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ABSTRACT

Virtual communitiesusing various types of computer-
mediatedcommunicationsystemsare spreadingwidely.

These systems have several strengths: they support
chanceencountersaand allow spontaneousand informal

conversationsandthey are easyto install, easyto use,
havea hugenumberof existing userswho new userscan
contact. However, they are, in general, stand-alone
applicationsIn this papemwe arguefor the integrationof

virtual community supportinto groupwaresystems.We

will discussthe characteristicoof and requirementsfor

virtual communities, present a virtual community
system,and illustrate how it can be integratedinto a

sharedvorkspacesystem.

INTRODUCTION

The idea of computer-mediateccommunicationamong
geographicallydistributeduserswho exchangdadeasand
establisha sharedspaceof information has beenaround
since the 1960s. For instance,JosephLicklider [8, 9]

coinedthe metaphoiwof the computeras a communication
deviceand aimedat supporthg on-line communities of

interest.In [9] Licklider writes:

But to communicatés morethan to sendand to receive.
[...] We believe that communicators have to do
somethinghontrivial with the informationthey sendand
receive. And we believe that we are entering a
technologicalage in which we will be able to interact
with the richnessof living information—notmerelyin
the passiveway that we have becomeaccustomedo
using booksand libraries, but as active participantsin
an ongoingprocesy...]

We want to emphasizesomethingbeyondits one-way
transfer: the increasing significance of the jointly

construtive, the mutually reinforcing aspect of

communication—thpart that transcends'now we both

know a fact that only one of us knew bebre.” When
mindsinteract, newideasemergeWewantto talk about
the creativeaspectof communication.

Today, virtual communities using various types of
computer-mediategéommunicationsystemssuch as the
InternetRelay Chat, Bulletin Board Systemspr instant
messagingystemsarespreadingwvidely. Thesesystems
have severalstrengths:they support chance encounters
andallow spontaneousnd informal conversationsand
theyareeasyto install, easyto use, havea hugenumber

of existing userswhom new userscancontact.However,
they are, in general,stand-aloneapplications. In this

paperwe arguefor the integrationof virtual community
supportinto other groupwaresystems.We will discuss
the characteristicsof and requirements for virtual

communitiespresenta virtual community system—the
Theatre  of Work Enabling Relationship
environment—andlustratehow it canbe integratednto

asharedvorkspacesystem.

VIRTUAL COMMUNITIES

The notion of community becamefamousin the 19th
century.Until the middle of the 19th centurythe focus of

the peoplewas the local community, they were living

andworking thereand their social interactiontook place
within the bordersof the local community. With the
industrial revolution, and increasingmobility and tele

communication,peoplewereableto bridge geographical
distances.Consequentlythey increasingly had remote
family andfriends. Toennis[14] arguesthat in the old

communalsocietiefGemeinschaftpersonakelationships
and face-to-facerelations predominated,whereasin the
society (Gesellschaft) rational will and carefully
calculated conduct and behaviours are becoming
increasingly dominant. In the communal societies
understandings a reciprocalsentimentwhich binds the
individual to a totality. In society individuals are
basicallyaloneandthereis a tensionbetweerthem; life

is organisedy regulations.

Today’sonline communitiesare somehowa mixture of
GemeinschafandGesellschafttheyareneithera familiar
locale, nor an alienatedmetropolis [2, 6]. Nevertheless,
they offer and stimulatetypesof exchangeand altruism
that were quite typical for the communal societies.
Bowker and Star Star [3] point out that the vast
spreadingf basetechnologysuchas personakcomputers
and Internetconnectionin private householdsare both
important prerequisitesand stimulus for fundanental
change# the way peopleuse and exchanganformation.
They emphasise that ‘[c]hanges in infrastructural
networks such as transportation, information, and
domestictechnologiesexplain a greatdeal about other
forms of social changeand social relatonships—theyare
not simply substrate,they are substance’.The term
community is used in many different contexts with
severaldifferent meaning,which more or less overlap.
BowkerandStar[3, p. 11] point outthatin literaturethe
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exactdefinition of the term community is difficult and
very controversyput ‘thereis generalagreementhat the
sense of community rests on nontrivial, ongoing
relations among people; some degree of shared
knowledge, understandings, material objects, or
conventionapracticesandtheideathatthesetwo arenot
independent’.

