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Contemporary musical instrument design using computers pro-
vides nearly limitless potential for designing the mapping between
gesture and sound. When designing effective and expressive musical
instruments, the types of relationship between musician/player and
his instrument and the aesthetics of the relationships must be con-
sidered. This paper discusses four types of relationships and their
aesthetics. A high degree of intimacy is achieved when the relation-
ship reaches a level where the mapping between control and sound
is transparent to the player, that is, the player embodies the device.
Ultimately, this type of relationship allows intent and expression
to flow through the player to the sound and, hence, create music.
Three new interfaces for musical expression, the Iamascope, Sound
Sculpting and Tooka, provide examples of how instruments may be
designed to develop and explore intimacy and embodiment of new
musical instruments.
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I. INTRODUCTION

The possibility for easily creating new interfaces to control
music has become a reality since the advent of computer gen-
erated sounds. However, the ability to make new interfaces
and, hence, new instruments that make sound does not mean
that all these new instruments are musical. There still needs
to be a player who can play the instrument in a meaningful
way to create music. Determining an agreed-upon meaning
for “musical expression” is difficult. For this paper, musical
expression occurs when a player intentionally expresses her-
self through the medium of sound. Thus, playing a melody
on a piano or mixing prerecorded sounds such as when a
DJ performs constitutes musical expression. A well-designed
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instrument supports the ability to play music by allowing
the user enough control freedom to explore sound space and
make music while being sufficiently constrained to allow the
user to learn to play the instrument. Obviously, making the
interface constrained and simple enough allows the novice
to acquire the ability to make sounds easily; however, the
interface may not provide the player with any path to vir-
tuosity, limiting the expressive capacity of the player. Cre-
ating such a new instrument design is difficult [1]. Research
in human–computer interaction (HCI) can inform techniques
to make the system easy to use, but generally falls short of
providing methods to make the instrument expressive and
musical [2]. The perspective taken in this paper is that the
relationship between musician/player and her instrument af-
fects whether the instrument can be musical. More specifi-
cally, we argue that the device should be designed to allow for
the formation of intimacy between the person and the device.
Our notion of intimacy, a generalization of Moore’s notion of
control intimacy [3], is expanded in Section III. Briefly, inti-
macy is a measure of the player’s perceived match between
the behavior of a device and the control of that device. As a
player learns an instrument, he becomes more intimate with
it. The ultimate goal in the process is for the player to have
a high degree of intimacy such that he embodies the instru-
ment. When the player embodies the instrument it behaves
like an extension of him so that there is a transparent rela-
tionship between control and sound. This allows intent and
expression to flow through the player to the instrument and
then to the sound and, hence, create music.

As discussed in [4], there are four types of relationships
that can form between people and objects. The relationships
that form depend upon whether a person perceives: 1) the
object as external to herself that responds to control; 2) the
object embodied within herself, i.e., an extension of herself;
3) the object as external to herself that does not respond
to control; and 4) herself as an extension of the object.
Each type of relationship has its own aesthetic. These
relationship types are explored in Section III. Understanding
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and exploiting these relationships are important when de-
signing new interfaces for musical expression. Of particular
importance, the second and fourth types of relationship are
associated with high intimacy providing satisfying expres-
sive experiences for players. In the works presented here,
we explore the roles that intimacy and embodiment have for
design. Three works are used to illustrate these concepts.

1) Iamascope: an interactive artwork which maps move-
ment to sound and image using a video camera.

2) Sound Sculpting: a tool for sound space navigation
using a metaphor of object manipulation.

3) Tooka: a two-person musical instrument somewhat
like a recorder.

While there are many excellent examples of interfaces
that support intimacy (musically as well as other modali-
ties), these three systems are selected because the author
has experience with them. Currently, there are few analytic
or empirical methods to evaluate the variety of interfaces
for musical expression. Anecdotal accounts are used in this
paper. A secondary goal of this paper is to lay a foundation
for evaluation methods to facilitate design of new interfaces
for musical expression so that ad hoc design approaches can
be used less often.

Designing for intimacy in an intimate musical controller
helps create transparency with the musical mapping. This
transparency facilitates musical expression. Through under-
standing the aesthetics of the relationship between humans
and machines in the context of musical controllers, this paper
explores a new way to design and evaluate complex inter-
faces. The three systems provide examples of these principles
in practice and suggest how they may generalize to other in-
terface designs.

II. BACKGROUND

Recently, much effort and research has been focused on
the creation of new musical instruments. Much of this ac-
tivity may be attributed to the emergence of electronic instru-
ments, specifically those based on computers. The computer
can be used to create arbitrary mappings between gesture
and sound, thereby providing the possibility of computer-
supported sound and directed musical interaction. Thus, the
computer allows the creation of new interfaces and sounds
never before possible. Unfortunately, with so much freedom
to design the mapping between gesture and sound, there has
not been a strong set of design criteria developed. In this Spe-
cial Issue, Wanderley and Depalle [5] provide an excellent
review of the state of the art of gestural control of sound syn-
thesis and discuss strategies and guidelines for the design of
these mappings. With only a few exceptions, much design
work has focused on a single person who will be the first one
to play the instrument with the optimistic outlook that other
players will emerge. Instrument design in this tradition in-
cludes the HyperCello [6], The Hands played by Waisvicz
[7], [8], Tarabella Piano [9], Glove-TalkII [10], Bonger’s
Lady’s Glove played by L. Sonami [11], the Cook-Morrill
Trumpet [12], the Talking Stick [13], the SqueezeVox [14],
the Accordiatron [15], and many others. Unfortunately, the

fate of most of these novel musical controllers is to fall into
disuse, as relatively few musicians other than the original de-
signer(s) are committed enough to master the intricacies of
each interface. Why is this? In this paper, we suggest that
these controllers are missing elements that can be embodied
through the development of intimacy with the device.

The need for design criteria and approaches has a rich
history, as engineers, designers, and musicians have been ac-
tively creating new instruments to control sound. Electron-
ically, as far back as 1949 with H. Le Caine’s electronic
Sackbut [16] to contemporary designs including Buchla’s
LightningII [17] and highly ambitious large scale interfaces
such as the Brain Opera [18], technology has been pushing
the possibilities of sound control. Section VIII covers addi-
tional readings in this exciting area that are not covered here.

The two most dominant issues dealing with the creation
of these new interfaces as musical instruments include the
following:

1) the necessity for these new interfaces to support vir-
tuoso style performance but at the same time being
accessible;

2) the definition of an appropriate mapping between the
player’s control of the instrument and the sound pro-
duced.

For the first issue, the difficulty arises because, with appro-
priate computer support, it is relatively simple to create an in-
terface that allows for novice users to create musical sounds
with little practice. However, it is open to debate whether
these instruments allow the player to produce much musical
expression. As an illustration to the degree with which in-
struments can be supported, consider two extreme positions
for creating an interface mapping. At one extreme is a com-
pact disk (CD) player; essentially, with a single press of a
button, a novice can stop and start the music; thus, they can
play entire symphonies very easily. At the other extreme is
an instrument such as a violin. Considerable practice is re-
quired even to be able to reliably generate the same sound.
Thus, the pathway to virtuosity is fairly lengthy. It is rela-
tively easy to argue that the former is not really a musical
instrument at all, but the distinction is blurred by increasing
the complexity of the mapping only slightly. For example, if
we take the same CD player but provide additional control by
adding a mechanism to allow a player to easily select where
a song is played as well as the direction of play, we get the
basis of a DJ controller. The line between what is a musical
instrument and what is not becomes gray.

