balls were not only visible.
Their falling onto the microphone produced a quite loud electronic ticking sound.
Their original, ‘natural’ sound, however, was barely perceivable; an aspect to which
the participants expressed criticism during our feedback discussions at the end of
the session.

We would therefore like to finalize our contribution with the following ques-
tions, simultaneously paving the way for further research on material authenticity of
future digital musical instruments: Which relation between material qualities and
sensorial sensitivity is most suitable to enable both rough material treatment and
subtle sonic results? How can the resulting instrument system offer enough room
for material and sonic exploration without inhibiting the musician through its
complexity, and without boring him through being too obviously authentic? And
last but not least: Can we actually define an instrument’s or a digital sound’s
authenticity, or is this subject of subjectivity, that is, individual perception?
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Instrumentality, Time and Perseverance

Giuseppe Torre and Kristina Andersen

Abstract In this article we discuss how the act of perceiving a digital object as a
musical instrument can be considered as directly proportional to the amount (and
quality) of time invested in its development and refinement to suit individual needs
rather than generic ones. In that regard, the purpose-free approach to the design of
generic controllers contrasts with a view of personalised tools developed and
continuously redefined by the artist to fulfil artistic and musical needs. In doing so,
the time invested relates to the artist/designer’s perseverance in a never-ending
process of subjectification of the digital instrument identity. The discussion pro-
vided in the article is supported by a case study on one of the pioneers and
developers of digital musical instruments: Michael Waisvisz (1949-2008) and his
work on The Hands (first exhibited in 1984—Iast performance dated 2008). We
argue that this almost 30-year long and engaged process of development and
experimentation can be seen as a model, through which we can allow other musical
devices to evolve from controllers of digital musical matter to instruments that may
provide integrated and embodied possibilities for musical expression.

1 Introduction

Over the past three decades, an ever-increasing number of researchers have studied,
designed and performed with a highly diverse set of digital tools better known as
digital musical instruments (DMI). This effort has been largely driven by the desire
to develop new tools that enable a performer to connect with the vast realm of
sounds allowed by digital technologies.
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To some extent, the use of the term ‘instrument’ in the acronym DMI reveals an
intention to draw similarities with traditional instruments (e.g. a guitar) and as such
to more closely relate to the concepts of expressivity and musical purpose.
Arguably, there seems to be a general discomfort amongst both experts and audi-
ence in attributing the status of “instrument” to the vast majority of these novel
digital tools that, often, are better described as controllers.

While the words instrument and controller are not synonyms, they are both used
almost interchangeably in both academic writings and conversations. Arguably, this
may to some extent be due to the fact that the word interface appears in the title of
one of the most prestigious conferences in the field concerned here: the New
Interfaces for Musical Expression conference (NIME). The idea underpinning most
of the research presented in its proceedings is, indeed, to develop objects that would
facilitate the performer to interface with the vast realm of musical sounds. Yet, the
word interface connects better with an interaction design culture than an artistic one
and in fact, NIME was born as a workshop at an interaction design conference in
2001 (the ACM Conference on Human Factors in Computing Systems—CHI)." In
this context, the performer is often seen predominantly as a user, and the instrument
is an object interfacing and mediating the interaction between a human and the
computer (i.e. the digital realm). At the same time, the NIME community needed to
find its way away from CHI and, in an effort to establish its focus, researchers
started highlighting the differences between the controlling elements (i.e. a con-
troller) and the expressive mechanisms (i.e. a musical instrument) in a DMI
(Dobrian and Koppelman 2006). This distinction delineates two distinct types of
focus, the artistic and musical purpose of an instrument and the technical and
interactive properties of a controller.

1.1 Heritages

Cultural heritages plays a key role in allowing a digital musical object to be defined
as a musical instrument in that it helps forming judgments according to widely
accepted parameters used for traditional ones such as affordances, virtuosity, touch,
expressivity and, most importantly, a music literature. Instead, the idiosyncratic
approach that characterises the development of DMIs has impeded the formation of
a tradition shared by both audience and performers. In turn, this has forced the
discussion on the proper nomenclature of these devices into a lexical issue in which
a never-ending need for defining attributes such as the one of ‘digital’ are invoked
to highlight peculiar interaction and modus operandi paradigms (e.g. the digital
paradigm).

"Incidentally, the interchangeable and confusing way in which both terms of instrument and
controller are used is evident from the very first paper published in the first proceedings of this:
Principles for Designing Computer Music Controllers by Perry Cook and dated 2001.
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The paper by Cance et al. (2009) presents a good picture of the linguistic
conundrum that the definition of a DMI has created. Yet, Cance et al. also conclude
that “the instrumentality of these new devices (DMls), as well as of “classical”
instruments, does not result from their intrinsic properties only. It is constructed
through musical play, interactions between musicians and the design and devel-
opment of the instruments.”

Similarly, Cook used the word ‘remutualizing’ to suggest that the development
of new digital instruments should follow the traditional workflow in which the
“design used to be the result of mutual evolution of performer and craft, and that,
with care, designers can reintroduce this symbiosis in our modern electronic
instruments” (Cook 2004). We agree with Cook’s suggestions in that this would
re-centre time as the dominant factor to the making of an instrument. Time is
intended as the unavoidable temporal length required to continuously refine an
object. In doing so, time becomes related to the willpower and dedication of the
developer. Time invested can be then considered to be proportional to the devel-
oper’s perseverance.

1.2 Three Phases of Development

In light of the considerations above, we retrace the life of an instrument in three
phases: an initial experimental phase in which a performer’s needs and crafting
solutions are explored. A second phase, standardisation phase, in which the best
crafting solution is accepted by (and suited for) an audience who also contribute to
the making of a musical literature dedicated to the new instrument. A third phase
referred to as the customisation phase. Here the instrument is tailored to individual
needs although still retaining the main characteristic of the standard one (for
example the addition of an extra sensor, the introduction of a mapping technique or
a different colour for the main body and so on).

With the three phases above in mind, it can be seen how the life of most DMIs,
as presented in the pertinent literature (e.g. NIME) ends in the experimental phase.
The DMI is built on the basis of the needs or some technical issue that the
researcher (usually the performer, too) wants to investigate. The end of this pre-
liminary research marks also the end of the DMI’s life. This, of course, does not
allow for the creation of a dedicated instrument literature or for the subsequent
customisation phase. The life of the device is too short to fully bloom into an
instrument that is also recognisable as such by an external audience. The DMI
remains a DMI with all the problematics, misunderstandings, lexical and episte-
mological issues associated with it.

Only a few DMIs have followed the three phases of development. Using Jorda’s
words, it is also important to note that “many new instruments are being invented”
but “too little striking music is being made with them” (Jorda 2004). The list of
professional musicians that have used extensively DMIs to the point of becoming
virtuosos is small and includes performers like Jon Rose and his series of
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deconstructed violins and Laetitia Sonami and her Lady’s Glove. One other
prominent example is Michel Waisvisz (1949-2008) and his instrument The Hands.
In the remaining part of this article we report and discuss excerpts taken from a
previously unpublished interview with Michel Waisvisz from April 2008, con-
ducted by Kristina Andersen at STEIM, and apply our three-phases hypothesis to
the development of The Hands. In this interview Waisvisz looks back at his work
on The Hands, outlining the motivations and story behind their development. All
indented quotes in the following are taken from this interview.

2 The Story of the Hands

Michel Waisvisz” work on The Hands started at the STEIM Lab in 1984, and it
engaged him for over a quarter of a century, during which time The Hands were his
main performance instrument. The basic system comprised of a pair of data gloves,
each of which is made of a small keyboard on the player’s hands, accelerometers,
pressure sensors and an ultrasound distance sensor. Over the 25-years development
three versions of The Hands were designed and built: version 1 from 1984, version
2 from 1990 and version 3 from 2000 (Torre et al. 2016) (Figs. 1, 2 and 3).

Throughout this process Waisvisz remained the designer and lead on the tech-
nical and artistic design while a large number of individuals contributed to the
building and coding, amongst those: Wim Rijnsburger, Hans Venmans, Peter Cost,
Bert Bongers, Frank Baldé, Tom DeMeijer, Maurits Rubinstein, Jorgen Brinkman
and David Bristow.

Each version presented a different number of sensors and design. The sensor
technology in use, however, remained almost unchanged, except for the addition of
a clip microphone on the left data glove starting from version 2. The Hands con-
nected to a box secured around the back of the performer, hosting a microcomputer
that converted the incoming analogue data from the data gloves into MIDI mes-
sages and sending them to the host computer for further sound processing and
manipulation (ibid.).

2.1 The Experimental Phase

The experimental phase is generally characterised by the exploration of the per-
former’s musical need. Waisvisz had arrived at STEIM in 1973 with a musical
desire to “touch” (Waisvisz’s quote) electronics, and by the mid-seventies, with the
help of Peter Beyls, Nico Bes and Johan den Biggelaar, he created the ‘Crackle
Synth’ and its offspring, the ‘Crackle Box’. He motivated the physical approach in
the design of this electronic music instruments by stating that:

Machines are precise with numbers, but the human hand is more precise with musical time.
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Fig. 1 Waisvisz and The Hands version 1 (photo from STEIM Archive)

Fig. 2 Waisvisz and The Hands version 2 (photo from STEIM Archive)
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Fig. 3 Waisvisz and The Hands version 3 (photo from STEIM Archive)

This project was seminal for the subsequent development of The Hands.
However, it took ten years and a breakthrough in industry standards for it to
eventually bloom.

In ‘84 the DX7 turned up, the Yamaha DX7, which was the first synth that was widely
spread that had MIDI, and so when they explained to me what MIDI actually did... I took
that of course in my way, and I thought, I could make a crackle box and have that translated
into MIDI. And then, you know, I could just have two Crackle-boxes, one on each hand, or
something like that and then I realised we needed keys, ‘cause MIDI was very much
key-oriented.

With the design based on such a simple premise and the keys being central to the
MIDI concept, the first prototype was quickly built.

So with Johan de Biggelar in three month’s time we basically build this little plate with a
number of keys and like a sonar sensor and a pressure sensor and a potentiometer, and that
was it. And with that, after four months I did this concert in de Concertgebouw... and I
used it only in a part of the piece, because it wasn’t finished...

In 1984 Waisvisz performed with The Hands for the first time in the
Concertgebouw in Amsterdam. This early version was, however, far from being
considered a success in the opinion of its developer/performer:

To be honest, I was a bit disappointed with The Hands, because it was so complex in the
beginning. You had to realise so many things, to keep track of what is switched on, and that
if you move to another octave, you should switch them off, and indeed how to have them
move to another octave? ‘Cause we used these quick keys or switches to move to other
octaves, so with a tiny keyboard of 12 keys, you had an 8-octave instrument. So I kind of
dropped it through the summer of ‘84... and you know, I wasn’t sure that it was such a nice
instrument, I had such problems playing it, and it needed so much work....
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The instrument was nearly impossible to play, and it was immediately clear that
it would take a lot of time investment to not only make it playable, but, maybe more
importantly, learn to play it. The concept had been demoed and now the question
was if it would be worthwhile to continue working on it.

...so we left it for a while,... kind of threw The Hands away, literally in a box some-
where..., and then I was invited to come to the Computer Music Conference in Paris, and...
there was so much talk about all these circuits that they had, that needed to be controlled.
And you know people were unhappy with the piano, so they were using all these little fader
boards. And I suddenly realised, there was David Wessel doing a speech and he was like:
“We need a real instrument...” and I realised suddenly that that crazy instrument that I had
used in the Concertgebouw... I suddenly realised that I should really work on that, so this is
where I immediately hooked up with David, and I got to know Joel (Ryan) through George
(Lewis) and I started learning about MIDI, I started learning programming a little bit, and
we invited George and Joel to STEIM...

As the development of The Hands continued in the STEIM workshops, the
process became a model for how artist-driven technology could be supported. This
approach placed the initiative and the design of an instrument with the musician,
who has both the knowledge and the vested interest in developing and playing with
the resulting musical object.

...that was maybe ‘84-°85, I don’t remember exactly, and so then suddenly I found myself
programming on a small computer and making these first little programs and together with
Johan de Biggelaar developing The Hands further. And I think about a year later I did these
first concerts at the IRCAM with The Hands working.

At this point it could be argued that The Hands left the experimental phase and
entered the standardisation phase.

2.2 The Standardisation Phase

The standardisation phase is characterised by an effort to engage a greater number
of performers in the adoption of the design solutions found during the preceding
experimental phase.

One of the technical challenges faced during the development of The Hands was
the implementation of an analogue to MIDI converter that enabled the conversion
of the data gloves’ sensor reading to MIDI in order to interface with the DX7
synthesiser. This preliminary work in 1989 lead to the development of the
analogue-to-MIDI converter Sensorlab. The year after, a simplified version of The
Hands known as “MIDI Conductor” was released and distributed amongst music
practitioners and students.

The MIDI conductor hosted the same type of sensors that The Hands had (keys,
pressure sensors, distance and tilt sensors) but just in smaller numbers. Six units
were produced, and they were handed out to a duo (Frank Baldé and Michael
Barker), a trio (BMBCon, i.e. Justin Bennet, Roelf Toxopeus and Wikke van’t
Hoof) and Edwin van der Heide. Waisvisz, too, wrote a piece for multiple MIDI
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Conductor performers (i.e. the BMBCon trio) called Abracadabra. Baldé modified
his MIDI Conductor to be able to use it with the second generation of the
SensorLab, and as of today it is still operating. All this contributed to the making of
a small, although unfortunately little documented, written literature. Yet, it provides
historical evidence for the sharing of musical objects born by the need of a single
performer.

