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Abstract Inhabited TV combines collaborative wvirtual environments (CVEs) with
broadcast TV so that on-line audiences can participate in TV shows within shared virtual
worlds Three early experiments with inhabited TV raised fundamental questions
concerning the extent to which it 1s possible to establish fast-pace social interaction within
a CVE and produce a coherent and engaging broadcast of this action This paper
presents a fourth more recent experment, Out of This World, that directly addressed
these questions. We describe how the formulation of inhabited TV design principles,
combined with the use of dedicated production software, for constraining and directing
participants’ actions and for controlling virtual cameras, enabled us to create a fast-
moving and coherent show We conclude that our experiments to date demonstrate the
technical feasibiity of inhabited TV, but that greater attention needs to be pad to
developing appropnate formats and content for this new medium before it becomes truly
engaging We also suggest that our real tme production and camera software may be
useful in other areas of CSCW
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Introduction o .

Inhabited TV combines collaborative virtual environments (CVEs) and broadcast
TV to create a new medium for entertainment and social communication. The
defining feature of this medium is that an on-line audience can socially participate
in a TV show that is staged within ashared virtual world. The producer deﬁnes a
framework, but it is audience interaction and participation that brings it to life.
broadcast stream is then mixed ﬁom the action within the virtual world and
transmitted to a conventional v1ew1ng audlence either as a live event or sometime
later as edited highlights.

Inhabited TV is motivated by the belief that TV and CVEs can benefit from
one another. On the one hand, TV ‘may benefit from access to the on-line
communities that are enabled by CVEs as these may provide new forms of
content, an important commercial issue with the arrival of digital TV.
Furthermore, inhabited TV extends interactive TV to include social interaction
among participants, new forms of control over narrative structure (e.g. navigation
within a virtual world) and interaction'with content (e.g. direct manipulation of
props). On the other hand, TV may be a powerful driving force for the
commercial uptake of CVEs and the development of richer on-line experiences
than are provided by current chat environments.

Inhabited TV also raises new, issues.for CSCW in general. First, it focuses on
the production and management of fast-pace on-line social interaction that follows
a pre-scripted structure. Second, it raises the question of how social interaction
can be captured and broadcast in a way that external viewers find engaging.

The following section introduces the idea of layered participation as a
mechanism for describing inhabited TV applications. We then discuss the key
challenges that were raised by three early experiments in inhabited TV, namely
the difficulty of producing fast-pace and coherent social interaction within a CVE
and of producing a coherent and recognisable broadcast of this action. Following
this we describe a fourth experiment called Out of This World (OOTW) that
addressed these challenges. We focus on the use of dedicated production software
to configure the temporal structure of the show, to constrain participants’ actions
and to support real-time control of virtual cameras. Finally, we reflect on the
experience of OOTW, drawing on respdhsés from its audiences.

Layered participation in inhabited TV

Inhabited TV can be described in terms of four layers of participation. Each layer
corresponds to a distinct responsibility within the show and to a distinct
combination of interface and network. technologies to access the shared virtual

world and its contents. ' o

t
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- Performers = the innermostlayer; typically have the:fullest involvement.in the.
show:requiring the .greatest commitment and the richest forms of expression. In
turn, this may. require the :support of relatively powerful equipment.such as
immersive. per1pherals hlgh performance, workstations. and high-speed networks:-,
Performers represent core content and typically have .global visibility iin terms of
being:seen by the other. layers As each performer’s data has to be broadcast to all
other participants, the number of performers w111 be llmlted by avarlable network
bandwidth and processing power Lo R R It

- Inhabitants — the next’layer describes the mhabltants on—lme members of the
public who navigate through the virtual world, interact with.its:contents;-are:
represented by avatars and communicate with one another. Inhabitants may -have
'various kinds of involvement in a show in¢luding being-an én-line audience (e:g.
spectators at-an event or a ‘studio” audiénce), contributing content through: some.
collective action® or socially . watching the- show- in each other’s . company. .
Inhabitants typically use commonly available equipment. Currently -St'hisuwould be-
a-commodity PC with'an Internet connection,‘although“in the future’ this may:
evolve towards a set-top box with access to a broadband public network.