Contemporary musical design encounters the gray area
of what is musical and what is not because the computer
provides incredible flexibility. The flexibility tempts the de-
signer to provide a simple, easy-to-use interface for novices
so that anyone can produce pleasing sounds and music im-
mediately. However, this often comes at the expense of re-
stricting the types of expression possible for the expert, since
the interface eliminates control subtlety to make it easy to
use. As Wessel and Wright [19] point out, “ many of the
simple-to-use computer interfaces proposed for musical con-
trol seem, after even a brief period of use, to have a toy-like
character and do not invite continued musical evolution.” In
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contrast, Cook [14] supports utilizing the capabilities of the
computer for making devices accessible to the novice. He
suggests the phrase “Instant music, subtlety later” to repre-
sent his position.

In some situations, though, the need for a low entry fee out-
weighs the need for expressive, virtuoso-style musical per-
formance. As argued in [1], in collaborative interfaces, the
musical interfaces provide a common space for multiple par-
ticipants to communicate. In this respect, if the interface is
intended for novices, it is more important that all partici-
pants can easily begin to control the musical space so they
can communicate with each other. These types of interfaces
are typically found in installations where the expectation is
for people to just walk up and play together. In these con-
texts, the interface places musical communication between
players at higher priority than musical expression; hence, the
computer is used to provide an easy-to-use, simple interface
that generally lacks much range for expression. In contrast,
in this paper we describe Tooka. It is a collaborative instru-
ment that attempts to provide a pathway to virtuosity for the
two players at the expense of ease of learning. Ideally, music
as a communicative medium between players and musical
expressiveness are both present such as found in chamber
music ensembles. However, in Tooka, an additional element
is added, since gestural coordination and communication is
required even before sound is heard.

For the second issue in new interface creation—defining
the mapping—debate generally centers on what types of
sounds should be mapped for the musician to control. This is
as complex as the notions of what is musical and what is not.
Perhaps at the heart of the matter is whether new interfaces
for musical expression require the player to be able to play
reliably a particular effect such as a note or the timing of
a timbral element (i.e., a percussive sound). At the ACM
SIGCHI First Workshop on New Interfaces for Musical
Expression,1 the community was divided on this issue.
With computer-based synthesis and control, it is possible to
provide mappings to timbral elements, underlying musical
process parameters, and other, more esoteric controls. Thus,
the relationship between what the player does and what
sound is produced becomes opaque to the audience, making
the piece more difficult to appreciate. Therefore, the trans-
parency of the interface both for the performer and for the
audience is important when considering the musicality of the
instrument and, thus, is an important design consideration
[20].

The role that the mapping between the player’s gesture
and the parameters of the sound being produced plays is very
complex. In [21], a counterintuitive finding is reported which
illustrates that hard-to-learn-and-understand mappings may
be preferred to straightforward, simple mappings of the same
parameter space. In their experiments, subjects were allowed
to vary volume, pitch, timbre and panning using either: 1)
a mouse manipulating on-screen sliders for each parameter;
2) a set of physical sliders for each parameters; or 3) a com-
plex arrangement of mouse and physical sliders adjusting a

1Personal communications.

Fig. 1. Four types of relationship between a person and an object
including the aesthetics. The relationship types are not mutually
exclusive and may be happening simultaneously at varying degrees.

complex correlated mapping of all the parameters together.
The interesting result is that after practice, subjects found
the obvious mappings boring. However, they were engaged
with the complex mapping and felt that it had much more
expressive potential than the other mappings even though it
was very difficult to learn to use. Remember, the parameter
space is the same in all conditions; however, the gestural re-
quirements is very different due to the mapping. Thus, we see
that obvious, simple-to-use interfaces do not always yield en-
gaging, expressive instruments.

III. INTIMACY AND EMBODIMENT

There are four types of relationships that can form be-
tween people and objects, as shown in Fig. 1. The relation-
ships that form depend upon whether a person embodies an
object, i.e., feels the object is an extension of himself, or
whether the object embodies the person, i.e., the person sub-
mits to the manipulations of the object. In the first situation,
the process of embodiment can be seen as the development of
intimacy between a person and the device. In the latter case,
the process of embodiment often has to do with the desire for
belonging or the dissociation of oneself from an object being
controlled. Each of these relationships has its own aesthetic
appeal. Understanding and exploiting these relationships are
useful when designing new interfaces for musical expression.

A. Embodiment

The four types of relationships can be categorized de-
pending upon how deeply embodied an object is into the
person or vice versa. These relationships are not mutually
exclusive; that is, they may be all occurring simultaneously.
Also, as shown in Fig. 1, each relationship has its own
aesthetic. The types of relationships are as follows.

1) The person communicates with the object in a
dialogue.

2) The person embodies the object.
3) The object communicates to the person.
4) The object embodies the person.
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In the first case, the aesthetic is cause and effect. That
is, the person exercises control on the device and the re-
sult is communicated back. The result is critical for evoking
an emotional response in the person. A typical example is
when people first learn to use a computer. Being unsure of
themselves, they begin keying in commands. When the com-
puter responds by doing something useful, they feel happy,
whereas if it does nothing, they are unhappy. The key point is
that the result, separate from the control, evokes the response.

In contrast, in the second case, it is the act of control that
provides the aesthetic. In this situation, the person embodies
the object. Persons have integrated the object and its behavior
into their own sense of self. The object becomes part of them;
it becomes an extension of their own bodies and mind. This
situation is common among skilled operators, for example, a
painter and her paintbrush or a musician and his instrument.
In this type of interaction, the emotional response comes
from the control of the instrument rather than the result it-
self. The pleasure is in the doing, not the achieving.

In the third type of relationship, we have the object con-
veying information to the person. In this case, the object does
not respond at all to the person in any type of dialogue. There
is no interaction. From the object’s perspective, the person
does not necessarily exist. The aesthetic, for the person, in
this case comes about as reflection or contemplation of the
output coming from the object. This type of relationship is
common in traditional art forms. For example, a painting on a
wall may evoke a response in a person looking at the painting;
however, the response is a function of introspection by the
person. The painting does not alter its output in any way de-
pending upon the person. Likewise, for music, the audience
generally has this type of relationship with the musician. The
audience listens to the sounds for the aesthetic but does not
typically have much influence on the music itself.

In the fourth type of relationship, we have the object em-
bodying the person. In this situation, the person derives an
aesthetic feeling through relinquishing control of themselves
so that the object can manipulate them. The emotional re-
sponse arrives through submission and belonging. For this
type of relationship, the object must be able to control the
person and the person must be in a state to allow the con-
trol. This type of relationship is more complex to achieve as
the construction of the object requires close attention to the
person who will be manipulated. Of particular note, though,
is that when the embodiment of musical instruments is suffi-
ciently strong, it is possible for performers to experience this
fourth type of relationship with the music. This is an excep-
tional moment as suggested by Mazzola [22]:

As a [sic] improvising jazz pianist, I have learned that
the best moments of performance are those, [sic] when
you do no longer control your actions, but when you are,
instead, controlled by the music.
This type of experience is common when people are in the

state of flow as described by Csikszentmihalyi [23]. It occurs
when the person has sufficient skill with a device.

