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ABSTRACT

We developed four widely different interfaces for users of
Somewire, a prototype audio-only media space. We
informally studied users’ experiences with the two screen-
based interfaces. We prototyped a non-screen-based
interface as an example of a novel tangible interface for a
communication system. We explored the conflict between
privacy and simplicity of representation, and identified two
unresolved topics: the role of audio quality and the prospects
for scaling audio spaces beyond a single workgroup. Finally,
we formulated a set of design guidelines for control and
representation in audio spaces, as follows: GUIs are not
well-suited to audio spaces, users do not require control over
localization or other audio attributes, and awareness of other
users’ presence is desirable.
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INTRODUCTION

Although the technology for Internet telephony is
developing rapidly, most of its interfaces and the
interactions that they provide are currently tied to the
physical model of the telephone. As the technology
improves and the underlying systems offer the full flexibility
of digital audio, the possible interactions expand and new
kinds of group communication systems become practical.

One promising example of these new systems is the audio
space. An audio space is an audio communication system
for a group, the members of which are in disparate physical
locations; the audio space creates the auditory illusion for
each member that its users share a common acoustic space.

To explore such audio spaces, we developed the Somewire
system. Somewire allowed us to look at design issues and
the workplace influence of a high-quality, audio-only group
communication system. One or more versions of Somewire
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were in continuous use by 8 to 16 people within Interval
Research Corp. from 1993 to 1995.

A previous paper presented the findings from a Somewire-
related field study [1]. This study examined usage,
conversational content, and social norms within a single
workgroup. The findings clearly show the value and utility
of the Somewire audio space. Another significant finding of
this study is that audio spaces can lead to social spaces.

The current work looks at the user interface aspects of
Somewire, rather than at the social aspects. We built four
interfaces to Somewire; each embodies a different approach
to the central matters of representation and interaction in
such a communication space. We conducted user studies and
evolved the interfaces based on the results. Two interfaces
are screen-based GUIs, one is a device interface with no
software controls, and one is a tangible user interface that
used physical objects. This first application of a tangible
user interface to a media space is by far the most novel and
engaging of the four; we describe it in detail.

In this paper, we first review prior work that informed the
design of our audio-only media space. We describe
Somewire briefly, then examine the four interfaces,
emphasizing representation and interaction. We discuss what
we learned from the user studies, and how we applied that
knowledge in evolving our designs.

These interfaces entail a conflict between the need for
privacy mechanisms and the need for simplicity of
representation. We discuss how the conflict arises and some
of the difficulties in resolving it. We present the novel
tangible interface in detail. Finally, we offer a set of
guidelines for the design of audio space systems, and
identify areas that require further investigation. '

DESIGN CONSIDERATIONS FOR AUDIO SPACES
Empirical data support the hypothesis that audio alone is
sufficient to create a usable media space system. Audio has
been found to have a primary role in communication
[15,17].
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Somewire’s primary characteristics are that it is persistent,
lightweight, and has high-quality, spatialized audio.
Persistency refers to communication being available
continuously, in contrast to telephone calls which are
explicitly started and stopped. Lightweightness refers to the
lack of effort required to initiate or end communication;
again, the telephone is not lightweight because of the need to
pick up the handset, dial a number, and so on.

In support of the importance of the first two characteristics,
several office-share studies (e.g., [7]) found continuous open
audio to be important to creating and maintaining long-term
interaction patterns between colleagues. Gaver [10] pointed
out the importance of ambient audio in the workplace for
subtly informing people of activities around them. Similarly,
Whittaker and colleagues [25] studied informal workplace
communication and characterized workplace interactions as
one long intermittent conversation, made up of numerous,
very short interactions. They predicted that persistent audio
and video links could support frequent, brief, lightweight
interactions at minimal cost.

The value of high-quality audio has been documented by
studies that examined the audio-only condition in media
spaces with multiple media. These studies demonstrated the
value of providing high-quality full-duplex audio with no
transmission lag. For example, Gale [9] found that high-
quality audio resulted in faster group task completion times
than did low-quality audio combined with video. There is
also evidence that low-quality audio ‘adversely affects
communication [12].

Spatialized audio uses stereo to create an audio image
around the user, like that created by high-fidelity
entertainment systems. Spatialized audio is closely related to
high-quality audio. Buxton’s Hydra system [4], which used
small audio-video units for teleconferencing, is particularly
interesting in that it allowed users to configure spatially their
conference space.