2.3 The Customisation Phase

The customisation phase began in 1990 with the development of Version 2 of The
Hands and ended in 2000 with the release of Version 3. The differences between
these two versions are minimal compared to Version 1, thus present similar features
and ergonomic solutions. Beyond an increased number of key switches and the
addition of one potentiometer, the differences are found mainly in aesthetic features
such as colour, case and circuit board layout.

After the finalisation of version 3 of The Hands, Waisvisz made the decision to
stop developing and accept the physical layout as is. From this point onwards, he
concentrated on refining the software settings and musical content of the perfor-
mances. In this version, there were no longer big technical problems, thus energies
were invested almost solely in learning to play The Hands. This lead to a long
sustained practise of not only playing and developing music, but also developing
physical practices and movements of playing. It was time invested in developing a
personal relationship with his musical instrument.

Some movements are also really to connect. I think there’s a lot shoulder movements that I
have that I do that are totally unnecessary for, you could say for the actuation of the sound,
for the triggering of the sound. But they will steer my hands, move my hands in a way by
moving the shoulders so that they are at the right moment. It’s a kind of gel that connects.

This process of learning and re-learning the possibilities and limitations of the
instrument is one that is well-known to anyone who has ever practiced to play an
instrument. By freezing the design modifications and extensions when The Hands
were physically stable and durable, it became possible to focus on the musical
intent beyond the novelty of the devices and engage in the aesthetic and musical
considerations, rather than the technical details that lie behind the interface. In the
case of The Hands, this required a whole new set of skills to engage with the
physical challenge of playing and mapping each moment to a continuous physical
movement through each piece.

It is a kind of internal connection of notes that is being helped by connecting them
physically by changing your movement and posture. Then suddenly it is like almost like a
real connection in time. And I think that if you would analyse all the movements of what I
do, it’s interesting because my instrument doesn’t require that much specific movement, but
I would easily guess that more than half of the movement is to connect and to help to shape
time, rather than is being functional to the triggering like interacting with the sensor or so to
say.
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3 Conclusions and Notes

But of course with The Hands, you can use your whole body. You can stand there as a
boxer, or you can be there like trying to be fragile like a cloth in the wind or something.

When it comes to playing an instrument, whether it is traditional or a DMI, the
body of the performer is in the centre of things, with the control and sound
properties of an instrument intimately linked to its acoustical properties, technical
execution, size, weight, construction and, more generally, to what the object affords
(Gibson 1977). In this article we have argued that the way a demo-object becomes
an instrument is through the practice of learning to play it, and the perseverance in
seeing it through the three phases of instrument design: the experimental phase, the
standardisation phase and the customisation phase.

It could be said that Waisvisz in a sense stumbled upon the initial notion of The
Hands, but it was through his commitment to build a practice around them over a
long period of time and develop a unique and personal set of expressions and
virtuosic skills, which instituted them as instruments for musical expression.

This was made possible by deliberate intentions and goals. The architect Sabien
de Klein, who designed the enclosure for the Crackle Synth, describes the way
Waisvisz explained his intentions to her:

He said: “T want it to be like a piano... I want to make it recognisable as an instrument of
the old times, that it is, not after old instruments, but between old instruments.”?

This is also in line with a statement by Sally Jane Norman, Michel Waisvisz and
Joel Ryan in the catalogue for the STEIM Touch festival:

Touch advocates an idea of performance in which the physicality of the encounter between
artist and audience is essential. Touch vindicates the central position of the human element
in the electronic arts, and the necessity to place technology at the service of the creative
individual. (Norman et al. 1998)

By addressing new technologies for creative expression through the performing
body of the musician, the process of allowing time and effort to move an interface
towards becoming an instrument closely mirrors the process of learning to play. As
the idiosyncrasies and quirks of an interface are either improved and eliminated or
learned, the third phase of instrument building is also the phase where the musician
has the opportunity to intimately engage with the emerging instrument. This may
ultimately allow us to see the potential design and solution space of a musical
interface through the framework of a much larger history of artistic objects and
practices. If so, it seems that the time invested and the artists’ perseverance may be
a key to an instrumentality that is achieved by favouring long-lasting ageing pro-
cesses over a habit of fast-prototyping and fast-dismissal.

Throughout the process of making and playing The Hands, Waisvisz considered
each new modification in the light of a desire for making a new kind of music. Joel

’In personal communication with Kristina Andersen.
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Ryan, who was present at STEIM for most of this period, expresses this stance well
when he writes:

The musical instrument is a vehicle for the desire to make music. It is both something that
must be internalised, incorporated and made flesh and something other, without which we
could not get to that sound from the world beyond (Ryan and Andersen 2014).
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Machine Learning as Meta-Instrument:
Human-Machine Partnerships Shaping
Expressive Instrumental Creation

Rebecca Fiebrink

Abstract In this chapter, I describe how supervised learning algorithms can be used
to build new digital musical instruments. Rather than merely serving as methods for
inferring mathematical relationships from data, I showhow these algorithms can be
understood as valuable design tools that support embodied, real-time, creativeprac-
tices. Through this discussion, I argue that the relationship between instrument
builders and instrumentcreation tools warrants closer consideration: the affordances
of a creation tool shape the musical potential of theinstruments that are built, as well as
the experiences and even the creative aims of the human builder. Understanding
creation tools as “instruments” themselves invites us to examine them from per-
spectives informedby past work on performer-instrument interactions.

1 Introduction

The practice of building new musical instruments is predicated on the recognition
that instruments matter: that the sort of music one can make with a xylophone is
different than with a violin, which is different still from the music one can make
with a computer. Instruments differ by more than just their sound qualities; acoustic
instruments bring with them particular physical affordances, and these lead to
idiomatic playing styles and repertoires.

The goal of many designers of digital musical instruments is to discover new
idioms for expression, shrugging off old constraints of physical materials and
acoustics. Each new configuration of sensors and sound synthesis algorithms pat-
ched together by software suggests a new way of being played.

Just as the instrument shapes the music that may be played, the tools for instru-
ment creation shape the instruments that may be built. And just as each instrument
demands its player develop a particular set of physical skills and musical knowledge
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to become competent, each instrument creation tool demands the cultivation of
certain technical skills and ways of thinking in its users.

In this chapter, I will discuss how machine learning algorithms can shape the
design of new instruments. Machine learning algorithms can facilitate new types of
design outcomes: they enable people to create new types of digital musical
instruments. But, I will argue, they are also valuable in facilitating new types of
design processes, allowing the instrument creation process to become a more
exploratory, playful, embodied, expressive partnership between human and
machine. And these qualities of the design process in turn influence the final form
of the instrument that is created—as well as the instrument creator herself.

My aims in this chapter are: (1) to provide readers new to these ideas an
introductory understanding of how supervised learning algorithms can be used to
build new digital musical instruments; (2) to demonstrate that supervised learning
algorithms are valuable as design tools, bolstering embodied, real-time, creative
practices; and (3) to argue that, because the nature of any new musical instrument is
intimately tied to the process through which it was designed, a closer attention to
the relationships between instrument builders and instrument creation tools can
deepen our understanding of new instruments as well as point to opportunities to
improve design of both new instruments and creative experiences.

Fig. 1 Components of a
digital musical instrument
Gestural

controllers /
sensors

Mapping

\

Sound
production
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2 New Instruments

2.1 Mappings and Mapping Creation Tools

Wanderley and Depalle (2004) use the following basic modular structure (illus-
trated in Fig. 1) to frame discussion of the design of digital musical instruments:
First, a gestural controller (or other sensing component) senses the actions of the
performer(s); this may include custom sensing hardware, a microphone, a camera,
biosensors, and so on. These sensors pass a real-time stream of data to a “mapping”
component, which is typically a software program. This component determines how
to control the parameters of a sound production component, based on the values of
the sensors. The sound-making component might be controlled with low-level
musical parameters (e.g., amplitudes and frequencies of sinusoidal components,
filter coefficients, or physical modelling parameters) or higher-level ones (e.g.,
determining the tempo or style of an autonomous agent).

In acoustic instruments, the relationship between a performer’s actions and the
sound of an instrument is dictated by physics, but there are few constraints on how
digital musical instrument mappings might link these together. The design of the
mapping determines, in the words of Hunt et al. (2002), “the very essence of an
instrument”: it defines the ways a performer may move or act, the dimensions of
musical engagement that are possible, the means for an audience to perceive the
relationship between a performer’s intention and the music, and so on. Designing a
mapping can thus be understood as designing a space of musical possibilities, and a
number of instrument builders see this process as one of musical composition,
where the outcome is a system that “carr[ies] as much the notion of an instrument as
that of a score” (Schnell and Battier 2002).

Currently, computer programming is the de facto tool for creating an instrument
mapping. Programming allows the creation of any imaginable mapping, in theory—
just as a Theremin allows one to play nearly any imaginable melody, in theory.
However, the practice of programming strongly encourages the creation of certain
types of instrument mappings and discourages others. It is easiest to program
mappings in which each sensor input controls a single sound synthesis parameter,
and in which each synthesis parameter value is likewise impacted only by this
single sensor; Hunt and Wanderley (2002) term such configurations “one-to-one
mappings.” Furthermore, it is easiest to program mapping functions that are simple
(e.g., linear) and deterministic. The easiest instrument to build is therefore often
analogous to a mixing desk: a set of independent sliders, each with an
easy-to-reason-about control mechanism wherein the usable range of the sensor is
mapped onto the useful range of a single sound control parameter.

This type of mapping naturally supports particular types of interactions between
performer and instrument at the expense of others. Problematically, Hunt and Kirk
(2000) found evidence that such simple, “one-to-one” mappings may present bar-
riers to effective musical use when compared with more complex mappings. They
found that mappings in which multiple dimensions of input affected multiple sound
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parameters simultaneously—“many-to-many” mappings—were more engaging to
the user, offered more effective control over complex tasks, facilitated more
effective learning of the interface over time, allowed people to think about sound
gesturally, and were sometimes even considered to be more fun.

Researchers have developed various approaches to facilitate mapping creation
through means other than programming, and a number of these approaches make it
easier to create complex and many-to-many mapping functions. This work includes
a variety of mathematical approaches to function generation, including matrix
operations (Bevilacqua et al. 2005), interpolation (e.g., Garnett and Goudeseune
1999; Bencina 2005), and machine learning, which I discuss in the next section.

2.2  Human-Computer Interactions with Digital
Instruments: Control Versus Partnership

The idea that “mappings” are a useful concept for framing the design or analysis of
digital musical instruments is not without its detractors. For instance, Chadabe
(2002) is critical of the paradigm, as it assumes a one-directional, simplistic rela-
tionship between human and instrument where the aim is control by the human over
the sound. To employ a fixed, deterministic mapping function can be seen as
ignoring the true potential for digital instruments to facilitate truly new forms of
music making. Instead of taking advantage of computers’ capacity for complex,
non-deterministic processes, employing a static mapping function underutilizes the
computer as simply a means of mimicking acoustic instruments, “to make the
performer powerful and keep the performer in complete control” (Chadabe 2002).

In this chapter, I argue that the act of composing the instrument, like Chadabe’s
vision for the act of performing with an instrument, presents opportunities for new
forms of relationships between humans and computers. The machine learning
approaches I will discuss next create deterministic mapping functions that might be
lacking interest on their own, at least in Chadabe’s assessment; however, they
support a rich dialogue and journey of co-discovery between human and machine
throughout the process of creating a mapping. This process may unfold for months
or years before a performance, or it may happen live on stage, making the
mapping-building process a performative instrument in its own right. In either case,
the quality of relationship between human and machine in the instrument compo-
sition process has significant aesthetic and practical consequences, as I will discuss.

3 Machine Learning and the Wekinator

Supervised learning algorithms are capable of learning functions from examples.
An instrument mapping can be understood as such a function, whose inputs are
sensor readings and whose outputs are sound synthesis parameter values. An
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Example inputs & outputs
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Fig. 2 A supervised learning algorithm can create a mapping from a set of training examples

algorithm can learn this mapping from a set of training examples, where each
training example contains one set of sensor readings, paired with the set of sound
synthesis parameter values that the designer would like to produce when those
sensor readings are seen during performance (Fig. 2).

Different learning algorithms employ different strategies for learning a function
from the training examples. However, the learning process can be roughly char-
acterized as finding a mapping function which, upon seeing input values similar to
those in a given training example, tends to produce output values similar to those in
that training example.

Supervised learning has been used to create mappings for new musical instru-
ments since the early 1990s. Neural networks—a type of supervised learning
algorithm—were used by Lee et al. (1991) to control the timbre of synthesised
sound using a MIDI keyboard, and by Fels and Hinton (1995) to control speech
synthesis using a sensor glove.

