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Abstract
Mediated communication between public spaces is a relatively
new concept. One current example of this interaction is video
conferencing among people within the same organization.
Large scale video-conferencing walls have begun to appear in
public or semi-public areas, such as workplace lobbies and
kitchens. These connections provide a link via audio and/or
video to another public space within the organization.

When placed in public or semi-public work spaces, they are
often designed for casual encounters among people within that
community. Thus far, communicating via these systems has not
met expectations. Some drawbacks to such systems have been
lack of privacy, gaze ambiguity, spatial incongruity, and fear of
appearing too social in a work environment.

In this thesis we explore a different goal and approach to linking
public spaces. We are not creating a substitute for face-to-face
interaction, but rather new modes of conversational and physi-
cal interaction within this blended space. This is accomplished
through the introduction of what we are defining as a social cat-
alyst.

We address the need for designs best suited for linking public
spaces and present a series of design criteria for incorporating
mediated communication between public and semi-public
spaces.
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CHAPTER 1 Introduction

Figure 1. The meter for social
catalysts. My little dude.Through
him, I met many labmates, sponsors,
and strangers that I would have
otherwise not talked to.

In this thesis, we are creating audio-video communication links between remote
spaces for sociable and casual interaction. We first address many of the prob-
lems with existing audio-video links. We then create site-specific designs that
complement these spaces both physically and socially. The main contributions
of this work are the design principles for intelligent social interfaces that serve as
catalysts to encourage new interactions between people within and between two
spaces. We call these social catalysts.

The main idea of the social catalyst is to initiate and create mutual involvement
for people to engage in conversation. For example, in a public space, it is not
customary to initiate conversation with random strangers. However, there are
events which act as catalysts that connect people who would not otherwise be
communicating with each other. Such a catalyst may be an experience, a com-
mon object like a sculpture or map, or a dramatic event such as a street per-
former. The chess tables in Harvard Square's outdoor cafe are an interesting
example. People flock to this public space for coffee, walks, etc. The chess play-
ers usually draw a small crowd from the masses. The act of the game then pro-
vides an ice-breaker and lowers the barriers to conversation.

Social Catalysts 13
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Introduction

Figure 2. (top) Chess players and
observers at Harvard Square. The game
serves as a focal point to initiate
intersecting among bystanders. (bottom)
Kinetic, interactive, audio sculpture
inside the Kendall subway station.
Rotating levers at the inbound and
outbound sides of the station cause the
hammers to hit the chimes. The chimes
connect to people at both sides of the
station. Their timing and
communication maes them sound.

Social Catalysts
"A sign of a great place is triangulation. This is the process by which
some external stimulus provides a linkage between people and prompts
strangers to talk to each other as if they were not."

-William H. Whyte

Our hypothesis is that the creation of a social catalyst as an integral part of
the environment will aid mediated communication between spaces by pro-
viding a spark to initiate conversation and the interest to sustain it.

The social catalysts of our installations extend Whyte's triangulation prin-
ciple into the display and interface of the connected space. The form of our
social catalyst is abstract, may defy physics, and allows one to interact in
ways that are not possible in unmediated communication. It alters the
space and communicative cues between the two spaces through the influ-
ence of the people in the space and their actions. One such social catalyst
might be a connection where current conversation of the users appears as
graffiti in the environment. This would allow the occupants to see they are
affecting the space and might encourage them to alter it. While the possi-
bilities are infinite, the challenge is determining which agents on the inter-
face are effective as social catalysts and why.

In our linking of two spaces, we are augmenting the appearance of the
familiar audio-video wall interface with stimuli that are initiated at either
end of the connection. The wall is extended to be not only a display but an
event in itself; the system becomes both medium and catalyst. This work
further emphasizes the design of the interface as a complement to the
space. We want the communication link and display to blend into the
physicality and aesthetics of the space and to make the interactions sociable
and intuitive.

Structure of this Thesis
We begin in Chapter 2 by examining a brief history of communication
between remote spaces. We then discuss features of communication such

14 Social Catalysts



Structure of this Thesis

as social cues and feedback that are the fundamental elements necessary in
communication channels between connected sociable spaces for people.

The following four chapters explore social catalysts along four different
axes. These axes are:

e Transformation of Space through Interaction

*Abstraction for Visualizing Conversation

e Physical Manifestation of Virtual Presence

* Time and Motion for Blended Spaces

We explain each of these features though an example implementation. In
Chapter 3, we transform the shared public space through interaction. We
highlight examples of this in the Telemurals installation and describe how
the social catalysts influenced this interaction. In Telemurals, participants
can transform the representation of the abstracted space by altering their
movement and speaking patterns over time. The design of this interaction
was focused on initiating conversation and then enabling the interface to
support sustained interaction.

In Chapter 4, we show the power of abstraction for visualizing conversa-
tion with the project, Visiphone. Visiphone is a communication object that
connects two spaces via graphics and audio. The audio carried between
both spaces directs the video component of the communication object; the
graphics visually animate the conversational patterns such as turn taking,
conversational dominance, rhythm of conversation, and history (time)
between the two spaces. By moving away from traditional waveform audio
representations and moving to simple graphical elements, this piece makes
salient the social cues in audio conversation and makes the interface acces-
sible to all.

Chapter 5 introduces the concept of a human-scale physical presence coex-
isting with a virtual medium. We illustrate this with the Chit Chat Club
installation. Chit Chat Club incorporates the ease of use of online chat
forums with the physicality and scale of the surrounding physical space in a
cafe scenario. We revisit the concept of abstraction to enhance interaction
as an alternative to photorealistic face-to-face interaction.

Social Catalysts
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In Chapter 6, we use the elements of time and motion to blend, paint, and
explore a shared space. We explain this with the project Carousel. Carousel
is an exploration piece - time and motion transform both of the con-
nected spaces. Carousel further shows us the importance of "time" by mak-
ing the exploration periodic, and thus, infusing the element of seduction
into the connected spaces.

Throughout these chapters, we see that the four features above are not
mutually exclusive and there is much overlap. We revisit the concepts of
transformation, abstraction, physicality and scale, and time and motion
over and over. We discuss this in Chapter 7, the conclusion of the thesis.

16 Social Catalysts



CHAPTER 2 Bridging Space and Time in
Communication

"To talk to others who are unseen and far away is an experience
which, before the telephone, occurred only in mythology. Gods, dev-
ils, and angels talked from the sky across the world, but not mere
mortals."

- Ithiel de Sola Pool

A Brief History

On an April day in 1746 at the grand convent of Carthusians in Paris, about
two hundred monks arranged themselves in a long, snaking line. Each monk
held one end of a twenty-five-foot iron wire in each hand, connecting him to
his neighbor on either side. Together, the monks and their connecting wires
formed a line over a mile long.

Once the line was complete, the abbe Jean-Antoine Nollet, a noted French
Scientist, took a primitive electrical battery and, without warning, connected it
to the line of monks - giving them a powerful electric shock.

You've got mail.", The New Yorker (Standage 1998)

Social Catalysts 17
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Figure 1. Chappe-style optical
telegraph, showing arm positions
corresponding to different letters.
Mounted on the roof of a tower, the
arms were controlled inside by an
operator.

Why do this? Nollet was not in the practice of randomly shocking people
with electricity. Rather this was one of many experiments to test the possi-
bility, that a signal could be transmitted instantaneously over a mile of con-
nected monks. Since this was the case, in theory, messages could be sent
instantaneously over longer distances instantaneously, without the need of
a messenger. This was a big deal.

Yet, sending signals over a long distance was unreliable. The medium for
sending electricity was not fully understood, resulting in doubt as to
whether such long-distance transmission was possible. It is much easier to
believe something that can be seen, rather than that which cannot.

Visual cues such as smoke signals, sign languages, and optical signals were
used to carry messages over visible distances for thousands of years. These
communication systems were becoming intrinsically more complex. In
1793, Claude Chappe sent designs of an optical telegraph to the French
National Convention. A trial was devised to construct three towers con-
necting in Belleville, Ecouen, and Saint-Martin-du-Tertre covering approx-
imately twenty miles. It took eleven minutes to send the message, "Danau
has arrived here. He announced that the national convention has just
authorized his committee of general security to put seals on the papers of
the deputies" in one direction-nine minutes to send an equally dull mes-
sage in the reverse direction. The committee was highly impressed.

This was more desirable than Chappe's previous signalling system that used
a series of synchronized clocks and sent the din of clanging pots at expected
intervals in accordance with a previously composed code system in the
sense that it was not noisy.

Telegraph fever continued and some began to dare and test the limits of
electricity once again. The biggest problem of the time was getting signals
to travel across very long wires.

In 1832, Samuel F. B. Morse devised a bi-signal code that became dots and
dashes and began his attempts at making a permanent record of these sig-
nals using the medium of electricity. Four years later, an Englishman, Will-
iam Fothergille Cooke had a similar revelation and began his own
experiments.

It was much harder selling the electrical telegraph to the public. It was
obvious how the optical telegraph functioned. The electrical telegraph, in

18 Social Catalysts



A Brief History

The Pacifc Telrpsone and Tekgraop Company

St . ..... ~ae ,,L,,PO4,j *

Figure 2. Ad appearing in the Antioch
Ledger, August 17, 1932. It emphasizes friends,
fun, and sociability.

contrast, did not make intuitive movements, it rattled occasionally; the
results appeared to be black magic or a hoax.

Despite monetary and government setbacks and claims to invention, the
telegraph was slowly emerging in cities. An experimental line was set up
between Baltimore and Washington. It wasn't regarded as useful. Occasion-
ally it was used to "watch" chess matches between the best of each town.

A transcontinental line was the next step in testing the limits of the tele-
graph. On August 5, 1858, after the fourth attempt, the laying of 2,050
miles of cable across the atlantic was completed. On September 1st, it dete-
riorated.

In 1864, cable successfully connected India and Europe.In 1866, Europe
and North America were again connected. This time, it became clear the
messaging was not a hoax. The line finally became profitable. It inspired
Wall Street, code makers and code-breakers, families, and even marriages
over long distances.

Research into the area of a harmonic telegraph to send several messages
concurrently using vibrating reeds at both ends led instead to the invention
of the telephone in 1876. The Bell Telephone company advertised their
service in 1877. "No skilled operator is required; direct conversation may
be had by speech without the intervention of a third person. The commu-
nication is much more rapid, the average number of words being transmit-
ted by Morse Sounder being from fifteen to twenty per minute, by
Telephone from one to two hundred." 30,000 telephones were being used
by 1880 around the world.

The Telephone

Early advertisements for the telephone stressed that "NO SKILL WHAT-
EVER is required in the use of this instrument" for one to use it success-
fully. It was marketed for use in businesses and originally was used
primarily by men. Over time, the telephone appeared in the household and
later advertisements read, "friends who are linked by telephone have good
times". Today, the phone is used as much for socializing as for conducting
business (Sproull and Kiesler) (Fischer 1992)

The telephone had many different social effects

Social Catalysts 19



Bridging Space and Time in Communication

e it provided timely communication over great distances

e it reduced danger and isolation for those in remote areas

e it reduced the constraints of physical proximity

e it allowed for private conversations

e it gives one the power to intrude or make noise in a foreign home or
space

The phone further allowed one to pay attention to different things, have
different contacts, and different expectations. Sproull and Kiesler show us
that like the telephone, computer mediated communication in some orga-
nizations is changing attention, social contact patterns, and interpersonal
interactions.

Figure 3. Edison's Telephonoscope (transmits light as well as sound)
George Du Maurier, Almanach Punch 1879. Although implementation of two-way
audio-video connections emerged in the 20th century, speculation for such interfaces
emerged alongside the tele hone. Here we see a video window above the mantelpiece in
a Victorian villa whereby the parents are communicating with their children. They are
holding microphones to speak with them while they watch them on the video screen or
telescope.

20 Social Catalysts
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Arpanet

Packet-switching technologies of the 60's and early 70's made it easier to
send messages to and from remote computers. Arpanet, starting in 1969,
was created with the intent to enable scientist to remotely share resources
such as specialized hardware, databases, and programs. This vision of Arpa-
net became a reality. What was not anticipated, and was quite a surprise,
was that the most popular and most used feature of the Arpanet was elec-
tronic mail (Sproull and Kiesler). People could message each other if they
were logged on to the same machine or they could leave messages that
could be read later. Hence, the beginning of computer-mediated-commu-
nication (CMC).

Convergence

The telegraph, the telephone, Arpanet or as it is known today (2004) as the
internet, have not changed our basic needs and drives. "Changes in atten-
tion, social contact, and interdependencies do not alter human nature of
fundamental processes of society. People still fall in love, care about their
bosses evaluations, and work for money." (Sproull and Kiesler 1991). His-
torian George Daniels generalizes this by saying:

No single invention - and no group of them taken together in isolation
from nontechnological elements - ever changed the direction in which
a society was going... [Moreover,] the direction in which the society is
going determines the nature of its technological innovations...

Habits seem to grow out of other habits far more directly than they do
out of gadgets.