Virtual communitieshaveseveralcharacteristicsthey are
technologically mediated and span traditional
geographicalimitations, they arepersistentand exist for
a mid- to long-term period, they offer multiple
interaction styles such as informal and formal
communication  or peripheral and  focused
communication,they support some type of real-time
interaction,andthey supportmulti-usersat the sametime
[5, 7, 11, 12]. As aprerequisitdor chanceencounterand
spontaneousnd informal communication,usersneedto
have group awareness—informatiorabout the other
persons they might want to talk to. They need
information aboutthe presencean the systemand about
their availability. Additionally, information on their
currentactivity canhelp to decideif they wantto starta
conversatioror try it lateron. In the subsequensection
wewill presenthe TOWER environment.

In orderto providerich informationandto stimulatethe
jointly constructiveand mutually reinforcing aspectof

communicatiorvirtual community systemsfurthermore,
haveto extendthe reachof the single user.So, the user
can easily and flexibly contactother personsand share
andexchang&nowledg whenneededTechnologyneeds
to empoweicommunitiesof usergo establisha common
knowledgebaseof living information over time—often
calledcommunity memory. Marshalland associate§10]

argue that ‘when people work together—whetherin

designinga product,or creatingtraining materialsfrom

video-based documentation, or writing a coherent
analysis of a complex situation in the world—they
require,andput effort into constructingand maintaining,
sharedunderstandingof what they are doing’. They
define a community memory as an ‘open-endedset of

sharednterpretationsand understandingslevelopedand
maintainedby the group’. In orderto create,maintain,
and increase community memory, systems have to

support the acquisition and coninual updatesof the
contentsandthe structureof the community memoryand
theidentificationof therelevancyof materialfound. As a
resultthe community memory reflectsthe evolution of

sharedinderstanding.

THE THEATRE OF
RELATIONSHIPS

The Theatreof Work Enabling Relationships(TOWER)
environmentaims at supporting virtual communities
with functionality for communication and group
awarenessn their currentwork context. It offers an
instant messengeshowing a list of online usersand
allowing usersto starta real-timetext chat with any of
the other online users. Additionally, it provides an
infrastructure for facilitating chance encountersand
spontaneousonversationgmongremoteusers.For this
purpose the infrastructurehas various sensorscapturing
informationaboutusersandtheir activitiesanda rangeof
indicatorsnotifying usersaboutthe presenceavailability,
andcurrentactivitiesandtasksof the otherusers.Besides
some lightweight indicators such as pop-up windows

WORK ENABLING

with puretext or tickertapesdisplaying messagesbout
the otherusersand sharedartefactsTOWER also offers
the TowerWorld—a3D virtual world—andthe PResence,
AVailability, and TAsk awarenes¢PRAVTA) client for
mobile users.

The TowerWorld

The TowerWald consistsof a stagethatis dynamically
createdby the spacemodule basedon sharednformation
spacesuch as BSCW workspaceq1] or the contentof

other document managementsystems and avatars
navigatingon this stageandperformingsymbolic actions
[13]. Figure 1 showsscreenshotef a TowerWorld: the
left picturepresents view from the distance whereusers
canget a good overviewof the whole stagewith all its

cubiclesrepresentinghe documentsandthe right picture
shows a close-upof the same TowerWorld with more
details (e.qg., icons representinghe file types, avatars
positioned accordingto the current activities of the
respectivaeusers).

@ Pusic || @ blasun interaotive (2]
[Welcome to the Public chat Nicks
fom.gross : hithere!

X
<% TOWER) UlrikeWagner_8
5% TOWER)WolfgangGraether_8

tarn.gross

< e | © blamonun iteractue

& 221188 pecpte | b ] o | b | el
[Welcome to the Public chat Nickname =l

LRowERpIZE

tom.gross : hithera! X
o F TOWER)seufiert_o
<% TOWE

5% TOWER)WolfgangGraether_8

8% (TOWES 5.8
<o % (TOWER)UlrikeWagner_6
tomgross J:‘

&
= |l |

Figurel. TowerWorld:(a) overviewfrom a distance;(b)
detailsin aclose-up.