In 2008, I began to build a general-purpose machine learning tool that could be
used by composers' to create a variety of new digital instruments. By that time,
seventeen years after Lee and Wessel’s experiments, many composers had laptops

"In this chapter, I use the word “composer” to refer to people who build new musical instruments
and create customized controller mappings, rather than referring to them as instrument builders or
musicians. This word choice reflects an understanding of instrument building as an act of musical
composition (cf. Schnell and Battier 2002, discussed above). It also accommodates the fact that
there may not be a clear or consistent distinction between the notions of instrument, “preset” or
mapping, and composition. For instance, at least two of the composers discussed here (Dan
Trueman and Laetitia Sonami) have used the same controllers or sensors to play different musical
pieces, but designed a different gesture-to-sound mapping for each piece.
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which could easily train neural networks in a few seconds (or even faster). They had
a wealth of sensors and game controllers, as well as fast audio and video feature
extractors from which to obtain information about performers’ actions. They had
easy-to-use communication protocols such as Open Sound Control (Wright and
Freed 1997) to patch these sensors to powerful, real-time sound synthesis software
such as Max/MSP. However, composers did not have access to easy-to-use
machine learning software tools. Outside of music, toolkits such as Weka (Hall
et al. 2009) were beginning to make it easier for people without extensive machine
learning expertise to experiment with off-the-shelf machine learning algorithms,
using graphical user interfaces (GUISs) that did not require computer programming.
However, general-purpose GUI toolkits such as Weka did not typically support
real-time applications such as music performance.

I named my real-time machine learning toolkit Wekinator, in honor of Weka’s
achievements in making machine learning accessible to wider groups of users, and
also because Wekinator used Weka’s implementations of several learning algo-
rithms. Fundamentally, Wekinator is a tool for building mappings like those in
Fig. 1. In real-time performance, Wekinator receives input values from sensors or
other input sources via Open Sound Control (OSC) messages, and it sends output
control values to any sound synthesis program (or even animation program, game
engine, etc.) via OSC. Wekinator provides a GUI for recording new training
examples, training supervised learning algorithms (including neural networks and
linear and polynomial regression for creating continuous mapping functions, as well
as other methods), running trained models, and configuring various aspects of the
machine learning process (e.g., specifying which sensor values will be used in
computing each one of the synthesis parameters).

3.1 Interactive Machine Learning as Design Tool

In most conventional machine learning applications, the goal of using machine
learning is to build an accurate model from the set of training examples. For
example, the goal might be to build a model that predicts whether a medical
treatment is likely to be effective for a new patient, using a training dataset with
information about previous patients (the model function inputs) and the efficacy of
the treatment on them (the model function’s output). The set of training examples is
often assumed to be fixed, and much of the human work of applying machine
learning focuses on finding the algorithm that most accurately models the patterns
in the given training set. Typically, the human practitioner relies on established
quantitative metrics in order to compare alternative models and choose the best.
A composer using supervised learning to build a new instrument is faced with a
very different type of application. She most likely does not begin the design process
with an appropriate training set in hand—she must build a training set from scratch,
creating examples that encode her understanding of how performer gestures or
actions will be mapped to musical control parameters. While quantitative metrics
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may be helpful in assessing whether a model has accurately captured the patterns in
the training data, these metrics cannot always reflect all of a composer’s priorities
for a trained mapping (Fiebrink et al. 2011). For instance, she might want the
mapping to provide access to a range of sounds that fits the desired aesthetic of the
piece, and to make these all accessible using a set of performer gestures that are
comfortable to perform; or perhaps she wants to create a mapping that is easy (or
difficult) for a performer to learn to play without making undesired sounds. The
composer therefore cannot rely only on quantitative metrics of how well a model
fits the training data to know whether a mapping is any good, or whether one
alternative is better than another; she must use other means to evaluate a mapping,
such as experimenting with it herself and listening to how it responds to her actions.

If a composer is dissatisfied with the mapping built by a supervised learning
algorithm, changing the training examples is often an effective way to improve the
mapping. For instance, if she wants a particular sound to be more easily playable
using her mapping, she can provide additional training examples, pairing that sound
with easy-to-demonstrate performer gestures, then retrain to build a new model. If
she is unhappy with the outcome, she can delete those training examples and
replace them with different ones. When supervised learning is used to build new
musical instrument mappings, the training examples act as the conduit through
which a composer communicates her intention to the computer. In more conven-
tional machine learning applications, however, changing the training data is not a
reasonable action to take to improve a model, because the training dataset is
assumed to be a (more or less) accurate representation of some phenomenon in the
world. This is the case with the medical treatment prediction example above, where
the dataset recording treatment outcomes for previous patients is a valuable source
of information about the problem domain.

For these reasons, Wekinator’s user interface is designed to facilitate certain
interactions between humans and supervised learning algorithms which are not part
of more conventional machine learning processes: Users can create new training
examples in real-time, by demonstrating performer actions along with the sound
synthesis parameters they would like to be associated with those actions. Users can
evaluate trained mappings by hands-on experimentation, observing how the map-
ping changes the sound as they change the input values. Users can iteratively add
and remove training examples, and seamlessly move between these phases of
editing data, re-training, and evaluating the effects of changes they make to the
mappings (Fig. 3). This type of approach to machine learning in which a human
user steers model behaviours through iterative and strategic changes to the training
data is often called “interactive machine learning” (Fails and Olsen 2003).
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4 Machine Learning as Design Tool

In the eight years since developing Wekinator, I have observed it being used to
create new instruments by dozens of professional composers, computer music and
computer science students, “hackers” and “makers,” and people with disabilities,
and I have also used it in my own compositions and performances (Figs. 4, 5
and 6). Previous publications describe how I have used participatory design pro-
cesses and surveys (Fiebrink et al. 2010), workshops (Katan et al. 2015), interviews
(Fiebrink 2011), analysis of software logs (Fiebrink et al. 2011), and reflection on
my own work (Fiebrink et al. 2009) to understand how people use Wekinator and
why. This work all suggests that the most important benefits of Wekinator pertain to
the way that it changes the design process, facilitating the creation of new kinds of
instruments while also making design accessible to new people.

Fig. 4 Laetitia Sonami plays the Spring Spyre, an instrument she created with Wekinator (2015)
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Fig. 5 The Sideband ensemble performs Anne Hege’s composition From the Waters, in which
Wekinator was used to create several GameTrak-controlled instruments

Fig. 6 NetsO was one of the first pieces written for Wekinator, and it requires performers to train
new mappings for their own controllers live on stage
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4.1 Speeding Up Implementation of Complex Mappings

One of the most immediately apparent benefits of using Wekinator to build map-
pings is the speed and ease with which composers can build a new instrument and
modify it. Once the sensors or input devices are sending data to Wekinator via
OSC, and a sound synthesis program is ready to receive control messages from
Wekinator, the process of training a machine learning algorithm to create a mapping
from input values to sound can take as little as a few seconds. This is true even for
complicated, many-to-many mappings (the default type of mapping created by
Wekinator) in which each sound control parameter is influenced by many input
dimensions in possibly non-linear ways. Thus, using supervised learning encour-
ages the creation of mapping types that have been shown to be more engaging,
learnable, and controllable than those that are easiest to create using coding
(see Hunt and Kirk 2000).

4.2 Supporting Prototyping and Exploration

Reducing the time it takes to create a viable instrument does not necessarily mean
that composers using Wekinator spend less time building instruments. Instead,
composers I have observed typically use their time to make many different variants
of an instrument. They iterate many times, making slight or dramatic changes to the
training data, as well as to the input devices and the sound synthesis software.
Sometimes, these iterations are attempts to fix a problem with the mapping or
otherwise improve the instrument according to a clear set of criteria. In these cases,
changing a supervised learning model via changes to the training data can be a
much faster way to fix a mapping or adapt it to a change in input or sound synthesis,
compared to changing manually-written programming code.

However, these iterations are often the result of the composer intentionally
exploring alternative designs in an effort to better understand what sort of instru-
ment he really wants to make and how to make it. Prototyping and iterative
refinement are recognized as activities that are critical to design in any domain
(Resnick et al. 2005; Buxton 2010). Prototypes are physical manifestations of
design ideas, and experimentation with a prototype helps a designer better under-
stand the merits of the idea as well as potential ways to improve it. By reducing the
time and effort needed to instantiate a prototype for a new idea, Wekinator
encourages prototyping and allows composers to explore more ideas, and more
refined ideas, over the process of building an instrument. In contrast, several
composers I surveyed described how creating instruments by writing code often led
to them using instruments they were unhappy with: changing a design using code
incurred enough time and effort that they were discouraged from exploring new
ideas, and they chose instead to accept instruments that limited them in problematic
ways.
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4.3 Supporting Surprise and Discovery

Creating an instrument can be understood as an example of what design theorist
Horst Rittel (1972) described as a “wicked” design problem: the definition of the
problem (What sort of instrument should I make? How will it be played, and what
sort of sounds will it produce?) is not known in advance. It is only by designing the
instrument that the problem becomes clear: the final instrument design embodies
both the composer’s final understanding of what the goals of the design process are,
as well as the method of achieving them.

Composers using Wekinator to build instruments have often intentionally used
machine learning in ways that will help them refine this “problem definition,” to
evolve their understanding about what kinds of instruments are possible to build,
and what kind of instruments they ultimately want. A common strategy for a
composer creating a new mapping with Wekinator is to “sketch out” the rough
boundaries of the gestural and sonic space using the initial training dataset, then
discover what sounds and gesture-sound relationships the supervised learning
algorithm builds into the mapping trained from this dataset. A composer can
construct this first training set by choosing a set of sounds she thinks she might
want to play using the instrument, and a set of different input actions that span a
comfortable range of control, then pair these together in a small number of training
examples. A mapping created from these examples immediately allows the com-
poser to discover new sounds that might exist in between and beyond the input
values (e.g., gestures) she placed in the training set. When using this strategy,
experimenting with the resulting mapping is really a process of discovering
unexpected sounds and behaviors, rather than “testing” whether the mapping has
learned the “right” behaviors from the given training examples. One Wekinator user
described his rationale for this process thus: “There is simply no way I would be
able to manually create the mappings that the Wekinator comes up with; being able
to playfully explore a space that I’ve roughly mapped out, but that the Wekinator
has provided the detail for, is inspiring.”

Wekinator’s support of interactive supervised learning allows composers to edit
training examples to modify the mapping in response to the discoveries they then
make. When a composer discovers a new sound she likes, she can reinforce this
sound in her instrument by adding new training examples with this sound into the
training set. When she discovers a sound she doesn’t like, she can change the
training examples in that region of the input gesture space to correspond to a more
favorable sound.

Having access to surprise and discovery can fundamentally change the way a
composer understands their relationship to the computer as well as the qualities of
the instrument that they build. In particular, professional composers who have used
Wekinator in their work have described how it allows them to move away from a
paradigm of control over a computer into one where the computer is a collaborator.
Laetitia Sonami, who has been using Wekinator for five years in the development of
the Spring Spyre (Fig. 4), says in a lecture about her use of machine learning:
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...in a way, you don’t want the instrument to perform like a well-trained animal circus, you
kind of want it to be a little wild, and you want to adapt to it somehow, like riding a bull... I
think the machine learning allowed more of this...fun of exploring, instead of going ‘I have
to have a result right away, this thing is going to do that,” and then leaving it at that. This...
allows for a kind of flexibility that I think is essential for artists and musicians to... open up
some kind of unknown and really create... things that excite you. I’'m not sure about
exciting the audience, but actually hopefully exciting the person who’s making it, at least!
And then you hope that it gets conveyed (Sonami 2016).

4.4 Supporting Embodied Design Practice

Another critical difference between designing instruments using machine learning
and designing instruments by writing code is that composers are able to use their
bodies directly in the design process. Instead of reasoning about what sort of
movement-sound relationships he might want in an instrument, then deriving a
mathematical function that he thinks will facilitate those relationships in a mapping,
a composer can simply demonstrate examples of movements and movement-sound
pairs that feel and sound right to him.

The ability to draw on embodied understanding of movement and sound in the
process of designing an instrument is vitally important to many composers who
work with Wekinator; the use of the body changes both the experience of com-
position and the type of instrument that can be created. Composer Michelle Nagai
used the Wekinator to create an instrument, the MARtLET, from a piece of tree
bark with embedded light sensors. She describes her experience:

I have never before been able to work with a musical interface (i.e. the MARtLET) that
allowed me to really ‘feel’ the music as I was playing it and developing it. The Wekinator
allowed me to approach composing with electronics and the computer more in the way I
might if I was writing a piece for cello, where I would actually sit down with a cello and try
things out (Excerpt from interview, published in Fiebrink 2011).

Composer Dan Trueman, who used Wekinator to create game controller
instruments for his piece CMMYV writes:

With [the Wekinator], it’s possible to create physical sound spaces where the connections
between body and sound are the driving force behind the instrument design, and they *feel*
right. It’s very difficult to do this with explicit mapping for any situation greater than 2-3
features/parameters [i.e., inputs and outputs], and most of the time we want more than 2-3
features/parameters, otherwise it feels too obvious and predictable. So, it’s very difficult to
create instruments that feel embodied with explicit mapping strategies, while the whole
approach of [the Wekinator], especially with playalong, is precisely to create instruments
that feel embodied. I like to think of digital instrument building as a kind of choreography.
Choreographers are hands-on—they like to push, pull, hold their dancers, demonstrate how
things should go, in order to get what they want, and the resistance and flow of their dancers
in turn feeds back into their choreography. This is quite similar to the approach that [the
Wekinator]| engenders, and radically different than what explicit mapping strategies [i.e.,
mappings created with programming] enable (Excerpt from personal correspondence,
published in Fiebrink 2011).
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4.5 Supporting Accessibility

Wekinator allows people to build new instruments without programming. In
addition to making the instrument-building process faster for programmers, this
means that non-programmers have the ability to create new instruments for them-
selves and others to perform. As an educator, this has been helpful in teaching
students about computer music performance and interaction design. Students can
easily explore different designs, start to reason about design trade-offs, and expe-
rience the satisfaction of building and performing with a new instrument even if
they are not confident programmers (Morris and Fiebrink 2013).

