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Abstract

Mobile Group Dynamics (MGDs) assist synchronous working incollaborative vir-
tual environments (CVESs), and virtual time (VT) extends the benets to asyn-
chronous working. The present paper describes the impleméstion of MGDs (tele-
porting, awareness and multiple views) and VT (the utterances of 23 previous users
were embedded in a CVE as conversation tags), and their evaltion using an urban
planning task. Compared with previous research using the sae scenario, the new
MGDs techniques produced substantial increases in the amaou that, and distance
over which, participants communicated. With VT participan ts chose to listen to a
guarter of the conversations of their predecessors while pfrming the task. The
embedded VT conversations led to a reduction in the rate at wlich participants
traveled around, but an increase in live communication thattook place. Taken to-
gether, the studies show how CVE interfaces can be improvedf synchronous and
asynchronous collaboration, and highlight possibilitiesfor future research.

Key words: Collaborative virtual environments, Virtual reality, Asy nchronous
collaboration, Group dynamics

1 Introduction

Collaborative applications in general may be classi ed in tens of time (syn-
chronous vs. asynchronous) and space (co-located vs. remote)faf example,
applications using shared tables and shared wall displays prdeifor co-located
and synchronousinteraction. Leaving post-it notes in a shared space (or using

Email addresses:trev@comp.leeds.ac.uk (Trevor J. Dodds),
royr@comp.leeds.ac.uk (Roy A. Ruddle).

Article published in Computers & Graphics 33(2):130{138, 209.



software which provides the digital equivalent on a single shed display) is
an example of co-located andsynchronousinteraction. Collaborative Virtual
Environments (CVEs) are one way of enabling remote collaboian. They
allow virtual co-location of people who are physically remet by providing a
3D virtual spatial world for people to co-exist in.

Historically, users have had di culty understanding the actions of others in
CVEs [2], [3], and the problems mushroom in a large-scale envirent (e.g.,
a virtual building or city) because of the extra challenges afiavigating and
locating the whereabouts of one's collaborators. To help witthis we've devel-
oped techniques called Mobile Group Dynamics (MGDs), whicheltped groups
of people work together while they traveled around large-seaCVEs [4].

This paper: (a) addresses shortcomings in MGDs, which centered the time

it took users to regroup in a place to discuss or see what each otheas inter-
ested in, and (b) implements the concept we call Virtual Time (V) that allows

(to a certain extent) virtual synchronization of people who g physically sep-
arated in time. Taken together, our techniques allow both syhronous and
asynchronous collaboration in large-scale CVEs. The followingections de-
scribe the background and implementation of both suites of thniques (our
updated version of MGDs, and VT), and then experiments evaluateoth. The

MGDs work was previously reported in [5], but the VT research isngirely

new.

2 Methods for Real-time Collaboration

Previous research showed how even a basic set of MGDs techniquelpéd
users communicate while they traveled around a virtual urbaevelopment
and reviewed its design [4]. However, two major areas for impement were
also identi ed. First, participants tended to spatially regroup to discuss their
ndings, even though MGDs allowed communication over an in ite distance
(there was no distance attenuation for audio communicationdiween group
members). This meant that unnecessary amounts of time were spéraveling
to meeting places. Second, if participants wanted to see whathers were
looking at (e.g., a point of interest that was being discussed) ¢&m they had
to "walk' to the appropriate location.

These shortcomings in real-time (i.e., synchronous) collabdi@n were tackled
by adding new functionality to MGDs, taking advantage of the &ct that CVEs
do not need to be bound by real world constraints [6]. This newsfctional-
ity: (1) used visual feedback to provide "awareness' about who sveeceiving
audio at a given moment in time and who was speaking, (2) supplemed a
participant's own (main) view by small viewports that showed he views of



fellow group members, and (3) implemented teleporting so paetpants could
move directly to any point in the environment by clicking on t (‘walking' is
time consuming).

The basic MGDs techniques incorporated an explicit hieraratal grouping
system, represented using a ‘group graph' metaphor, and methosassist
movement as a group. The awareness functionality (see Figureused a Head-
Up Display (HUD) to display the faces of all participants who were vthin
hearing range of you at a given moment in time (this includedllgparticipants
in one's own group because there was no distance attenuation ifiatra-group
audio communication). These faces were photographs of therfepants (ex-
tracted from their photographic avatars), so they could be edgirecognized.
This was designed to make the participant aware that they codlbe heard
by all the participants shown on their HUD, even if some of them werfel-
low group members whose avatars were a considerable distancayawhen
another person was talking, their face was highlighted on thEUD, with a
speech icon next to it. This gave participants additional idrmation as to who
was speaking, which was particularly useful if the associatedaar was out
of sight.