While the relationships have been discussed here as sep-
arable categories, they most likely follow a continuum and

exist simultaneously. At least in the case of the first two types
of relationships, a measurement called intimacy can be used
to specify the degree to which a person is embodying an ob-
ject. Additionally, the objects here are discussed as if they
were inanimate; however, some of the same discussion holds
for animate objects such as people and animals. As indicated,
these various relationships may occur simultaneously; an ex-
ample of where this happens is when the player is also an
audience of his own performance such as in an interactive
piece. This situation can happen with a musical instrument
when players are sufficiently skilled. This complex set of re-
lationships is discussed below in the context of the Iamas-
cope.

Of interest for new musical instrument design is to create
interfaces that can be embodied. An embodied interface al-
lows expression to flow. In more extreme cases, the player
actually dissociates from the instrument and feels the music
controls him and hears the music separate from his control,
demonstrating aspects of both third and fourth types of re-
lationships [4]. To achieve embodiment, initially, it is nec-
essary for the aesthetic of the first type of relationship to be
strong. This requirement is needed so that a novice can learn
what movements control sounds, leading to expert perfor-
mance. The aesthetic for the first type of relationship may
be achieved in two ways.

1) Make the interface easy to use.
2) Provide sounds that are unique.
The first approach allows the response from the device to

quickly agree with what the player wants. If simple enough,
the interface will be embodied quickly, providing the second
type of relationship aesthetic. The pitfall though is that the
ease of learning is made at the expense of musical complexity
and expression. Effectively, the instrument does not provide
additional musical complexity as players become experts.
Essentially, the music becomes boring. The second approach
provides sounds that are new and interesting but possibly
difficult to learn to play. This is especially true if the new
sounds have no obvious physical representation, implying
that there will likely be no obvious physical metaphors to
help the player to learn the mapping. However, the novelty
of the sound provides the aesthetic in response to player con-
trol, providing motivation to continue to practice. These early
adopters get new sounds to play with; however, the path to
embodiment and virtuosity may be very difficult.

In the next subsection, we explore the notion of intimacy.
Intimacy is introduced as a measure that provides an indica-
tion of the degree of aesthetics that are occurring in relation-
ships that have formed between player and device. A high
degree of intimacy is required for embodiment to occur; thus,
if we have a mechanism to measure intimacy, we can predict
the success of an interface.

B. Intimacy

The notion of control intimacy introduced by Moore [3]
may be generalized to intimacy for all human–machine in-
terfaces. When a person has a high degree of intimacy with a
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device, she can communicate ideas and emotions effectively
through the device as if it were an extension of herself. Inti-
macy deals with the perceived match between the behavior
of a device and the operation of that device. For a musician
to be expressive with her instrument, it is critical for her to
have a high degree of control intimacy. As stated by Moore
[3],

The best musical instruments are ones whose control
systems exhibit an important quality that I call “inti-
macy.” Control intimacy determines the match between
the variety of musically desirable sounds produced and
the psychophysiological capabilities of a practised per-
former.
If there is low intimacy, the interface is not embodied,

implying that the effectiveness of communication between
player and device is poor. A typical case where intimacy is
very low is when a person first uses a new software package.
At this early stage, the person does not know what commands
cause what actions, often leading to frustration with the soft-
ware. There are many interacting factors that control the de-
gree of intimacy a person may feel with a machine (or person)
and the rate at which intimacy grows. For a more detailed
discussion of the factors that influence intimacy, see [4]. By
extending Moore’s notion of control intimacy, we can de-
velop a framework for examining the relationship between
player and device as well as player and audience. Further,
in the context of relationships, we can explore the idea that
intimacy provides a measure of the type of relationship dy-
namics that occur while a performer learns to play a partic-
ular instrument.

From the perspective of interactive systems, including
new musical instruments, it is interesting to explore intimacy
with those instruments (or machines) which were developed
by us. In Iamascope (see Section IV), we begin to see
intimacy forming between the machine and the participant
very quickly. Within a few minutes, a person is completely
unaware of the machine and is intimately linked to the
images he is creating. From this perspective, the participant
moves along the intimacy continuum so that the movement
in the Iamascope is emotionally charged and disconnected
from the result obtained, i.e., the participant has embodied
the Iamascope. This separation due to the intimate relation-
ship that forms quickly is critical to the formation of the
fourth type of relationship, that is, the participant inside the
Iamascope is embodied in the Iamascope.

High intimacy implies an embodied device. In this situa-
tion, one can conjecture that expression flows naturally when
a device is completely embodied. This can be seen when an
expert’s emotional state is expressed through the usage of
his tools. Masking this effect requires effort such as that of an
actor being able to mask his own emotions while performing.
Interestingly, there is support that the aesthetics and personal
growth that arise from the experience associated with highly
intimate embodiment of tools as well as mind and body pro-
vide meaning and enjoyment of life [23], [24]. Further, these
aesthetics may also provide some of the selection criteria for
learning and complex behavior [25].

The three systems discussed herein provide support for
intimate interfaces through three different means:

1) identification with self by providing a type of mirror
(Iamascope, Section IV);

2) metaphor (Sound Sculpting, Section V); and
3) mapping intimacy with another person to sound

(Tooka, Section VI).

IV. IAMASCOPE

The Iamascope is an interactive, electronic kaleidoscope
[26]. It creates intimacy by giving the player a strong sense
of control by providing identification with the player him-
self. The Iamascope combines computer video, graphics,
and audio technology for participants to create striking
imagery and sound with this aesthetically uplifting device.
In the installation, users takes the place of the colorful pieces
of floating glass inside the kaleidoscope and simultaneously
view a kaleidoscopic image of themselves on a huge screen
in real time. By applying image processing to the kaleido-
scopic image, participants’ body movements also directly
control music to accompany the image. The responsive
nature of the whole system allows users to have an intimate,
engaging, satisfying multimedia experience.

A block diagram of the Iamascope is shown in Fig. 2.
For input, the Iamascope uses a single video camera whose
output is distributed to two separate video processes, one
for imagery and one for sound. Imagery output from the
Iamascope is displayed on a wall-sized projection screen.
Audio output from the Iamascope is played though stereo
speakers beside the display. In the current implementation,
a pie slice from the video image is selected to form the orig-
inal image , which is used to create the desired reflections

for the kaleidoscope. The image processing part of the vi-
sion-to-music subsystem uses the exact same pie slice for
the music, so that movements that cause kaleidoscope effects
also cause musical effects. A picture of a person using the Ia-
mascope is shown in Fig. 3.

The kaleidoscope subsystem maps the participant’s
movements to imagery in a direct, one-to-one manner.
This mapping is discussed in [26]. Of interest here is the
gesture-to-music mapping. The musical mapping maps
active zones to musical notes as discussed in the following
section. The feedback available to the participant comes
from sound, video, and proprioception.

A. Vision-to-Music Subsystem

The vision-to-music subsystem has two parts, image
processing and music production. The image processing
is responsible for capturing the video image, extracting
the correct part of the image and calculating intensity
differences. The music production part is responsible for
converting a vector of intensity differences into musical
instrument digital interface (MIDI) signals to control a MIDI
synthesizer. Using image processing to map video to music
has been used by other researchers, including [27] and [28].
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Fig. 2. Block diagram of the Iamascope. Output from the video camera feeds into both the
kaleidoscope subsystem and the vision-to-music subsystem.

Fig. 3. Example of a person enjoying the Iamascope.