Our use of the term spatialized does not imply true three-
dimensional (3D) audio, which applies complex signal
processing to a mathematical model of the listener’s head;
such work informed our appreciation of some kind of
spatialization, but 3D audio requires headphones to work
well. Of interest here is Aoki, Cohen, and Koizumi’s [2]
audio conferencing system, which has true spatialization, a
rich set of audio controls, and a screen interface that
supports spatial positioning. That system, however, appears
to be primarily a platform for audio spatialization research,
rather than a system for workaday use.

One important point is that an audio-only system is
considerably less complex, and therefore more practical,
than a system that includes video. Somewire is such an
audio-only system, and it is described in the next section.

THE SOMEWIRE AUDIO SPACE SYSTEM

Somewire is an audio-based communication system that
connects multiple users in separate offices to one another in
a manner conceptually similar to a telephone party line or

conference call. Connections are continuous rather than
transient, and no handset or connection setup is required
after an initial configuration.

The goal of the system is to support persistent, lightweight
and serendipitous communication among people located in
separate physical spaces. Users hear one another’s speech
and office sounds continuously. This persistency creates
and supports serendipitous communication of a kind that
rarely occurs with telephone interaction; however, users are
free to disconnect themselves from Somewire at any time.
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Figure 1. The overall Somewire system for the Faders, Vizwire and
ToonTown user interfaces.

Each user's office contains stereo desktop microphones, a
pair of speakers, and a hardwired box with an on—off switch
that also contains the microphone preamplifiers. The
communication process is lightweight. There is no call to
place and no switch to throw; users simply speak. Somewire
uses analog audio to connect up to 16 users through a central
server (Figure 1). The underlying machinery of the system
is a set of digital audio mixers, under the control of a
networked server [18]. Each mixer is dedicated to creating
and maintaining the acoustic space for a single user’s office.

The audio is high quality, such that users can easily
distinguish one another's voices and clearly hear each
other’s utterances, even when several wusers talk
simultaneously. The sound quality makes it possible to hear
every noise that you might hear if you were sitting in a
person's office, including keyboard sounds, telephone
conversations, body noises, and background noise.
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Unlike other audio conferencing systems, e.g., the one
created by Aoki, Cohen, and Koizumi {2], headphones are
not necessary in the three Somewire systems that use stereo
speakers. With speakers, feedback howl can result if a
user’'s own audio signal is fed back to her system;
headphones provide a simple solution to this problem in the
fourth Somewire system. The other three versions of
Somewire use mixing technology to produce an audio signal
that eliminats the local microphones from each office's
signal.* Most users work in private offices, so speakers are
not problematic for them.

The audio managed by Somewire is not directly connected
to the user’s computer, athough, in two versions, the user
controls Somewire via an interface program running as a
client application on his computer. The system’s model
enables widely varying interfaces to operate simultaneously
and to interact with one another smoothly. The client
programs could modify audio parameters-volume,
panning, bass, and treble-for each source sound in the
user's local input mix by sending requests to the server.
These sound sources are primarily other Somewire users,
compact disks and radio broadcasts are also available.

Two of the client application programs, Faders and Vizwire,
are screen-based user interfaces. The third, ToonTown, is a
physica interface that uses only tangible objects
supplemented by auditory indicators. A fourth, Thunderwire,
is based on a simpler implementation with just physical
controls and headphones.

We shall describe these user interfaces in terms of the
system setup, the interfaces’ affordances, and users’
reactions to the interfaces.

SCREEN-BASED INTERFACES TO SOMEWIRE

Initially, the system designers were predisposed towards
conventional graphical user interfaces for controlling
Somewire. The first two interfaces we built took this form.

Faders: A Literal Representation

The first interface is Faders, which presents a * metaphor of
the underlying mixing technology, with sound sources
represented by bands of diders.

In Faders (Figure 2), each user on Somewire is represented
by a name and a set of audio controls. The diders indicate
the state of the system in relation to each associated user.
Volume sets the loudness of each associated remote user’s
microphone in the local user’'s mix; Pun similarly sets the
relative balance of the left and right channels, and Buss and
Treble set these signal characteristics. The Master Volume
control sets the overall volume of the local user’s speakers.
The On-0Off button controls the whole mixer

This litera interface has the advantage of directly presenting
controls for the audio parameters that the user can

*At the time, this required racks of sound apparatus. Now the same
task could be accomplished much more easily, due to advances in
digital audio mixing technology.
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manipulate. It has the disadvantage of requiring that users
understand the system’s implementation and determine how
to manipulate the audio parameters to achieve a desired end.
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Figure 2. A Faders display. The local user, Roger, is
listening to al users except Design’, the name denoting a
group meeting room.