In VEs, users experience two kinds of problems understanding thetions of
others. 1) "Fragmented views', where another participant refs to an object
or point of interest in the environment, but their avatar and the point of
interest are not simultaneously visible in the viewport [2]. 2) Wat you see is
not what | see, which makes it di cult to understand another's persgective.
A combination of these two problems occurs if two users wish to eieat a
point of interest. This is a ‘Come here! Look at this' scenario (8g7], p. 136),
where the respondent needs to know the location of the user wtetalking
(they are unlikely to be within the viewport, see problem 1), ad what they
are referring to (problem 2).

To overcome these problems, Wessner et al. [8] provided a "whaiuwysee is
what | see' (WYSIWIS) view in their CVE, which would eradicate poblem 2.
They designed two CVE interfaces, one of which provided a maststave style
view (where one participant had complete control), and thetber which pro-
vided a more exible approach where participants still had somindependence
(they could change orientation). However, it was found that sers preferred
the independent viewpoint, so they didn't interfere with theother participant.
Sonnenwald et al. [9] found that users saw a bene t in both indemdent views
and shared perspectives { users liked to be able to gure thingsibon their
own and then discuss them collaboratively. Therefore, we prioked each par-
ticipant with a main window (their own view of the world) and thumbnails
showing the view of each of their fellow group members (see FiguL(b)).

The teleporting was implemented as rapid but visually contimous movement,



(a) Teleport condition, shown using an
over-the-shoulder view

(b) Multiple views condition, shown us-
ing a bird's-eye view

Fig. 1. Screenshots of the environment in the two conditionsteleport and multiple
views. The graph metaphor, speech icon, teleporting arrow iad participants within
hearing range can be seen in both gures. The views of fellowrgup members can
be seen along the bottom of the screen in (b)

rather than a sudden ‘jump' to the new location. This was to hel prevent

disorientation associated with an instantaneous change of Idwm [10]. The

teleporting algorithm took its inspiration from [11], with the addition of grad-

ual acceleration as well as deceleration, and to avoid prelohs caused by trav-
eling through walls and hedges, raised a participant to a birdsye view so
they could clearly see where they were being taken. Teleporgi was achieved
either by clicking on a particular place in the VE scene, or on a&llow group

member's thumbnail view (this teleported you to be next to tkat person).

Our hypothesis was that the teleporting, awareness and multig views func-
tionality would improve teamwork. To analyze teamwork, we doked for im-
provements in two speci ¢ areas. First, we wanted to tackle prdems of par-
ticipants spending time collocating to communicate (or waihg until they are
collocated before they talk to each other). Second, we wadt¢o help people
work as a team by providing an awareness of the actions and peesfives of
others (multiple views tackling problems 1 & 2). These were aityzed using the



guantitative data provided by the server's log of activity, aad a conversation
transcript.

3 Methods for Virtual-time Collaboration

Traditional CVESs bring together people who are physically rewte, and adding
VT makes it easier for people to collaborate even if they are nat the CVE

at the same time. In other words, combining VT with a CVE allows asyn
chronous, remote collaboration. There are few examples of Vleing imple-
mented in CVEs, but exceptions are ‘temporal links' to playbackecorded
content (e.g., 3D ashbacks to tell a story), which in some casesaw activated
by a production crew working behind the scenes [12], and in a sad example
the links were represented as virtual objects that a user couldteract with

to playback a recording or send messages to other users [13].

We consider a spoken or written utterance to be the basic unit obttaboration,
a basic VT system would just contain what was said in that CVE, but noting
about who said them, what they were talking about, where they &re in the
CVE, or when. At the other extreme, a sophisticated VT system wouldlew
you to travel through a virtual world, walking with people who had been
there in the past, chipping in to their conversations as if theyvere still there,
to the extent that an observer who came along later still would & unable
to determine who were the original inhabitants versus who wabe impostor
who'd been added later?

Analysis of these examples highlights a rich complexity of postfunctional-
ity for VT. Therefore, the following sections present a framew& of VT, and
then describe the practicalities of implementation.