Viewers — the thlrd layer descrrbes the viewers. who. experlence the show v1a
for ’navrgatron and interaction. In the, srmplest ‘case,” they will-be traditional TV
viewers, i.e., the recipients .of a broadcast mix' that has ‘been. produced -on their-
behalf and' that can be received on @ conventional TV set. Howeyer, interactive
TV might offer them some additional possibilities such as.choosing froni among
different ‘perspectives or “voting- as part of large-scale 'audience: feedback. In
general,-viewers are not visible within the content of the show:(other.than through
abstractions. of voting ‘and similar’ feedback mechanisms). - However, they may
still be socially activé via off-line feedback and discussion mechanisms. :

Producers —the" final. layer of participation describes'.the ,producers. of.an
inhabited TV show: In this case; production spans all aspects of technical support
and ‘behind the scenes’ “activity. Examples- include,- directors, operators.of the.
virtual cameras that capture views of the virtual world and software and hardware
support. The -producers may.ofteni be invisible to the other- layers; although there
may be exceptions,. such as making virtual camera: people: directly=visible to.
performers so-that:they'can target.their actions for viewersto see. = -~ - -

- o .
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 Early experiences with inhabited television’ ; 3 o
Between 1996 and 1997 we were mvolved in stagmg three publrc experrments
with irihabited TV in order to test 1ts fea51b111ty and to frame key research issues.
The NOanety6 poetry performance was staged usmg the MASSIVE 2
CVE (Benford Greenhalgh, Snowdon and Bullock 1997). The performers (poets)

and viewers were co- located ina physrcal theatre so that each performer appeared
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controlling an individual part1c1pantxs iew: of'the world; but has not considered
how social action can: best be captured and drsplayed to external viewers.

- In summary, early,‘experlrmentstlmhablted TV demonstrated the difficulty of
estabhshmg fast-pace, structured\mteractlon between performers and inhabitants
within a CVE and also. of*producrng a coherent and entertaining broadcast mix of
this action for external ’vrewers We next present 'a fourth more recent experiment

'
that was intended to address these problems

i
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A fourth experlmentr‘ : Qut. of thzs World .
. ,

Out of this World (OOT W) was a:ipubllc ex}pe]rlment with mhablted TV that ‘was
staged in front of @’ llve theatre audlence The event was part of ISEA: Revolution,
a programme of exhrbrtrons : an,d culturaal events that ran alongside the 9th
International Symposxum on Flectromc Art (ISEA ’98) held in the UK in
September 1998. There'were four pubhc performances of OOTW in the Green
Room theatre in Manchester over the weekend of the Sth and 6th of September
These were preceded by »two days of 'constructron testmg and rehearsal.

OOTW was 1mp1emented usmgithe MASSIVE 2 system, the same system that
had supported: the NOWmnety6 uexperrment descrlbed above. Useful features of
MASSIVE-2 for OOTW mcluded4 support for up to fifteen mutually aware

O
participants; streamed audro andlvrdeo 1mmersrve and. desktop interfaces; and

Yl

realising simple collaboratlon mechamsms usrng thrrd party objects (Benford and
Greenhalgh,1997), as descrlbed later' v T

Like Heaven and Hell — Live; QOTW was a gameshow This chorce allowed a
direct companson ‘t‘o ) be i made between' 'the two experiments. Given the
observatlons above the desrgn‘of' OOTW was mottvated by two key questions:

« could we involve members ofthe: pubhc in a fast-moving TV show within a
collaborative vrrtual envrronmentl l;ln,‘partlcular could we clearly engage the
inhabitants with the per!formers andlw1thJone another could they keep up with the
action, and would they enJoy the rex‘perrerrrce‘7 " ‘

¢ could we produce a coher,ent broadcast from the CVE" Would the broadcast be
recogmsable as a form of TV and would it be entertarrpng"

' The, remamder of thrs sectlon provrdes a lbrlef overview of OOTW in terms of

WTTANIRIN W’
,layers of partrcrpatlon and the, structure and content ‘of the show it
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order to reach the one remaining escape craft. On their way they had to compete
in a series of interactive games and colla}borative tasks in order to score points.
The final game was a race in which these points were converted into a head-start
for the leading team. The two teams €ach consisted of four inhabitants, members
of the public who had been selected from the theatre audience. Every participant
in the show could speak over a live audio channel. The teams were separated into
women (aliens) versus men (robots) so that viewers would be able to more easily
associate the voices that they heard with the avatars that they saw on the screen,
although this turned out to be controversial. decision as we shall see below. The
team members were given cartoon-like avatars that could be distinguished by a
visible number on their backs and fronts. A speech bubble would appear above
their heads whenever they were transmitting audio. The inhabitants used standard
PCs with joysticks and combined headphone/microphone sets. They were located
behind the scenes, out of sight of the viewers in the theatre. '