1) Image Processing: A block diagram of the image pro-
cessing system is shown in Fig. 4. The function of the image
processor is to divide up the active video region into bins
and compute the change in intensity in a bin over time. The

number of bins is configurable, but normally ten bins are
used. The vector of intensity differences for all the bins is
sent to the music production part of the subsystem. The en-
tire image processing code is written in C.
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Fig. 4. Diagram showing image processing in the vision-to-music
subsystem.

2) Music Production: The music production part of the
vision-to-music subsystem runs every time a new vector
of bin intensity differences is received from the image
processor. Many schemes are possible for musical control
based on the input from the image processor. We chose a
production scheme that did not require any absolute posi-
tioning of the body and would play euphonic music to match
the beautiful kaleidoscope images. Within these constraints,
there is room for some musical control and expression by
the performer.

In Iamascope, the musical key is selected by the computer.
Each bin represents a semitone offset from the root note of
the current key. The offsets are chosen so that each bin in as-
cending order is associated with a I, III, or V note from the
current key in ascending order, providing consistently har-
monic sounds. For example, if the current key is C then bin
0 represents a 0 offset (C note), bin 1 represents an offset of
4 (E note), bin 2 represents an offset of 7 (G note), bin 3 rep-
resents an offset of 12 (C note, one octave higher) and so on.
A note plays when the image intensity difference for a bin
exceeds a threshold. The note velocity is controlled by the
intensity difference. Notes turn off as a function of time and
intensity change as described in [26].

B. Mapping and Expression

The musical mapping in the Iamascope is mostly tech-
nology driven. The algorithm uses a simple video processing
technique to map a player’s movements to MIDI notes. The
player’s movements are unconstrained and the player has to
discover the mapping on his own. The closest metaphor is
that the interface is like a ten-string guitar where the com-
puter holds down the chords automatically. The player strums
the strings by moving in the bins. While this metaphor helps
make the mapping easier to understand, it does not help in

learning to play the device. This is because the metaphor is
not quite accurate. The Iamascope’s musical mapping suffers
from two shortcomings.

1) Players do not know where strings are, since they
cannot see or feel them. This makes note timings very
difficult and, thus, the music lacks expression; this is
a technological shortcoming, as haptic feedback could
restore the metaphor.

2) Players cannot select their own chords, restricting
expressivity. This is a mismatch of the strict guitar
metaphor. A different approach may solve this
problem.

In general, this attribute of freehand or free-form gesture
mapped to sound is problematic. Very few metaphors pro-
vide a strong enough link between gesture and output to pro-
vide an easy-to-learn mapping. Thus, even if the metaphor
and mapping are easy to understand, they will not neces-
sarily lead to a very expressive instrument. While the mis-
matched metaphor for music interferes with the development
of intimacy in the Iamascope, the use of the video imagery
to provide a “mirror” of the participant enhances intimacy.
This happens very quickly, making the Iamascope highly en-
gaging and expressive visually and helping to mitigate the
effects of the mismatched metaphor for the musical control.

C. Intimacy and Embodiment in the Iamascope

Participants in the Iamascope have several levels of aes-
thetic experience arising from the different types of relation-
ships that form inside it. Interestingly, the participant controls
two different aspects of the experience, music and imagery.
The musical control part of Iamascope demonstrates the dif-
ficulties with easy-to-use approaches to musical interfaces.
However, the imagery control demonstrates how the use of
“mirrors” provide effective design strategies. At first, the par-
ticipant typically does not appreciate the influence he has on
the imagery and spends time moving his body to see what ef-
fect it has. The responding images and music at this time are
generally pleasing and give the participant a good feeling;
however, the participant does not associate it very well with
his movement. This level of intimacy occurs in the first type
of relationship where the effect provides the emotional re-
sponse.

With practice in the Iamascope, the participant finds that
he can precisely control the image that he produces. This
exploration is possible due to the highly responsive nature
of the video images. This process stimulates the increase of
intimacy with the device. Soon, he becomes unaware of the
machine and moves as if the images are direct extensions of
himself. At this point, he has embodied the Iamascope and
feels satisfaction just from moving in it.

It is also at this level that the Iamascope becomes a
“graphical instrument.” That is, a performer plays images
as a musician would play a musical instrument. Thus, the
performer becomes an imagician [29]. The performer can
express himself through the imagery very easily. In contrast,
the vision-to-music subsystem is allowing the participant to
control the music. However, the musical control is not nearly
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as great as the imagery control. Only the coarse details of the
music are controlled. These coarse features allow the music
to be synchronized with the imagery without allowing very
much intimacy to form. This is important for the participant
to be able to allow the Iamascope to embody him, since if
he became a musician it would be difficult to separate from
the control he is exerting on the Iamascope.

While the feeling of being an imagician is very satisfying,
with time, the fourth type of relationship can form. That is,
the Iamascope can embody the participant. This is possible
because the intimate relationship that has formed while he is
being an imagician allows him to disassociate the imagery
from himself. This is assisted by the abstraction formed by
the kaleidoscope and the music which is accompanying the
imagery. The imagery is just abstract enough with enough
symmetry that the participant can look at the beautiful im-
agery as separate from his own control. In this case, the image
then imparts an emotional effect. However, the image is of
the participant. Hence, the participant sees an abstraction of
himself in the image and lets it manipulate him. The per-
former needs only watch and listen as if from afar while the
images seep through him. The occurrence of this emotional
influence is coincident with the fusion of part and whole.
That is, the performer is able to control the part (i.e., the
pie slice) which is satisfying, but at the same time, due to
the symmetrical and round quality of the image and the mu-
sical accompaniment, his perceptual system sees and hears
the whole, beautiful Iamascope.

The shape, pattern, and music of the Iamascope are crit-
ical for this process. Other tilings have been tried such as
three-mirror kaleidoscopes where the image extends to all
the edges of the screen, wrapping the three-mirror image
around a spinning sphere, and a four-mirror kaleidoscope
that mirrors a square image. These were considerably less
successful than the current two-mirrored based kaleidoscope
image. The two-mirrored version has several qualities that
support these multiple sources of aesthetics. First, the image
is round. Thus, there is an inclination to see the circle without
seeing the parts that make up the circle. Second, the image
converges at the center that tends to pulsate images into and
out of it as the participant moves. This further tends to make
the participant see the whole rather than the parts. Third, the
image is not too abstract. That is, the participant can easily
see the parts of his body that are in the Iamascope if he wants
to. This is important to allow him to become intimate with
the Iamascope and embody it. The Iamascope runs in real
time, making it very responsive to the movements of the par-
ticipant. This is also important for supporting the amount of
intimacy so that the participant can embody the Iamascope.
Finally, the music is controlled by the participant, though
coarsely. Though, the timing, pitch, and key are automati-
cally controlled by the Iamascope, the feeling of the music is
controlled by the performer. This provides enough disasso-
ciation so that participants do not feel strong intimacy with
the music. However, they know they are controlling it so that
they allow it to move them. Even though the music is simple
and always harmonic, it provides a satisfying feeling.

One of the difficulties with Iamascope’s musical mapping
is that participants did not have a strong enough mental
model of the mapping to overcome the lack of haptic feed-
back. One solution is to provide haptic feedback in addition
to aural and visual so that participants can feel where they
are and what sounds will play to provide more effective
control of the music. However, this approach requires
complex and encumbering hardware. An alternate method
is to provide a better metaphor for the musical mapping to
help improve the intimacy with the device. One metaphor
that we explored that does provide a strong link between
gesture and effect is the hand manipulation of nonrigid
objects such as balloons and rubber sheets. We explored this
tight coupling for a metaphor in Sound Sculpting described
next in Section V.