5 Discussion: Wekinator as Meta-Instrument

I describe Wekinator as a meta-instrument: an instrument for creating instruments
(Fiebrink et al. 2009). Like anyone learning a new instrument, users of Wekinator
must begin by mastering the fundamental techniques of training, testing, and
modifying models, but they soon reach a point where their attention is no longer on
the algorithms but on using them to achieve a creative vision. Building an instru-
ment with Wekinator then becomes, fundamentally, a real-time process of
self-expression, sculpting a unique space of musical possibilities that will afford
creative engagement by oneself and/or others. In designing this space, just like in
performing an instrument, a creator draws on a foundation of established musical
practices while also seeking to imbue his work with an individual style, all the
while being influenced by affordances of the tool which subtly encourage certain
idiomatic ways of working and not others.

Understanding composition tools as instruments—whose affordances are vitally
tied to the musical potential of the instruments created with them—invites us to
bring aesthetic and philosophical considerations pertaining to the role of computers
in musical performance to bear on the analysis and creation of composition tools as
well. Composers have written of the value of creating “potential for change in the
behaviors of computer and performer in their response to each other” (Moon 1997),
of interfaces in which “interaction transcends control” (David Rokeby as described
by Rowe et al. 1993), becoming more “like conversing with a clever friend”
(Chadabe 1997, p. 287) or “sailing a boat on a windy day and through stormy seas”
(Drummond 2009).

My work with composers suggests that a meta-instrument that supports these
interactive qualities, as Wekinator does, can make the process of composition more
engaging and musically satisfying. A meta-instrument that encourages playful
exploration and discovery can help a composer navigate the wicked design problem
of instrument building, sculpting the instrument to better meet her goals while
simultaneously evolving those goals in response to the instrument. When the
process of exploration and engagement is physical, rather than abstracted into
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mathematical functions and programming code, composers are able to engage in
tight, enactive (Wessel 2006) action-feedback loops which further inform their
embodied understanding of the instrument and their own musical aims.
Supervised learning algorithms are not the only computational tools which might
give rise to these interactive qualities during instrument building or other compo-
sitional activities, and Wekinator’s user interfaces are far from the only way to link
human creators to supervised learning processes. Alternative approaches might
facilitate faster exploration of more diverse instrument designs, or take advantage of
additional information that composers could communicate through the body (such
as examples of comfortable movement sequences or evocative sounds) without
requiring a composer to format these as supervised learning training examples.
Particular interaction qualities might be intentionally designed into tools, for
instance making the “seas” of interaction even stormier with algorithms that make it
difficult for composers to build instruments similar to those they have built before,
or that introduce indeterminacy into more aspects of the tool. Those of us who are
composers of meta-instruments have many new ideas to explore, ourselves, as we
design new spaces of musical interactions for the composers who use our tools.
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Interfacing Sound: Visual Representation
of Sound in Musical Software Instruments

Thor Magnusson

Abstract This chapter explores the role of visual representation of sound in music
software. Software design often remediates older technologies, such as common
music notation, the analogue tape, outboard studio equipment, as well as applying
metaphors from acoustic and electric instruments. In that context, the aim here will
be study particular modes in which abstract shapes, symbols and innovative
notations can be applied in systems for composition and live performance.
Considering the practically infinite possibilities of representation of sound in digital
systems—both in terms of visual display and mapping of gestural controllers to
sound—the concepts of graphic design, notation and performance will be discussed
in relation to four systems created by the author: ixi software, ixiQuarks, ixi lang,
and the Threnoscope live coding environment. These will be presented as examples
of limited systems that frame the musician’s compositional thoughts providing a
constrained palette of musical possibilities. What this software has in common is
the integral use of visual elements in musical composition, equally as prescriptive
and representative notation for musical processes. The chapter will present the
development of musical software as a form of composition: it is an experimental
activity that goes hand in hand with sound and music research, where the
musician-programmer has to gain a formal understanding of diverse domains that
before might have been tacit knowledge. The digital system’s requirements for
abstractions of the source domain, specifications of material, and completeness of
definitions are all features that inevitably require a very strong understanding of the
source domain.
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1 Introduction

Musical instruments are amongst the earliest human technologies. Possibly pre-
ceding fire and weaponry, we could speculate how early humans used rocks or
sticks to hit other materials in order to define territories, communicate, or syn-
chronise movements. For a social animal like the human, music is clearly a
sophisticated and multipurpose cohesion technique. Some of the oldest known
musical instruments are flutes found in Germany (the Hohle Fels flute) and
Slovenia (the Divje Babe flute), estimated to be between 35,000 and 42,000 years
old. Preceding these flutes would be generations of forgotten instruments in the
form of rocks and sticks that might not even “look like” musical instruments at all.

Today we talk about “music technology,” a two-word coinage that conjures up
the image of plastic- or metal-surfaced equipment offering interaction through
rotating knobs, sliders, or buttons, which are mapped to functionality represented
on a screen of some sort. However, a quick etymology of the word “technology”
clearly demonstrates that we are not discussing plastic gadgets here, but rather an
embodied knowledge, skill or craft. The root of the Greek word fechné is “wood,”
but at the time of the early philosophers, it had begun to denote the craft of
producing something out of something else. For Aristotle, fechne (téyvn) is an
activity where the “origin is in the maker and not in the thing made” (Ackrill 1987,
p. 419). In Rhetorics, Aristotle uses the word “technology” to signify the “craft of
the word” (techne and logos) as used in grammar or rhetoric, which is an inverse
meaning to the later use signifying the knowledge (logy) of craft (techne). The word
is not used much until the 17th century, which is when it enters the English
language (Mitcham 1994, p. 130). At no point did the word signify objects, but
rather the skill of doing things, as evidenced in Marx’s Das Kapital: “Technology
discloses man’s mode of dealing with Nature, the process of production by which
he sustains his life, and thereby also lays bare the mode of formation of his social
relations, and of the mental conceptions that flow from them” (Marx 2007, p. 402).
Earlier in the same paragraph we read: “Darwin has interested us in the history of
Nature’s Technology,” and it is clear that he means the ways nature goes about its
business. Bernard Stiegler defines technology as “the discourse describing and
explaining the evolution of specialised procedures and techniques, arts and trades”
(Stiegler 1998, p. 94) and encourages us to use the word in the manner we apply the
words “psychology” or “sociology”.

We do music technology: we don’t buy it, own it, or use it. Thinking, designing,
discussing, performing and composing are all acts of music technological nature.
Musical instruments are the tools of music technology and represent the
musico-theoretical framework of the specific culture. However, let’s not forget the
Greek origins, where the technology was about shaping something out of some-
thing else: in contemporary music technological practice, we are applying hard-
ware, code libraries, communication protocols, and standards that become the
material substance of our design explorations. We are working with designed
materials, not wood or skin, but entities that already are of an epistemic nature
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(Magnusson 2009). The new materials are semiotic in that they are part of a
complex organisation of protocols and standards, which are needed for the diverse
code libraries and hardware to be applied in the complex ecosystem of wired and
wireless inter-software and inter-hardware communication.

When we create digital instruments we operate like a Latourian ant: busily
operating as a part of a larger whole, applying actor-networks consisting of other
actor-networks, or, in short, inventions that have become blackboxed in other
technological processes, to the degree that we lose the possibility of grasping any
origins. Where would a technological object originate from anyway? For this reason
the instrument often appears before we know its expressive scope or indeed
rationale (how, why, where, etc.).! The history of the saxophone provides a good
example of how undefined the role of a new instrument can be, slowly gaining
diverse functions amongst different musical cultures. In this context it is interesting
to behold Attali’s statement that in “music, the instrument often predates the
expression it authorizes, which explains why a new invention has the nature of
noise; a ‘realized theory’ (Lyotard), it contributes, through the possibilities it offers,
to the birth of a new music, a renewed syntax” (Attali 1985, p. 35).

2 Digital Music Technologies—Designing with Metaphors

Music is many things to many people. If we were to attempt at a general definition,
one approach might divide music into two key categories: in the first, music is
performed, where an instrumentalist, or a group of them, engage in an act of
generating sound, either from a score, from memory, or by improvisation. The
context of co-players, the audience, and the location plays an important role here,
where the liveness yields a sense of risk, excitement and a general experience of the
moment’s uniqueness and unrepeatability. The second category is music as stored:
in people’s memory, as written notation, on disks, tapes, or digital formats. The
music could even be stored as an undefined structure in the form of algorithmic
code for computer language interpreters. Now, in the 21st century, things are a little
more complicated. New developments in digital music technologies transcend the
above categories, deriving their symbolic design equally from the world of acoustic
instruments, performance, notation, and electronic technologies. These new tech-
nologies further complicate the relationships between instrument makers, com-
posers, performers, and the audience. Who is what? And the work itself ... is it an
instrument? A compositional system? A piece?

'"The 160 character text message is a good example: the SMS (Short Message Service), although
invented as part of the GSM cooperation in 1984, was initially implemented in Nokia phones for
their engineers to test mobile networks. The technology was quickly adopted by users who began
enjoying this mode of communication. This became a protocol of sorts, and as of 2016, Twitter is
still respecting this 140 char limit.
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There is a real sense that the technologies of music making are undergoing a
drastic change by the transduction into the digital domain. This can be explored by
studying the divergent natures of acoustic vs. digital instruments. The sound of a
traditional musical instrument is necessarily dependent on acoustics, or the physical
properties of the materials it is built of. Instrument makers are masters of materi-
ality, with sophisticated knowledge of material properties and how sonic waves
traverse in and through diverse types of matter, such as wood, metal, strings, or skin
membranes. The instrumental functions of an acoustic instrument are necessarily
determined by millennia old practices of material design. This is clearly not the case
with digital instruments, where any interface element can be mapped to any sound.
The mappings are arbitrary, and can be intelligent, non-linear, non-determined,
inverse, open, and more. The design of digital interfaces ranges from being directly
skeumorphic” and functional to more abstract and representational. In either case,
every interface element signifies a function resulting in a sound rather than directly
causing a sound. With the mapping function inserted between a gesture and the
sound, the interface becomes semiotic: with this arbitrary relation, the digital
instrument begins to surpass the acoustic as an epistemic entity, and at times
manifests as a vehicle of a music theory or even a score.

The idea of making music with computers has existed since they were invented,
and we can boldly claim that computers are the ideal media for composing, per-
forming, storing and disseminating musical work. A quick tracing of this symbiotic
relationship takes us back to early computers, with Ada Lovelace speculating about
the musical potential of Baggage’s Analytical Engine in 1842 (Roads 1996, p. 822).
In the early days of electronic computers, we find Lejaren Hiller and Leonard
Isaacson applying Markov chains in 1957 for one of the first algorithmically
composed pieces, the llliac suite, and Max Matthews inventing notation languages
for computer generated synthetic sound. However, if we look at the history of mass
produced digital musical instruments and software, we see that the computers have
been used primarily as bespoke microchips integrated in instruments, for example
in a synthesizer or an electronic drum kit, where the hardware design has been
primarily mimetic, aiming at imitating acoustic instruments.” In the case of music
software, we are faced with multiple imitations of scores, piano rolls, magnetic tape,
where the key focus has been on developing tools for the composition and pro-
duction of linear music at the cost of live performance. From both business and
engineering perspectives it is evident that hardware manufacturers benefited from a
model where new synthesis algorithms were embedded in redesigned computer
chips, and sold as new hardware.* Software developers in turn addressed another

2Skeumorphic design is where necessary features in an original objects are used as ornamentation
in the derivative object. Examples in graphical user interface design could be screws in
screen-based instruments, leather in calendar software, the use of shadows, and so on.

3The contrasting design ideologies between Moog and Buchla are a good example of the problems
at play here. It is evident that Moog’s relative commercial success over Buchla’s was largely due
to the referencing well known historical instruments (see Pinch and Trocco 2002).

“There are exceptions of that model of course, such as the discontinued Nord Modular Synth.
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market, applying the “studio in your bedroom” sales mantra, which sparked the
imagination of a generation in the late 80s, who used Cubase on Atari computers,
starting a genealogical lineage that can be traced to the current Logic or Live digital
audio workstations.