Thestageevolvesin respons¢o the patternsof usein the
sharedinformation space.In this sensethe TOWER
environmentdevelopsa record of its own past history,
which will in time ad¢ as a powerful asynchronous
device,whichwill helpuserdfind theirway andfind each
other. The stageis generatedand adaptedaccordingto
rulesandsemantianappingsthat canbe specifiedby the
users.Various attributesof the documentsn the shared
informationspacecanbevisualisedsuchasthe type of a
document, the size of a document, the frequency of
manipulationgo a document,the creatorof a document,
the similarity among documents,and so forth. These
attributescanbe mappedo thesizeof the cubiclesin the
TowerWorld, their shape,their colour, their position,
their clustering, and so forth. Another criterion for the



stage creation is the granularity of the mapping of
documentsetsinto the stage. User workshopsyielded
differentopinions whetheta moredetailed view or a more
abstract overview provides better context for the
visualisation of wuser activities. In the current
implementatioruserscanselectbetweendifferentworlds,
eachcreatedby different selectioncriteria and rules for
generationand mapping. In an oveview world for
exampleobjectsin the TowerWorldrepresenonly folders
of the sharedinformation space, while the detailed
TowerWorldprovidesa representatiofor eachdocument.
In the overview world activity spots are easier to
recanise while in the detailedworld clustersof objects
with asimilar semantiareeasieto identified.

The stageof the TowerWorld is populatedwith avatars
representingsersand representingheir currentactivities
assymbolic actionssuchasautomaticnavigationthrough
the TowerWorldandgesturesThe emphasisn symbolic
actingis to showthe contextualinformation telling users
aboutwherethe otherusersare,who they are and what
they are doing right now. With symbolic acting the
contextdependentctions of all usersare shown at all

times so the world canseemlike a more active placeas
well as more closely reflecting the activities of a user
group.Welet the systemdo the walking—andthe acting.
This is a very powerful and engaging way of solving

problemsin medatedcommunietion.

The PRAVTA Client

The PRAVTA client is a lightweight and mobile
supplemento the TowerWorld and the other indicators
that are very powerful and highly personalisable but
stationary{4]. In fact, it allowsuserso sendmessageto
the tickertapeof the online users, to actively query
various types of awarenessnformation, to enter und
updateawarenessnformation about themselvesanytime
andanywhereBeing basedon WAP [15], the PRAVTA
prototypecan be accessedrom any mobile devicethat
supportsWAP such as mobile phones; palmtops;and
SmartPhones.

After the users have authentified they can query
informationaboutthe presenc®f otherusersresultingin
a table with all online users. They can check the
availability of othersand get a table with the current

PRAVTA canbe usedin any surrounding,the user has
the possibilityto manuallyupdatetheir status.

Implementation

TOWERIncludesaninfrastructurghat is fully integrated
with the Internet. This infrastructureprovidesa number
of sensorghat can be integratedwith user applications
using Internet protocols such as HTTP, which are

availablein almostall standardapplicationnowadaysin

addition, sensorsare realisedthat observeinformation

sourcessuch as Web serversand shared information

spaces. All sensors submit events that encapsulate
activity information to the infrastructure Tasks of the

infrastructureare to store, aggregateand forward the

activity information to applicationsthat have registered
interestin the appropriaténformation. For the interaction
with other applications push and pull methods are

realised. Methocs are developedto ensure restricted
accessto activity information accessrights, and to

provide reciprocity for ensuring transparencybetween
producersindconsumersf information.