V. SOUND SCULPTING

Sound Sculpting [30] is a controller for sound design,
which involves navigation through the multidimensional
parameter space of a synthesis engine. It uses the metaphor
of sound embodied in a small object. Manipulations of the
object produce corresponding manipulations in the sound
output.

The goal of a sound designer is to find the correct set of
parameters to produce a specific sound. Common controllers
for this task center on the keyboard and mouse. These input
devices, however, are not well suited to smooth navigation
through high dimensional spaces. One controller that may be
better suited to this task is a glove-input device, which per-
mits the hand, through gesture, to simultaneously vary many
(possibly correlated) parameters with ease.

Previous work in the use of gesture as a controller has
mainly centered on formal gesture recognition. It has been
noted (in [10], for example) that, since humans do not repro-
duce their gestures very precisely, natural gesture recognition
is rarely sufficiently accurate. Classification errors and seg-
mentation ambiguity cause many of the problems with ges-
ture recognition. Only when gestures are produced according
to a well-defined formalism, such as in sign language, does
automatic recognition have acceptable precision and accu-
racy [31]. However, the use of a gesture formalism requires
tedious learning by the player. Also, these formalisms typ-
ically map unconstrained, free gestures to action. However,
these types of gestures are difficult to control making them
poor choices for interfaces. Metaphor allows the player to
hold a mental model of the gesture space. The mental model
constrains gestures to a meaningful space if it is sufficiently
strong. Using pseudohaptic feedback with isometric input
devices [32], for example, creates a compelling physical sen-
sation using virtual haptic feedback.

In Sound Sculpting, a virtual object is used an as input
device for the editing of sound. The sound artist literally
“sculpts” sounds using a virtual sculpting computer inter-
face [33], i.e., by changing virtual object parameters such
as shape, position, and orientation. The mapping was de-
signed based on pragmatics, and can be explained using the
metaphor of sound embodiment.
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Fig. 5. Example of the sheet clamped to the index and thumb
tips of both hands.

Fig. 6. Example of the balloon clamped to both hands.

A. Pragmatic-Based Design

Sound Sculpting applies pragmatics to the metaphor of
small object manipulation. Consider object manipulations
such as changing the position, orientation, and shape of an
object. The pragmatics for position and orientation manipu-
lations on small, light objects are simple and do not involve
any tools. The analysis by Mulder et al. [30] of methods
employed by people to edit shape with their hands leads to
the identification of four different stereotypical methods. The
types of pragmatics include claying, carving, chiseling, and
assembly. Sound Sculpting uses the pragmatic of claying, in-
cluding stretching, to define its gesture set.

B. Sculpting FM Synthesis

Two virtual objects were created to control the parameters
of FM synthesis: a sheet and a balloon. The claying method
used to sculpt these objects was difficult to control without
tactile feedback. A derivative method, based more on elas-
ticity, was developed.

A thick rectangular sheet and an elliptical balloon can
be virtually manipulated in Sound Sculpting, as shown
in Figs. 5 and 6. Sound parameters such as panning and
reverberation are mapped to the virtual positions of these
objects. Other FM synthesis parameters, such as flange am-
plitude, chorus depth, and modulation index, are mapped to
object shape properties such as length, width, and curvature.
Pitch and duration of notes were difficult to map to free
gestures, so they were either fixed, preprogrammed in a
MIDI sequence, or input in real time using a MIDI keyboard.

Manipulation was originally based on touching. The
player would reach out with her hand, sensed by a Polhemus

Fastrak2 and a Virtual Technologies CyberGlove,3 and
sculpt the object in virtual space. Although sculpting in
the physical world is most effective with touch and force
feedback, the assumption was that these forms of feedback
could be replaced by acoustic and visual feedback with some
compromises. This assumption was found to be partially
valid. While the player could see and hear the changes
made by her actions, it was very difficult to predict where
the object actually was. This made motions such as gentle
surface strokes difficult.

The claying pragmatic was extended to allow the player to
attach her fingertips to control points on the virtual object.
This created a more elastic feel to the interface; the player
could stretch and pull the object like taffy. This interaction
paradigm helped compensate for the lack of tactile feedback,
since the player did not need to acquire the object; instead,
it was always attached to her hands. All control then was,
in effect, based on the relative positions of her hands only.
Further, the metaphor constrained her model of what makes
sense semantically in the mapping.

C. Sound Sculpting Evaluation

Sound Sculpting was evaluated informally [30]. Two main
conclusions were made.

1) Manipulation—The control of virtual object shape
often required some effort to master due to the need
for exaggerated movements and/or the need to learn
limitations to the control of shape. Due to these limita-
tions to manipulation, unwanted coarticulation of vir-
tual object features could occur. While it is possible
that such coarticulation can be used to the performer’s
advantage in certain tasks, in the real world the virtual
object features used can be controlled separately. The
“touching” of virtual objects was difficult due to a lack
of tactile and force feedback, or suitable depth clues.

2) Sonification—The mapping of position and orienta-
tion to spatialization parameters proved easy to use.
The mapping of virtual object shape to a variety of
timbral parameters offered no obvious analogy to the
physical world to the player. Thus, learning was re-
quired to obtain desired acoustic feedback in a natural
way using the manipulation methods. Forced coartic-
ulation of some shape features prohibited independent
control of the sound parameters they were mapped to.
Scaling and offsets of virtual object features for map-
ping to sound parameters was somewhat arbitrary.

D. Intimacy and Embodiment in Sound Sculpting

The results of Sound Sculpting support the notion that the
use of metaphor facilitates the development of intimacy with
the device. Parts of the mapping were easily explained and,
thus, made it easy for a player to create a mental model. Un-
fortunately, other parts of the mapping were more difficult to
understand because of the mismatched metaphor. This im-
pairs the formation of intimacy, as also noticed in the Iam-

2A magnetic tracking device.
3A dataglove that senses hand posture.
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ascope. Also, the sheet manipulation metaphor was found to
be more useful, indicating that the choice of metaphor is im-
portant.

The metaphor of sound embodied in an object worked well
for spatialization parameters such as panning and reverber-
ation. It broke down when the parameters of the sound did
not match those of the object. For example, the modulation
index of an FM synthesiser does not intuitively map to the
qualities of a physical object. A more appropriate metaphor
may be useful to control FM synthesis.

Claying and stretching were both implemented in Sound
Sculpting. Claying is a compelling metaphor for shape
manipulation, but is not useful without tactile feedback.
Stretching, however, allows the player’s frame of reference
to remain attached to the object. The lack of tactile feedback
is circumvented at the expense of the ability to vary contact
position. This result indicates that it is important to choose
a metaphor that can be supported by the input and output
interfaces. Claying should be revisited if freehand tactile
feedback becomes technically feasible.

Of particular interest with Sound Sculpting is that the
stretching metaphor was sufficiently strong that players
using the device developed some intimacy with the device.
In practical terms, the player’s mental model provides
mental constraints on what actions make sense musically.
Thus, there was no requirement for force feedback as the
user’s mental model implicitly provides the feedback. The
use of metaphor for allowing the mental model to be formed
easily increases intimacy. However, even with the clear
mental model, the sound space still was difficult to explore
inhibiting the embodiment of the interface. Further, while
not explicitly created for real-time performance, the same
metaphor strengthening the intimacy with the device also
helps an audience understand the relationship between
control and sound.