Specialists in innovation studies, marketing, science and technology studies, and
musicology, could explain in much more detail how technologies gain reception in
culture, the social and economical conditions that shape their evolution, and the
musical trends that support the development of particular technologies. From the
perspective of an inventor, it is less obvious why the history of musical tech-
nologies has developed this way, although inventions ultimately have to depend on
market forces in order to enter public consciousness. Here, the history of failures is
as, if not more, interesting as the history of successes. (“failure” is here defined in
the terms of the market, economy and sales). One such “failed” project could be
Andy Hunt’s MidiGrid, a wonderful live improvising software for MIDI instru-
ments written in the late 80s (Hunt 2003). An innovative system, ahead of its time,
the focus was on performance, liveness and real-time manipulation of musical data.
Written for the Atari, Hunt received some interest from Steinberg (a major software
house), which, at the time, was working on the Cubase sequencing software. Only
an alternative history of parallel worlds could speculate how music technologies
had evolved if one of the main music software producers would be shipping two
key software products: one for performance and the other for composition.” At the
time of writing certain digital interfaces are being produced that are not necessarily
imitating the acoustic, although inspired by them. It is yet to be seen whether
instruments such as the Eigenharp and the Karlax® will gain the longevity required
to establish a musical culture around the technology of composing and performing
with them.

Since the early 2000s, developments in open source software and hardware have
altered this picture. The user has become developer, and through software such as
Pure Data, SuperCollider, CSound, Max, ChucK, JavaScript, and hardware such as
Arduino and Raspberry Pi, a world has opened up for the creation of new music
technologies. The ease of access and low cost of these technologies, together with
strong online communities that are helpful and encouraging, make such DIY
approaches fun, creative and rewarding. When music software has become
sophisticated to the degree that it can almost compose the music without the input

SHunt’s software is of course no failure. It is a highly successful research project that has served its
author and many others as musical tool, for example in education, and it has inspired various other
research projects, mine included. But the context of this discussion is innovation and how a
specific music technology instance might fare in the world of mass markets and sales.

5The manufacturers of both interfaces call them “instruments”. Some might argue that they only
become instruments when coupled with a sound engine, as familiar instrumental models indicate
(e.g., Wanderley 2000 or Leman 2008), but I do believe it makes sense, in terms of innovation,
longevity and spread of use, to call these instruments. Will there be a day when something like the
Karlax will be taught in music conservatories? How would that even work? What would the
training consist in?
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of the user (who becomes a “curator” of samples or a “wiggler” of knobs and
buttons), many find that real creative approaches happen when music technology
itself is questioned and redefined. Gordon Mumma’s ideas of “composing instru-
ments” (see also Schnell and Battier 2002) are relevant here.

This chapter describes such questioning of music technology. Here the inves-
tigation regards interface and interaction design, i.e., how the visual elements in
music software can affect musical ideas, composition and performance. Considering
the practically infinite possibilities of representation of sound in digital systems—
both in terms of visual display and mapping of gestural controllers to sound—the
process of designing constraints will be discussed in relation to four systems
developed by the author that engage with visual representation of sound in music
software.

3 Interfacing Sound with Screen Interfaces

Interfacing sound in screen-based music software is no simple task: traditionally the
software tends to either follow linear scoring metaphors (piano rolls, traditional
notation, tape tracks) that are useful for composition, or imitate hardware (sliders,
knobs, buttons, cables, screens), allowing for a real-time manipulation of sound
which is eventually “bounced down” to a fixed file. There have been myriads of
other, more experimental approaches, that investigate how we can perform with
screen-based musical interfaces. However, designing two- or three-dimensional
representation of sound, where the physical interfaces might consist of a mouse,
keyboard or touch screens, comes with some complications. Some of the design
patterns that we find in the material world cannot easily be abstracted and repre-
sented in the digital domain. Such translations often become a process of trans-
duction, where sounds or actions are transformed in the digital. Even when we
attempt mimesis and aim to be true to the original object, we lose some of the
unique (non-universal) characters of the individual instrument, the entropic qualities
that often manifest in its behaviour, as well as the history and use of the particular
object itself. A copy of software does not have a history in the same way as an
individual object.

On the other hand, elements not found in acoustic instruments present them-
selves as natural properties within the digital, for example the possibility of time-
lines, looping techniques, learning mechanisms, or diverse mechanics of mapping
gesture to sound. Here, screen-based instrument designers apply techniques from
computer games, interface design, HCI, apps, installations, and computer networks.
The metaphors abound, but they can be found in diverse areas of development,
where techniques and user skills are reused in the new design. Commensurate with
how the maker of hardware musical instruments seeks to enact the skills developed
and incorporated into the motor memory of instrumentalists over the years, the
designer of screen-based interfaces will apply techniques from diverse fields, such
as drag and drop, shift-click for multiple selection, swipe for new screens, right
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click for menus, etc. Blackboxed design patterns are applied in the design of new
instruments, consciously or not, and the user intuitively performs the system,
learning its conceptual nature through interaction design that is already familiar.

3.1 ixi Software

The dozen or so applications that Enrike Hurtado and myself developed around
2000, and uploaded onto our ixi audio website (ixi 2000), were all experiments in
sonic interaction design (Magnusson 2006). We wanted to create non-
representational graphics that would control sound, through both real-time inter-
action (using the mouse and keyboard) and automation. The user would create
visual objects that had associated sound which could be manipulated by moving
them around, changing the shape, connecting them with other objects, and so on.
We explored diverse design patterns, each represented by a small “app” (as we
called the software—this was before the days of mobile media). Examples of the
mapping of visuals to sound include: size for amplitude, vertical location for pitch,
horizontal location for panning, shape or colour for timbre, blinking or rotating for
automatic triggering of sounds, movement as a type of panning (perhaps a moving
microphone that randomly navigates a space of sound), and so on (Fig. 1).

This software is now “abandonware,” as we have no time to translate it to new
operating systems, indeed it is a good example of how transient digital systems for
musical production can be. However, what is of lasting value are the ideas
developed, the use of metaphors, the interaction design, the idea of automation,
computational creativity, and real-time playfulness. These ideas become a design
language, a set of interface and interaction patterns that are learned, embodied, and
easily implemented in new software. Clearly not unique to ixi software, they are
design discoveries, often of personal—as opposed to historical—nature,’ that have
been reapplied in later software by us, and, indeed, inspired other software.

3.2 ixiQuarks

The ixiQuarks (Magnusson 2007) continued the research of ixi software, but here
with a more coherent research agenda. They were developed in SuperCollider
between 2004 and 2006 as an investigation into alternative screen-based interfaces,
where non-linearity, performativity and real-time control of sound were the key
design considerations. Discarding common concepts like timelines or linear

"See Boden (1990) on creativity - although her P-creativity and H-creativity stand for psycho-
logical and historical creativity (where the former is always included in the latter), in this case we
use the term personal creativity.
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Fig. 1 A screenshot of six individual ixi software applications. Each of them served as an
investigation into a different mode of interactive design

notation, most of the instruments developed as part of the ixiQuarks package were
aimed at direct control of sound, where the mouse, they keyboard, pressure tablets
and other cheap and common interface devices are used for control.

At the time of development, there were no multi-touch screens or trackpads,
which resulted in more limited design decisions. However, it is not clear that
multi-touch would be of a drastic benefit here since the lack of tangible interface
elements makes the instrument less embodied and the user focus becomes more
conscious on particular visual elements (think selecting a bespoke element on the
screen with the mouse arrow). Furthermore, touching a visual element with your
finger on a screen hides it (under the finger), prevents overlapping elements (as
fingers can’t be in the same space at the same time), and the anatomy of the hand
also provides some expressive limitations. These would be interesting constraints to
design around, but they simply didn’t exist at the time (Fig. 2).

The ixiQuarks interfaces are non-representational, or, at least, they do not pri-
marily derive their metaphors from physical instruments or music technological
hardware. The interface and interaction metaphors were rather influenced by tra-
ditional HCI, computer games and web design. Creative audiovisual coding was a
much more inspirational context than acoustic or digital music technologies.
A central question to be explored was how visual interfaces and alternative inter-
action design would result in different music. We were equally interested in how the
design itself inspired musicians, and also how the limitations of expressive actions
would provide affordances and delineate constraints that would be navigated by
users through a process of exploration (Magnusson 2010). For this reason, there
were no manuals written, no demo videos created, no sound banks provided.

An element of ixiQuarks was that the user would be able to redefine the sound,
create new sounds and change the function of the interfaces during performance.
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Fig. 2 A screenshot of ixiQuarks. Each of the instruments and widgets are independent from the
other but work well together. The sounds from one can be used as input into another. Some of the
instruments can be live coded and changed in real-time

This was an early version of live coding, where the interface could be altered in
real-time. As a performer in improv ensembles I became more interested in the live
coded aspects of musical performance, sometimes only using the graphical inter-
faces to trigger patterns, whilst changing the SuperCollider synth definitions. For
this reason I decided, in 2009, to attempt at creating a live coding system that would
continue some of the explorations of the early ixi work, but here through the use of
language or code as opposed to graphical design.

3.3 ixi Lang

SuperCollider is an ideal platform for live coding. It is a real-time system where
synths can be created and stopped without affecting other running synths, their
parameters changed, and musical patterns can be written to control the synths. This
is ideal for live exploration of sound synthesis and electronic music. Indeed, rumour
has it that the term “live coding” was first used on the SuperCollider mailing list by
Fabrice Mogini when describing his compositional process, sometime in the late
20th century. However, when performing live, speed and simplicity of syntax
becomes important, as the performer ideally wants to be focusing on the music and
not the code. With ixi lang some of the main design goals were: to create a simple,
fast, and forgiving live coding system with a syntax that makes mistakes unlikely
(no commas, brackets, or semicolons); a language that was easy to learn, and
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Fig. 3 A screenshot of ixi lang, with the Matrix grid-based event system

understandable by the audience, and where the use of visual elements was part of
the language syntax (Fig. 3).

In many ways, ixi lang continues ideas from the graphical explorations but here
using what I call a CUI (Code User Interface). Even though ixi lang is a textual
interface, it perhaps more shamelessly applies design patterns that ixiQuarks tried to
ignore: there is a temporal score where characters represent sounds and spaces
silence. There is an underlying temporal grid, which syncs the musical events to a
default tempo clock. There is a clear timeline-based design in ixi lang, but the
flexibility of the language and specific features make both polyrhythmic and
polymetric explorations easy. In terms of graphic design, we find diverse instances
of visual elements in the language, for example where effects are applied with
symbols such as “>>” and “<”, a visual reference to how guitar pedals are con-
nected with jack cables (Fig. 4).

ixi lang has been described in detail elsewhere (Magnusson 2011), but in ret-
rospect one could characterise it as a system of language elements that try to move
away from typical programming language commands embracing playfulness and
simplicity. For this reason the system has strong limitations and it does not extend
very well. However, it is used for teaching children from the age of seven live
coding and music, and anyone can learn it in about 30 min. The language has
various hidden features that can be discovered by eager users, it is quirky, and it
contains an autocoder, where the language writes its own code, often resulting in
fine music.
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ubu -> guitar[l 523 4 ]
ubu >> distort >> reverb
ubu << distort
shake ubu

ubu + 7

Fig. 4 This is a typical ixi lang score. First we create an agent called “ubu” and give him a guitar
instrument. The guitar is the name of a SuperCollider synth definition, and the user can use any of
their definitions. Ubu’s score ([1 5 2 3 4]) are the notes in the selected scale, and the spaces
between the notes are silences. This is effectively Rousseau’s system of notation from the 18th
century. Ubu is then given two effects (distortion and reverb), but in the next line the performer
removes the distortion from the effect chain. Then ubu is shaken, which scrambles the numbers in
the score, leaving it the same length, but with the notes in different places. Finally ubu’s score is
transposed up by a fifth. One of the system’s innovations is to update the code in the text document
when a function has been applied to it (such as “shake” or +7)

3.4 The Threnoscope

More recently I have been developing an instrument I call Threnoscope
(Magnusson 2014). As the other software, it is a live coding system, split into three
views: a notational view, a code view, and a console for system output. The
notational view and the code view serve as a dual visual representation of the
music: the former is a visual description of the sound, whilst the code is a form of
prescriptive notation. Both aid the audience in understand the sonic events but they
also serve as interfaces for further control by the performer.

The visual system contains circles that represent the harmonics of a fundamental
frequency, often tuned to a 55 or 54 Hz A note. In the former case, the second
harmonic is then 110 Hz, the third 165 Hz, fourth 220 Hz, and so on. Notes (or
drones) can be created on these harmonic circles or anywhere in between through a
structure of tonic (the harmonic, ratio, degree, or frequency). The interface has
crossing lines that represent the loudspeakers. Any combination from two to eight
speakers can be used. The speakers serve as static timelines where notes travel
across the circular space. This creates an unusual looping structure, heavily
influencing the music created with the system (Fig. 5).

The Threnoscope was initially planned as a musical piece, to be performed by
the author and anyone who wanted to play the piece.® After two decades of interest

8However, further development and user experience shows that the system is more of a compo-
sitional tool, an instrument, and not a musical piece. Admittedly, the boundaries are not very clear
here and the author has had interesting discussions with users who are of different opinions of what
might constitute a musical piece.
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Fig. 5 A screenshot of the Threnoscope microtonal live coding system. The circles represent the
harmonics of a fundamental tone. The crosshair lines represent the speakers, here an eight-channel
surround system. Notes are the coloured wedges that can move around the space, or stay static. In
the middle we see a machine that can affect the drones in different ways, supplementing the
performer’s actions

in microtonal music and alternative tunings and scales, I felt the need to study these
areas more formally and the best way to do that is to develop a digital instrument
implementing these concepts. My aim was also to move away from notes as events
that happen in time, but rather conceive of them as spatial phenomena that move
around without a set duration. Although the system can be used to play staccato
notes that disappear immediately, the system is designed as an encouragement for
long duration musical events, where Morton Feldman might be considered a rest-
less character, but La Monte Young and Phill Niblock on a similar wavelength.