Vizwire: A Social Representation

The mixer paradigm in Faders provides a view into the
system machinery itself. Vizwire, on the other hand,
presents a model that emphasizes the social and physica
aspects of audio communication.
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Figure 3. A Vizwire display. The local user, the Rabbit, is
talking to four remote users.

In Vizwire (Figure 3), the local user is represented by a
fixed icon in a semicircle a the bottom of the left-hand
(conversational) region of the display. Each remote
Somewire user is represented by a draggable icon on the
screen. The Vizwire display is divided into three regions.
The top control region contains overal settings for the
system. Remote users whose icons are in the inactive region
on the right side of the display are not included in the local
user's mix. Users whose icons are in the conversational
region on the left side of the display are heard in the local
user’s mix. An exception is a remote user whose microphone
is turned off. In this case, the remote user is not heard and a
red dlash appears over hisicon.a



CHI 99 15-20 MAY 1999

Papers

The conversational region employs a user-centric
presentation. As a remote user’s icon moves around the local
user’s icon, Vizwire moves the remote user's apparent audio
position correspondingly. It does this by manipulating the
remote user's stereo pan and volume in the local user's mix.
Volume is thus represented as a vertical distance between
icons, rather than as a linear slider as in the Faders interface.
Just as the vertical position of the remote user's icon
determines its volume; its horizontal position determines its
stereo panning, that is, its left-right relative loudness.

One user can also "whisper” to another—that is, create a
temporary private audio space for the two of them—by
clicking on the other user's icon.

The advantage of Vizwire's social representation is that it
enables users to concentrate on creating a desired social
situation. This is a considerable improvement over the
Faders interface, which requires users to translate device
operations into the corresponding social situation.

User Reactions to Faders and Vizwire

To understand how users perceived the interfaces to
Somewire, we conducted interviews after the system had
been stable and running continuously for about 6 months.
The user community consisted of Somewire project team
members and several other researchers, for a total of 17
current and former users.

We formulated two dozen semi-structured questions to elicit
users' positive and negative reactions to Somewire; the
social influence of use of Somewire; memorable incidents;
the way that users operated and conceptualized the system,
and typical daily usage. Each user was asked all relevant
questions. We also asked users to demonstrate how they
operated their Somewire systems and to explain the system's
current state, The interviews lasted 10 to 25 minutes; they
were videotaped, transcribed, coded independently, and
entered into a database for analysis.

The results highlight both the system's strengths and
weaknesses. Users almost universally like the form of
communication that Somewire provides. They praise both
the physical convenience of the system, and the ease of
social interaction via the system. One-half of the users,
however, are concerned that the system intrudes on their
privacy. Not knowing who is listening on the system is a
frequent privacy complaint. Users also complain of being
occasionally distracted by sounds from their Somewire
system, and they find the two GUIs to be awkward to use.

Surprisingly, the hardware on—off switch is the control
mechanism that users prefer once the system is configured
to their liking. Users do not want to devote screen space to a
function that they perceive as being like that of a telephone.
An important research idea that emerges from these
interviews is the notion of a nongraphical interface—one
that is neither screen-based nor computer-based, but rather is
like a freestanding physical device.

NON-SCREEN-BASED INTERFACES TO SOMEWIRE
We built two interfaces that were not standard graphical user
interfaces: Thunderwire and ToonTown.

Thunderwire: A Physical User Interface
In Thunderwire, we eliminated the display and almost all
of the user controls.

System Setup

Each user has a pair of desktop microphones, headphones,
and a control switch with three settings: off, listen only, and
on. There is an on—off indicator light for the microphones,
and the sound volume can be adjusted. The overall system
design is considerably simpler than the other Somewire
systems. Because headphones are wused, up to 10
Thynderwire users can be mixed together via a single audio
mixer, rather than requiring one mixer per user.
Furthermore, there is no software client application, so there
is no need for the Somewire server or users’ computers to be
connected to the Thunderwire system.