The performers

The teams were guided by two performers: an actor and an actress, who played
the role of team captains. The role of the captains was to encourage the teams to
take part, to act-as foci for the games and .to improvise around the inhabitants’
dialogue. The performers used immersive virtual reality equipment (left of figure
1), including Polhemus magnetic sensors.to track the positions of their head and
both hands which were then represented on their avatars in order to give them a
greater expressive ability than the inhabitants. Unlike the NOWhninety6 poetry
performance, the. performers were fully immersed (i.e. were wearing a head-
mounted display).- They were also given a virtual ‘light stick’ that they could
activate by pressing a button on a hand-held flying-mouse and which allowed
them to point at objects, locations and participants in the virtual world.

Figure 1: I'he pertormer equipment (lett) and location next to the screen in the theatre (night)

b
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Although logically they would have been out of sight of any viewer at home,
the performers were actually phys1cally, located in the theatre space so that the
viewers could see them workmg w1th the immersive technology (right of figure
1). This compromise was designed, to enhance the viewers’ understanding of the
concept of inhabited TV and to, createx a staging appropriate to a theatre space.

The show was hosted by a thifd performer ‘who appeared in the form of a live
video face that was texture mapped onto a large mobile virtual screen within the
world. This screen could rotate around to show the game scoreboard.

The viewers were seated in a conventlonal theatre facing a large screen onto
which the broadcast output was prOJected The two performers were physically
located on either side of this screen. For most of the time the viewers did not
directly interact with the content of the show and as such resembled a traditional
TV audience. However, they were provided with an opportunity for mass-
interaction towards the end of the show. This involved them choosing the best
losing team member through a meclianiém called Wobblespace that was inspired
by the CINEMATRIX interactive entertainment system (CINEMATRIX, 1998).
Each member of the audience was asked to vigorously wave one of four coloured
cards in order to express their vote The. overall level of activity of each colour
was automatically detected from a video image of the audience and the resulting
scores were passed to the CVE soﬁware The audience was encouraged to test this
voting mechanism by playing a game of ‘Pong’ in the pre-show warm-up in the
style of a previous CINEMATRIX demonstratlon at SIGGRAPH. The warm up
also involved a brlef explanation of the concepts behind OOTW. Finally, after the
show, the viewers were invited to stay behind and provide us with feedback.

The production team ' o ’ L
OOTW involved an invisible but essential production team who were responsible
for managing the CVE sofiware and for producing the broadcast. Four virtual
camera-people were present in the K world, although they were not visibly
embodied. Using purpose built interfaces (see below), they were able to capture
the action from various perspectives.. Video and audio output from their
computers was then fed into a conventional TV mixing desk where it was mixed
by a professional TV. director and her, assistant. The resulting video mix was sent
to the projector in the theatre. In addition, a world manager was able to control the
virtual world sofiware, including activating virtual objects and constraining the
actions of the participants (sece below). The left of figure 2 shows the director and
her assistant at the mixing desk. The four camera monitors with feeds from the
virtual cameras can be seen on the fgr.leﬁ. To the right of these is the current
transmission monitor (showing the actual broadcast) and a monitor for previewing
video material (the face of the host, the title sequences or other videotape inserts).
The right of figure 2 shows the four virtual camera operators at their machines

(physically located just behind the director).
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Figure 2: The director and her assistant (left) and the camera operators (right).

The structure and content of OOTW .

We now move on to consider the structure and content of the show. OOTW
involved a journey through five arenas that were joined together into a linear
structure by a series of virtual travellators Each arena mvolved the two teams in
a different task as follows: v ‘

Arena 1: introductions — an overview of the show from the host followed by
introductory statements from the captains and individual team members (figure 3).

Arena 2: flipping frogs — a collaborative action game in which the teams had
to flip space-frogs onto spiky hats worn by their team'leaders. Flipping ‘was
achieved by closely approaching a frog, causing it to jump away in the opposite
direction. The teams had to impale the most frogs to win the game (figure 4).