The TOWERInfrastructure(cf. Figure 3) conssts of: (1)

a numberof different activity sensorsthat captureand
recogniseuser activities in a real and virtual work
environmentand that submit appropriateevents;(2) an
Internet-basecevent & notification infrastructure (ENI)

that receives events ard forwards these events to

interestecand authorisedusers;(3) a spacemodule that
dynamically creates stages from shared information
spacesndthat adoptsexisting spacego the actualusage
andbehaviouof the usersthat populatethesespaces(4)

a symbolic acting module that transforms event
notifications about user actions into symbolic actions,
i.e. animatedgesturesf the avatarsthat representusers
andtheir activities in the environment;(5) a 3D multi-

user environmentthat interoperateswith the symbolic
acting and spacemodule and manageghe user interface
and functionality of the TowerWorld; (6) the 3D

visualisation is complementedby ambient interfaces
integratednto the physicalworkplaceproviding activity

visualisation beyond the standird desktop; and (7) a
DocuDrama componentthat transforms sequencesof

event notifications and history information into a
narrativeof the pastcooperativectivities.

availability. Figure 2 showsa mobile phone, and the
login window and result of ‘Who is online?’, ‘Check
availability’, and‘Checktasks’.

For userswho arein their everydaywork environmentthe
TOWER sensorscan capture information about their
presence, availability, activities, and so forth. As

Figure2. PRAVTA on amobile phone:login window andthe presentationf awarenessmformation.

The PRAVTA prototypeis implementedon two layers:
the PRAVTA Client that realisesthe userinterface and
the PRAVTA CommunicationLayer. The user interface
at the PRAVTA Client is implementedin the wireless
markup language(WML) [15]. WML is a tag-based
browsinglanguagehat supportsscreenmanagementvith

text andimages; datainput suchastext or selectionlists;
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Figure3. The TOWERInfrastructure.

and hyperlinks and navigation support. It is, therefore,
well suited as a platform for user interface design for
mobile and ubiquitous applications. The wireless
application protocol connectsthe user interface to the
PRAVTA communication layer. The PRAVTA
CommunicationLayer translatesthe datafrom the ENI
server into PRAVTA format (i.e., WML and
WMLScript) andtranslateghe datafrom the PRAVTA
clientinto ENI format. It providesmechanismgor login
andaccessontrol, andso forth.

DISCUSSION

The TOWER environmenthas been used among the
participantsof the TOWER project for severalmonths
now. Someinformal observationsand discussionswith
peopleusingthemhaverevealedour challenges:

Privacy. Uses want and need to know as much as
possibleaboutother users’ presenceavailability, tasks,
and so forth. Yet, users have a legitimate wish for
privacyof this kind of data.In our systemoneimportant
featurewith respectto privacy is that usersare free to
specify which information is capturedabout them. For
instance the system can capturethe applicationsthat a
useris running, the documentghat are openedin these
applications.User can chooseif everything should be
capturedjf only the applicdions should be captured,or
if nothing shouldbe captured.

Lurking. Userswantinformation about other users,but
sometimesdo not want to provide information about
themselvesIn our systemusershaveto log in before
they can query for information abou other users. So,
usersknow who is logged in and who potentially gets
informationaboutthem. All online usersarelisted in the
instant messengeand are representeds avatarsin the
TowerWorld. However, users are free to choose their
avataf(i.e., they canuseanavatarttheyreally characterises
themandis recognisabl®r they canusea comic or other
anonymousmages).

Disturbance Users want and need up-to-the-moment
information abouteachotherand yet do not want to be
disturbed constantly. In our system userscan choose
from a number of indicators ranging from an instant

Internet-based
event and notification
infrastructure

T

Space
module

$

Symbolic acting
module

messengeto the TowerWorld andthe mobile PRAVTA
client.

Distributed and replicateduserinterfaces Userswant to

useseveralmobile, 2D and 3D indicators. Using these
indicatorsin parallelentailsarangeof new challengesin

someoccasionsve realisedhat usersdo not alwayswant
and needthe information displayedon more than one
indicator at a time. For instance whensome userswho
wereworking in their offices on the PCs and who had
someambientindicatorsactivatedand were logged into

the TowerWorld got notifications about the sameevent
on severalindicatorsthey felt flooded by information.
They arguedthat whenloggedinto the TowerWorld and
consequenthcapturingwhatis going on there, they do
not want any kind of information presentedn the other
interfaces.For instance,they did not want to receive
notifications in the form of short messageson their
mobile phonedn thesesituations.
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