Finally, Sound Sculpting illustrates the importance of
choosing a good metaphor. One approach that has been used
is to base the metaphor on an already existing instrument.
This may be achieved either though actually instrumenting
a musical instrument (such as [6], [15]) or using a mental
model of a musical instrument and measure the player’s
gestures (as in [9]). These approaches leverage off the ex-
isting intimacy musicians have with their instruments. The
difficulty comes when these metaphors are used to control
sound spaces that are not like to original instruments used for
metaphor. In the case of Sound Sculpting, the sound space is
created through direct control of an FM synthesizer. Thus, it
is not clear how metaphors based on preexisting instruments
could be used effectively for novel sound spaces.

VI. TOOKA

The last instrument, Tooka, shown in Figs. 7 and 8, is a
two-person instrument that attempts to transform the inti-
macy that can form between two people who are interacting
and communicating into musical expression [34]. The design
of the instrument is loosely based upon a traditional wind in-
strument to facilitate the creation of intimacy with the device.

Fig. 7. Picture of Tooka.

Fig. 8. Two players playing Tooka.

This is important, as the main objective is for the controls of
the instrument to be embodied quickly so that the participants
can focus on communicating with each other, allowing inti-
macy between the players to develop.

The first version of Tooka is a hollow tube with a pressure
sensor and three buttons for each player (Figs. 7 and 8).
Players blow into opposite ends and modulate the pressure in
the tube with their tongues and lungs, controlling sound am-
plitude. Each player has three buttons to control pitch. The
mapping between button presses and notes is designed such
that to play a simple scale each player must be attuned to the
other at every step. Notice that the communication between
Tooka players is quite different than that of typical multiple
players on one instrument or ensembles. In typical multi-
player instruments and ensembles, such as a duet on a piano,
each musician plays his own instrument independently and
coordinates the sounds together. With Tooka, players must
coordinate the input controls and cannot play independently.
Thus, both gesture and sound require coordination between
the two plaers for expression. Naturally, duets and ensemble
play require intimacy between player for expression, but
Tooka focuses explicitly on having sound only being pos-
sible when two players coordinate their gestures.
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Fig. 9. Block diagram of Tooka.

A. Tooka Architecture

Fig. 9 shows a block diagram of Tooka. The overall
architecture uses a Workspace model to connect all the
computational elements called managers and workers. The
Workspace is implemented as a Tcl/Tk [35] process that
workers and managers attach to and do the work in. Effec-
tively, the Workspace is a common interpreter environment
where workers and managers execute Tcl/Tk commands.
The workers and managers attach either through a TCP/IP
connection or are embedded in the Tcl/Tk workspace using
dynamically linked libraries.

For Tooka, there is one manager and two workers. The
manager is the graphical user interface that controls data
flow and configuration of the data acquisition and music
production via the workers. The data acquisition worker is
responsible for reading data from the instruments buttons
and pressure sensor. It runs as a separate process written
in C and uses the Comedi libraries [36] for reading/writing
to the data acquisition board. It attaches to the workspace
using a TCP/IP connection. The second worker is the MIDI
Music worker. It is responsible for mapping data inputs to
MIDI notes. It has been implemented as a dynamically load-
able music module. It was created by modifying the virtual
keyboard (VKB) [37]. Currently, all the processes run on a
single-processor machine running Linux.

Players can modulate the pressure in the tube using
their tongues, pharynxes, and lungs. Each mechanism has
different precision as well as feedback, providing a diverse
control and feedback space. This property of Tooka suggests
that with a well-designed mapping from air pressure to
sound it should become an expressive instrument.

Tooka’s pressure sensor is a NovaSensor 410-015G3L
that detects medium-range pressures. The pressure sensor
is connected to an instrumentation amplifier, and the signal
is passed to a National Instruments analog-to-digital (A/D)
converter (PCI-MIO-16E-4). The buttons are also connected
to the digital inputs of the A/D converter. All the information
from the A/D converter is available to our application
through a Tcl/Tk interface. All the music code for mapping

Table 1
Player Button Pitch Mapping

Notice the use of a gray code so that each player alternates
control for each semitone. Also, each player is holding the
same buttons down for the tonic, III, V, and VIII notes. The
octave is selected by the combination of the third button as
shown in Table 2

sensor data to MIDI is performed using Tcl/Tk and then sent
to the modified VKB system.

B. Controlling Tooka

Tables 1 and 2 illustrate the mapping of three of each
player’s buttons to pitch. A new version of Tooka has a fourth
button that when pressed provides harmonies with the cur-
rent notes being played. To intentionally control or to play a
melody, both players must work together.
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Table 2
Mapping of Players’ Third Button to Octave

The greatest degree of control over sound amplitude is
from players’ tongues. Players can form a completely closed
tube with their mouths, tongues, and pharynxes to block any
airflow into their lungs or out their noses. Keeping the back of
their tongues against their pharynxes creates an airtight seal.
Players move the front of their tongues to adjust the volume
of air in their mouths, providing a very precise pressure con-
troller. As their mouths and tongues are forming the seal, any
pressure changes made by either player are immediately felt
by both of them, providing excellent feedback as to the state
of the instrument as well as an indication of what the other
is doing. Air pressure changes using just the tongue can be
quite substantial. During this type of interaction, each player
can breathe at the same time as he is modulating the tube
pressure.

Players can control their pharynxes to allow air to flow
through their noses. This ability allows each player to be able
to quickly change and/or modulate the tube pressure by ad-
justing the amount of air that flows through his nose. Gener-
ally speaking, this mechanism only allows for one player to
lower the tube pressure to zero without going negative. Fur-
ther, this control allows a continuous stream of air for the
duration of one player’s breath.

In contrast, a player may use his lungs to adjust the air
pressure. While this control is fairly coarse grained, it does
allow players to create large negative and positive pressures
in the tube. For a rush of air to pass through the tube, one
player has to allow the air to pass into his or her own mouth
while the other is blowing. This is reversed to have air flow
the other way. While airflow is not currently measured, it
is planned for future versions of Tooka. While the use of
lungs to play the instrument provides coarser control of the
air pressure, visually it provides a clearer image of what the
players are doing. This is helpful both for the other player
and for the audience to make the instrument’s mapping more
transparent. Note, though, that the players typically use the
high-fidelity sensing of the air pressure to understand each
other’s effort and intentions.

C. Intimacy and Embodiment With Tooka

Tooka is still a recent creation and has not been played
extensively. The concept behind Tooka comes from recog-
nizing that the mutual effort expended by the performers
for an audience is a critical motivation behind musical
expression. Tooka’s design requires a high level of close
communication between two players. The intimacy between
the players and the effort required to play expressively

together comes through in the performance. This should
lead to very powerful modes of expression not possible with
single-person instruments or even multiplayer ensembles
where performers play separate instruments together. The
intimacy is heightened by the fact that the two players share
the same air and feel each other’s breath. Upon seeing
the instrument, many audiences react quite strongly to the
connotations of the connection between the two performers.
This reaction lends support that Tooka has excellent poten-
tial for player expression.

Since Tooka necessitates some degree of mastery for both
players together, the expectation is that they spend time to-
gether learning to play the instrument. As the instrument
requires players to develop intuitive control methods, prac-
tice consists of learning to anticipate and essentially embody
the other person, by feeling another person’s breath in one’s
lungs. Ideally, with practice, the two players will feel a sense
of embodiment with each other as well as the instrument it-
self. The embodiment of each other, facilitated by the design
of the instrument, should lead to a deep aesthetic experience
for the players, which would then be transmitted through
the music they play for the audience. It is anticipated that
this will provide a deeply moving aesthetic for the audience.
Tooka is still under development and only a few players have
spent any appreciable time with it. The idea of multiperson
instruments that only make sound through the combined ef-
forts of expert performers has been explored in such his-
toric works as Stockhausen’s “Mikrophonie I and II” [38]
and Globokar’s “Laboratorium” [39], among others. It con-
tinues to be an area rich for investigation, especially as new
technologies provide new ways for people to interact.