The Threnoscope is created for live improvisation, as a live coding instrument.
The textual interface is considered the most expressive and free interface for this
compositional system. A key problem with graphical user interfaces is that their
elements take up screen estate, where the biggest elements call for the attention of
the user. Designing a graphical user interface for musical software therefore
resembles the writing of a musical score. With text, on the other hand, it is only the
imagination and vocabulary of the performer that sets the limitations of what could
be possible within the language framework. As an example, at the spur of the
moment, some performer might want to create 100 sine waves randomly on the first
six harmonics at different degrees in a chromatic scale. This could easily be written
as following:
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100.do({ ~ drones.createDrone(\sine, rrand(2, 7), degree: rrand(1, 9))}).

Obviously, it would not make sense to create an interface for such musical
acrobatics. Here the coding language is a much more appropriate and simple
interface than buttons, drop down menus or sliders would ever be.

There is a score format for the Threnoscope, which enables composers to write
linear or non-linear pieces. This format is a timed array with code instructions in it.
The code score can be visually represented and manipulated during its playback.
This can be useful when composing, but often the scores are short scores that are
played during an improvisation, almost like a “lick” or an incorporated musical
phrase in jazz or other improvised music.

4 Conclusion

The development of musical software has been described above as an experimental
activity that goes hand in hand with sound and music research. A redefined
boundary between the instrument maker and the musician is forged, a practice
which requires a strong knowledge of both music and materiality. Musical com-
position at this level requires music technological research. We find that, in order to
develop the music or instrument that one works towards, one has to understand key
concepts of the source domain—such as human gestural patterns, or the resonant
properties of physical materials. Just as a composer for acoustic instruments needs
to understand the acoustics of the instruments, music theory, harmony, and rhythm,
the composer of digital systems will need to comprehend the physics of sound,
digital signal processing, software engineering, human-computer interaction, as
well as music theory. For composers and software developers the question is how to
represent these new features of sonic control. A new notational language is needed,
and it is in that context that the work above is presented.

For some musicians, it might feel convenient to buy off-the-shelf products that
perform many of the things we might want to do, but at some stage the software
will limit compositional ideas and performance options. This inspires musicians to
conduct their own compositional work through research and development of their
own music technologies, designing affordances and setting constraints relevant to
the particular musical work (Magnusson 2010). The best practitioners in this field
are the ones who can manage their time on instrument building, software devel-
opment and other engineering tasks, whilst still keeping a focus on their compo-
sitional intention. People who work this way report that time spent on learning,
researching and experimenting will result in novel musical output that is unique,
personal and of a strong musical and technical identity.
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Digital Media and Electronic Music
in the Classroom—The Loop Ensemble

Marten Seedorf and Christof Martin Schultz

Abstract The production, performance, storing, processing, dissemination and
reproduction of music are and always have been technologically determined. The
continuing digitalization benefits and accelerates this development. At present,
children and adolescents grow up in this cultural environment, their perception and
handling of music is pervaded by digital technology. But despite their cultural
relevance and several impulses from the academical discourse, these aspects of
music culture are still marginalized in the educational practice in German class-
rooms. Younger research focuses the adequacy of music software for educational
purposes, formulating the need of educationally suited software. Research shows,
that main obstacles with integrating digital music media into education are the high
cost and the deterrent complexity of music software. In the context of the inter-
disciplinary research project 3DMIN, we developed the loop ensemble. It consists
of three virtual instruments created in the open source software Pure Data and is
designed for the practical dissemination of electronic music culture and its technical
basics in a pedagogical context. As an Open Educational Resource it is designed as
didactic material for an action-oriented music education in combination with
autonomous learning. We evaluated the instruments’ usability in three ways. The
results show a distinct practical suitability of the ensemble, yet further empirical
research is needed for a profound evaluation.
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1 Introduction

This article deals with electronic music in classrooms in Germany. The loop
ensemble, which consists of three virtual instruments built in Pure Data, is pre-
sented as an approach to integrate electronic music into education. Even though, as
didactic material, the ensemble is focused on specific aspects of digital music
culture, in particular the technical function and aesthetic of electronic sounds, it will
be discussed in the wider context of digital music media in the classroom. In
German music education, we do not see a specific consideration of electronic music
and its instruments. In the following, we refer to a wide concept of electronic music,
covering a variety of styles such as electronic dance music or the electronic sounds
of the post-World War II avant-garde, including the aesthetic influence electronic
music and its technology has taken on other styles of music. We understand
electronic music as every sound, that has been produced or edited electronically.
The article attempts to integrate perspectives from musicology, music education,
cultural science and artistic practice to finally present a practical approach towards
an exemplary integration of digital media into German music lessons with a focus
on electronic music.

Music and technology have always formed a strong symbiosis. The production,
performance, storing, processing and the dissemination of music as well as listening
to it is shaped by technology (cf. Enders 2013). Therefore, technological shifts
constantly lead to innovations of sound, change its cultural context and most of all,
affect listeners (cf. Smudits 2013). The proceeding digitalization further intensifies
the symbiosis and thus defines the current music culture (cf. Tschmuck 2013), which
children and adolescents are confronted with. Their comprehension and handling of
music is strongly influenced by an omnipresent digital technology (cf. MPFS 2014,
p. 58f) and, more importantly, by using it they actively contribute in many ways to
the music culture and thus shape it (cf. Gall 2012, p. 11f). But in doing so they are
endangered to be overwhelmed and frustrated by the vast mass of medial informa-
tion and the complexity of a medially globalized world. This confrontation illustrates
the importance of media literacy in a digitalized music culture and the need of
educational institutions to consider these aspects (cf. Muench 2013).

The loop ensemble arose from the 3DMIN project. 3DMIN’s basic concept
formulated an urgent need for new digital instruments that provide an access to the
world of electronic- and computer music in the context of music education, since in
comparison to classical music and its instruments modern electronic music still is
neglected here and thus this innovation is urgently needed (Bovermann et al. 2014).
This objective constituted the starting point of our work. We understand electronic
instruments as the contemporary continuation of the historical development of
musical instruments and therefore they do not conflict, but relate. Learning about
technical procedures of digital sound-synthesis means acquiring instrumental,
musical skills. Music education should consider the potential of teaching these
skills at a young age analogous to the training of a classical instrument. Not only is
this an opportunity for music education to catch up on recent cultural development,
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but it could assist young people in their confrontation with the contemporary music
culture. It could contribute to their media literacy and offer them skills to actively
shape their digitalized music culture.

2 Digital Media in German Music Education—Tradition,
Stagnation and Progress

German music education has a tendency to favor the preservation of cultural tra-
ditions over the integration of cultural changes, particularly if they concern medial
or technological aspects of music (cf. Gies 2001, p. 6f). In the early phases of
digitalization, the emerging fundamental cultural consequences, regarding for
example the empowering character of the new media and the speed of its devel-
opment, had a reinforcing effect on the discourse in music education (cf. Stubenvoll
2008, p. 109). As a result, proponents and critics of electronic or digital media in
musical education lead an emotional and partly ideological debate in the 80s and
90s. Knolle summarized the arguments of the critics in 1995:

. Thinking and acting become algorithmized by the computer [...]

. Musical material and its production becomes standardized [...]

. Sensual experience is diminished—escape into a synthetic, virtual world [...]

. The new technologies are attributed with the ability to generate an ideology [...]
(cf. Knolle 1995, p. 42f)

SN =

The following theses of Rheinldnder supply an exemplary summary of the
proponents’ point of view:

1. The Computer is to be regarded as a musical instrument [...]

2. The Computer is a medium of teaching and thus a didactical instrument of
musical education. [...]

3. The use of the computer in education is established by a precise assignment of
teaching methods. [...]

4. The Computer is a new medium of teaching and thus, it generates new teaching
methods. [...]

5. Besides writing, reading and math, the use of the computer has become the
fourth basic cultural technique in the western world. [...] (cf. Rheinldnder 2002,
p. 10f)

At the end of the millennium a pragmatic shift could be observed. The socio-
cultural impacts of digital culture became increasingly obvious, for example
through the globalizing effects of the internet. Subsequently, the topic gained more
relevance and acceptance among experts and practical consequences became nec-
essary. Research projects were sending impulses towards educational policy and the
academical training of the teachers, with examples given by Auerswald (2000),
Eichert (2004), Muench (2005) and Roth (2006). A great number of didactical
concepts dealing with theoretical and practical aspects of digital musical technology
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were developed to integrate the topic into music education (cf. Strasbaugh 2006,
p. 5f). There were, however, only few actual consequences in the music classes, and
in the middle of the first decade of the new millennium the discourse lost its
dynamic, leading into an acceptance of the status quo (cf. Ahlers 2012, p. 127).
Several studies show, that digital media is rarely been used in the classroom in spite
of all guidelines and sufficient equipment of the schools with the necessary devices
(Maas 1995; BMBF 2005; Sammer et al. 2009). In these studies, teachers referred
to several aspects as reasons for this avoidance, which will briefly be discussed in
the following.

Generally, it seems that digital media is perceived as incompatible with certain
established teaching methods. Teaching approaches based on direct instruction or
lecturing look back on a long tradition (cf. Meyer 2010, p. 185)" and they still are
the prevailing style in German music classrooms (cf. Riedl 2010, p. 173).
Digitalized music culture, on the other hand, calls for active participation. In
conjunction with the contemporary significance of self-socialization (cf. Ahlers
2011, p. 225f), it would benefit from modern teaching methods, where the teacher
no longer is the center of attention in a sense of direct instruction or lecturing, but
the learning subject moves into focus in the course of action-oriented and auton-
omous learning concepts (cf. Schlédbitz 2002, p. 40ff). Throughout the discourse, the
available software was perceived as too expensive and didactically unsuitable with
respect to complexity and usability. Teachers complained about technical difficul-
ties and an inappropriate amount of time spent on preparation. Although “there are
enthusiastic, curious or adversary positions amongst music educators and
researchers concerning technology’s benefits or problems... [, some] of the prob-
lems that were already raised about 20 years ago still cannot be eliminated” (cf.
Ahlers 2012, p. 131). In view of this situation, in the second half of the first decade
of the new millennium German researchers shifted their focus on educational
software, its production and evaluation (Stubenvoll 2008; Ahlers 2009) and
(Weidler 2014). Still, there is a need for software designed for educational purposes
to include digital media and its cultural context on a reflective and practical level
(cf. Ahlers 2012, p. 130f). This is where our project, the loop ensemble, wants to
propose an exemplary solution.

The ambivalence of the present situation can be illustrated by an analysis of
current curricula. Since in Germany these are a matter of the federal states, there are
large differences in the extent of integration of digital media in general and elec-
tronic music in particular. In the curricula of secondary level I and II in
Berlin/Brandenburg, for example, the integration of digital media in combination
with media literacy is only vague and superficial. Even though the central aims of
digital media literacy are formulated, the didactic content does not include the topic,
and electronic music culture seems marginalized (LISUM 2006a, b). A positive
example are the curricula on the secondary level of Nordrhein-Westfalen, where
several aspects of electronic music culture are represented, even as a topic of the

'These teaching styles are often referred to as “chalk-and-talk”.
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school leaving exam. Under the title New ways of sound and expression: The effects
of new technologies on musical design Karlheinz Stockhausen, Kraftwerk, techno
and house music, sampling culture, etc. are included (MFSW 2013).

Recently, the topic is gradually gaining more relevance in training programs of
teachers, in the curriculum as well as in an obligatory part of the teaching material.
The recent generation of music teachers has grown up with an increasingly digi-
talized culture themselves and thus are able to bring a more natural handling into
the classrooms. Still, in comparison to its cultural relevance, especially in the living
worlds of the students, the presence of digital media and electronic music culture in
music classrooms seems weak. Its potential for a self-determined, contemporary
education is rarely put into practice (cf. Schlébitz in preparation, p. 5ff).

3 The Loop Ensemble

With the development of loop we tried to create a music software for use in the
classroom that tries to fulfill the various demands mentioned above. As a collection
of computer-based instruments loop attempts to offer the possibility to integrate
digital media with a focus on electronic music culture and its technology. Loop
consists of three independent but connectable electronic instruments made in Pure
Data: ADD, DRUMBO and JERRY (see Figs. 1 and 2). They use different

&5 6w - ADD - o »
Datei Bearbeten Einfugen Suche Medien Fenster Hilfe

addKOMNTROL

Fig. 1 Main interface of ADD
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Fig. 2 Main interface of DRUMBO

controllers, are based on different methods of sound synthesis and are different in
their musical roles.

Firstly, the issue of cost had to be taken into account. The loop instruments
completely rely on open source software (Pure Data) and are released under the
General Public License (GNU GPLv3), which guarantees end users the freedom to
run, study, share and modify the software. The absence of licensing fees results in a
zero purchase price for the developers and end users. Additionally, the optional
hardware controllers are available for a relatively low price of approximately 50
Euros each. Open Source also means flexibility and freedom in using, customizing
and sharing the software. Thereby the loop ensemble meets the requirements of the
current call of the German Federal Ministry of Education and Research for Open
Educational Resources (cf. BMBF 2016).