Affordances

Thunderwire is like an old-fashioned party line telephone;
users share an acoustic space, and they can only control
whether their own microphone is active or not. All
utterances and sounds from each active user’s office or
cubicle are heard by all users currently on the system.
System use is fluid; people can connect or disconnect from
Thunderwire at any time simply by flipping a switch.

Thunderwire is a purely audio medium. Except for the
control switch, on—off light and volume control, it has no
other visual interface or cues. Connection or disconnection
by any user is indicated only by a barely audible click; in
fact, there is no way to know exactly who is listening except
by asking users to identify themselves.

ToonTown: A Tangible User Interface

Our choice of a tangible user interface for Somewire was
greatly influenced by Bishop's marble answering machine
[14] and by the emergence of augmented environments as an
approach to computationally assisted interaction ([24].
Bishop’s prototype is an early example of an augmented
environment. In the prototype, identification hardware is
glued onto ordinary marbles, and a holder that could read a
marble’s 1D is connected to a computer. The marbles could
be treated as if they contained voice messages. In Bishop’s
scripted demonstration, the altered marbles readily afforded
message replay, segregation by recipient, and reuse.

ToonTown makes use of similar active objects—that is,
physical instantiations of computer-based objects that can be
manipulated in the same manner as other objects in the
physical world. In ToonTown, a user can manipulate
physical representations of other users to control their
acoustic space. The controls are moved off the screen and
into the user’s physical space. ToonTown can be described
as an body-syntonic interface, that is, an interface that
allows users to draw on their body knowledge directly {13].
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Figure 4. ToonTown prototype (top) and the meaning of each position on the board (bottom)

System Setup

The system setup is identica to that used by the screen-
based interfaces, except that the display and GUI are
replaced by the ToonTown active objects board and pieces.
The board is connected to the user’'s computer and
communicates with the ToonTown client software, which in
turn controls the Somewire server.

The ToonTown object board and pieces are shown in the
photo in Figure 4. This same board is aso used in the
Logjam system [5]. The prototype object board uses a
microprocessor to sense the presence and location of the
active object pieces. Each piece is a wooden block, about 1
inch sguare that contains a unique identification chip. The
board has 48 locations arranged in four, rows and 12
columns. Pieces are designed to sit on the board like blocks
in a Scrabble™ tray, making contact in two places-the
bottom and back of each row.

Tangible representations for the pieces are made from toy
cartoon and action figures. The figures can be attached
interchangeably to the active object pieces. A writable
surface can be affixed to the front of each piece, so users
can write labels or reminder notes on the pieces.

Affordances

ToonTown differs from the graphical interfaces in that the
user is not represented at al. It feels natural to users to
project themselves into the screen when using Vizwire; that
is, they are represented by their own icon on the screen and
they move other users icons in relation to their own iconic
representation. However, it quickly becomes evident that
self-representation is no longer appropriate once the
interface moves off the screen and into a physical form; it is
not natural for users to have a physical self-representation in
addition to their actua physical selves.
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The ToonTown object board is shown in Figure 3. Each
column on the board, except the rightmost one, represents a
spatial location from leftmost to rightmost in pan. Each row
represents a volume; the front row is loudest and the back
row is softest. The rightmost column is a control area.
Placing a piece in the AssignZone causes a list of users to be
displayed on the computer screen so that the piece can be
assigned to a specific user. Placing a piece in the InfoZone
causes an audio segment of the user speaking his or her
name to be played, followed by a status message and an
optional personalized message. The message is played only
when a piece is initialy placed in this location; the user can
interrupt it by picking up the piece.

Audio feedback, in the form of a rising or faling pitch,
indicates whenever an object is moved on or off the board.

User Reactions to Thunderwire and ToonTown

The Thunderwire system is robust and has been in use
periodically for over a year. Nonetheless, as we report
elsewhere [1], the field study clearly suggests user interface
improvements. Users would prefer to know who is present
in the audio space, and to have an automatic mechanism for
turning off microphone input during an incoming telephone
call. Furthermore, they would like the ability to set up two-
way, private conversations.

With respect to ToonTown, users consider its tangible
interface to be a highly engaging means of interaction.
When they first see the object board and characters, severa
users have remarked that they feel irresistibly drawn to play
with the pieces, and users enjoy being represented by a
character. Because only a single prototype board exists for
interacting with the Somewire system, we have not
rigorously investigated usability and collaborative use.
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PRIVACY, REPRESENTATION, AND PRESENCE
Previous media space research (see Bly, Harrison and Irwin
[3] for a contemporaneous summary) has highlighted the
importance of privacy. Privacy is of concern to us, in the
design of the Somewire system and in the nature of users’
social experiences with one another via Somewire.