Arena 3: falling fish — the team members had to harvest space-fish by
collaboratively lifting their team leader up into the air and movmg them about so
that the leader could knock the fish from the ceiling by swiping them with their
hands. The team leader was on a platform whose height varied according to the
number of team members that were inside it and whose position was the average
of its current members. The team members therefore collectively steered the

. platform and' the team leader could only reach the fish when all four team
members were inside. The team that harvested the most fish won the game. The
platform is an example of a third party object in MASSIVE-2 that combines a
group membership mechanism with a dynamically ‘computed aggregate group
representation (Benford and Greenhalgh, 1997).

Arena 4: culture quiz — a quiz where the host asked the questions-and the
team members conferred to agree an answer that was then ‘relayed through the
captains. Each team had to answer questions about the opposing culture (i.e.
robots about aliens and aliens about robots). A point was scored for éach correct
answer, resulting in the captain being raised up through a hoop that would start
spinning, accompanied by a fanfare.

Arena 5: space-car race, wobblespace and the end of the world — the final
game was a race in which the teams had to steer a space-car along a twisted
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course in order to knock down a series of cones (figure 5).The space-car was
steered in an identical way to the platform from the falling-fish game, i.e. the team
members controlled it through their collective movement. The team with the most
points from the first three games was given a head start. The first team to cross the
finish line won the show and was transferred to the space-craft ready for their
escape. The losing team members were, then asked to state a case for why they
should be saved. Followmg this, the distant viewers voted for the best loser using
Wobblespace and this loser was then transferred to the ship. The climax of the
show was then the ship departing and the space-station imploding.

While journeying along the travellators between each arena, the teams (and
hence viewers) were shown a pre-prepared video of the next game that appeared
as a video—texture on the host’s virtual screen. At the start and finish of each arena
the host would encourage the team captains and team members to comment on
their play up to that point. As a final detail, in addition to various sampled sound
effects, synthesised sound was played to convey a sense of the environment of
each of the arenas (e.g. mutated watery 'sounds during falling fish), the motion of
the travellator, the take-off of the space-craft and the space-station imploding.

Figure 3: the alien team.:

Figure S: racing space cars. i Figure 6: the space station.

Given this general introduction to OOTW, the following section now focuses
on the steps taken to address the lessons of previous experiences.

§o
'
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Design principles and production software for OOTW

OOTW addressed the lessons from previous experiences through two innovations.
First, we introduced a set of design principles, intended to increase* the coherence
of the show in terms of its visual appearance, socia interaction and narrative
structure. Second, we developed a suite of production software to support the
temporal structuring of the show, the application of constraints on'participants'
actions and the control of virtual cameras.. "* et A de

Show design principles , e

In a direct response to our previous experiences with inhabited-TV, especialy
with Heaven and Hell,- Live, the structure and. content of OOTW was designed
according to several key principles. These were“intended to.jmaximise the
coherence, of the interaction within the world and of the broadcast output and to
establish a clear engagement between .the participants, especially between” the
performers and, inhabitants. Briefly stated, thesejwinciples.were: .
Simplicity of concept and representation - the games should be"assmple as
possible in terms ,of concept, interaction required and .graphical representation.
Emphasis was.to, be.placed on interaction mechanisms rather than on graphical
richness.,In fact,i.the graphical designer was, introduced-at a relatively'late stage
once the entire show had been protoyped. , 25,0 ov o [ .CI,
Clear roles for participants’- the roles ofJhe inhabitants ,and -performers
should be clearly defined and the outcome of each game should depend[upomboth

(no-one should'be relegated to the role of observer or mere, ‘helper).- -, ' 5
* Co-oper ation -ithe .games must require co-operation, both between inhabitants
and between inhabitants and the-performers.  '. « A

Interaction through proximity - we favoured indirect interaction with objects
(e.0. having objects that react to the, proximity or movements of participants)
rather than direct manipulation,of objects (e.g. selecting, them with a mouse). This
principle ensured that participants only had to learn to perform two tasks:, moving
about the world and speaking, into a microphone. It aso encouraged participants
to engageiin the highly visible and relatively interesting activity.of moving about
and required them- forget close to the objects of interest- as opposed to standing
back and picking them off from a distance. In this way, it was intended that the
composition ofcamera®shots depicting close action could be, facilitated. .

Action at ground level - wegenerally restricted-participants movements to be
at ground level." This was intended to simplify their, movement ;as.well asenhance
camera-work. For example,, camera operators should be able to, more easily locate
participants than if-they were distributed, throughout 3D space. Furthermore, the
vertical dimension would be free for pulling back and up to get overview, shots.