The changes in technology, however, highlight our adaptability and our
need for communication and interaction. The primary vision for these
channels for interaction were work oriented. Nonetheless, people used
these connections for casual, sociable interaction. The book, Anecdotes of
the Telegraph, contains tales of weddings over the telegraph - taking tradi-
tional social mores and projecting them onto this new medium to create
new ones. These new interactions began to further challenge the law to
treat them as binding as if they were in the same geographical location. The
telephone further projected the tendency to congregate even at a distance,
it coined the term "call girl", and in many ways provided for a level class
interaction ground.

Some thought that these new connections such as the car, the telephone,
etc. encouraged promiscuity and cut our moral fiber. That they destroyed

Social Catalysts
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Figure 4. inTouch a
communication object explores forms
of interpersonal communication
through touch. Force-feedback
technolog is employed to create the
illusion at people, separated by
distance, are interacting with a shared
physical object. This is in some ways
reminiscent of the telegraph.

space and shrank time. These concerns are rooted in a larger scope to the
concept of modernity and the fear, uncertainty, and doubt associated with
changes in social organization (Fisher). In No Sense ofPlace, Joshua Mey-
erowitz states that electronic media "lead to a nearly total dissociation of
physical place and social 'place'. When we communicate through tele-
phone, radio, television, or computer, where we are physically no longer
determines where and who we are socially."

Yet, we strive to communicate using almost any medium capable of sup-
porting communication cues. The most striking phenomena of these dif-
ferent media become not those that let people work more efficiently, but
those that let people communicate and act in ways that were not possible
before. This is what we are focusing on as we connect spaces in our inter-
faces. The internet is still in its infant stage, yet we are still moving for-
ward to create enhanced computer mediated communication. The
imagined cartoon in Figure 2 has passed several stages of implementation
and testing. We have not yet found an acceptable interface for it. This the-
sis explores the relationship between the space and communication system
to make this happen.

Situating this Dissertation
This work is situated in the study and design of sociable spaces that sup-
port interaction and the social cues we emit and perceive in them. We
begin by looking at sociable spaces and follow a path that leads us to look-
ing at communication cues and interaction in these spaces.

Looking around at sociable spaces from town squares to office lounges, it
becomes apparent that some spaces attract people much more than others,
and some remain consistently barren. Why is this? This question lies at the
root of this research.

In our quest to create usable, sociable connected spaces, we begin by look-
ing at sociology and urban planning literature and field studies of tradi-
tional public spaces. One of the most comprehensive studies on the social
use and design of public spaces has been the work of William H. Whyte.
We briefly describe his approach and his observations.

22 Social Catalysts



Situating this Dissertation

We then proceed to look at projects that have linked spaces for communi-
cation using audio and video. These fall into two main categories: telecom-
munication art and computer supported cooperative work. The
telecommunication art projects focused more on connected cultural disper-
sion of the arts: people in disjoint locations performed concerts together,
poetry readings were viewed from many different locations. Technologists
approached the problem as how to enable people in disjoint spaces to work
and collaborate on projects together. We will describe these projects and see
how we can relate them to the design of sociable spaces.

This leads us to the fundamental core of this dissertation - social cues -
how they are emitted and perceived - how they are transmitted in unme-
diated spaces, and how they should be transmitted in mediated spaces.

William Whyte: rediscovering the center

I am not, heaven forfend going on to argue for places of maximum
gregariousness, social directors for plazas. Anomie would be prefera-
ble. What I am suggesting, simply, is that we make places friendlier.
We know how. In both the design and management ofspaces, there
are many ways to make it much easier for people to mingle and meet.

-William H. Whyte

In 1969, William Whyte began a sixteen year observation study of the
workability and use of public spaces within New York City and other cities
(Whyte). Using time-lapse cameras, 35mm cameras, tele-photo lenses, and
interviews, his group documented patterns of traffic and behavior in
selected public spaces.

He observed people at street corners, hidden plazas, open plazas, building
atriums, market places, alleyways, and mega structures. Within these spaces
he documented climate, lighting, density of people, where they stood, sat,
and walked, carrying capacity, and public events in the spaces.

One early hypothesis was that light was a key component in the desirability
of a public space. He was not wrong - he was mostly surprised that sittable
space was a such a more overwhelming factor. The observation that people
tend to sit most where there are places to sit may not appear intellectually
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ground breaking, and yet, it is so often overlooked! From his observations
he concluded that there were seven key features that were necessary for
designing a successful public space. These features are: sittable space, street,
sun, food, water, trees, and triangulation. Subtler features such as change,
personalization, and the importance of street corners have been further
observed in frequented public spaces as well (Jacobs 1993).

Of these features, the most relevant and with respect mediated spaces and
communication, however, is triangulation. Common triangulation exam-
ples are public events, sculptures, magicians. the "know-it-all", etc. This is
because by creating a mediated space, we make the space and the interac-
tions in the space the element of the triangulation. All the other Whyte fea-
tures apply, but triangulation evolves and becomes a more malleable feature
that does what triangulation in an unmediated space cannot. By extending
this concept into a computer mediated environment, the triangulation
now becomes much more abstract and transformable. The interface, and
hence, the space, can defy physics - people can grow and shrink as they
speak, the interface may spew questions and objects upwards to the people
in the space, it may combine both spaces to create a surreal jointly cohab-
ited space, and so on. This deviates from Whyte's triangulation examples
that we have so far discussed, and we will from here on refer to these stim-
uli as social catalysts.

We will later see that this effect is missing in many current audio-video
linked spaces. We have briefly addressed some of the physical parameters in
designing sociable spaces. Now we will look at how spaces have been con-
nected using audio and video and how these spaces are perceived.

Hole-in-Space

The early seventies showcased a growing number of artists creating tele-
communication art. The pieces connected disjoint spaces using telephone
lines as a network to send and receive audio, slow-scan images, and telefax
messages. In 1977, the first live two-way audio-video satellite connection
by artists, "Two-Way Demo" was presented. It connected the east coast and
west coast via the US/Canadian Hermes CTS Satellite. Many of the early
pieces focused on performance and cultural dispersion of art. I will briefly
describe one of them in more detail, Hole-in-Space.

The communication sculpture, Hole-in-Space, was unveiled by video art-
ists Kit Galloway and Sherrie Rabinowitz on November 13, 1980. Hole-in-
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Space was a real-time audio and video connection between Lincoln Center
in New York City and "The Broadway' department store at Century City
in Los Angeles. A person walking past Lincoln Center would hear and see a
life size television image of passersby in Century City. The interaction was
reciprocal to those standing in Lincoln Center.

The exhibit was very public. It was visible to people outside on the street
and sidewalk to create a bizarrely compelling corner. It was accessible to
everyone walking in that vicinity and was simple to use for interaction.
There were no distractions with multiple technical devices; in fact, the
technology was very much hidden from the user.

The staging and timing of this event led to interesting public reaction. It
was unannounced and lasted three nights. There was no signage, instruc-
tion, or description. Word of mouth provided the initial publicity for the
installation. By the second night, people were arranging rendezvous at the
site and by the third night there were sing-alongs and dancing.

There are many reasons why this project is interesting. The spontaneity of
its appearance one night and its subsequent nightly intervals created a
novel event and served as a catalyst. The images of the people onscreen
were life-size, unlike the customary miniaturized figures we are accustomed
to on television. This similarity in scale suggested interaction similar to
face-to-face encounters. Care was taken in designing the space. The screens
were integrated into the protected window panelling of the building so as
not to appear like a television in a window. The aim was to have a seamless
window opening into the other space.

Figure 5. (from left) First two images are snapshots from each portal of the Hole-in-Space installation. The third image is a
Hole-in-Space portal at a distance. The display screen appears embedded in the structure of the building facade.
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Figure 6. Telematic Dreaming by Paul
Sermon. Two double beds are connected in
different locations. One space is blue-
screened while the other is dark. Both spaces
have cameras. The bed in the dark space
above shows the occupant and a projection
of the remote participant in the other bed.

Hole-in-Space is one of the seminal works in telecommucation art. It let
people look and speak out across the country, and it provided an unfamiliar
power. At first glance, it was a stunning display. There were, however, some
complaints from users at the opening. One of these was confusion with
symmetry in the display. Others were gaze discrepancy, camera location,
and difficulty communicating.

Attempts to create similar audio-video connections today have proved less
effective. More work needs to be done to understand the attraction of
Hole-in-Space. It only ran for three nights. Due to satellite transmission
costs, it was not a twenty-four hour connection that would always be there.
Its limited timing in the evenings may have been advantageous. Its setting
and time in history most probably played a role. Lincoln center is a very
public place where one often expects to see something new and out of the

Project Description

"Hello" for Closed circuit inputs from various areas of Boston: MIT, a hospital, a video-tape library, and the airport were connected
"the Medium is the Medium with 5 cameras and 27 monitors. The piece combined the elements of randomness and chance with conversation. As peo-
Allan Kaprow (1969) ple around Boston search to communicate with one another, Kaprow as director would randomly switch links during con-

versation.

VIDEOPLACE Extracted silhouettes and experimented with scale and alternative settings and scenarios.
Myron Krueger (1970)

Two Way Demo Three day audio-video experimental exchange between San Francisco and New York using satellite transmission.
Send/Receive Satellite Network,
Centre for New Art Activities, &
Franklin St. Arts Centre (1977)

"Pacific Rim - Slow Scan" Visual communication link between members of the Peacesat users group. There was audience participation at all coloca-
Peacesat users group (1980) tions including Raratonga, Santa Cruz, Wellington, and Vancouver.

"The Conference on Artist's use of Conference was a live two-way video and audio network held at SF MOMA. Using the IP Sharp timesharing network,
Telecommunications" (1980) brought together people in 8 international cities to discuss ideas regarding satellite and slow-scan connections.

"Terminal Consciousness" 8 artists in England, Wales, and America connected with portable computer terminals linked to each other and a data bank
Roy Ascott (1980) in California.

"Hole in Space" Outdoor storefront audio-video connection between New York and L.A. Connection and performances viewed as an art
Galloway & Rabinowitz (1980) piece.

"Double Entendre" Performed between the Whitney Museum, NY and the Centre Georges Pompidou, Paris. A performer was in each city.
Douglas Davis (1981) Pre-recorded clips were mixed into the live performance.

"Telesky" Artists simultaneously exchanged sky art images between Paddington Town Hall Sidney and MIT using slow-scan and
Eric Gidney (1982) telephone lines

"Electronic Cafe'84" Cafes were connected in five remote locations. People could chat, leave messages, send poetry, and view performances.
(1984)

TABLE 1. Sample of Telecommunications Art
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ordinary; the same experiment done in 1980 may not be as novel or engag-
ing in 2002.

Media Spaces

The original media spaces project was created by researchers at Xerox
PARC and the University of Toronto. Miles of cable for audio and video
were placed between Palo Alto and Portland to connect offices, conference
rooms, and several public spaces within and between the two sites.

One force behind the creation of media spaces was maintaining the culture
of collaboration in the labs when people were geographically separated.
The goal was to find means to support cross-site work and maintain the
necessary social connections (xerox, media spaces).

Media spaces were set up in common areas and offices. There were various
media space displays. Some were television screens of various sizes. Others
were desktop displays with various configurations (see Figure 7). Modify-
ing access permissions to private spaces was possible using a desktop appli-
cation.

The media space system differed from picture phones in several ways. The
displays in the common areas tended to be active for the entire day unlike
the typical phone call which is used in intervals. Media spaces included
interfaces for awareness in the remote spaces. Sensors were attached to

Figure 7. (left) shows the original media spaces being used in a conference setting. (right) the Portholes implementation where several
are shown concurrently.
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doors as switches for office access, connections could be blocked, and video
or audio could be turned off.

Many similar projects have evolved since the original media spaces (see
Table 2) and now the term media space refers to any environment created
using video, audio, and networked computers to support interaction
between distributed groups of people. I will briefly outline one of these
projects in more detail that focuses on linking public spaces within
Microsoft Corporation to further discuss the concepts related to this thesis.
I am referring to this project because it is one of the few which has con-
ducted a user study on its system and its observations give clues for improv-
ing such interaction.

Linking public spaces at Microsoft. This project linked three kitchens
within two microsoft buildings. The chosen kitchen locations were open to
the employees and were frequented often throughout the day. They con-
tained vending machines, free soda, coffee, and microwaves. They were
open spaces with no doors.

Audio and video connections were made between the three spaces. The
video was displayed on a large projection screen in each kitchen. The
screen contained four windows: one for each video feed and one to attract
users to the screen. The attractor's purpose was twofold: to lengthen
kitchen visits and to provide a topic for conversation. CNN became the
most common content in the attractor screen.

For privacy reasons, a large OFF was placed as one entered the kitchen.
Enabling the button cut the transmission for twenty seconds. ON and
OFF buttons were also available within the kitchen that could override the
outer switch.

Initial reactions to the system led to a few quick changes. The OFF button
duration lengthened to 180 seconds. The CNN audio was muted and
closed captioning was used instead to mitigate the noise pollution in the
space.

Figure 8. The Microsoft projection The audio proved to be the biggest technical challenge in the installation.