In particular, the persistency and lightweightness that
enables Somewire’s key benefit, casual communication, also
makes privacy violations almost inevitable. Privacy
violations, group norms, and related social effects are
addressed at length in a previously published study [1].
Here, we look at Somewire’s privacy model, the
implications for user interactions with the system, and the
need for interface mechanisms that can provide users with
an awareness of who else might be using the audio space.

Privacy Model

Somewire's privacy model emphasizes each user's control
over his own acoustic space, and over the information about
him that is available to other users. A user can control only
what he hears and who can hear him; he cannot control the
volume at which other people hear him, or his spatial
position in another user's acoustic space.

This approach ensures that the system does not allow any
user to be made audible to any other user without express
action by both of them. This constraint is valuable in
fostering trust in the system machinery. However, it turns
out to complicate the representation of system configuration,
and therefore to complicate a user's ability to understand and
control that configuration.

Individual Control and Lack of Symmetry

All the Somewire interfaces except Thunderwire use a
personal point of view—each user on the system controls his
or her own acoiistic space, moving people to the left or right,
making each person louder or softer. The representations
ware asymmetric in that user A might place user B to her
left, and user B might place user A on her left as well—
there is no global coordinate system.

A single global display would have eliminated the
asymmeltry, at the unacceptable cost of also eliminating each
user’s control over her own space. Furthermore, the privacy
model does not support sharing of configuration information
about users other than the two involved in any specific
active or inactive state of connection. Even if this were not
the case, it is not clear how the multi-way configurations
among 16 users could be clearly presented.

In Thunderwire, point of view is irrelevant because there is
no representation or control over anything other than the
status of a user's own microphone. This solution works
remarkably well.

Presence Awareness

Users of all the different interfaces have expressed a strong
desire to know who is present on the system and thus
potentially listening to them. Knowing whom they had
allowed to listen is insufficient to forestall perceived
violations of personal privacy.

Somewire can only indicate the status of a user's
microphone. For example, in Vizwire a red slash indicates
that a user’s microphone is muted. In ToonTown, a user can
determine whether another user’s microphone is open by
placing that user’s piece in the InfoZone space on the board.
Somewire cannot determine or indicate a user’s actual
attentiveness to Somewire, although it is technically feasible
to indicate who has recently spoken aloud and who is
physically present in their offices.

TANGIBLE USER INTERFACES FOR COMMUNICATION
ToonTown focuses on using tangible interfaces for
communication, and users are represented as tangible
objects. This section discusses social implications of
representing people as objects, as well as how ToonTown is
related to recent work in tangible user interfaces.

Social Implications of Representations of People

The ToonTown interface explores a novel use of active
objects, where the objects represent people rather than
software tools or computer-stored media.

Such a representation of people has social implications. For
the ToonTown interface, each user selects his
representations for the other users. Thus, it is possible that a
person would not like the representations that other users
select for her. In Vizwire, by contrast, each person is
represented throughout the system with a self-selected icon.
In one multi-user chat system studied by Schiano and White,
women were more conscious of their representation than
were men, and they were more concerned about having
control over their representation [16].

Other social implications can result from using physical
objects to represent people. How will users feel about
picking up people by their heads? Would they 'flick’ people
off the board when they don't want to listen to them? What
kinds of interactions would become acceptable practice?

Related Work

Our exploration of tangible interfaces for communication is
a significant contribution to research in tangibility.
Fitzmaurice, Ishii and Buxton [8] laid out a taxonomy for
tangible interfaces, based on their graspable bricks. This
taxonomy identified numerous aspects of tangible
interactions, but concentrated on the object's interaction with
the technology and so cannot be generalized to
communication between users or to a specific application
such as control of a communication system.