Another demand is the reduction of software complexity (cf. Sammer et al. 2009,
p- 168). It is the basic approach of the three instruments that they are able to
self-describe their technical principles through interaction. Loop’s so-called illus-
tration patches (see Fig. 3 on p. 7) are subroutines, small interfaces within the
interface, that use the instruments main engine but focus on a particular function-
ality such as pitch, sequencing, reverberation, frequency modulation, amplitude
modulation, ADSR envelopes, etc. With interactive minimal examples and brief
explanation texts they try to explain the function of the specific modules,
audio-technical basics and special phenomena. The patches can be opened directly
from the main interface and allow the users to playfully and interactively experience
individual features.

This experience is meant to be exploited creatively when using loop as a music
instrument. Thus, the learning process is closely tied to a creative musical practice,
making the loop ensemble a suitable tool for action-oriented learning.
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Fig. 3 Illustration patch visualizing and interactively explaining waveforms within the instrument
DRUMBO

To further facilitate the use of loop, the system requirements are kept to a
minimum. Even ten-year-old computer hardware with any major operating system
should be able to run the instruments smoothly. For an optimal experience active
loudspeakers with sufficient frequency bandwidth or quality headphones are
recommended.

During the development we had to find a balance between restricting the tech-
nical complexity in terms of the educational objectives and yet implementing
interesting functionalities to expand the musical possibilities. Due to the frequently
mentioned problems expressed in the pedagogical discourse we often decided to
choose simplicity over functionality. The complexity of the software should be
reduced as far as possible and focus on the target group. As a design principles for
software tools in education, we followed the low threshold, high ceiling guideline,
supporting an easy access for novices and powerful facilities for more experienced
users Resnick et al. (cf. 2005, p. 25ff). For beginners the first steps should be easy
and motivating. Getting started with loop is particularly low-threshold. Due to the
automation provided by the sequencers, the instruments can be played without a
long period of training. On the other hand, advanced users have to be kept in mind
and motivated with interesting and more demanding possibilities. With experience
or after exploring the patches the instruments have the potential to pad/lead to a
more complex and elaborate style of play. Connecting the three instruments with
each other using the network functionality creates the ensemble, providing a
rhythmic and harmonic synchronization that enables small groups to play together.
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This way loop allows intuitive cooperation and supports collective musical
improvisation, making the ensemble suitable for action-oriented group lessons.
ADD, DRUMBO and JERRY can loosely be assigned to musical roles: Bass,
drums and lead. However, these boundaries are soft due to their ambivalent sound
production. The instruments are designed to support diverse traditions in electronic
music. The interconnection of the three instruments enables the students to play
different styles of electronic dance music, depending on the adjustable aesthetics of
the sounds and the settings for the rhythmic parameters. Also, loop is meant to
motivate the students to experiment freely, for example by designing unusual
sounds and arrangements beyond conventional rhythmic or harmonic structures.

Optionally, the instruments can be controlled with low-cost hardware con-
trollers, such as a KORG nanoKONTROL?2 and an Akai LPDS. The third instru-
ment JERRY is controlled entirely with keyboard and mouse. The graphical
interfaces are adapted to the appearance of the associated controllers to help
understanding their layout. All instruments can be fully controlled without the
controllers, just using mouse and keyboard.

Due to the educational context, we tried to use appropriate language, e.g. with
everyday analogies, that still includes the technical terminologies. At the moment
the ensemble only exists in German. An English version is planned.

In summary, the didactic concept of the loop ensemble provides interactivity and
a self-explanatory approach, putting an emphasis on self-determined and
action-oriented learning. Due to its capacity to be used as an ensemble via network
connection, it is also suitable for group lessons in the classroom. To also support
teacher-centered teaching, loop is released in an additional version, which is opti-
mized for lecture and presentation situations. In this version the interface got
adjusted and small text boxes were removed. In general, the ensemble follows the
“low threshold, high ceiling” concept (Resnick et al. 2005, p. 2). On the one hand
loop offers an easy access towards electronic music and allows beginners or even
non-musicians to express themselves musically. On the other hand, it is also cap-
able of complex musical actions and offers a deeper insight into the technical
principles behind electronic sound-synthesis, for example through the exploration
of the code of the instruments.

The used framework Pure Data is a visual programming language that uses data
flow of objects connected by patches. This is related to analog synthesizer patches
and quickly enables users to get started and provides an intuitive way of pro-
gramming. Pure Data is development and application environment at the same time.
Building the instruments logic and actively using the instrument both happens in
the same window. Every change is compiled and executed in real-time, which
provides direct feedback. Main advantage of Pure Data is its visual character that
makes it suitable for educational use. Additionally, it comes with an easy to learn
and easy to use interface, plenty of libraries and a strong community. A noticeable
negative effect on the usability arises from the rudimentary and limited possibilities
that Pure Data offers developers for designing the user interfaces. Also the prox-
imity of development and application environment is risky, since users can unin-
tentionally damage primary functionalities.
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For loop we chose the Pd-extended distribution, which includes a thorough
assembly of additional libraries, extensions and documentation. Unfortunately, it is
no longer maintained and the last update was released in 2013. This disadvantage
still gets compensated by the easy-to-install setup and the support of all major
operating systems. During our development we discovered the L2Ork distribution
of Pure Data. With its growing popularity, an active community and major interface
improvements L2Ork is evolving into a viable alternative. The developers have
indicated that they plan on supporting other operating systems besides Linux in the
near future. The migration of loop from Pd-extended to L2Ork has already been
tested and seems possible.

4 Evaluation

We put the instruments through three phases of evaluation. First we applied a rating
system for music software utilized in educational contexts that uses basic ISO
norms on the subject usability (Ahlers 2009). The results show that loop positively
stands out in exploration, self-descriptiveness and suitability for learning. However,
it shows deficiencies in fault tolerance and controllability in comparison with
commercial products.

The second evaluation was exploratory and began while the instruments were
still under development. We used them in workshops to evaluate their usability and
their suitability in educational contexts. For an easy access to the target group we
got in contact with university support programs for girls provided by the
Technische Universitdt Berlin and the Freie Universitit Berlin. The Techno-Club
and the MINToring program both attempt to encourage girls to study Science,
Technology, Engineering and Mathematics (STEM) disciplines by offering work-
shops and trial lessons in these specific fields. The chosen target group for the
instruments, students in the upper secondary, was approached in three independent
workshops (N = 10). In those two-hour sessions the students could freely experi-
ment with the instruments (see Fig. 4). We cautiously assisted their exploration of
the ensemble by answering questions and providing suggestions.

Every workshop ended with a 20-min-long group interview. The applied
guideline covered the subjects: Innovation, fun, usability and integration potential.
The results were quite promising and provided us with valuable feedback to opti-
mize the usability. The majority of the students considered the instruments as
desirable for them and their music classes. They especially valued the visual pre-
sentation and the activity-oriented possibility to experiment. The automated
sequencers integrated in ADD and DRUMBO seemed to help restrained students to
begin playing. In contrast to the other two instruments the early version of JERRY
used in the workshops was lacking a sequencer. It seemed that the students treated it
with more reservation and caution. After the workshops we integrated this crucial
feature to improve accessibility.
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Fig. 4 Explorative workshop evaluation with students of the Techno-Club

The third accompanying evaluation examined typical problems of technology
development in the field of computer science from the perspective of the Gender
and Diversity Studies and brought social aspects into account. For this we used the
Gender Extended Research and Development (GERD) model, which tries to
encourage developers to reflect their design choices at all critical sections of the
research process and the development (Draude et al. 2011). With its support we
became aware of excluded user groups (like people with visual and auditory dis-
abilities or without access to the required hardware), reflected about the main
beneficiaries (educational institution, teachers, students) and realized how our
personal background affected the development (like our own experiences as high
school students and own preferences in electronic music).

Ultimately, the various evaluations helped us to adopt varied perspectives and
thereby improved the development of the instruments. With the evaluation model of
Ahlers that uses ISO usability norms we could identify innovative strengths and
shortcomings that came with the rudimentary open source environment Pure Data.
The possibilities of configuring the GUI are very limited and the overall perfor-
mance and load distribution are far from being efficient. To eliminate these dis-
advantages, we would have had to refrain from Pure Data, but this would most
likely have resulted in instruments that are limited in their openness, flexibility and
accessibility.
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The exploratory workshop evaluation confirmed that the instruments appear to
be usable in a classroom context. A focused evaluation of the loop ensemble in
school-based practice which captures its actual suitability remains still pending.

Finally, we would like to encourage teachers and students to freely use, dis-
tribute and modify the loop ensemble. Loop and its manual can be downloaded free
of charge at the PD Community Portal.”
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The Birl: Adventures in the Development
of an Electronic Wind Instrument

Jeff Snyder

Abstract This article reflects on the markedly distinct development stages of an
electronic wind instrument called the Birl. Stemming from an early idea for an
electro-mechanical oscillator inspired by the sounds of pen plotters, the Birl was
formed through the connection of that oscillator prototype to a rough wind instru-
ment body. Originally intended to fulfill the role of the wind section in an ensemble
of instruments built for the author’s doctoral dissertation composition, the instru-
ment took on a new life after the completion of the piece. The development of a
“cello-like” resonator body and refinements to the electro-mechanical aspects had
brought the instrument to a performable state, but several limitations suggested
further development. A desire to make the instrument more conducive to exploratory
improvisation pushed the Birl in new directions, toward open-holed fingering sys-
tems and embouchure sensors with neural net mapping structures and physical
models of dynamically configurable toneholes, resulting in an instrument that bore
little resemblance to the original electro-mechanical concept. The author discusses
the design challenges that arose as the instrument evolved, the solutions that were
found along the way, and the ways in which user feedback informed the design as the
needs of the instrument changed.

1 Introduction

This is the story of how the instrument I call the Birl morphed from a large, strange
electromechanical contraption into a miniature wind controller. The current version of
the instrument is arguably completely unrelated to the original design. Only the name
has carried over, and the explanation of the name no longer makes sense with what the
instrument has become. The convoluted story of the instrument’s development gives
some insight behind the scenes at the various design problems, creative inspirations,
and unplanned discoveries that guide the creation of new instruments.
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I approach instrument design with a few things in mind I want to achieve, but
many of those ideas do not end up in the final product. I don’t consider this a failure
of the design goals, but a gift of the process. One of my favorite parts of instrument
design is when ideas emerge from accidents and surprises along the way. The Birl is
an example of how sometimes the resulting object evolves from the process, as
much as—or even more than—vice versa.

2 Origins of the Birl (2008)

In 2008, I formed a band with fellow composer and technological adventurer Victor
Adan called the Draftmasters. We had both gotten excited about the musical and
visual possibilities hidden in 1980s pen plotters, those large mechanical drafting
machines that print images by moving a real pen around on a page. Victor and I
were collecting plotters via Ebay bids, and, encouraged and guided by fellow plotter
enthusiast Douglas Repetto, we were experimenting with controlling the plotters
live, treating them as musical instruments as well as drawing tools. We found an
X/Y plotter (meaning the paper stays stationary while the pen moves in both X and
Y dimensions) that seemed perfect for the job, called the Roland DXY-1100. It was
big but still portable, and quick to respond to serial commands sent from Python or
Max/MSP over a USB-to-serial converter, so we could control it live without much
trouble. We wanted our stage act to integrate the visual and audio elements of the
plotter. As we drew an image, the sound produced would be an amplification of the
motor noises generated by the instrument as it followed our drawing instructions.
We experimented with placing electromagnetic pickups against the stepper motors
inside the plotter to get a stronger audio signal by capturing sounds directly from
the electromagnetic field the motors gave off as they turned. It worked beautifully,
and produced a gritty, intense sound that combined the bass frequencies of the
rotary motion with the digital hissing and white noise of the drive signal being sent
from the motor controller ICs. A contact microphone on the pen-up/pen-down
solenoid completed the instrument, and we drilled holes in the plotter bodies to
install 1/4" jacks so we could simply show up with our plotters as though they were
electric guitars. Video of our performance is available Iglesia (2009).

While I had one of our plotters open to repair a pickup, I accidentally pushed the
plotter arm while the pickup on the motor was connected to an amplifier, and was
surprised by the beautiful, clear glissando that erupted from the speakers. The tone
color of the plotters in our live performance was naturally harsh, evoking a sort of
robot apocalypse, but this sound was sweet and subdued. The difference was that
there was no power applied to the plotter, so I was hearing only the electromagnetic
waveform generated by the motor’s motion (indirectly through the body of the
motor), without the interference from the noisy PWM drive signal. I immediately
began to ponder how I could harness that sound in a new instrument and be able to
control it musically (Fig. 1).
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Fig. 1 The Draftmasters pen plotter band

The primary challenge was how to turn the motor at a precise speed without
driving it electronically. I built a small test rig with two stepper motors mounted on
an aluminum plate, and experimented with ways to mechanically couple the rotors.
If I drove one stepper motor electronically, I could use a friction belt and pulleys to
drive a second passive stepper motor at the same speed. I soon realized that in this
configuration I could dispense with the electromagnetic pickup, since the passive
motor was acting as a generator and I could simply connect the unused leads from
one of the electromagnets inside the motor itself. This resulted in an even more pure
signal, approaching a sine wave in timbre. Soon, I had a working prototype that
allowed me to accurately produce desired pitches within a range of a two octaves.
Going above the usable pitch register resulted in a loss of torque, stalling the
motors. Going below the usable pitch register produced a waveform that got more
rugged as the steps in the motor became audible and the rotor inertia could no
longer smooth out the tone. Swapping out the motors for different stepper models
moved this pitch range around, but didn’t manage to expand it much. I did find I
could raise the register easily by varying the pulley sizes, for instance a pulley size
ratio of 4:1 produced the expected pitch shift of two octaves up.