Thelfo rth porthole is hown for taa trcchng" Full-duplex audio best caters to informal conversation patterns. The audio
the attention of those in the kitchen. A quality and rate had to be maintained at multiple end points and this was
microphone and camera are placed on the difficult. There were echoes in the system due to the microphones captur-refrigerator. Below the display, signage is
placed for instructional use. ing audio from the speakers. This is often easier to minimize in smaller
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environments where there is less movement and the space can be explicitly
controlled. In this situation, echo-cancelling speakers were tried and finally
software echo-cancelling. This was and still is a difficult problem in many
audio-video transmitting systems.

User experience was varied. The cameras were often disabled despite the
privacy buttons. People felt their activity was compromised by the presence
of cameras. There were issues of trust: were the camera and audio really off?
Lack of reciprocity was also noted: people outside the camera's view could
still see the other spaces. Camera placement proved to be another chal-
lenge. It is difficult to position a camera in the center of the screen, when
there is light from a projector in its path. System observations noted that
sustained conversations were rare. The reason for this is uncertain. It may

Project Description

Picture Phone Picture phone at the Seattle World's fair in 1962. They were presented in dispersed booths across the fair.
AT&T (1962)

Media Spaces Audio-video link between Palo Alto and Portland
Xerox PARC (1985-1988)

Telecollaboration Audio-video link between Denver and Boulder, CO.
US West (1989) Created call and lookaround functions and remotely controlled cameras.

VideoWindow Connected two public areas on different floors within one building with big screens.
Bellcore (1988)

Cruiser Examined concept of cruising past offices and seeing activity in each. There was reciprocity in that people could see who
Bellcore (1990) was cruising by their office.

Montage Similar to Cruiser. Added "peeking into offices" and shared calendars and email
Sun (1994)

RAVE Connected every office and common area of three floors of the building. Provided modes such as glance video phone,
Rand Xerox EuroPARC (1993) background, sharing offices along with subtle audio cues to indicate state.

CAVECAT/Telepresence Built using the RAVE framework. Added shared drawing. Included the Hydra and Telepresence studies.
University of Toronto (1991)

Polyscope/Portholes Connection between PARC and EUROPARC. Many connections could be viewed at once in an image array to provide
Xerox PARC (1992) passive awareness.

Teamworkstation/Clearboard Allowed for two remote people to share a drawing surface with a gaze awareness model.
NTT (1991-1994)

Microsoft's Kitchen Links (2001) Linked public kitchens between two buildings. Provided an additional common window for video content.

ICOM Connects several areas in the Media Lab and Media Lab Europe to foster community awareness.
MIT Media Lab (2000)

TABLE 2. Media Space Projects
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Figure 9. Photo from Bell Labs: The
Picturephone: "A completely new video
environment and life-style". It was not a
marketing success

be the audio quality. It may be that there is little incentive to visit this
space. Food was freely available before; perhaps a novel, tangible reward
would evoke more interaction. There were also concerns of covert surveil-
lance. Perhaps a later generation familiar with the ubiquitous use of cam-
eras and camcorders will behave differently.

Still others responded with a sense of humor decorating the spaces with
unrealistic creatures. A spoof of the audio-video connection was later
placed in a men's room. This suggests that adding a playful or gamelike ele-
ment to the system might make it less intimidating.

This interface provides very little in terms of a social catalyst. It is straight
video and audio. Just as Hole-in-Space was engaging as a time-limited
event, this may be interesting for the first hour. When it is on for days on
end, it may lose it's appeal. A window into another space such as this is so
distancing that it needs something to draw the occupants of the space
towards it. The intended catalyst in the Microsoft system, the television
feed, had the opposite of the intended effect. It was meant to provide con-
tent for conversation between the two spaces. Instead, it took the focus
away from the conversation. What we need is a catalyst that exists within
the focus and space of the interaction.

Moving Beyond Face-to-Face
In the examples that we have seen in the previous section, the interfaces
and spaces attempted to recreate the feeling and spatial orientation of face-
to-face interaction. This dissertation argues that we have been limiting our-
selves by maintaining the metaphor of face to face interaction in computer
mediated spaces. There is a lot to be learned from this metaphor, however,
it has been taken to extremes.

Why mimic what is already perfect? The human face is the ideal interface.
We have thousands of years of evolution in our favor for interpreting it.
Since we are using a computing medium, let us take advantage of that and
infuse into the channel information which is not evident on the human
face.
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Social cues and their medium

In their keynote ACM paper, 'Beyond Being There', Holland and Stornetta
describe a few characteristics of information rich channels in face-to-face
interaction:

*cue variety

* feedback

*message personalization

e simultaneously being reminded of a need to talk to someone

*having a communication channel

* turn-taking, repair, stylized openings

There are various channels and back channels for communication where
these features pass. As with face-to-face interaction, in computer-mediated-
communication, we have various communication channels. We believe the
above features mentioned by Holland and Stornetta are just as crucial in
computer-mediated-communication as in face-to-face interaction. We
should, therefore, not alter the cues, but the interface for transmitting and
manifesting these cues. At issue is making the channels capable of not only
transmitting letters of codes, but also social information about the interac-
tion. This approach we suggest is the following:

* Explore which social cues to transmit between mediated spaces

e Sense these cues (gaze, agreement, etc.)

e Visualize the cues, social patterns, and feedback

e Incorporate the cues and media space into catalysts for interaction

This leads us now to evaluation of computer-mediated-communication.
Computer-mediated-communication is fundamentally different from face-
to-face communication. To date, we have been evaluating them using the
same metrics. In keeping in mind, that these two mediums are different,
we should also keep in mind, that we should begin developing different
metrics for evaluating them.
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From Social Cues to Social
Catalysts
So where do we go from here? Our approach in creating intuitive and use-
ful communication spaces is to extract social cues from the connected
spaces and transmit them to both local and remote spaces through visual-
ization. The act of instantaneously visualizing these social cues provides
feedback and the ability to alter the combined space by interacting within
in. The composition of space and interaction interface with incorporated
social cues provides a social catalyst to support and encourage interaction.

Social Cues in Interaction

CHANNEL

Vocal Nonvocal

Spoken language Written language
(Deaf) Sign Language
Whistle/drum languages
Morse code

Para linguistic and SilenceU -
prosodic features Kinesics

Laughter Proxemics

Eye behavior
Pictures and cartoons

Figure 10. Four-way distinction of message form. (Saville-Troike
2003)

Social cuesi are perceived by our senses and provide for framing a context
about our space, situation, and our interactions. For example, if someone
speaks to you in a dialect uncommon in that area, one might assume they
did not originate from that place. If one starts screaming loudly, and they
are bleeding, it is logical to assume they are in pain.

Conversation cues can be even subtler. Oftentimes, we don't even realize
that we perceive them. If two people are having a conversation, and one
speaks while raising their pitch at the end of their phrase, one might
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assume he or she asked a question. This would then be a cue for the second
person to begin speaking and perhaps address that particular question.
Another example is sentence repair. As two people are speaking, if one
notices the other grimace in disapproval, they may compete their sentence
in a different manner already anticipating the opinion of the other person.
The cues for turn-taking in conversation are so ingrained in us, that if there
is a lull in the conversation, we infer that something is amiss.

Interpreting these social cues helps situate us by providing additional con-
textual information. From them we can gleam perceptions of who is
important, what is legitimate, and who is prestigious (Sproull and Kiesler
1991).

Social cues are transmitted on several different channels. Some of the less
obvious are referred to as back channels. These allow for self-disclosure,
impression formation, and cultural inferences. These channels are more
easily processed when one is in the proximity of others. Some of these back
channels are lost as people become more geographically distant. Our goal
with mediated interfaces is not to recreate these back channels, but to cre-
ate a new depiction - perhaps, not as traditional - of the back channels
and the resulting interaction.

The Effect of Visualizing Social Cues

People send cues through their presence and actions and receive similar
cues from the other end of the channel. There are effective and ineffective
manners in which to present these social cues and channels. Our approach

1. Hauser makes a technical distinction between cues and signals.
"Cues, like signals, represent potential sources of information.
Cues, however, differ from signals in two important ways.
First, cues tend to be permanently ON, whereas signals are
more plastic and can be in and ON and OFF state. As a result,
signals, but not cues, are produced in response to socioecologi-
cally relevant and temporally varying changes in environment.
Second, cues typically correspond to an individual's or species'
phenotype, and their expression carries no immediate extra
cost. Signals, although individual- and species-specific, are
associated with significant costs of expression." In this work, I
am not making this distinction and am grouping signals and
cues into the same category.
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is not to interpret the meaning of these cues or weighted sum of cues, but
to create a visual language that represents the cues, and allows people to
interpret them as they will. We don't want to distort any facts or present
erroneous information. Imagine what damage a 'lie detector' would have
on a negotiation if it was always portraying false positives. The interpreta-
tions may change with use over time, and may be perceived differently by
different cultures.

The ability to sense presence and to transform a space by altering the visu-
als is a strong catalyst to using that space as a medium for interaction. Sim-
ilarly, a common language of social cues transmitted properly can stimulate
conversation to create a common ground and interaction.

Summary
I assert that we have a basic need for social interaction. We have the ability
to adapt and massage communication channels to fit our need. The tele-
phone is a perfect example of this. It was considered a business tool - friv-
olous for use in the home - and yet its social uses prevailed.

Computer-mediated-communication is a larger and less organized domain
for study. Text-based channels such as email, IRC (Internet Relay Chat),
and Usenet have their audiences and have created their own language and
etiquette protocols for interaction. Video-mediated-communication has
thus far not met expectations. This may be due to technology limitations.
Research in the specific area of choosing video-mediated interaction in lieu
of face-to-face suggests this is not the case (Holland and Stornetta 1992).

The goal then has been wrong. Perhaps, we should not be literally mapping
computer-mediated systems to face-to-face interaction. These "old-school"
systems disregard the social setting they inhabit, they rely on social cues
that are expected in physical face-to-face interaction, and ignore our need
for social interaction, instead focusing on task-oriented interaction. In
short, they filter away social catalysts that attract and suggest interaction.
With this work, we suggest a means for adding this missing element into
mediated communication.
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Summary

This dissertation expands social spaces to include computer mediated
social spaces. It addresses what features are necessary to sustain a healthy
connected sociable space across two remote spaces. We have looked at some
features that help create physical spaces through the work of William
Whyte, and specifically stressed the use of a social catalyst. We then
addressed some of the advantages and limitations of audio-video linked
spaces from the perspective of telecommunications art and media spaces.
Finally, we examined some of the features that are necessary for sustaining
interaction over a communication channel.

With this work, we aim to take what we see as advantages in current com-
puter-mediated-spaces, such as the low barrier, and low risk in text-based
systems such as email and Usenet, and combine it with the affordances of
physical space. In sum, we want go from interfaces that look like this,

Figure 11. (clockwise from top left) Snapshots of an IRCreader, Usenet
reader, ICQ client, email reader, a 3-dimensional virtual world, the two and
a half-dimensional world, Avaterra, and, the MUD, MOOSE Crossing.

and create interfaces that look like this:
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Figure 12. (clockwise form
top left) Snapshots of AgoraPhone, Visiphone, Telemurals, the Orlando
avatar seat of ChitChatClub, and the Slim avatar seat with guests in the
ChitChatClub.

This thesis work bridges the space between the computer mediated com-
munication and the study of communication channels to create a con-
nected space for casual, sociable conversation.
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CHAPTER 3 Transformation of Space
through Interaction

This chapter focuses on transformation of space - meaning that the partici-
pants alter the space by simply being there, moving, or interacting. To explore
and discuss these concepts, we will do so in the context of the project, Telemu-
rals, which was designed with these features in mind.

Telemurals is a project that connects two lobbies of graduate student dormitories
on the MIT campus. One of the dormitories is the newest graduate dormitory
on campus, Sindey-Pacific, and the other is the oldest graduate dormitory on
campus, Ashdown. Sidney-Pacific approached us with a public art fund to cre-
ate a space that would encourage students to gather. The dorm was new and
students were not taking advantage of the available public space. Similarly, Ash-
down was undergoing renovations and wanted to experiment with gathering
spaces. Both dormitories were open to the idea of connecting two public spaces
within the dorm, and thus, a two-year collaboration was born.

The Process of Creating Telemurals
We began the process of creating Telemurals by meeting with the dorm commit-
tees of the two dormitories. After several meetings, we decided to connect the
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two dormitories during the respective study-breaks of both dormitories on
Wednesday and Thursday.

The next step was to choose a location in each dormitory. We chose loca-
tions that were in the path of traffic and were in public spaces within the
dorm, yet did not attract passersby to stay and talk to people in that space.

Already we had differences between the two dormitories - in style and in
occupant personality. Ashdown was older. It used to be a hotel and had a
very traditional feel with wood accents and marble staircases. Sidney-
Pacific was new and the decor was spartan. In Ashdown, the more estab-
lished of the dorms, students stopped and talked to us while we were
installing cameras. In Sidney-Pacific, very few people talked to us or to
each other. This was a very large dorm that was not filled to capacity with
very few students knowing each other.