3.1 A framework for virtual time

Given that utterances are the basic building blocks of colladvation and com-
munication in virtual worlds, then a key challenge for virtud time is deter-

mining how those utterances should be organized and associatéde primary

methods for doing this are in terms of: (a) people, (b) time,d) space and (d)
topic. Each method has several levels (see Table 1), which caroyde con-
text to help us understand the meaning of what was said, in uerecwhere we
choose to go next in the CVE, and help users control the number ofterances
that are visible/audible at any given time so the VT system is scaldb.

Adding people's identity to the utterances in a VT CVE allows uses to dis-



criminate everything that was said by a particular person, foexample, some-
one who provided particularly insightful comments. Allowing gople to choose
their virtual appearance will have other e ects on whose uttences a given
user chooses to listen to, as found in real-time collaborativeovds [14].

Statistics terminology is adopted for the levels of time. Athe nominal level,
a future user would have no clue as to when, or in what order, ddrent utter-

ances were spoken. Ordinal information would allow utteraes to be listened
to in the sequence that they originally occurred, and the timénterval (either

absolute or rebased to when the speaker entered the environmesmbuld allow

sets of utterances that took place in quick succession to be digjuiished from
those that were separated by a lengthy delay.

Indicating the point in space where each utterance was spokemowid help a
future listener understand what was being talked about, and deice the need
for users in CVEs to devote much more e ort to making the “impliit explicit'
than is the norm in real life [2], [3]. Linking utterances by e path the speaker
had taken would provide the listener with even more informatin about the
things the speaker had seen and which led them to a particular mdusion.

Organizing and associating utterances can be done accordirmgdertain top-

ics (or subtopics), for example de ning whether greetings werdue to users
meeting or departing, whether idle chat was humorous or notr which part

of a task a given conversation was based on. Natural Language R¥ssing
(NLP) algorithms could be used to process utterances into togcto which

user-supplied quality ratings could be added by borrowing tbaiques from
recommender systems and search engines.

Method Level 1 Level 2 | Level 3

a) People | Anonymous | Identity | Appearance

b) Time Nominal Ordinal | Interval

c) Space Amorphous | Point Path

d) Content | Unde ned Topic Quality

Table 1
Four methods for organizing/associating utterances. Levkel corresponds to a basic
VT system, with Levels 2 and 3 providing ever richer possibiities for virtual time.

Finally, there are many possible combinations of the above nieids. For ex-
ample, combining point (space) and topic (content) would abiw the main
items of interest in a given area to be quickly determined, adlhy interval
(time) to identity (people) would allow the conversations ofa group of people
to be followed, and adding path (space) to interval/identitywould help a fu-
ture listener comprehend the bigger picture of a conversatidhat took place
after a group of people had split up to explore an area and theegrouped to



discuss their ndings.

3.2 Implementing virtual time

For the evaluation described in Experiment 2, we implementedirtual time
using level 3 utterance association for people (appearanceypdavel 2 associa-
tion for time (ordinal), space (point) and content (topic) (see Table 1). Details
of the implementation are as follows.

First, all of the utterances from two previous studies of synclonous teamwork
in CVEs [4] [5] were divided into blocks of communication andategorized as
either task-speci c or not. The latter were discarded to avoid lattering the

CVE with irrelevant utterances (e.g., idle chat). The task-spei ¢ blocks were
classi ed using keywords from the 13 questions on the urban plaimg report

that participants were asked to complete (see Section 4) andlttough this

was performed manually in the present study, it could have beetone using
NLP techniques.

The classi cation used a two level hierarchy, with the 13 questits (subtopics)
grouped according to three topics (permeability, characteand safety & secu-
rity) that were used on the urban planning report. The topics wre rendered
with di erent hues (yellow, cyan and magenta), using a di eret lightness
for each subtopic. In addition, tags ashed when they were beajplayed, and
were visually caged in black stripes when they had been viewedcolor-coded
checkbox was provided for users to choose which utterance syttgs) were
displayed (see Figure 2), allowing related comments to be idead even if

they are separated in space and time.

The point where each utterance commenced was representedwathemispher-
ical visual object known as a tag, which put the conversationsito context

by showing where they took place. To reduce clutter, all utt@mces in a given
block that were within line of sight of each other were represtesd by a single
tag that was at the mean position of the individual utterance ags.