VII. CONCLUSION

Intimacy was introduced as a measure of the subjective
match between the behavior of a device and the operation
of that device. It is framed as a generalization of Moore’s
control intimacy. This measure provides an index to guide
design of new musical instruments. The basic idea is that as
intimacy increases with a device the player begins to embody
the instrument. An embodied interface is an extension of the
player and allows a player’s expression to flow through the
device without cognitive effort focused on the control of the
device itself.

The aesthetics of control are associated with an embodied
interface. That is, the control of the device, independent of
the output, provides a positive experience for the player pro-
viding satisfaction just using it. With this type of relationship,
expression necessarily flows through the device as the map-
ping is transparent. In essence, the device is an extension of
the player’s body. Of course, the aesthetics of the result—that
is, the musical output—also provides satisfaction. In extreme
cases, the musician also can dissociate from the control and
experience the aesthetic of being controlled by the music.
The relationship between player and instrument is not sta-
tionary. As a player continues to practice, the requirement
for embodiment, including the aesthetics of the result and
control, need to change to keep the player’s interest. Thus, a
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musical interface designer needs to embed continuously in-
creasing musical complexity for the player or the instrument
will likely be abandoned. Unfortunately, this goal is often an-
tithetical to making the new musical instrument easy to learn.
Finding a balance remains a difficult challenge.

Three distinct methods for supporting intimacy with a
device were introduced via examples of interfaces in the lit-
erature. The three methods were providing mirrors, creating
metaphors, and remapping existing intimacy. The Iamascope
used mirrors to achieve intimacy, Sound Sculpting used
metaphor, and Tooka exploited human–human intimacy to
create music. Each approach has its merits and limitations.

The Iamascope uses a conceptual mirror to provide a
means of identification for the player. The player can easily
change focus from the macro image of the kaleidoscope
to the micro image of his own image. The abstraction is
sufficient so that players are not self-conscious. However, it
is concrete enough so that a player can see himself if desired.
This property makes for quick development of intimacy and
embodiment with the device. The visual imagery, being a
mirror of the actual person, continues to provide complexity
in the image as players became experts. However, the
musical mapping quickly reaches its limits of expression.

Mirrors provide an effective means for developing inti-
macy with devices. However, they have limits for expression
depending upon the context. The main difficulty is that there
is a delicate balance required in the degree of reflection and
abstraction. If the mapping it too direct, users may become
self-conscious (such as in a public installation), or it does
not allow significant benefit over what the player would do
himself directly. If the mapping is too abstract or indirect to
provide new functions (i.e., through some computer support
algorithm), the player may not recognize himself and the ad-
vantages of mirrors are lost.

Sound Sculpting uses a metaphor to overcome the limits
created by the absence of tactile or force feedback on the
instrument and the mapping between gesture and sound is
complex. Claying and stretching of virtual rubber objects are
used to manipulate parameters of an FM synthesizer. The
metaphor of rubber objects works very well for stretching
manipulations, but not so well for claying operations. How-
ever, Sound Sculpting demonstrates effectively that with a
good metaphor players very easily grasp the mapping and
develop intimacy. It also demonstrates the difficulties with
metaphor when it does not match the task space well enough.

Finally, Tooka attempts to remap the intimacy between
two people by creating a two-person musical instrument. The
instrument requires two people to coordinate their efforts
to play sound. While not yet played by experts, Tooka has
some of the necessary qualities to be an expressive instru-
ment. Tooka leverages off the intimacy between two people
to create an expressive instrument. The approach in Tooka
is novel in the sense that the interface is exploiting humans
ability to form relationships. The output of the device is in-
tended to represent that intimacy, and this provides feed-
back to the two people to keep them engaged and satisfied.
The expectation is that the human dynamic will be strength-

ened sufficiently so that people are engaged on a contin-
uous path to virtuosity and will tolerate the complexity of
the interface. This same principle may apply to devices that
support human–human communication, such as cell phone
interfaces.

The systems described here all use different techniques to
facilitate the development of intimacy and ultimately to the
formation of an embodied interface. At this point, empirical
techniques to measure intimacy do not exist. We are inves-
tigating adapting experimental methods from psychology to
measure the relationship between a person and a device as he
learns to use it. This is the subject of current research.

The use of the computer for developing new musical
instruments has created new opportunities for expression.
However, the expansive possibilities for mapping gestural
control to sounds is complex. Researchers have only had
limited success finding the right mix of an interface that is
possible to learn and at the same time continues to grow in
expressive power as expert performance is achieved. Further
complicating the situation is the fact that the audience as
well as the players requires a transparent mapping to un-
derstand the causal relationship between control and sound
to have an expressive instrument. New music synthesis
techniques, new sensing technologies, better understanding
of human–computer interaction and new techniques for
measuring intimacy will help explore the nearly infinite
possibilities for musical instrument design.

VIII. FURTHER READING

The field of new interfaces for musical expression covers
a large body of knowledge. Some selected readings for ad-
ditional coverage include conference proceedings from New
Interfaces for Musical Expression (NIME);4 the symposium
on Human Supervision and Control in Engineering and
Music in Kassel, Germany, in 2001;5 Organized Sound: An
International Journal of Music and Technology published
by Cambridge University Press, Cambridge, U.K.; and the
Journal of New Music Research, published by Swets &
Zeitlinger, Lisse, The Netherlands. In addition, research
based around the term kansei, a Japanese word roughly
meaning emotion or emotional expression, incorporates new
music interfaces. Readings can be found in the Proceedings
of KANSEI, the Technology of Emotion Workshop, held
in Genova, Italy, in 1997, among others. Reports on new
interfaces for musical expression also appear in research
publications on human–computer interaction such as the
Proceedings of IEEE Multimedia and Exposition (ICME),
the ACM Special Interest Group on Computer-Human
Interaction (SIGCHI), the ACM Special Interest Group on
Graphics and Interaction (SIGGRAPH), and ACM Multi-
media and associated journals. Finally, musicians looking
to expand their expressive capabilities create many new
interfaces. These often go undocumented and only appear in
performances. These are sometimes described on CD liner
notes or concert reports.

4www.nime.org
5www.engineeringandmusic.de/

684 PROCEEDINGS OF THE IEEE, VOL. 92, NO. 4, APRIL 2004



ACKNOWLEDGMENT

The author would like to thank A. Gadd, T. Blaine, F. Vogt,
A. Mulder, and K. Mase for their contributions. Much of the
separate parts of the work in this paper comes as a result of
research performed and published together at various times.
The author would also like to thank all the members of the
Human Communication Technologies laboratory. Many of
the ideas in this paper have come from numerous discussions
with everyone in the lab.

REFERENCES

[1] T. Blaine and S. Fels, “Collaborative musical experiences for
novices,” J. New Music Res., vol. 32, no. 4, pp. 411–428, Dec.
2003, to be published.