Installing Cameras, Projectors, Microphones, and Speakers

We installed cameras and projectors in the two chosen locations of the
respective dormitories. The first test captured audio and video from one

dorm, projected them to the other dorm and vice versa.1 Signage was
posted at all possible entrances to the spaces with cameras to notify the
inhabitants of the cameras and microphones in the space.

During initial immersed observations and birds-eye view observations, it
was noted that there was a tendency for students to walk around the space
as opposed to approaching the camera. We had not reproduced the Hole-
in-Space scenario (see Chapter 2, p. 21). This avoidance behavior observed
in both dormitories, however, was consistent with the behavior of partici-
pants in the Microsoft Virtual Kitchen installation (see Chapter 2, p. 26).
This connection might be viewed as an intrusion to people's privacy. Both
the Microsoft and our installation were in public spaces, yet they were
indoors where people might expect more privacy.

1. Predating the installation process was a two-month interaction
with COUHES (Committee On the Use of Humans as Experi-
mental Subjects). We were required to put up signs whenever
cameras and microphones were present.
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Figure 1. (left) Scott McCloud describes cartooning as a form of amplification through simplification. (right) Snapshot from the
movie Waking Life. The rendering styles varied throughout the movie; they varied to reflect changes is intensity and content. Note:
both of these renderings were make with human assistance. It is far more challenging to create such abstractions using an automated
system.

We then delved into the world of cartooning and decided to use it as a
means to transform people through abstraction. Our hypothesis was that if
people are not entirely recognizable, they might not fear they are losing
their privacy.

Transformation and Abstraction
When we abstract an image through cartooning, we're not so
much eliminating details as we are focusing on specific details.
By stripping down an image to its essential "meaning", and art-
ist can amplify that meaning in a way that realistic art can't.

-Scott McCloud (see Figure 1)

Inspired by Scott McCloud (see Figure 1), I wrote a real-time algorithm to
render everything within the field of view of the camera into a cartoon.
The result was as if observing a moving cartoon of the other space (see Fig-
ure 2).

During observations, people were moving closer to the camera than in the
previous installation. The space was amusing, playful, and, I believe, did
not have the surveillance-like effect of the photorealistic video connection.
The simpler representation of the cartoon world helps us to better identify
with ourselves. This is one of the primary fascinations of cartoons we have
when we are young (McCloud 1993).
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Figure 3. Fervor, two-screen
projection film by Shirin Neshat. The
screens were placed side-by-side. Each
loop captured one facet of a narrative
from its own angle - two loops, side-by-
side, are happening simultaneously. We
see a "his" and a "hers" space. "Befitting a
narrative of romantic attraction, Fervor's
adjacent (rather than opposing) screens
allow viewers to imagine the would-be
suitors as occupying almost - but not yet
- shared social space." (Horrigan 2000)
This artistic piece is almost the inverse of
Telemurals. The inhabitants are not in
distant spaces, but they are separated. The
schism in perspective is represented by the
two screens and the curtain separating the
two spaces. They want to get
communicate, but cannot.

Figure 2. First abstracted rendering. The effect was of having a
moving comic of the connected space. The lower left image is in one
space and the upper right image is in the other.

The feedback we received from the second iteration wasfar more favorable
than with the straight video. It was playful, and not only drew people into
the space, but also encouraged them to spend some time there. This inter-
face did, however spawn some new requests. The students wanted to see
themselves as well as the participants at the other end.

In retrospect, this made sense. When one has a caricature drawn of them,
the desire to see the resulting representation is strong. This connection was
rendering inhabitants in a different manner that caused a reaction, but they
did not know how they appeared at the other end or how their actions
altered their appearance.

One solution to this request would be to use a picture-in-picture scenario
as is done with many video-conferencing systems. We felt that this would
emphasize the remoteness of the spaces as opposed to bringing them
together. This led us to discover the importance of the framing of the
images in our projections.
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Figure 4. Snapshot of The Rflection of
Presence project at the MIT Media Lab. In this
audio-video connection, three remote
participants appear on the same frame. The
interface featured customizable backgrounds
and conversational dominance through the
visual prominence of the speaker.

The Window Frame Hypothesis
In video-mediated communication, framing the remote space, whether as
one image or as two frames (e.g. picture-in-picture or side-by-side) further
emphasizes the distance between the two spaces and makes the viewer feel
confined by that space. This changes the space of the interaction and
makes things appear even more remote.

Our approach to mitigate this effect is to blend the two spaces together as
was done in the Reflection of Presence project (see Figure 4) and to elimi-
nate the structure of the frame. The silhouettes of both Telemural spaces are
blended into one single image. We eliminate the frame by projecting onto
a wall of the space and not onto a projection screen or a physically
bounded structure. The background of the projection is black such that no
boundary can be seen - only silhouettes of people.

Telemurals

Figure 5. Snapshot of Telemural projection. The orange
silhouettes are inhabitants of that local space. The red silhouettes are
inhabitants of the remote connected space.

Figure 5 is a snapshot of the blended Telemurals. Silhouettes of the partici-
pants in the local space are rendered in orange. The participants at the
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Figure 6. (top) shot from Kreuger's Painting
the Town. User interacts with New York skyline.
(bottom) VideoDesk participant captured image
of VideoPlace participant.

remote end are rendered in red. When they overlap, that region becomes
yellow. The aim of this cartoon-like rendering is to transmit certain cues
such as number of participants and activity level while preserving privacy
by not initially revealing too many social cues about the identity of the par-
ticipants.

The renderings of the participants are now silhouettes. Much thought has
been given to the design of the renderings in Telemurals. We wanted to
maintain the benefits of video in their simplest form. Adding video to a
communication channel improves the capacity for showing understanding,
attention, forecasting responses, and expressing attitudes (Isaacs and Tang
1993). A simple nodding of the head can express agreement or disagree-
ment in a conversation. Gestures can convey concepts that aren't easily
expressed in words; they can express non-rational emotions, non-verbal
experiences.

Yet these cues are not always properly transmitted. There may be dropped
frames, audio glitches. Lack of synchronicity between image and audio can
influence perceptions and trust of the speaker at the other end. Other chal-
lenges include equipment placement. For example, camera placement has
long been a reason of ambiguous eye gaze in audio-video links. A large
camera offset gives the impression that the person you are speaking to is
constantly looking elsewhere. The abstraction in Telemurals has the added

Figure 7. Telemurals in the settings of the two dormitory spaces.

42 Social Catalysts



The Process of Creating Telemurals

Figure 8. Body Movies by Rafael
Lozano-Hemmer. This projection piece
transforms public spaces with 400 to 1800
square meters of interactive projections.
Photos are taken and stored of the
inhabitants of the location of the public
installation. As people walk by, their
shadows from light sources project their
shadows on the public building. The
stored portraits then appear inside the
shadows of the passers-by. The scale of the
shadows changes as people move closer
and further from the light sources.

benefit of mitigating the perception of offset eye gaze and the effects of
unsynchronized audio and video.

With Telemurals, we are creating an environment where rendered video
maintains subtle cues of expression such as posture and hand motion, yet
also enhances other cues. For example, changes in volume can alter the
style of the rendered video. By adding another layer of abstraction into the
video stream, we can enhance cues in a manner that is not possible in
straight video streams.

Incorporating Features from Online and Physical spaces
The creation of an abstract environment in Telemurals has some similarities
to virtual spaces in online worlds. Examples of fantasy environments for
conversation can already be seen in online graphical communities. One
essentially puts on a mask and enters an electronic communication space.
This element of mediation removes many of the social barriers by allowing
one to safely enter a stimulating world. Just as this lack of concrete identity
may aid in suddenly and continually confronting new people in virtual
environments, it may help in our physical-virtual hybrid.

Figure 9. Snapshot from Avaterra online community: people communicate as a
in this fantastical world.
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Figure 10. The first pass at the fading catalyst. The silhouettes would slowly fade to black-and-white photorealistic images
the more people participated in the space.

In the snapshot of the virtual world (see Figure 9), the user happens to be
the avatar on the left of the window. They can see how they appear with
respect to the other participants and change their appearance at will.

Introducing Social Catalysts for Interaction

This rendering of the spaces brought people close to the cameras and close
to the inhabitants of the remote space. The interactions, however, were
very mundane. People waved back and forth, said, "hello", "what time is it
there?", "where are you?", etc. The visual was good enough to be an ice-
breaker for interaction, but it was not good enough to sustain interaction.

Fading
We began to explore ways to maintain interest in the space after the initial
encounter. It could be that for more intimate interaction, people wanted to
see more than just a silhouette of a person. The idea was to reward people
for staying in the space by showing them more of the space the more they
participated. Therefore, as people moved about the space and spoke, the
silhouettes, would slowly fade to a black and white photorealistic represen-
tations (see Figure 10).

Reactions to this catalyst were not very favorable. Participants found the
floating heads and disconnected limbs of the figures disconcerting and
eerie. Several different fading algorithms were implemented until we dis-
covered one that participants were content with and that increased interac-
tion times in the blended space. In this new fading, participants are seen
only as bare outlines if they are not interacting (see Figure 11). The more
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Figure 11. elemurals rendering over time. The more people become involved (i.e. the more they talked or moved in the
space), the more their image begins to resemble a filled in cartoon.

they move and talk, the more their silhouette fills in and begins to resemble
our first abstracted cartoon rendering in Figure 2. This prompts the par-
ticipants to move closer into the space to see. If conversation stops, the
images fade back to their silhouette rendering. In this manner, the partici-
pants can choose their own level of commitment in this shared space
(Jacobs 1993).

Audio Graffiti

The first three weeks during which the installation was up, we did not get
much speech across the audio channel. This may be because the micro-
phone did not resemble a traditional microphone, and therefore, partici-
pants were not aware of this channel of communication.

We first placed a sign with an arrow next to the microphone so that people
would be aware of its presence. We then provided the system with some
intelligence to modify its space according speech patterns. When people
speak, their audio is passed through a speech recognition algorithm. The
algorithm returns text of the closest matching words in its dictionary. This
text is then rendered on the shared wall of the two spaces. This audio graf-
fiti is meant to be a catalyst for speaking.

The combination of the signage and the graffiti increased audio interaction
five-fold. Exaggerated gestures decreased, probably because people realized
it was not their only channel for interaction.

It should be noted that the speech recognition in this open space was far
from perfect. The resulting words resembled the basic sounds of the audio.
This was usually enough to let people know they were the ones affecting
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the space. It also provided the unexpected, yet added benefit of providing
some comic relief.

Evaluation Methodology
This work combines the disciplines of technology, communication, and
design. Evaluation of this work is therefore threefold.

Engineering

We evaluate if the system functions. Does it work? That is, does it transmit
audio and video? Is the souid quality acceptable? Is the video quality and
speed acceptable? Are the interface and networks reliable?

Ethnography

We observe and evaluate how the people use the system. The field for this
observation study is the semi-public space within the two chosen dormito-
ries. The participants are graduate students who live in the respective dor-
mitory and their friends. We are primarily interested in seeing, (1) how
people use Telemurals, (2) if the catalysts attract them, and (3) how we can
improve the system.

We performed three different types of observations:

e Observation while immersed in the environment

e Observation from mounted camera video

e Observation from abstract blended video

The footage from these tapes was used to annotate patterns of use for this
study and were then discarded. We were interested in observing:

" How long people speak using Telemurals

" The number of people using the system at any one time
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e The number of people present but not interacting

e The number of unique users (if possible)

e The number of repeat users (if possible)

e The number of times and the duration that people use Telemurals in
one space only

e Repeated patterns of interaction: gestures, kicks, jumps, screams

These are factors that we believe are indicative of levels of interaction.
However, one must always be open to the unexpected and attempt to find
other underlying patterns as well in studying the social catalysts.

Design

We evaluate if the system interface is well-thought-through, coherent, and
innovative. This was in the form of a studio critique. Professors from vari-
ous architecture and design departments and research scientists have been
invited and have volunteered to participate in a series of critiques.

Discussion

Technical

As an engineering project, Telemurals works. It runs on the school network
and typically uses less than 1MB of bandwidth with audio latency varying
from 500ms to 1 second depending on network usage. The networking
audio and image libraries are all written in C over UDP, and we use the
Intel OpenCV library for image segmentation.

The video was reliable, the audio had acceptable lag, and the system ran
continuously for over three months. The one technical challenge that
could use improvement is the audio quality. Using just one microphone
does not cover the intended space and the acoustics of each space play a
huge role. We are experimenting with microphone arrays and with physical
objects that one interacts with that contain the microphone.
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Telemurals was evolving throughout its construction and connected instal-
lation period. We experimented with several different renderings of people
at each end, we changed the fading algorithm, changed the hours of opera-
tion, and changed the Telemuralwall site at one of the dorms. These
changes were made according to suggestions and critiques of the residents
of the two dormitories and professors within the lab throughout a five
month period.

Social: comparisons and contrasts

Time-schedule, social events, signage, interface, trust, site selection, and a
changing environment proved to influence population mass at the Telemu-
ras sites. The motion of people, ambient noise, and the speech-to-text
graffiti created from the users' own words kept people at the site.