The system was tested using a pilot study and re ned in response to [hiai-
pants' feedback. The main improvements were:

Making tag selection explicit (instead of walking into a tag toplay it, the

users wanted to be able to select a tag with the mouse)

Allowing users to pause/resume/stop tags, instead of always plagnthe
whole of a tag

Providing more time for the task than was allowed in Experimeril, because
there were a lot of recorded utterances that the users wanted tvatch and
listen to



Fig. 2. All of the utterance tags used in the VT study (Experiment 2). The "Audio
tag lters' was a list of checkboxes, shown in the top right hand corner of the screen,
that allowed the utterances associated with each of the 13 gestions to be toggled
on/o . Utterances that a pair of participants had already li stened to were visually
caged in black stripes (see "Exit points' on left hand side ofhe image).

Due to the exploratory nature of this work, it was di cult to g enerate mean-
ingful hypotheses for the way participants would use the VT systerand the
changes it would make to their behavior. Experiment 2 was a st step in
analyzing asynchronous collaborations in CVEs, and the resultsill help us
make more informed design decisions and predictions in futunerk.

4 Experiment 1: Real-time collaboration

The experiment used the context of urban planning, with partipants asked
to use a CVE to review the design of a new housing estate. Particigan
were run in two batches. In the rst of these (the teleporting codition),

participants had all the basic MGD functionality from [4], ard nhew MGD

functionality to provide awareness of who was talking, who vgawithin hearing
range and teleporting. Participants in the second batch werprovided with

multiple views (the multiple views condition), in addition to all the MGD

functionality that was provided to the other batch of participants.



4.1 Method

The experiment took place in an undergraduate computing laivatory. Each

participant was provided with a headset, and they were spreadibacross the
laboratory so they could only communicate using audio and texdommunica-
tion from within the environment. Participants used two adjacent computers,
one for the CVE and the other for the urban planning report wrie-up. The

CVE application, environment and experimental procedure we the same as
in [4].

4.1.1 Participants

All participants were undergraduate students from the Schoobf Comput-
ing, who had not taken part in the previous study. Eight partigpants were
recruited for each run, but one participant in the teleporthg condition was
unavailable on the day of the experiment. The remaining sevgmarticipants
in the teleporting condition (6 men and 1 woman) had a mean agef 21.7
(SD = 5:2). The eight participants in the multiple views condition & men
and 3 women) had a mean age of 21.8D = 4:1).

All the participants volunteered for the experiment, gave iformed consent
and were paid an honorarium for their participation.

4.1.2 CVE application

The software application and 3D sound model are described in tipgevious
study [4].

Distance attenuation was turned o for communications betwen members
of the same group. This was clari ed by displaying photographef the faces
of participants who would receive any transmitted audio. Thee faces were
displayed on the HUD, and were added and removed appropriatelys gar-

ticipants changed their position in the environment and switiced groups. In

addition, an icon was placed above a participant's avatar,ral by the side of

their face on the HUD, when they were talking.

4.1.3 Environment

The environment was a residential estate that was based on a resdtate in
Leeds. An annotated map of the estate is shown in Figure 3.

All participants were represented in the environment with a pbtographic



Fig. 3. A map of the estate. The estate had an entrance road inte middle (point
A), which acted as a dividing line between two styles of buildhg. On the left-hand
side of the entrance road, there were brown-bricked terracedhouses, which were
mostly horse-shoe shapes creating partially enclosed prita space (e.g. pointB).
The front gardens were bordered by high fences, and there wersix garages in the
road (C). There was an archway under one of the terracesl¥). On the right-hand
side of the entrance road there were red-bricked bungalows ifgyle story buildings)
along the edge of the curved road, with gardens bordered by @ brick walls (e.qg.
E). There was a single-story care home for elderly people~), with a car park to the
left with space for six cars G), and a hedge-row above it partly separating private
land around the care home from public parkland ).

avatar (using four photos: front, back, left and right). Participants were given
an over-the-shoulder perspective, with the option of switchgito and from
a bird's-eye view. An over-the-shoulder perspective meant thatarticipants
could see each other relative to their avatar, and be more aveaof how others
perceived them [15].

4.1.4 User Interface

The participants used desktop workstations, and a two-handed ool method,
with one hand on the keyboard and the other hand on a 3-button ause. By
holding down appropriate arrow keys a participant could mae forward / back-
ward / left / right at 6 m/s, and heading and pitch could be changed by moving
the mouse. This is a common gaming control method (e.g. [16]).

The “Insert' key was used to take screenshots, the 'Home' key to ttgbetween
over-the-shoulder and bird's-eye views, and holding down thBage Down' key
allowed the participant to use voice communication.