[2] N. Orio, N. Schnell, and M. Wanderley. Input devices for musical
expression: Borrowing tools from HCI. Proc. 1st Workshop New
Interfaces for Musical Expression (NIME01) [Online]. Available:
http://www.nime.org

[3] F. R. Moore, “The dysfunctions of MIDI,” Comput. Music J., vol.
12, no. 1, pp. 19–28, 1988.

[4] S. Fels, “Intimacy and embodiment: Implications for art and tech-
nology,” in Proc. ACM Conf. Multimedia, 2000, pp. 13–16.

[5] M. Wanderley and P. Depalle, “Gestural control of sound synthesis,”
Proc. IEEE, vol. 92, pp. 632–644, Apr. 2004.

[6] T. Machover, “Hyperinstruments: A composer’s approach to the evo-
lution of intelligent musical instruments,” in Cyberarts. San Fran-
cisco, CA: Freeman, 1991, pp. 67–76.

[7] The Hands, M. Waisvicz. [Online]. Available:
http://www.xs4all.nl/~mwais/

[8] C. Anderton, “STEIM: In the land of alternate controllers,” Key-
board, vol. 20, no. 8, pp. 54–62, Aug. 1994.

[9] L. Tarabella and G. Bertini, “Giving expression to multimedia per-
formance,” in Proc. 2000 ACM Workshops Multimedia 2000, 2000,
pp. 35–38.

[10] S. Fels and G. Hinton, “Glove-TalkII: A neural network interface
which maps gestures to parallel formant speech synthesizer con-
trols,” IEEE Trans. Neural Networks, vol. 9, pp. 205–212, Jan. 1998.

[11] J. Paradiso, “Electronic music interfaces: New ways to play,” IEEE
Spectr., vol. 34, pp. 18–30, Dec. 1997.

[12] D. Morrill and P. Cook, “Hardware, software, and compositional
tools for a real-time improvised solo trumpet work,” presented at
the Int. Computer Music Conf. (ICMC89), Columbus, OH.

[13] M. Cutler, G. Robair, and G. Bean, “The outer limits,” Electron.
Musician Mag., pp. 49–72, Aug. 2000.

[14] P. Cook, “Principles for designing computer music controllers,” pre-
sented at the 1st Workshop New Interfaces for Musical Expression
(NIME01), Seattle, WA.

[15] M. Gurevich and S. von Muehlin, “The accordiatron: A MIDI con-
troller for interactive music,” presented at the 1st Workshop New
Interfaces for Musical Expression (NIME01), Seattle, WA.

[16] G. Young, The Sackbut Blues: Hugh Le Caine, Pioneer in Electronic
Music. Ottawa, ON, Canada: Natl. Museum Sci. Technol., 1989.

[17] LightningII, Buchla and Associates. [Online]. Available:
http://www.buchla.com/lightning/index.html

[18] T. Machover, “Brain opera,” in Memesis: The Future of Evolu-
tion. Linz, Austria: Ars Electronica, 1996.

[19] D. Wessel and M. Wright, “Problems and prospects for intimate mu-
sical control of computers,” presented at the 1st Workshop New In-
terfaces for Musical Expression (NIME01), Seattle, WA.

[20] S. Fels, A. Gadd, and A. Mulder, “Mapping transparency through
metaphor: Toward more expressive musical instruments,” in Orga-
nized Sound. Cambridge, U.K.: Cambridge Univ. Press, 2002, vol.
7, pp. 109–126.

[21] A. M. Hunt, M. Wanderley, and R. Kirk, “Toward a model for instru-
mental mapping in expert musical interaction,” in Proc. Int. Com-
puter Music Conf., 2000, pp. 209–212.

[22] G. Mazzola and S. Göller, “Performance and interpretation,” J. New
Music Res. (Special Issue), vol. 31, no. 3, pp. 221–232, 2002.

[23] M. Csikszentmihalyi, Flow: The Psychology of Optimal Experi-
ence. New York: Harper, 1990.

[24] Y. Tuan, Passing Strange and Wonderful. Tokyo, Japan: Kodansha,
1993.

[25] J. Donahoe and D. Palmer, Learning and Complex Be-
havior. Boston, MA: Allyn & Bacon, 1994.

[26] S. Fels and K. Mase, “Iamascope: A graphical musical instrument,”
Comput. Graph., vol. 2, no. 23, pp. 277–286, 1999.

[27] Very nervous system, D. Rokeby. [Online]. Available:
http://www.interlog.com/~drokeby/vns.html

[28] K. Ng, “Music via motion: Transdomain mapping of motion and
sound for interactive performances,” Proc. IEEE, vol. 92, pp.
645–655, Apr. 2004.

[29] S. Fels, “Want to become an Imagician?,” Odyssey, p. 30, Nov. 1999.
[30] A. Mulder, S. Fels, and K. Mase, “Design of virtual 3D instruments

for musical interaction,” in Proc. Graphics Interface’99, pp. 76–83.
[31] J. Kramer and L. Leifer, “The ‘Talking Glove’: A speaking aid for

nonvocal deaf and deaf-blind individuals,” in Proc. RESNA 12th
Annu. Conf., 1989, pp. 471–472.

[32] A. Lecuyer, S. Coquillart, A. Kheddar, P. Richard, and P. Coiffet,
“Can isometric input devices simulate force feedback?,” in Proc.
IEEE Int. Conf. Virtual Reality, 2000, pp. 83–90.

[33] T. A. Galyean, “Sculpting: An interactive volumetric modeling tech-
nique,” in Proc. SIGGRAPH’91, vol. 25, pp. 267–274.

[34] S. Fels and F. Vogt, “Tooka: Exploration of two person instruments,”
in Proc. 2nd Int. Conf. New Interfaces for Musical Expression
(NIME02), pp. 116–121.

[35] J. K. Ousterhout, Tcl and the Tk Toolkit. New York: Ad-
dison-Wesley, 1994.

[36] Comedi: Linux control measurement device interface, Berkeley Lab,
Berkeley, CA. [Online]. Available: http://stm.lbl.gov/comedi

[37] Virtual keyboard (VKB0.1.11), T. Iwai. [Online]. Available:
http://mitglied.lycos.de/iwai/alsa.html

[38] K. Stockhausen, Mikrophonie 1–2, in Music of our Time Series,
CBS Records, 1965.

[39] V. Globokar, Laboratorium: For 10 Instruments, Peters, 1973.

Sidney Fels received the B.A.Sc. degree in
electrical engineering from the University of
Waterloo, Waterloo, ON, Canada, in 1988 and
the M.Sc. and Ph.D. degrees in computer science
from the University of Toronto, Toronto, ON,
Canada, in 1990 and 1994, respectively.

From 1996 to 1997, he was a Visiting
Researcher at ATR Media Integration and
Communications Research Laboratories, Kyoto,
Japan. Since 1998, he has been in the Depart-
ment of Electrical and Computer Engineering,

University of British Columbia, Vancouver, Canada. He is currently the
Director of the Media and Graphics Interdisciplinary Centre (MAGIC)
and heads the Human Communication Technologies (HCT) Laboratory.
His research interests are in human–computer interaction, neural networks,
intelligent agents, new interfaces for musical expression, and interactive
arts. Some of his research projects include Glove-TalkII, InvenTcl, French
Surfaces, Sound Sculpting and the context-aware mobile assistant project
(CMAP). His artwork includes Iamascope, Waking Dream, Sound Room,
Sound Weave, Forklift Ballet, and others.

FELS: DESIGNING FOR INTIMACY: CREATING NEW INTERFACES FOR MUSICAL EXPRESSION 685