Hours of operation
The Telemurab observation took place in May and June of 2003. During
the initial two weeks, Telemurals ran for two hours each Wednesday and
Sunday night in conjunction with a coffee hour/study break.We had
requests from both spaces to increase the hours of the connection. Telemu-
ras then ran every night for two hours over a two week period and then ran
continuously, twenty-four hours a day.

We discovered we had a larger population of use per hour and longer
linked interaction times when Telemurals was up for shorter intervals of
time (two hours, two days a week and two hours every night vs. twenty-
four hours a day). We believe it became more of an event - something that
should not be missed. Nevertheless, we continued getting requests to run it
continuously.

During the twenty-four hour a day use, there was an increase in the time
the system was used at one end and not the other compared to the shorter
time intervals of use. Many more people used it as a mirror when they
thought they were alone.

Events
Dormitory events such as meetings and social hours attracted large crowds
to the Telemurals. Sometimes it was for comic relief; other times it was

Figure 12. A snapshot of the day of because of the quantity of people. One person at the Telemural, whether at
the wedding. the local or remote end, tended to attract more people. A wedding party
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Figure 13. Three by three foot signs
placed at entrances of both sites:

Telemural Connection in Progress
This is an audio and video connection
between Ashdown and Sidney Pacific
semi-public spaces.

Video is sent over as you see it in the
Telemural here. This transmission is
not stored or save.

The camera here is used for an ethnography
study. Patterns will be observed and footage
will be destroyed.

For more information, please see:

The folder contained detailed information
about contacting medical services and the
person responsible for the installation if
problems arise.

proved to be the most interactive period, with children repeatedly running
back and forth across the wall. Food associated with these events also
attracted people. Moving food in the field of view of the mural provided an
object for interaction and made the Telemural a popular spot.

Signage

Signage was placed in the entry ways of both spaces to describe what was
being transmitted, where it is being sent, and to inform people of the pres-
ence of the camera, microphone, and the ubiquitous link. Of over twelve
hundred people living in both dorms, we had one complaint asking that we
shut off the microphones between both spaces. This person felt the system
was eavesdropping on them as they waited for the elevator. The abstracted
images were not a concern in this case.

The link signage was more problematic. People were not entirely convinced
there was a link connecting the two dormitories. This may be because there
was no one at the other end at that time or because the interface was unfa-
miliar. There were several instances of students arranging meetings at each
mural and calling each other on cell phones to verify the connection.

Others didn't read the signage and thought it was simply an abstracted mir-
ror. People were often confused when another silhouette appeared and
sometimes left that space of the screen so as not to be in the way.

It was three weeks before we noticed a significant amount of interaction
across the link. Prior to that point, people were gesturing and moving, but
very few people were speaking across the link.

We added more specific signage labelling the microphone and speaker. The
presence of speech at either end of the mural increased five-fold. The
speech recognition then became more apparent. It became a positive feed-
back loop whereby people kept speaking and staying in the space until
what they said was recognized adequately.

Ideally, we wanted to avoid all instructional signage and let the interface
guide the interaction. This did not work. Perhaps as the interface becomes
more commonplace, we could remove the labels.
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Interface
The interface went through several iterative design phases. We first began
with a connection that linked two spaces with straight video and audio.
After a period of observation, we wanted to make the wall more approach-
able. People were not attracted by it; in fact, some people deliberately
avoided it.

We wrote an edge-detection algorithm to render the video at both ends so
that the video appeared as a real-time moving comic (see Figure 2). This
effect was described as "fun" by students. It added a layer of abstraction and
increased participation in the link compared to the straight video. We
received many requests to provide this filter as a "mirror" with which to
look at oneself as well as a link.

People wanted to see how they were presented at the other end. Providing a
picture-in-picture image or segmenting the screen into two rectangles
appeared to emphasize that the spaces were remote and distinct. To create a
shared space, we blended the two spaces in the same scale and form. When
people saw themselves as well, they preferred more abstracted renderings
and silhouettes to photorealistic images in order to protect their privacy.

We now had our mirror and our link. The mirror helped make the wall
interactive even when no one was at the other end, sometimes even attract-
ing someone to the space. Simple silhouettes were enough to depict the
presence of a person or persons at the other end and a sense of activity in
the space. This provided an environment for safely starting interaction.

We had many interactions between the spaces, however, they were not sus-
tained for a significant period of time. The next step was to provide a moti-
vation for staying in the space. We had the ice-breaker; now we needed
people to use the channel in more interesting ways than simply saying
"Hello" and "Where are you?".

We altered the image over time to become more detailed, approaching the
detail of our cartoon rendering, the longer a person moved or made noise
in either space. By doing so, the length of discussions increased slightly and
people spent more time in the shared space.
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Figure 14. (left) Original site after projecting surface was painted green. We placed an easel with a canvas in the location for
project that evening. (right) Final location on the opposite side of the room.

Site Selection

The two participating dormitories have an interesting history. A good
number of the inhabitants of the newer dormitory had previously lived in
the other. This meant that some of the students had a higher likelihood of
knowing someone at the other end. We don't know to what extent this
played a role, but we know there already existed a social connection. Often-
times, students arranged meeting times and spots at their respective Tele-
mural either as a "rest-area" or a social break.

One day we arrived in one of the dormitories to find that our white projec-
tion wall had been painted dark olive green. We improvised and put up an
easel with a white canvas and projected onto this. This proved more frus-
trating than useful.

During the time when the Telemural ran for two hours at a time, or when
no one was at either end, the screen looked bare and abandoned. When
one sees a large canvas on an easel, they expect to see something on this
canvas. We moved our site to a different location near the elevators and
projected onto the white wall. The new space provided more of a surprise,
better mural visibility because the surroundings were not as bright, and
more time to interact while one waited for the elevator. The empty wall
was not as disturbing when it was white because that was its default state -
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and it provided this surprising reward - when one did see something there
that was not in the norm. The wall also eliminated the distancing effect of
framing that is common with projection screens and picture frames.

Observations

There were many trade-offs among the three different observation methods
that we used. When observing and taking notes while immersed in the
environment, we originally thought participants would be self-conscious
about being watched. On the contrary, we found that having a person
present at either end is a big attractor, even if it is a note-taker. People
would sometimes come over just because someone was watching the wall.

As with the immersed observation, we expected the live video captured
from the camera mounted on the wall would cause people to behave differ-
ently. In this case, we believe it did. People were not very comfortable with
the idea of being taped.

The final observation method involved capturing the abstracted video from
Telemurals. This was the easiest because the image was reciprocal from both
sides and did not cause any objections from the occupants of the dormito-
ries. This did not provide data outside the camera field of view, as did the
immersed observation, but it did not upset anyone and even encouraged
some to perform in front of the camera as if hoping to be watched.

By combining these three methods, we hope to have gained a better under-
standing of the use and interactions in the space and with Telemurals.

Design

Telemurals has been critiqued by three professors while in use at each instal-
lation site. It was noted that the abstraction not only enhances certain
social cues such as gesture, but also mitigates the confusion associated with
gaze and audio-video synchronicity in teleconferencing systems. The inter-
face was described as "evocative and fascinating" by one design professor.
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This design evaluation is far from complete. We need to hold many more
design critiques in order to state a meaningful evaluation on the design
front.

Privacy

Privacy control was one of the major forces behind the design of Telemu-
rals. The privacy gained through abstracting people in the setting allowed
for participation with less risk and without a covert feeling of surveillance.
Out of over 1,700 users, we had one submitted complaint about privacy. A
student was appalled that a private conversation near the elevator might
have been heard in a dorm over a mile away. It was not the visual that was
disturbing, but the audio. This suggests that perhaps we should consider
filtering the audio to resemble garbled chatter as we abstract the video to
silhouettes, and then moving towards clear audio the more people interact.

There are also serious privacy issues in observing such an interface. We
recorded some video of the interactions and of the people. If straight video
directly from the camera was captured, there was a large sign saying this
might be happening. Abstracted video was captured at random times every
day. All of the audio and video captured in the Telemurals interface was
annotated, analyzed, and then destroyed.

Summary

The transformations in this project - the abstraction of person, the blend-
ing of silhouettes, the graffiti conversation, and the fading from abstract to
detailed - provide social catalysts for the experience. This new wall gener-
ated by filtering creates an icebreaker, a common ground for interaction,
and an object for experimentation.

Further elements that contributed to the sociability of the Telemurals space
that we will revisit again in later examples of this dissertation are the
abstraction, the human scale of the interface, and the adoption of language.

Abstraction helped us mitigate privacy concerns as well as create a world
that is more elastic that those of unmediated environments. The human-
scale interface made it possible for the display to occupy a large wall of a
room and blend in with the passersby. Participants would sometimes dance
together remotely and perform kicks onto their remote companions. This
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helped users negotiate space and proximity within the space and between
their remote companions.

The ultimate goal of Telemurals is to create new styles of gestural move-
ment and speech interaction by providing a common language across the
two spaces. The pursuit of this theme threads throughout the remainder
this work.

Future Directions

Engineering

We would like to improve the sound recording in each space by providing
several microphones in an array to capture audio evenly so that people
don't crowd around the one microphone. We found that those near the
microphone spoke more than those further away.

Design

The renderings could be even more evocative of the activity in the space.
For example, if someone yells or speaks loudly, their scale would increase
and tower over the other participants.

Ethnography

We would like to create a Telemurals link between another pair of sites.
This would provide a comparison among a number of sites, how public
they are, as well as a study over a longer period of time. An outdoor mural
would be exciting and more representative of a public space.
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CHAPTER 4 Abstraction for
Visualizing Conversation

In this chapter, we take an audio conversation between two spaces and render it
abstractly to create a visualization of the conversation that highlights certain
cues that might not be readily apparent in an audio-only channel.

To illustrate these concepts, we designed and implemented a communication
object called, Visiphone. We will first describe this project, and then address
how abstraction and time affect its function as a communication object and as a
catalyst for interaction.

Visiphone
Visiphone is a communication object that bridges the distance between two
physically separate spaces. We began with the notion of building a virtual portal
between two spaces, one that would allow the inhabitants of the two separate
spaces to communicate easily and to be intuitively aware of each other's pres-
ence.
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Previous Work

There have been a number of "media space" projects that connect geo-
graphically distinct locales with some combination of audio and video (Bly
and Irwin 1993, Buxton 1992, Dourish and Bly 1992, Ishii et al 1992), as
well as studies of the relative affordances of audio, video, and other media
(Isaacs and Tang 1993). Smith and Hudson's work on low disturbance
audio found that audio, even when filtered to be incomprehensible (for
privacy, in their application) provided a good sense of awareness of the
presence and activity of others (Smith and Hudson 1995). The Somewire
project is one of the most relevant, since it was designed to foster casual
interactions among colleagues (Singer et al 1999). Here, Singer et. al exper-
imented with a number of visual interfaces in conjunction with an audio-
only media space. They found that control over such features as localiza-
tion or other attributes was not needed, but that information that supple-
mented users' knowledge of the social aspects of the space, such as
awareness of the presence of others, was quite useful.

However, most "media space" work has been done in the context of work
environments, which differ significantly from the home in many regards.
While most studies of technology for the home have tended to focus on
labor-saving devices and home automation, some useful ethnographic
studies have examined the importance of communication in the domestic
sphere and the types of technology that support it (Venkatesh 1996); it is
becoming increasingly clear that communication is one of the most valued
uses of computer technology in the home.

Design Process

One approach would have been to establish a live connection, such as the
"video windows" (media spaces - see Chapter 2) that have been installed
in venues ranging from night clubs to research offices. Yet, while they pro-
vide a high degree of communicativity and awareness, these connections
can also feel intrusive and awkward: some researchers have noted that users
of these systems, especially, in more private domains, eventually just keep
the video turned off (Jancke et al). Another approach would have been an
audio only connection, which is less intrusive and still allows the partici-
pants to talk informally and easily. Yet audio alone has several drawbacks,
especially in terms of awareness. It is difficult, especially in a noisy environ-
ment to know if one's voice has carried or if others are speaking at the other
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end. Furthermore, lone periods of silence make it easy to forget the device,
which then takes on a quality of covert surveillance.

Our approach is to connect the spaces aurally and then to visibly render
the sound flowing between them. Visiphone' graphics express the dynamics
of the conversations originating at both locations, thus providing visual
feedback that one's voice has carried sufficiently and indicating the pres-
ence of those on the other end. It portrays the existence of the connection
even in moments of silence, thus removing the surveillance-like aura of the
audio-only system.

For a piece such as Visiphone, form is function: it must be attractive and
intriguing enough to claim a central place in a kitchen or living room. The
dome shape makes it readable from any location; it's placement on the
pedestal puts it into the category of sculptural object (as well as concealing
the projector). The graphics themselves are designed to convey a sense of
rhythm and activity - to visibly represent the connection between the two
spaces.

Design Goals
Our goal in designing Visiphone was to make a device that would enable
casual communication between to distant common spaces. Unlike and
office environment, in which users are generally seated at a desk, people at
home or in common spaces move about freely. We located our design sce-
narios in this multitasking environment, in which people are engaged in
several activities at once and where conversations often ebb and flow as
attention is temporarily diverted to other tasks.