Text communication was achieved by simply typing letters or umbers, which
were transmitted the moment each was typed, appearing in a spbebub-
ble above the participant's avatar. The text expired after aproximately ten
seconds from the moment the enter key was pressed. Each partampwas pro-

10



vided with a stereo headset for audio communication. The defiiuecording
and playback volumes were automatically set using a shell script

The basic MGD functionality used three mouse buttons, and the "Dete' key
to move up one level in the group hierarchy. The display had a @sshair in
the middle used for selection. Selecting an avatar with the tefmouse button
formed/joined a group. Selecting the avatar of a fellow grqumember with the
right mouse button rapidly moved to their location and automdcally followed
them. Pressing the middle mouse button anywhere moved to the nrelcation
of the group.

Holding down the numpad zero key released the mouse from conlirgy head-
ing and pitch, and allowed it to control the position of the redteleporting
arrow. Once the arrow was positioned in the desired location, laft mouse
click teleported the participant there.

Participants in the multiple views condition could positionthe teleporting
arrow over one of their group member's views, and clicking thieft mouse
button would teleport them to that group member's location.By default, the
participant's subsequent movements were tethered to that gop member (the
automatic following functionality in basic MGDs) but the participant could
“free' themselves simply by pressing a movement key.

The multiple views took up the bottom quarter of the screen. Aiinit was im-

posed of three views, each taking up a quarter of the horizontsphace, with the
remaining quarter reserved for displaying the faces of any @hgroup mem-
bers. These could be selected using the numpad zero key to reledserhouse
pointer. Selecting them showed their view in one of the existinviewports,

swapping out the member whos view had been replaced.

415 Procedure

A 10 minute meeting was held with participants a few days beffe the experi-
ment. They received a verbal explanation of the experimeng, single-sided A4
sheet containing extracts from UK urban planning guidelinesral a consent
form. They also had photos taken for their avatar during this ime.

The experiment itself lasted one hour. At the start participans were provided
with another copy of the urban planning guidelines sheet, amstruction sheet
for using the CVE, an experiment schedule, and an electronic gopf an urban
planning report which they had to complete during the expement. The report
contained the following questions, which participants weres&ed to illustrate
using screenshots:

Question 1, Permeability:  (a) How many entrance and exit points are

11



there around the estate? What are these for (i.e. cars or pedeatis)? (b)
What reduces the speed/volume of tra c? (c) Are there suitable gdestrian
routes around the environment? (d) Are the blocks small enougir do you
have to walk too far before you reach a choice of direction?

Question 2, Character: (a) Which parts of the environment follow the
same pattern/building structure? (b) Find a part of the enviranment that is
not consistent with the layout of the estate. (c) Is this acceptiale or should
it be changed? (d) Does the estate have character?

Question 3, Safety & Security:  (a) Comment on the safety and security
of the estate based on your own thoughts, the information in theugdelines
and your discussion with other participants. (b) Find examples fowhere
public and private space is clearly distinguished and where #m't. (c) Dis-
cuss which part(s) of the estate you think are least safe. (d) Can yond
any blank walls that you think should be overlooked to improvehe feeling
of safety and help prevent grati? (e) Try to suggest some improveents
with regard to the safety and security of the estate.

5 Results

There were two types of work that took place in the experimenttaskwork
and teamwork [17]. Taskwork refers to the answers given in paipants' re-
ports, whereas data about teamwork were provided by the sen&tog of the
movements, communication and groups that participants fored.

The urban planning reports were marked like an exam. Partipants names
were on the reports, marking wasn't blind. An independent sampdet-test
showed no signi cant di erence between the teleporting and mnitiple views
conditions, t(13) = 1:49,p = :16. Participants in the teleport condition had
a mean mark of 18.7 §D = 3:3) out of 24, and 16.3 §D = 3:1) in the

multiple views condition. Our focus, however, was on how pacipants went
about doing the task (i.e. the teamwork), and how di erent MGDfunctionality

a ected participants' behavior.

For each batch of participants, the spoken and text communicetn was tran-
scripted and analyzed using a communication coding approact8] to classify
each utterance as one of the following:

(a) Greetings (e.g. HeyM?!, "Hi G!)

(b) Functionality { communication regarding the system and the groups
(e.g. Think we need smaller groups than all of us!’, "You do rese that
if you just press "Home' you get a bird's-eye view and it's a lot e&sito
see!’)