I later noticed a description of a similar idea in Handmade Electronic Music by
Nic Collins (2006), although he uses a DC motor instead of a stepper. In terms of
historical precedent, the Hammond organ is also based on a related principle
Aldridge (1996), with a spinning metal tonewheel being sensed by an electro-
magnetic pickup, however in the organ the pitch changes are produced by switching
between several pickups pointed at tonewheels with different numbers of teeth,
rather than by changing the speed of rotation.
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In my early experiments, I was controlling the driver motor with MIDI signals
sent to an AVR microcontroller brain. I found myself wondering how this new
instrument should most naturally be controlled. Was there an instrumental interface
better suited to this sound production method than any other? The sound properties
of the stepper motor synthesizer were the following:

e It was monophonic. There was no possibility for polyphonic sound without
creating multiple identical mechanisms, and this seemed unnecessary to me at
the time.

e The tone color was very dark, with a strong focus on the fundamental and first
harmonic.

e The amplitude could be controlled electrically, with a VCA, and had no “nat-
ural” envelope (such as a plucked string or percussion envelope).

e The amplitude was also somewhat coupled to the pitch, as higher frequencies
produced higher amplitude signals, perhaps through inertia of the rotor.

e There was a natural vibrato to the sound, caused by slight inaccuracies in the
pulleys.

e There was a natural portamento to the sound, due to the need for speed ramping
in the motor control to avoid stalling. When moving between nearby pitches it
was inaudible, but when going from a very low note to a high note a ramp of
more than 10 ms was usually necessary.

e There was brief but noticeable overshoot to the pitch contour when changing
speeds, due to the stretching of the rubber friction belt.

Several of these properties suggested that a control paradigm based on a wind
instrument model would make sense. The most obvious was its monophonic nature,
which is commonly a property of wind instruments not shared by most string
instruments, keyboard instruments, or percussion instruments. Also, the dark tone
color immediately reminded me of a recorder or flute, and many people commented
on its “birdlike” character, which brought to mind whistles, ocarinas, and other
wind-powered instruments. I quickly started working on a wind-style interface for
the new electromechanical oscillator.

3 The First Birl (2009-2010)

While I worked on the interface, the instrument took the name “the Birl”. The word
“birl” seemed appropriate in multiple ways: It is an old English or Scottish word for
“rotate with a whirring sound,” a type of bagpipe ornament, and slang for “to
carouse” “Birling” is also the name of the sport where lumberjacks run on logs in a
river, a connotation that delighted me.

The first Birl was a large instrument, held between the legs and connecting to the
floor with a cello pin (see Fig. 2). The top of the instrument was a wind controller,
with mechanical momentary push buttons arranged for the fingers and thumbs of
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Fig. 2 The first Birl, diagram

the left and right hands. The base of the instrument was a large wooden resonator,
in keeping with the concept of “acoustic electronic music” I had developed in my
dissertation work Snyder (2011). The body of the instrument was made from 1/4”
birch plywood cut on a laser cutter, and the front was made from a thin spruce
board with internal spruce X-bracing, like the top of a guitar or harp. The body
housed the motor and pulley system, which was screwed into the inner right side of
the instrument, and a hole in the center of the body was decorated with a
laser-etched lute rose. Screwed into the spruce front from the inside was a Rolen
Star vibration transducer, which resonated the top-plate to create the instrument’s
acoustic sound. By resonating the electronic sound through an acoustic body rather
than from a speaker cone, I could achieve both a more natural radiation of the sound
in space, and I could get an individualized color for the instrument. Each wooden
resonator imparts a unique sonic filter onto the electronic sound passed through it,
emphasizing certain frequencies and attenuating others. This idea extends back to
instruments like the Ondes Martenot, an early electronic instrument with several
acoustic resonators, and in my case was influenced by David Tudor’s installation
piece, Rainforest IV. As for breath input, by 2010, a mouthpiece with a breath
pressure sensor was fitted to the top of the instrument, but for the first performance
in 2009, a Yamaha BC1 breath controller was used, since a more tailored custom
solution hadn’t yet been completed.
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The instrument was self-contained, except for the power amplifier needed to
drive the vibration transducer. Due to the inefficiency of the wood top when
compared to the paper cone in a standard speaker, more watts were needed to get
stronger sound levels than a small amplifier that could fit inside the body would
have been able to provide. Therefore, the signal path was:

e The pattern of pressed pushbuttons for the keying system is sensed by a
microcontroller, resulting in a frequency being sent to the motor controller.

e The motor controller controls the “drive” motor, which then spins the passive
motor via a friction belt.

e The electrical signal generated by the passive motor is sent to a voltage con-
trolled amplifier (VCA). The amplitude of the VCA is directly controlled by the
voltage from the breath pressure sensor.

e The audio signal from the VCA is sent to a power amplifier, which sends an
amplified signal to the vibration transducer.

e The vibration transducer mechanically vibrates the spruce top-plate on the front
of the instrument, producing the acoustic sound the performer and audience
hear.

This was the system used for the first public Birl performance, a Wet Ink
Ensemble Wetink concert where my dissertation piece, Concerning the Nature of
Things Snyder (2011), was premiered. I had written two parts for the Birl in the
composition, having determined the most useable pitch range and knowing the
basic timbre the instrument would have, but not having actually finished the
instruments’ construction. About a month before the performance, worried about
getting both Birls functional in time, I decided to focus on finishing one instrument,
and cut the second Birl part from the score. Erin Lesser, the flautist for Wet Ink,
learned to play the new instrument and provided feedback during the design and
development phase. I had built the fingering system with only four buttons per
hand, one for each finger (not counting the thumb buttons), so we had to work
together to design non-standard fingerings for the pitches that weren’t well served
by the simple recorder-based keying system (such as a low C, C#, and F#). On the
back of the keying system, I had added two buttons for the left thumb, for octave up
and octave down, and three buttons for the right thumb, allowing for maneuvering
within my Adaptable Just Intonation Snyder (2011) tuning system. The
fingering-to-pitch mapping was implemented as a lookup table, with specific pat-
terns of open and closed buttons resolving to a particular note. Lesser tackled the
unfamiliar instrument with enthusiasm and managed a very expressive performance
even with the limited rehearsal time resulting from the instrument being completed
barely a month before the premiere. However, after the performance, I was left with
a considerable list of design problems Lesser had discovered with the instrument. It
should be noted that I don’t play any wind instruments, so I was heavily reliant on
information from Lesser and other musicians who tested the prototypes (Fig. 3).

First, there were tuning problems in the upper octave. I had switched shortly
before the concert from metal pulleys to plastic pulleys, since the reduced weight
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Fig. 3 The first Birl, prototype

allowed me to lower the ramp times for the motors. The plastic pulleys were not as
precisely sized, though, and the difference caused seriously flat pitches in the high
register that I didn’t recognize until the day of the performance. In my music, this is
especially problematic, since a great deal of attention has gone into precise Just
Intonation Doty (2002). This was easily fixed by switching to precision steel pul-
leys from SDP/SI. But the added weight meant I needed to find motors that could
handle more torque.

Another serious problem was the acoustic sound caused by the keys. I had used
tactile pushbuttons because they had a satisfying click response when actuated, but
when the pushbuttons were mounted in the resonator body, they were acoustically
amplified to an unacceptable level. I liked the key click sounds in principle, but they
made truly quiet playing untenable. Lesser also noted that the actuation force
required for the pushbuttons was far above what was normal for a flute or other
wind instrument, and was tiring for her fingers. I decided to redesign the button
system (Fig. 4).

Most problematically, the electromechanical tone generator system produced
unintended acoustic vibration noise in the resonator body in addition to the intended
electrically amplified signal. This sound was not unpleasant in itself, as it was in
tune with the electrical signal and changed pitch with the notes being played, but
since it was mechanical in nature it could not be electrically attenuated by the VCA.
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Fig. 4 Stina Hasse plays the
first Birl

Therefore, whenever the motor was spinning, the instrument was humming, even if
the VCA had attenuated the volume to “off.” Since the motor in the Birl changed
speed with every new pitch, the humming sound seemed unnatural, as though the
instrument didn’t really stop sounding the note when the performer ceased to blow
into the instrument. The motor couldn’t be stopped between notes because ramping
up from a standstill would create a dramatic glissando on every attack. This defi-
nitely had to be solved, and a solution was not immediately obvious.

There were also more minor issues I hoped to address in the next iteration. The
higher pitches from the motor were naturally louder for reasons I didn’t entirely
understand. This is also the way many woodwind and brass instruments operate—it
is difficult to play quietly in the high registers as it takes more breath to overblow
the notes—and Lesser was able to compensate by reducing her breath pressure for
higher pitches, but it was very difficult in faster passages with leaps. It seemed
worthwhile to build a more automatic compensation system into the instrument. It
was difficult to minimize pitch glitches when changing many keys at once, such as
going over the “break” in the instrument, where the fingering changes most dras-
tically from one note to the next. This is also a problem for acoustic wind instru-
ments, but it seemed much less forgiving in this instantaneously calculated digital
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version. Lesser told me that the majority of her practice time was spent working to
minimize these glitches.

4 The Second Birl (2011)

The first issue I dealt with in the second iteration was the unintended acoustic
vibration noise. I removed the stepper motor system from inside the resonator and
made a prototype board that combined a custom power amplifier with the stepper
motors and motor controllers, the analog VCA, and the power supplies for all the
circuitry. This worked well and sounded much better—I recorded a studio version
of Concerning the Nature of Things Snyder (2011) using this prototype, with the
stepper motor board in an isolation booth to keep the mechanical noise away from
the resonator and microphones. However, it was very messy, fragile, and not really
useable in live performance. Having a board with the motors on it backstage
seemed impractical, so I decided to try to build an enclosed box to acoustically
isolate the motors.

I designed a box about 12 inches square, made from birch plywood. The front
was an aluminum panel for controls and jacks, and the back had an acrylic window
that made the motor system visible. When the first Birl had hidden the pulleys
inside the resonator I had been disappointed that they weren’t part of the visual
signature of the instrument, and, thinking back to the Draftmasters, I wanted to give
the audience more of a view into the unusual workings of tone generator. Inside the
box, the motors were mounted on a thick aluminum plate, and the plate was
suspended off the base of the box with rubber vibration isolation mounts. The box
itself was isolated from the table or floor with large rubber feet. I lined the inside of
the box with vibration damping rubber-lined foam, intended to muffle sounds from
boat engine rooms.

I designed a printed circuit board (PCB) with the stepper motor driver circuitry,
and another PCB for the audio processing of the electrical signal from the passive
generator motor, designed to stack with a PCB for the control panel components.
The goal was to get everything that had been on the messy prototype board into a
nice, neat box that could be on stage next to the controller/resonator body and
connected with a short MIDI cable. I left out the power amplifier once again, due to
space, heat, and weight considerations, but I decided to expand upon the shaping of
the audio signal.

In the original instrument, the audio path was simple. The waveform generated
by the passive motor went directly through a VCA for amplitude control and was
converted into acoustic sound through the driver transducer. In the time since I
designed the first Birl, though, I had started to see the tone generator as an oscillator
for a system that could be a more complete synthesis voice. Therefore, I chose to
build into the new Birl some extended functionality that allowed further shaping of
the sound (Fig. 5).
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Fig. 5 The second Bitl diagram

First, I added to the motor mount the ability to drive two simultaneous passive
generator motors. The drive shaft of a single driver motor was affixed with two
pulleys, and these pulleys drove the two passive motors with different pulley size
ratios, one at a 2:1 ratio and the other at a 4:1 ratio. This meant I could mix two
resultant oscillator signals, one an octave higher than the other. On the audio PCB, I
made an “oscillator” section that allowed for crossfading between these—like an 8’
and 4' stop on an organ. After the oscillator crossfader, the mixed signal went
through a waveshaper that could add high harmonics to the signal, essentially a
distortion circuit. This allowed for more timbral possibilities than the original
“natural” waveform. After the waveshaper, the signal passed through a Low Pass
Gate, based on Don Buchla’s design from the 1970s Parker (2013)—a
vactrol-controlled lowpass filter acting as a VCA. The signal then went through a
final VCA and finally to an output jack on the box. Aiming for maximum flexi-
bility, I designed the whole “voice” as a semimodular system, with patch points for
each input and output, and voltage control inputs for all parameters. I also added
digital-to-analog converters (DACs) and digital potentiometers to allow computer
or MIDI control of the analog functionality.

Part of the reason for adding comprehensive digital control was the need to
compensate for the higher volume in the upper octave of the instrument. With the
final VCA controlled digitally, I could easily program curves to apply to the
amplitude based on the frequency of the oscillator, allowing for a more even
response.

Once I had assembled the audio and motor control PCBs, I installed them in the
box that could now be controlled from the Birl wind controller or using MIDI from
a computer (Fig. 