One of the key differences between conversations that are conducted face
to face and those on the telephone is that the latter tend to be more contin-
uous. In person, a conversation can start and stop, pausing when a topic is
exhausted or other tasks beckon; on the telephone, long silences are awk-
ward and uncomfortable - and often signal serious disagreement between
the parties. To support more casual conversation, our design would need
to help overcome the requirement that the conversation be the unceasingly
forefront activity. We identified several possible causes to get telephone
conversation's center stage position: cost and the phone's audio-only indi-
cation of presence.

Cost: We began with the premise that Internet telephony will soon make
it feasible for people to maintain long-distance, long duration audio con-
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nections without the anxiety of mounting toll charges that accompany
today's long distance phone calls. The first Visiphone prototype used the

MBone to send over the network.1 Currently, all that is required is an inter-
net connection (of reasonable bandwidth).

Audio-only indication of presence: In a phone call, silence is often met
with the response, "Hello? Hello? Are you still there?" When speech ceases,
there is the sense that the connection has been lost. We hypothesize that
people feel compelled to maintain continuous conversation on the tele-
phone, in part, to maintain the perception of a live connection. Visziphone's
interface is in motion as long as there is a connection; our intent here was
to provide a separate, intuitive indicator of connectivity that would relieve
the audio channel of this responsibility.

An open long term audio connection alone between two spaces would
make it possible to walk around a room and talk to a distant friend at will.
Yet such a system would also have an unfortunate surveillance-like quality:
it would be easy to forget that one's space was actually a portal to another
space and that all of one's comments were being heard elsewhere. A visible
interface that indicates the existence of the live connection alleviates this
problem, serving as an ongoing reminder of the audio link.

Another function of the visible interface is to serve as a focus of attention.
Anyone who has attended a meeting at which some participants are present
via speaker-phone knows the phenomenon by which the little black object
on the table becomes a stand-in for the person: one addresses one's remarks
to it, one looks at it when it is "speaking". We focus on the object because
it is difficult to converse with a disembodied voice - if an object is associ-
ated with that disembodied voice, it becomes the representation for the
connection and person. With the traditional speaker-phone, the physical
object provides no information, nor is it designed to evoke a person, con-
versation, connection, etc. With Visiphone we sought to make an object
that is abstract enough to be suitable to all users, contexts, and topics, yet
that also reflects the rhythm of the ongoing conversation.

L.A later version of Visiphone was implemented using Java Media Streams
API.
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FIgure 1. Process of audio renderings: (top pair) a pair of traditional audio representations. (middle pair) the
power amplitude of the audio is mapped to the radius of a circle and to the saturation level of that circle. (bottom
row) the renderings from the second pair are blended in HSV space to produce a single blended chain of circles.
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Two further considerations influenced our design. The system needed to be
easy to use: no complex controls, no custom installation. And, it needed to
be a decorative object, one that people would welcome as a featured object
in the home.

The Design

Our final design for the Visiphone system consists of two stations con-
nected via the internet. Each station has a dome on which the visualization
is projected (see Figure 5). When a live connection exists, the dome dis-
plays a continuous moving spiral of circles. The central dot represents the
present moment. If it is a small gray dot, there is no sound going between
the two spaces.

When sound is originating locally, the current circle is orange; when sound
originates at the remote location the circle is blue. The size of the circle is
proportionate to the volume of the audio.If sound is coming from both
locations, the colors are shown as concentric, blended circles (see Figure 1).

The dots spiral outward from the center, so the display shows the history of
the last half minute or so of conversational rhythm (see Figure 2).

Figure 2. (left) Visiphone spiral connecting two silent locations (right) Visiphone
spiral connecting two locations with emanating sound.
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Visiphone' display is a translucent dome sitting on a pedestal (see Figure 3).
The graphics are projected into the dome from below. The dome shape
makes it an interface in the round: one can view it from any side. This is
essential for an object meant to create a connection between two inhabited,
real-world spaces in which people move about. The design of the dome
itself is also a key element in this multimodal interface and its size, loca-
tion, and appearance influence its use and its ability to portray a sense of
awareness and continuous connection in the space.

ricrophone

( ~dome display

speakers

I"do

Figure 3. Visiphone installation setup.
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Figure 5. Visiphone in use at two remote
locations.

Figure 4. The illuminated Visiphone dome.

User Response

Although we have not conducted formal user studies of Visiphone, it has

been on display in public environments2 and used by hundreds of people.
People have been quite enthusiastic about it. The form of the display has
proved to be quite important - the spiralling dots are often described as
mesmerizing and this aesthetic appeal is an intrinsic part of its value. One
of the more surprising comments, but one we heard repeatedly, was that
people thought it would make a good "therapy" tool; they were interested
in the way the dots could show patterns of interruptions and of individual
conversational dominance.

Figure 6. A Visiphone station in use at the
SIGGRAPH '99 Emerging Technologies exhibit.

2. Visiphone was shown in the Emerging Technologies exhibit at
SIGGRAPH '99 and has been a featured demonstration at the
MIT Media Lab
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It still remains to test the system in its intended environment, a domestic
space. In real use, it would need to compete with the telephone for clarity
of sound (our current implementation is rather noisy and has some lag).
And it remains to be seen in practice how well it accomplishes its stated
goal, which is to support casual conversation in an active environment.

Summary

Viszphone does not add any new data that is not already part of the audio
channel. It simply re-presents a subset of the data (source and volume, in
temporal slices) in another medium. Although from an information theo-
retic standpoint the visual data is redundant, from a user's standpoint this
reification of the audio serves several purposes. Using an audio-only
speaker phone to provide continuous, long-term connection has several
drawbacks: in a noisy environment, it is difficult to know whether one's
voice has carried over to the remote end or to know to pay attention to new
voices emerging from the phone; long periods of silence make it easy to
forget the device, which then takes on the unwanted quality of unobtrusive
surveillance. By making the audio visible, Visiphone turns the speaker-
phone into a portal between spaces. The existence of the connection is rec-
ognizable even during moments of silence and the dynamics and
inflections of the conversation are made salient by the abstract visualiza-
tion. The sudden appearance of vivid dots draws one's attention, even in
ambient noise and initially masked sound. Seeing the color change on the
display is a simple but effective mechanism for noting whether one's words
can be heard at the other end. Visiphone' graphics do not portray the tech-
nical aspects of sound (as do, for example, the audio renderings seen in
sound-mixing boards); it's purpose is rather to enhance awareness.

Visiphone as Social Catalyst
There are several features that act as social catalysts in Visiphone. As I dis-
cuss the differences in the Visiphone designs, I will highlight the social cata-
lysts were effective.
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Figure 7. Various Visiphone sizes and shapes: (a) this is a 3 inch diameter dome interface. It rests on a 14 inch high pyramid
pedestal that houses a tiny projector. (b) this is the 8 inch diameter table-top dome (c) this is a 12 inch diameter angled two-
dimensional Visiphone.

Scale

Altering the scale changes everything. Scale dictated public and private
uses. The three inch diameter dome in Figure 7(a) was suited to private
conversations and was often cupped in the palm of the hand. People tried
to rotate the dome to go back in time. The eight inch version (Figure 7(b))
was usually surrounded by several people; it was of a good size to rest both
palms on it and many people did just that. The twelve inch display was
usually viewed at a distance, and from one general direction.

The smaller dome encouraged people to move in closer to have a conversa-
tion. This Visiphone was treated as an intimate object that encouraged inti-
mate conversation. The 8 inch dome encouraged conversation not only
between the two locations, but also around the respective local tables as
well. The largest Visiphone, was more of a public showpiece. People asked
what it did, but it was more of an abstract display.
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Form

The form of these different interfaces suggested that they be used in a dif-
ferent manner. For example, the dome shape encouraged people to draw
nearer to the display and around the display. There was a great tendency to
grasp the dome one's hands - oftentimes to try and move the dots in this
manner.

The flat angled display was intended to be viewed from a distance as well as
close-up. It was designed for a larger auditorium setting where people faced
the moving display. This interface was not attractive to users. Perhaps it
was its distant placing so that it could be viewed by many or perhaps it was
the flatness of the interface.

The dome interface was a more effective social catalyst. It was visible from
most angles, and therefore attracted people around it at all angles. This
encouraged local interaction as well as remote interaction.

Motion

The motion of the object was not only a calming, aesthetic visual, but also
provided a sense of assurance within the spaces. One knew what to expect
in terms of connectivity, privacy, and conversational turn-taking. It was
also described as mesmerizing which kept people near the dome for a good
amount of time.

Previous Visiphone interfaces that were not in continuous motion or were
in predictable discreet motions were often misunderstood and, therefore,
ignored. A static interface of an ongoing conversation is equally meaning-
less.

Abstraction

Abstracting the traditional audio wave patterns, into the simple graphical
element of the circle allows one to think of audio from a different perspec-
tive. The circle unites divorced the technical connotations from audio
channel and for a new frame of reference to the conversations.

We are familiar with other forms of volume representation whether they be
bar chart visualizations such as in Quicktime'" or waveforms as in many
sound recorders. Although these representations are readable, they have a
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technical connotation and their representations are fleeting. The string of
beads visualization in Visizhone separates itself from these traditional tech-
nical representations. Its simple graphical elements are easy to comprehend
and, therefore, append to each other to add a historical context to the
audio stream. The color and the discrete units display salient features such
as turn-taking and interruptions far more clearly than would a continuous
waveform representation of two audio streams.

Time

The time element implies a history element. The size of the Visiphone
object dictated the amount of history displayed. A large display, showed
longer interaction times. In this display, conversational dominance would
be striking. A shorter history implied more immediacy in the conversation,
yet also kept one staring for the next circle to appear. Changes were more
evident and pronounced.

Revelation

The major catalyst in Visiphone is revelation. Visiphone allows you to see
things you know but may not realize that you know. This ability to per-
ceive a wide spectrum of conversational patterns from the one cue of vol-

ume shows the power of this mediated connection. 3 As previously
mentioned, we are not adding information to the audio stream. Just using
what is already there, we are highlighting patterns that are not obvious in

an audio-only mode or using more traditional representations of audio. 4

3. In one version, we included pitch-tracking. This added feature
did not prove as effective as the reinforced visualization of
volume in the cycle of a conversation.

4. We had an uncommonly large number of requests from mar-
riage counselors with regard to Visiphone. This audience was
not our intended audience, but it does show that these patterns
may be useful. There were also requests for implementing Visi-
phone as a means to visualize negotiations during meetings.
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Figure 8. A mobile derivative of Visiphone has been
developed for mobile phones. This supports multiple users -
Each user is represented by a colored snake of beads. The more
one talks, the longer the snake becomes until it cuts itself off.
Snakes participating in turn-taking congregate together. Lone
snakes lurk in the periphery. This version combines the game-
like quality of the arcade game Centipede with speech
influenced movement.
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CHAPTER 5 Physical
Embodiment of
Virtual Presence

Cafes function very well as informal public gathering places. One can enjoy the
company of others or be quite comfortable alone. And they are great places to
sit and watch people.

The online world also functions as a public gathering place. As in the cafe, con-
versation is one of the primary activities - but with some striking differences.
Online, conversing with strangers is quite common and there are few barriers to
such interactions, while in the real world such encounters are less common and
occur couched in complex social rituals. In the online world, one is fundamen-
tally alone: although there are many others virtually present, one's sense of their
presence is minimal. In the real world cafe, the number of people is fewer, but
their presence is far greater.

These two worlds come together in the ChitChatClub. It is a real cafe, with real
tables, real coffee and pastries. Yet the customers seated round the tables may be
present physically or virtually -- some of the chairs are ordinary seats, accommo-
dating the human form; others are seats for avatars, equipped with monitors
and network connections

In this chapter, thru ChitChatClub, we explore the physical embodiment of vir-
tual presence.
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Figure 1. (top right) Artistic
rendering of the ChitChatClub. A
cafe space is populated by people
who walked into the cafe, and who
remotely connected to it through
the conduit of the "avatar" seats at
the tables.

(bottom) Early rendering of an
avatar seat.
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The Cafe Scenario

Figure 2. Cafes introducing
computers into the environment often
separate their space in two - as if an
invisible wall separates those who are there
to sit and chat and those who make it a
workspace. We wanted to use technology
to foster interaction. Hiding the computer
from view aids us in this task.

The Cafe Scenario
ChitChatClub is an experiment in bringing people together in a mixed
physical and virtual environment. Online chatrooms and real world cafes
are both venues for social interaction, but with significant differences, e.g.
the participants' knowledge of each other's expressions and identity and
the more governing introductions, turn-taking, etc. Our goal is to create,
thru careful design of the physical environment and computer interface, a
place that gracefully combines these two cultures (see Figure 1); the analy-
sis of how well this space actually functions will further our understanding
of social interaction, both online and in person.

The First ChitChatClub Installation

Physical Avatar

The physical "avatar" seat was designed to be of human scale. The idea
communicate with an interface that was at the same head level as opposed
to a monitor with similar proxemic codes as sitting face to face. We
designed the "avatar" seat to be anthropomorphic to a degree, but not so
anthropomorphic that one would expect human movement and human
expression.