(c) Environment { discussion about the 3D world, but not in relation to

12



the task (e.g. '| swear you should be able to see uni from here.'kihd
of might have gured out where the pictures were taken of, yoknow the
Leeds skyscrapers ones.")

(d) Task related (e.g. "Which part's the least safe?', "I'd say where we're
stood now,J.")

(e) Idle chat (e.g. Party at my at. Come on, let's go!)

These data were analyzed in terms of the quantity of communitan that

took place, and where participants were relative to each oth when they
communicated. For comparison, data are provided from a premis study [4]
when other participants had performed the same urban planngntask either in
a conventional CVE (‘control' in Figure 4) or with basic MGDs functionality

(see Figures 4 and 5). Note that the average group size in the baM&Ds,
teleport and multiple views conditions was 3.5, 2.5 and 3.@spectively.

90

Idle chat ]
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Functionality [T

Greetings [N
60 Task related I T
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[ —

Control Basic MGDs Teleport Multiple views

Fig. 4. Mean number of utterances made by the participants ineach condition. The
control and basic MGDs conditions are from [4]. The error bas are shown for task
related utterances and idle chat.

The total number of utterances made by participants in the bsic MGDs (data
from [4]), teleport and multiple views conditions (data fran the present study)
was analyzed using a univariate analysis of variance (ANOVA). Thishowed
that there was a signi cant di erence between the conditionsF (2;20) =
3:91;p = :04. Tukey HSD posthoc tests showed that the di erence between
basic MGDs and multiple views was signi cant p = :03) but the other pair-
wise comparisons were not. The mean amount of communicatiorcreased by
226% from the basic MGDs to the teleport condition, and by anber 27%
from the teleport to the multiple views condition. Within this, task related
communication increased by a factor of two from basic MGDs to thteleport
and multiple views conditions, but this was not signi cant. Ide chat more
than doubled from the teleport to the multiple views conditon (see Figure 4).
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One of the limitations identi ed in our previous research wadhat partici-
pants tended to assemble in one place in the CVE before commuriing, even
though this was unnecessary with the basic MGDs functionalityhat was pro-
vided (see Section 2). To determine whether the new functiolitg provided in
the present study overcame this limitation, each time a partipant made an
utterance the distance to their nearest group member was calated, and the
mean for each patrticipant in the basic MGDs, teleport and mulple views con-
ditions was analyzed using a univariate ANOVA. The two participats who
didn't speak at all during the experiment were excluded fromfte analysis,
one was from the basic MGDs condition and the other was from thaultiple
views condition. The ANOVA showed that there was a signi cant dierence
between the conditions,F (2;18) = 3:56;p = :05. Tukey HSD posthoc tests
showed that the di erence between basic MGDs and multiple viesvwas sig-
ni cant ( p = :04) but the other pairwise comparisons were not (see Figure 5).

Fig. 5. Mean distance to the nearest group member at the time beach participant's
utterances. The basic MGDs condition was from [4].

6 Discussion

It is well known that in conventional CVEs users often have di aulty under-
standing the context of what each other is talking about (see pblems 1 & 2
in Section 2). Our previous research into MGDs [4] showed how eogp graph
metaphor could help users nd each other, since the graph “tieed’ partici-
pants and the nodes corresponded to avatars, with edges dengtgroup mem-
bership (see Figure 1). One could nd a group member by followgna line from
their avatar until they reached a node. In Experiment 1 of thepresent study,
the teleporting and multiple views functionality took this a step further. It
allowed participants to teleport directly to a group memberof their choice by
selecting the appropriate viewport, and providing particignts with multiple
views speci cally tackled the problem of understanding anotr's perspective.

One of the places where the original MGDs techniques fell shaif their goals
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was in facilitating communication when participants were satially separated
within the environment [4]. The fact that participants tended to collocate to
communicate in the basic MGDs condition was a sign of ine cientgroup-
work { participants were either taking time to collocate wha they wanted to
communicate, or they were waiting until they were coincideally collocated
before they said anything.