Ishii and Ullmer [11] reported on their metaDESK system,
in which a flat display surface contained hardware for
optically recognizing and tracking the location of physical
objects on the display surface. For instance, metaDESK
users could interact with a displayed campus map by
moving an object shaped like a specific building.
MetaDESK’s use of semantically meaningful objects is
similar to ToonTown's use of cartoon figures, but
metaDESK did not involve communication, representations
of people, or a virtual space shared by multiple users.
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MediaBlocks [22], the successor to metaDESK, is similar in
appearance and affordances to the ToonTown object board
and pieces. However, the blocks referred to digital media
content rather than to people, and the blocks did not indicate
their contents. The mediaBlocks system extends beyond its
ToonTown-like grid board to a range of media containers
and operations, such as sequencing video clips. However, it
did not address multi-user communication or the
representation of people in tangible interfaces.

MediaBlocks suggests a possible extension to ToonTown, in
which ToonTown users could add content to pieces that are
not attached to any given user. For example, audio
reminders could be represented by small alarm clocks.

CONCLUSIONS

We drew two sets of conclusions from our experience with,
and study of, these four interfaces. The first set are design
guidelines for audio space systems. The second set are
questions for future research on audio space systems.

Design Guidelines

» GUl interfaces are a poor choice for audio spaces.
In retrospect, it is not surprising that a graphical user
interface is not optimal for interacting with an auditory
experience. Audio communication does not demand
visual attention. Furthermore, an audio space works like
a utility and thus calls for a simple interface. With
Thunderwire, we took simplicity too far by eliminating
all forms of control and display. Some kind of tangible
representation, building on a simpler version of the
ToonTown model, might be the more appropriately
balanced interaction mechanism.

> Users do not need control over audio localization, or,
by inference, over other audio attributes.
We were inspired by user reactions to build sticcessive
interfaces with less and less control for audio
characteristics. Bass and treble controls available in
Faders were dropped from subsequent interfaces; left—
right panning, which is a prominent aspect of Vizwire
and ToonTown, was dropped with Thunderwire.

Our experience with localization is particularly
instructive. With each of the interfaces that represented
position—Ileft-right relative position in Faders and
Vizwire, and grid location in ToonTown—Ilocalization
is a source of user confusion. Furthermore, when it was
removed altogether in Thunderwire, users did not
complain about its absence.

This elimination of functionality leaves a system
distinct from audio conferencing systems, which
typically feature numerous audio controls [2]. Our
discovery that here too, less is more, is particularly
salient now that digital signal processing is becoming
commonplace on personal computers. Designers of
interfaces to general-purpose audio environments
should be encouraged to resist the temptation to make
every possible control available to the user.
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> Awareness of other users’ presence is desirable.

One way to represent presence in the audio itself is
through the use of auditory feedback. Cohen's 'Out to
Lunch' [6] system provided auditory feedback about the
presence of other workgroup members. Users could get
abstract information about other users’ activities (e.g.,
audio feedback of keyboard and mouse activity), but
could not converse. The low-disturbance audio explored
by Smith and Hudson [19], where users can hear who is
speaking without hearing the words themselves, is
another way to indicate whether other users are active
in an audio space.

Matters for Further Investigation

> What is audio quality’s role in audio spaces?

Much of Somewire’s attractiveness and utility resulted
from its clean audio signal. Based on our experiences,
we believe that the use of stereo microphones and
speakers affords a spatialization effect that is critical to
creating the illusion of an acoustic space. The space
illusion is completely distinct from specific control over
localization, which is not a necessary feature.

It may also be that the role of audio quality in a
successful audio space is less significant than we
originally thought; Strub’s study of two-way radio use
over a weekend by groups of teenagers [21] showed
that even low-quality, persistent audio could enable
behavior indicative of social closeness.

> How can audio spaces scale beyond a workgroup?
The Vizwire interface provided a single acoustic space
and contained one representation of each user.
However, what if users' want to be in multiple spaces at
once (e.g., to listen to multiple conversations)? One
approach would be to have doppelgangers, that is,
multiple representations of users.

The voice-loop systems used by space mission
controllers provide additional insight into how we
might meet this need. In these systems, multi-layered,
complex audio spaces are made usable through
constraints on who is allowed to speak to whom, on the
use of foreground and background volume levels, and
on language use. The applicability of these approaches
when the audio system is not the user’s primary work
task is unknown [23].

Through our work in creating a variety of interfaces to the
Somewire audio space system, we have explored
representation and control in collaborative shared audio
environments. We have not made an exhaustive inquiry,
however. We look forward to seeing how audio space
interfaces will evolve, and how they will converge with the
widespread  availability = of Internet-based  audio
communication.
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Figure 4. ToonTown prototype (top) and the meaning of each position on the board (bottom)
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