The body frame is meant resemble a relaxed figure of human proportion.
The head resting on the frame has some curvature, and is painted white so
that it makes a good projection surface. A projector hangs in a wire basket
beneath the crossed "hands" of the "avatar seat", or in this case, Slim. This
projector is aligned to project moving faces onto Slim's head. Above Slim's
the crossed "hands", rests a camera facing away from Slim. This camera
captures video of Slim's companions in the physical ChitChatClub.

Figure 3. Slim. Our first
ChitChatClub "avatar" seat.
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Figure 4. (left) Physical ChitChatClub (right) Remote user

The Local Space

The local space of the ChitChatClub is a cafe setting. The "avatar" seat,
"sits" at a table, and people entering the cafe, may choose to sit near him or
her. Figure 5, shows a picture of one table in a ChitChatClub.

The Remote Interface

The online site is a portal for the remote visitors to enter the ChitChatClub.
Using the ChitChatClub website, the remote cafe attendees can create an
appearance for their visit, they can choose where to sit, and they can con-

Figure 5. Two people sitting on each side of Slim, our "avatar" seat.
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The First ChitChatClub Installation

verse with the with the cafe's local participants using either audio or text.
While they are conversing with the visitors of the physical cafe, they see an
abstracted video representation of their table companions from the point of
view of the avatar seat they occupy. Although the remote visitors may type
as well as speak to converse, they always hear what the cafe's physical partic-
ipants are saying.

Getting Started
When an online participant first encounters the online ChitChatClub
interface, they are presented with an interface for creating an avatar face for
their respective avatar seat (see Figure 7). Using this interface, the visitorFigure 6. Alternate view of face-creating interfac

with some claymation components. can customize the appearance of their avatar seat's face. They may choose
face shape, eyes, lips, as well as the color of each feature from a selection of
handrawn, claymation, and cartoon facial components. The avatar faces
resemble cut-out animations.

After the visitor creates their appearance, they are ready to proceed to the
ChitChatClub entrance. Here they see a graphical birds-eye view of the lay-
out of the physical space (see Figure 7). This representation shows the loca-
tion of the tables, chairs, and avatar seat. It also shows which seats - regular
and avatar - are occupied. The participant uses this image to select which
avatar chair to occupy.

i a b

Figure 7. (a) The face selection interface.The user can cycle through different eyes, lips, and face color by clicking
on the representative icons on the right. (a) Birds-eye view of the cafe.Blue represents walk-in visitors and red represents
kiosk visitors respectively. A vacant seat is depicted by an outlined circle; an occupied seat is depicted by an opaque
circle.
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Figure 8. Communication interface with
different orientation.

The Communication Interface
Once a seat is selected, a two-way audio and video connection is estab-
lished. In the cafe, the remote participant's avatar face appears in the cho-
sen chair. At the remote location, the participant sees a live, processed
image of the cafe as seen from that chair (see Figure 9) and can hear, see,
and participate in the conversation at that table.

While connected, remote visitors can communicate by talking or by typing
and can momentarily change their avatar's expression to appear happy,
bored, disgusted, sad, or angry. Conversation from the cafe to the online
participant is still received in the form of audio and processed video.

This interface was ultimately flawed. The remote users would spend a large
portion of their time selecting facial animations; this deterred from the
conversation. They also continued to click on the facial expressions so as
not to appear inattentive. Users also wanted to direct the gaze of their ava-
tar themselves as apposed to negotiating with the visitors to the physical
cafe for rotation of gaze. We concluded that for these reasons, we had to
make facial expression selection easier and effort-free, and allow the remote
user to see how they appear at the physical cafe end.

Figure 9. The remote interface. The top shows a live video feed of the
physical space. Below the user can choose from five expressions. The physical
avatar face animates to that expression and then back to neutral.
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Figure 10. Design sketches for
second "avatar" seat. The top two designs
were for experimentation with more
abstract social cues. The bottom design,
housed a motor for controlling gaze. We
chose the last design.
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The Second ChitChatClub
Installation

Physical Avatar

We began to design a new "avatar" seat to complement the needs of our
new proposed remote interface. Allowing the remote user to control their
gaze into the space was a priority. The new seat, therefore, would require a
redesign with a motor.

The new chair would also possess an anthropomorphic form, yet would
not be a human sculpture. The final design and implementation of the sec-
ond "avatar" seat, Orlando is shown below in Figure 12.

Figure 11. Building the new
chair.

Figure 12. Orlando. The robotic
avatar seat.
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The Second ChitChatClub Installation

The Remote Interface

Entering the virtual component of the cafe is the same as in the previous
version. What has change in the second version, is the addition of a set of
facial components, the communication interface, and the "avatar" seat.

The Communication Interface
In the new remote communication interface, the remote participant could
view the expression that was being projected onto their avatar seat head
and control the motorized gaze of their avatar seat (see Figure 13). Novel to
this interface was a new, comprehensive expression palette in the form of a
wheel.

Expression Wheel

The expression wheel is designed to be a simple, intuitive interface for per-
forming facial expressions. Facial expressions composed of componential
elements (Smith 1997) such as the lowering of eyebrows and the raising of
lip corners are mapped in smooth transitions around the circle clockwise.
(see Figure 14). Higher intensities of these expressions are at the perimeter
of the circle and blend to more neutral expressions towards the center of
the circle. To make it easier on the user, there was no clicking involved.
One simply had to mouse over, the area of the expression.

Figure 13. Remote interface with visible remote expressions, gaze control, and
new expression wheel.
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Figure 14. The continuous expression wheel.

Even with this new continuous wheel, users continued to focus on the
expressions and not on the conversation. To shift the attention to the
interaction while maintaining expression cues during the conversation, we
decided to abstract the representation of the expression wheel and make the
expression selection somewhat autonomous.

We do this by tracking the pitch of the remote user in real-time and using
simple heuristics to alter facial expression. One example of this is the corre-
lation of rise in pitch to rise in eyebrows. Although, the expression selec-
tion is semi-autonomous, the user always has the ability to override the
system and select their own expression independently.
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Figure 15. Abstracted continuous emotion wheel. This
expression wheel maintains the continuum of the previous wheel
and also allows for a level of automation in expression selection.

Figure 16. The ChitChatClub communication interface. This implementation
incorporates the abstracted expression wheel while maintaining gaze control and remote
expression visibility.
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Figure 17. Expression
projections on avatar seats.
(left column) Slim
expressions. (from top to
bottom) happy, bored, angry,
"duh", sad. (right column)
selected Orlando expressions.
(from top to bottom) happy,
sleepy, angry, disgusted,
surprised.
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Scale in ChitChatClub

Figure 18. The Hydra four-way
teleconferencing system.

The abstracted expression wheel allowed the remote user to focus more of
their attention on the conversation and less on moving the mouse. There
was, however, a trade-off in the expressiveness of the faces.

With the automated expression selection, we were cautious not to deduce a
false expression. Hence, the arc of the expressions did not always reach the
extremes. In retrospect, it was the extreme, cartoon-like animations that
provided more of a catalyst for interaction then the subdued ones.

Scale in ChitChatClub
ChitChatClub was designed through several iterations. Care was taken to
make the avatar seats human scale. If the seat is bigger and looks down on
the person, it is intimidating; if it is much smaller, it is often ignored. This
way, the remote participant occupied a similar space as the physical partici-
pants.

The seat was made to look anthropomorphic. There was a head, a seated
body and arms. We did not want it to look so human that participants
would expect human attributes, but we also wanted it to be accepted as an
interesting seated visitor. The second avatar seat was motorized so the
remote user could direct the gaze. This offered more control to the remote
user and a focus for attention to the local users at the physical ChitChat-
Club.

Summary
Physicality and human-scale was the central social catalyst of ChitChat-
Club. The physicality makes for interaction far different from what hap-
pens while staring at a computer screen. In contrast to the Hydra system
pictured in Figure 18, the human-scale in ChitChatClub provides for ges-
tural behaviors at eye-level and not to several chess-piece-like screens. The
similarity in scale blends the physical and virtual worlds together to
emphasize togetherness versus remoteness.

A final note on ChitChatClub: Although the installation emphasizes
togetherness, there is an asymmetry in the public and the private. The local
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physical ChitChatClub occupants perceive more of the social catalysts and
the physicality, although they only see an abstracted representation of the
remote cafe-goer. In contrast, the remote user sees a fuller view of the par-
ticipants albeit at a smaller scale and in a physically remote setting.
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Temporaity in Space

Time, said St. Augustine, is a threefold present: the present as we experi-
ence it; the past as present memory; the future as present expectation. Hopi
Indians, who thought of themselves as caretakers of the planet, used only
present tense in their language: past was indicated as "present manifested,"
and the future was signified by "present manifesting." 1 Until approximately
800 B.C., few cultures thought in terms of past or future: all experience was
synthesized in the present. It seems that practically everyone but the con-
temporary man has intuitively understood the space-time continuum.
(Youngbood 1970)

The notion of time in communication usually takes two forms - time as a

cycle and time as a linear archive. We can envision time as a cycle by looking at
the second hand on a traditional clock or by describing the rotation of the earth
about the sun. ALternatively, we can envision time as an archive of history. The
engraving at the bottom of Figure 1 depicts layers of time of a specific place
while the present resides above.

Figure 1. (top) Thomas Burnett's
Tel/uris. The illustration of time as a
cycle.(bottom) John Clerk's engraving of
Hutton's inconformity. Time as linear
layers.

1. Whorf, Benjamin. Language, Thought and Reality. Cambridge,
MA: Massachusetts Institute of Technology, Publications Office.
1956.
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Figure 2. Mixing/Switching control
room used at WGBH-TV, used to handle
switching for Hello. Boston, Massachusetts.

Both of these notions of time have an impact on communication (Ong
2002). Talk is ephemeral - what we say right now may be forgotten
immediately or remembered differently by different people. Letters are
inherently archived (assuming they are kept).

The same applies in mediated communication. The nature of interaction is
affected based on where along the time axis a communication interface lies
(Karahalios 2001). Email and Usenet, like letters, are inherently archived.
Speech may be archived in a mediated environment, and whether or not it
is seriously affects how people use this mediated speech channel.

In terms of history and the linking of spaces and viewing over time, secu-
rity cameras are probably the closest medium for doing this although the
intent is not communication between these spaces. Playing with this phe-
nomena and the elements of randomness and chance, Allen Kaprow cre-
ated his Hello installation (see Figure 2) in Boston for "The Medium is the
Message". He interconnected 4 Boston area locations - M.I.T, a hospital,
an educational videotape library, and Boston Airport - with 5 TV cam-
eras and 27 monitors. He viewed this as a sociological conduit. When peo-
ple started talking to a remote person in the library, they might be
randomly switched and end up talking to someone in a hospital (Young-
blood 1970).

Figure 3. Artifacts of the Presence Era visualization.

A different approach was taken at the MIT Media Laboratory for the Arti-
facts of the Presence Era project. This project did not connect two spaces,
but offered a poetic view more commonly associated with surveillance
footage. A snapshot of this can be seen in Figure 3. Time lapse photos were
layered using an anthropological metaphor. The sound wave of an interval
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Figure 4. Snapshots from the original
Finch College Project in 1969.

near the taking of the photo carved its shape into the photo. The etchings
then layer and accumulate upon each other. Older layers became more and
more compressed over time.

Carousel
Carousel takes the traditional static media space setup and moves the cam-
era and display about the space. This installation connects two spaces
using moving cameras and projectors. The display is all the upright wall
space of each respective room. As the projector moves about the space, it
paints a sliver of a view through a window of the remote location at that
space in time.

Carouselwas inspired by Robert Morris's, The Finch College Project. In his
installation, a film camera was placed on a platform that rotated at one rev-
olution per minute. One side of the room had a life-size black and white
panorama of an audience. On the opposite side, a crew of people were con-
structing and deconstructing a wall of mirrored tiles. This sequence of
activities in the room was recorded by the camera. The room was then
emptied leaving only dots from the mirror grid alignment. The projector
was placed on a platform rotating at the same rate as the film camera and
the film of the audience appearing and disappearing as the mirror wall was
build and unbuilt, was projected onto the walls of the same room [15].

Carousel uses the visual technique of the Finch College Project to create a
communication link between two public spaces. The center of each room
has a rotating podium. A camera, microphone, speakers, and a projector sit
on each podium. The podiums rotate slowly at the same rate. As they
rotate, the images captured as the camera rotates in one room are projected
around the space in the other room and vice versa. The result is a moving
snapshot it time along the periphery of the room as people, both physically
present and projected, are moving about the space.

Carousel is an exploration piece. People go to public spaces to see and be
seen. By offering a piece of the whole, with Carousel, we hope to entice the
viewer into moving about and observing the whole of the space. As people
move about each space, they may draw on the walls and leave puzzle
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Figure 5. Three snapshots from Michael Naimark's
Displacements. (top) A film camera was set upon a podium
rotating at a steady velocity. With this camera, we filmed two
people moving about a room in a 360 degree view.

(middle) The room was then painted white in its entirety.

(bottom) A projector was now placed on the same pedestal
that the camera was placed. This pedestal turned at the same
rate as the original camera and projected the footage onto the
white three-dimensional canvas.