The present study indicates that by providing feedback to the articipants,

they became more aware of how the system works and communicateoss
greater distances than in the basic MGDs condition (see Secti@). The in-
teresting thing about this feedback from the system is it's not sgxi cally new
functionality in the sense of a new tool at the users' disposal, likeleporting

and multiple views are (in the previous research it was possildtar participants

to communicate at a distance, because distance attenuation wasned o for

within-group audio communication). Instead it boostsawarenessof existing
functionality. As Schroeder et al. re ect, do we improve usahty by means of
improving the systems and features of the environment, or by ipnoving the
users' awareness of their activities and settings?' [19] (p. 666)

Finally, in previous research, participants communicated great deal to over-
come the lack of sensory information that CVEs provided [2] [3By contrast,
in the present study substantially more communication took plaewhen extra
sensory information was provided (e.g. awareness of who coulkeih you and
who was speaking, and multiple views providing an “extra paof eyes'). This
increase in communication was indicative of more teamwork kiang place.

7 Experiment 2: Virtual-time collaboration

The second experiment used the same urban planning context arnttetsame
environment as experiment 1. Participants were run in pairsand had access
to all the task-related conversations of 23 people who had pieusly done the
same task in the environment (the 15 participants of Experimerl, and the
8 MGDs patrticipants from [4]). These previous conversationsere embedded
in the environment using the tags described in Section 3.2.

7.1 Method

The method was similar to that of experiment 1. A total of 10 paicipants
(5 pairs) took part. There were 7 men and 3 women, with a mean agd
22.2 (SD = 3:3). They had not taken part in any of the previous studies.
Each pair communicated with each other and had access to thestarelated
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conversations of 23 participants who had done the task in preuis real-time
experiments.

After pilot testing, the total time for experiment 2 was increaed to 90 min-
utes from the 60 minutes used in experiment 1. The time in the aining en-
vironment was extended from 15 minutes to 30 minutes, and thénte in the
residential environment from 30 minutes to 45 minutes. The nh15 minutes
were allocated for a semi-structured interview.

The grouping interface and functionality were identical tahat of the multiple

views condition in experiment 1, however each pair was platénto a group
together and could not join the groups of participants from the past. Partic-
ipants could select a conversation tag by positioning the crosshavith the

mouse and pressing the left mouse button. Participants could stagnversa-
tion tags by pressing the "Escape’ key, and pause/resume the plagl with

the "F1' key.

7.2 Results

As in Experiment 1, the urban planning reports were marked li& an exam,
and participants had a mean mark of 17.9 out of 245D = 3:9). An indepen-
dent samples t-test showed no signi cant di erence between theirual-time
and multiple views conditions,t(16) = 0:978 p = 0:343. However, our main
interest lay in how participants used VT and the e ect it had on their behavior
in the CVE. To investigate this, participants' communication, novement and
tag usage were analyzed. Statistical comparisons were madehwthie multiple
views condition from Experiment 1, whose interface was the sanas the one
used in Experiment 2 except for the VT functionality. In consideng the nd-
ings, readers should bear in mind obvious di erences betwedmetexperiments
(especially the number of live participants at any given timg which could
have a ected the results.

Each participant's rate of communication was calculated bylividing the num-
ber of utterances they made by the time they spent working in # CVE (the
di erence between the time they rst and last moved). This tookaccount of
the extra time allowed for Experiment 2 as a whole (45 vs. 30 mites) and
the fact that some participants remained "in' the CVE (but not noving) while
they nished writing their report.

Figure 6 shows the mean rate of communication for task-relateshd non-task-
related utterances for the multiple views (Experiment 1) ad virtual time

(Experiment 2) groups. An independent samples t-test was cardeout on
the task-related communication, and showed that the di erene between the
groups was signi cant,t(16) = 3:258 p = 0:005.
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Mean utterances per minute

Non-task related [0
Task related [N

Multiple views

Virtual time

Fig. 6. The mean utterances per minute for the multiple viewsand virtual time

conditions.

The distances that participants covered as they walked andleported around
the environment were calculated from the server log. The ratef travel was
calculated by dividing the distance each participant travedd by the time they
spent working in the CVE (calculated as above). Independent saies t-tests
showed that the multiple views group walked signi cantly furtier in unit time
than the VT group, t(16) = 2:79Q p = 0:013. The di erence in rate of travel

for teleporting was not signi cant, t(16) = 0:578 p=0:571.
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160 -
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Fig. 7. The mean rate of travel for the multiple views and virtual time conditions.
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The paths of two participants were plotted as a qualitative malysis of the
usage of teleporting. The two participants chosen had the mexdi percentage
distance teleported. The paths are shown in Figures 8(a) andig( The paths
show examples of how teleporting was used: to cover large distas and to
‘jump’ over buildings.

Fig. 8. The paths of two participants who had the median percetage distance tele-
ported. The solid lines represent walking and the dotted lires represent teleporting.

There were a total of 67 tags containing "virtual time' commaication. All
of participants' usage of the tags, and the tag Iter menu, was rded in
the server log. Analysis of this log showed that pairs of particgnts typically
selected one subtopic in the menu at a time, allowing participés to focus on
VT utterances that were relevant to the question being answereat a given
time, and went through the tags in a logical order (subtopic bysubtopic,
matching the order in which the questions appeared in the urlpaplanning
report).

The mean number of tags played by each pair was 20.0 (SD = 6.@nd the
breakdown by (sub)topic is shown in Table 2 (note: the playbaciwas shared
across the network, so both participants in a pair heard the samdterances).
The distribution of the utterance tags and the frequency withwhich each was
played is represented in Figure 9.
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Fig. 9. The environment with the utterance tags. The tags are colored based on
how many pairs of participants played them: white = never played, blue = played
by the minority of pairs, and red = played by the majority (3+) .

Topic Subtopic Total tags | Meantags | SD | %
played

Permeability Exit points 18 4.80 3.49| 26.7 %
Trac 10 4.20 2.39142.0%
Pedestrians 0 0.00 0.00| 0.0 %
Block size 4 2.00 1.58 | 50.0 %

Character Buildings 3 1.40 0.89| 46.7 %
Inconsistent 5 0.80 0.84| 16.0 %
Acceptable? 0 0 0 0.0 %
Character 4 2.00 1.41 | 50.0 %

Safety & security | Security 10 1.40 152 14.0%
Public/private | 3 1.00 122|333 %
Least safe 2 0.40 0.55| 20.0 %
Grati 4 0.80 1.30| 20.0 %
Improvements | 4 1.20 1.30| 30.0 %

Table 2
The mean number and SD of utterance tags in each subtopic thatvere played by
each pair of participants.
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7.3 Discussion

In this study, VT was implemented via a system of conversation tag&ections
3.1+3.2) so participants could take advantage of the commesnttheir prede-
cessors had made. Participants used the environment in pairs, |k had one
other real-time collaborator to communicate with and the coversations of 23
previous inhabitants to listen to. The results showed that the VTsystem led
to a signi cant increase in task related communication betweethe “live' pair

when compared to the same interface without the VT (the multipé views con-
dition). Furthermore, the results showed signi cantly less trael around the
environment.

The reduced travel suggests that the points of interest were fod by watching

and listening to the conversations from the past: the usage ressikhowed that
on average a quarter of the conversation tags available foralasubtopic were
played. There is one drawback to this, however, as identi eddm the par-

ticipant's comments in the semi-structured interviews. They wre concerned
about the quality of content of the tags, since they were using ¢hinforma-

tion from past participants to perform the task. Assuming the past wrk was

thorough and correct, VT provides a large pool of ideas to be steal from

one group of participants to the next, thus focusing their corersation on the

task. This highlights the importance of a measure of quality ofontent, level

3 in the VT framework, Section 3.1.

8 Conclusions

Our goal was to develop techniques to support synchronous anslyachronous
collaboration in large-scale CVEs. For synchronous collaborah we identi ed
problems in conventional real-time CVEs and built upon our asting Mobile
Group Dynamics functionality by adding teleporting and mutiple views con-
ditions. For asynchronous collaboration we presented a framexk for virtual-
time and used the data from the real-time studies to implement VTso live
participants could bene t from their predecessors' comments.

The results from the real-time experiment (Experiment 1) shoed that the
awareness MGDs functionality produced a signi cant increas@ icommunica-
tion, and an increase in the distance over which participantsoonmunicated,
making participants behavior more e cient. In the virtual- time experiment,
participants listened to an average of 27% of their predecessaronversations,
spent more time talking about the task themselves and traveledggii cantly
less. In other words, virtual time stimulated communication beteen the live
participants.
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Finally, future developments of VT systems could take many diions within
the various levels of associations identi ed in Table 1. In péicular, research
is needed into the issue of quality of content of the conversatidags (level 3
of content). For example, tags could be user-generated, so thazarticipants
could explicitly request that particular conversations be reorded and tagged,
a user-rating system would allow participants playing back theonversations
to contribute to the quality control, and methods from reconrmender systems
(e.g., Amazon's "people who bought X also bought Y') could be iaporated.
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