The alignment between the projected image and the furniture
recreated the original room. The people took on a "ghostly"
effect as they roamed this new space for they were two-
dimensional objects moving about this canvas.
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Construction

pieces. The artifacts and the people from the two spaces blend, resulting in
a cooperative, recursive graffiti created by a blended crowd of people both
present and remotely located.

The catalyst in this piece is the act of constructing the whole of a new space
and crowd from fragments of two spaces. The ideal setting for Carousel
would be in a museum or gallery. This piece would not work in a generic
space. It is less about conversing and more about feeling space and people.
People need to have the time to see and explore.

Construction
Figure 6 shows the basic layout in the construction of the Carousel turnta-
bles. For more detailed viewing of the individual components of the turn-
table, please refer to Appendix B.

Prototype
Figure 8 illustrates the first Carouselprototype in one space. It was installed

Figure6. Carousel turntable layout a between two conference spaces within the Media Laboratory during several
viewed from the side. sponsor meetings. During these events, we had to refine the synchroniza-

Figure 7. Original Carousel turntable design.
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Figure 8. Carousel Prototype. (left) room A. (middle) room B. (right) room B a moment later.

tion of the turntables, for they tended to drift. We did this by switching
from analog components for controlling the motors, to using motor con-
trol boards.

Motion and Time as
Catalysts

Motion is the strongest visual appeal to attention.

-Rudolf Arnheim

Happenings and Time

Motion and time create the social catalyst in Carousel. As in a movie or
a play, as we watch, the dramatic conflict unfolds and the narration is
revealed to us. It creates in us a feeling of suspense which may not be part
of the situation being observed, but a result of the passing of time. In
Carousel, this is amplified by the movement of the focus of interest.

It is in the experience of passing time in Carousel that we understand our
local space, the remote space, and the people moving about in both
spaces. The result is a moving painting, ever-changing around us.
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The Installation

"Something very similar is required for true understanding of a
symphony, a film, or a dance. At any particular moment we may
not know what will come next, but we must not dismiss from our
consciousness what we have heard of seen before. The work
grows step by step into a whole, and as we accompany its
progress we must constantly hark back to what has disap-
peared from direct perception by ear or eye, but survives in
memory. The past as such is never available to the mind. The
percepts and feelings, not only of yesterday but of a second
ago, are gone. They survive only to the extent that within us
they have left remnants, i.e. memory traces. Whatever the
nature of these traces in the brain, they certainly persist in spa-
tial simultaneity, influence one another, and are modified by
new arrivals." (Arnheim 1974)

Speed

The speed of the rotating turntables affects the experience of the space of
Carousel. There is a speed at which the inhabitants of the space become
comfortable exploring. Too fast - and the space has a dizzying effect. Too
slow - and people leave before they realize anything is happening.

We began running the installation with one revolution completing in 60
seconds. This final period of rotation that we used was 176 seconds. Slow-
ing down the angular velocity provided for a smoother flow of the visual
and was more comfortable for the inhabitants in the space.

The Installation
The turntables were modified so that they could withstand a greater weight
while keeping the same constant rotation. Images using these modified
turntables can be seen in Figure 9.
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Figure 9. Snapshots from
calibrated turntables. (left column)
top to bottom: views in space as
turntable rotates counter clockwise.
(right column) top 3 images: views in
larger lobby space as turntable rotates
at the same rate and direction as the
remote turntable. Note: the
proportions and dimensions of the
connected spaces are different. At
larger distances from the projector,
objects locations distort. Given,
identical spaces, we achieve space
alignment.
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There are a few suggested technical improvements, we would recommend
for Carousel. Among these are:

* Using cameras and projectors with the same field of view and focal lengths.

* Presenting the piece in two remote rooms where portions of the room are of similar
size and proportion.

The Interaction
Carousel is an installation about sensory perception in a linked hybrid
space. The design and implementation of the engineering components of
Carousel are complete. The next step is conduct a formal study of the use of
the space given different public settings and spatial configurations.

Current interaction using Carousel has been observed only during the
building and documentation process of the installation. At first glance,
people asked if the projection on the wall was a direct feed from the camera
directly opposite it on the turntable. The two turntables were set up in lab
spaces that had similar decor - couches, computers, etc. and the differ-
ence in the spaces was difficult to perceive.

Later, Carousel was installed between two distinctly different spaces
between the lab - one was a lab space with couches, computers, and a
table; the other space was a lower atrium lobby with a very open feel and
distinct tiling on the walls that made it obvious to differentiate the first
space from the second.

The users of Carousel have so far been MIT Media Lab students. People
often sit on the couches of the lab space for long periods of time while the
installation is running. Oftentimes, they run down to the lower atrium to
see what is happening there as well. In the cases, where people meet, they
initially feel compelled to walk around and maintain alignment with the
camera, before settling down in the space and looking around the whole
space. Initial observations suggest, that privacy is not as big a concern as
with static cameras. The turntable was designed to be a very "obvious"
mechanical device, so that people always know where the camera is. It is
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reminiscent of kinetic art constructions and draws people to stare at the
inner workings of the moving gears and motor.

We need to conduct interviews and more rigorous observations to under-
stand how people perceive this space - whether they think of it as the
local space they are in or a different hybrid space.

Figure 10. Last Clock by Ross Cooper
and Jussi Angeslevi. Instead of displaying the
current moment, Last Clock shows a time-
sliced buffer of one minute, one hour, and 12
hours in the trails of its hands. The clock
displays the rhythm and history of the space.

Summary
Future experiments with Carousel involve manipulating the architectural
structure of the surrounding space and conducting observation studies. In
the current implementation (as described in Figure 9), the images of the
two spaces sync when the walls are at similar distances from the camera and
in similar proportions. At other times, they often drift to create a merged
dynamic space.

The next version will have two spaces where slivers of wall will match in
orientation and distance from the turntable and the remainder of the space
will be freeform. People will be able to move behind and around the slivers
of fixed matching space and use the remainder of the space as it was used
before.

Looking back to the earlier discussion on cyclical time, Carousel is reminis-
cent of a spatial clock. It rotates at a constant rate and shows us changes in
lighting and presence during these rotations.

Last Clock in Figure 10 is a visualization of one space over time. Like Arti-
facts ofthe Presence Era, this is conceptually a linear model of time,
although it is represented as circular bands emanating from the center.

In this line of thought, an experimental extension of Carousel would be to
combine the notion of linear and cyclical time over a long duration into
one immersive installation - a historical carousel- where one can interact
with others in a remote space while perceiving a sense of the history of that
space. This would significantly alter the sensory perception of the space.
The question, obviously, is how the space would be altered and if it would
affect the serendipitous nature of the interface as it is now.
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Conclusion

We began this study by looking at examples of mediated communication - old
and new. We then looked at features of communication that provide informa-
tion to both face-to-face and mediated interaction. This study culminated in
incorporating this information - the social cues, feedback, etc. - into the
space, interface, and language of our computer-mediated spaces to create a cata-
lytic space.

In this dissertation, we explored the creation of social catalysts along four differ-
ent axes:

e Transformation of Space through Interaction

*Abstraction for Visualizing Conversation

e Physical Manifestation of Virtual Presence

* Time and Motion for Blended Spaces

It may have seemed arbitrary earlier why we had chosen these four parameters
to frame our study. The reason for their selection is because they are all evident
in our project landscape as we study social catalyst, with one being the predom-
inant feature of each. They are the principle components our social catalyst
matrix.
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Conclusion

Transformation

Physicality

Abstraction

Time + Motion

Figure 1. The four features used to explore our social catalyst.
They became Chapters 3,4,5, and 6.

Creation of Hybrid Spaces
One of the major inspirations for creating these installations is the blend-
ing of the online and the physical. From the online world, we wanted to
maintain the ease of interaction with strangers, the ease of entry into public
spaces, and the low risk associated with interaction. From the physical
world, we wanted to maintain the affordances (navigation, sense of touch,
visual field, etc.) of the physical space surrounding us, the presence of phys-
ical, tangible forms, and the sensory perception of space.

In creating these hybrid worlds, we no longer interact as we do in an
online-only space or in a physical-only space. We have created a new style
of space that brings people together in unfamiliar and serendipitous ways.
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Why is this important? Connections exist all around us and given the mar-
ket for technology, they will continue to increase. There is already too
much information to comprehend in online public spaces - too many
people to take notice of in physical public spaces. That is fine, and that
works. When we combine them, the connections multiply exponentially.

With the four principles we address in this study: transformation, abstrac-
tion, physicality, and motion, we create social catalysts that allow one to
navigate this hybrid space and focus on aspects of interaction that we have
designed instead of all the surrounding signals. We provide a focus for
attention, a focus for presence, and a recreation space in a social link that
would otherwise be undecipherable. The transformation highlights
changes in the interaction -the abstraction eliminates extra information
- the physicality provides for an object to look at and manipulate -
motion draws our attention and guides us about the space.

The Role of Recreation and Play in the Interface

All of these projects were designed with catalysts for interaction. The social
catalysts often inspired play and recreation on top of interaction. These
interfaces were designed with social interaction in mind above completing
work-oriented tasks.

Telemurals differed from the direct audio-video connections we see in
Media Spaces and similar teleconferencing systems in style of interface and
in style of interaction. In work-oriented tasks involving teleconferencing
systems, social banter and chit chat are essential in establishing a common
framework and trust. Current video-conferencing interfaces don't facilitate
this. Telemurals facilitates these social mores. The transformative silhouette
interface designed in Telemurals engaged people to gesture and talk in ways
that are not customary in straight audio-video connections.

Visiphone encouraged people to talk and to perform in ways to create
intended patterns on the Visiphone dome. In ChitChatClub, play was
involved in creating the faces and a exploring a distant space for the remote
user. The local users had a social catalyst in the avatar seat to link them and
a new communication game in interacting with the avatar face and body.
The remote users controlled their exploration of a new space.

Social Catalysts



Conclusion

Finally, the Carousel space bridged together the sensory experience from
two spaces through the use of a kinetic sculpture. The sculpture was a focal
point in each space that bound the two spaces together. It encouraged peo-
ple to walk/run about the space to see the revealing portions, to follow the
gaze of the turntable, and to linger in a space expecting the unexpected.
The social catalysts of these installations attracted people to the common
spaces and created interaction that was not previously possible.

Closing Thoughts

We can consider these interfaces as public interrogations of self and com-
munication. I want to stress the need to make these installations public and
available so as to provide this revelation from social catalysts.
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Appendix A - Telemurals Data

Week 21
Observations from Abstracted Video (122 people)

Look Wave Encounter Talk Play
2hr/night .98 .45 .07 .02 / 0.0 .44 / .05

Observations from Immersive Observations (41 people)

Look Wave Encounter Talk Play
2hr/night 1.0 .73 .12 .10 / .02 .66 / .07

Observations from Photorealistic Observations (29 people)

Look Wave Encounter Talk Play
2hr/night .97 .48 not known .03 / not known .24 / not known

Week 4
Observations from Abstracted Video (43 people, series of study breaks at one end)

Look Wave Encounter Talk Play
2hr/night .93 .81 .44 .16 / .12 .40 / .30

Observations from Immersive Observations (61 people, includes night of wedding)

Look Wave Encounter Talk Play
2hr/night 1.0 1.0 .32 .30 / .16 .31 / .28

1. In a table entry of the form 'a / b', a is the percentage of people who spoke to someone at the other end. b is the per-
centage of the people who spoke for over a minute.



Observations from Photorealistic Observations (13 people)

Look Wave Encounter Talk Play
2hr/night .85 .70 not known .08 / not known .08 / not known

Week 6
Observations from Abstracted Video (136 people)

Look Wave Encounter Talk Play
24hrs/7 nights .88 .80 .15 .15 / .04 .15 / .09

Observations from Immersive Observations (71 people)

Look Wave Encounter Talk Play
24hrs/7 nights .94 .45 .11 .10 / .01 .11 / .06

Observations from Photorealistic Observations (52 people)

Look Wave Encounter Talk Play
24hrs/7 nights .62 .29 not known .10 / not known .08 / not known

Week 8
Observations from Abstracted Video (271 people)

Look Wave Encounter Talk Play
24hrs/7 nights .84 .61 .21 .31 / .12 .36 / .19

Observations from Immersive Observations (69 people)

Look Wave Encounter Talk Play
24hrs/7 nights .90 .80 .45 .29 / .22 .42 / .22



Observations from Photorealistic Observations (32 people)

Look Wave Encounter Talk Play
24hrsi7 nights .84 .63 not known .56 / not known .25 / not known

Comments

* Observations were run at random times while the system was running.

e Look: passerby glanced at the Telemural

* Wave: passerby gestured or waved hands at the Telemural

* Encounter: passerby was at one end of the Teemuralwhen someone approached the Te/emural
at the other end

* Talk: passerby spoke into the Telemural

e Play: passerby showed signs of play - kicked, jumped, danced, exaggerated gesture, spun
around, etc.

* In a table entry of the form 'a / b', a is the percentage of people who spoke to someone at the
other end. b is the percentage of the people who spoke for over a minute.
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Appendix B - Modeled Carousel Components
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