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3.1

Telephonesfaxes,electroniamail andthe World Wide Webhave transformeadvork, enabling
peopleto work togetherevenwhenthey livein differentcountriesandin differenttime zones.
Yetlong-distancerojectsarestill difficult, evenwhenculturalandorganizationablifferences

ABSTRACT

Distributed organizationswith distributed cooperatie work, are a fact of life. How can
new technologieshelp?Distributed video is an appealingchoice,carrying more contex-
tual informationthanvoice aloneand,arguably, betterat corveying subtlecues,suchas
the emotionalstates Although nev commerciakystemsarebeingintroduced they focus
primarily on providing new technology Most are basedon relatively simple extensions
of two existing modelsof communicationformal meetingdbecomevideoconferenceand
telephoneshecomevideophonesHowever, researchin computersupportedcooperatie
work hastried to emphasizehe user with modelsbasedon SharedWorkspacegto sup-
portsharedvork on a commontask),CoordinatedCommunication(to supportstructured
communicatiorto sere a specifiedpurpose)and Informal Interaction(to supportinfor-
mal, unplannedandunstructurednteractions) Although mediaspacesanincorporateall
three,they emphasizeénformal communicationproviding peopleworking togetherat a
distancewith interactionghatthey takefor grantedvhenthey areco-locatedThis chapter
describesomeof the pioneeringwork in mediaspaceswith more detaileddescriptions
of our own work at RankXerox EuroFARC (RAVE for our own usein the laboratoryand
WAVE, to supportengineersvorking collaboratvely betweerfacilitiesin Englandandthe
Netherlands)concludingwith adiscussiorof thetechnical userinterfaceandsocialissues
involvedin designingmediaspaces.

INTRODUCTION
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aretakeninto account.Why? One importantreasonis the lack of informal social contact
that peoplehave when they work in the samephysicallocation [Hea91]. Peoplewho are
co-locatedbenefitfrom chanceencountersn hallwaysor chatsbeforeand after meetings,
resolvingproblemsbeforethey becomecritical. Working in the samephysicalernvironment
helpspeoplediscover sharednterestsanddevelopa senseof community Implicit knowledge
aboutthe stateof eachother’s work can prevent misunderstandingsr resentmentlf | see
that my colleagues reportis sitting in her“out” basket,readyto send,l canavoid asking
heraboutit andthusavoid offendingher Whenpeopleare separatedeographicallymuch
of theirinformal knowledgeabouteachotherdisappearandcommunicatiobecomesnuch
moreformal. Attemptsto addresghis with additionalmeetingsand reportsoften senesto

exacerbatehe situationandemphasizethe differencedetweergroups.

Moran and Anderson[Mor90] identify threefundamentabpproacheso supportingco-
operatie work at a distance:SharedWorkspaceg§Tan9Q Min91, Ish92 Ols91a,0Is914,
which emphasizgpeopleworking cooperatiely on a commontask, CoordinatedCommuni-
cation[Win89, ElI99], in which peoplecommunicatén astructuredashionfor somepurpose
(suchasdecision-making)and Informal Interaction,in which peopleengagen unplanned
and unstructurednteractions.Chapters4 and5 in this book [Ish99, Pra99]addressshared
workspacesand Chaptersl and2 [Ehr99 EIlI99] addressoordinateccommunicationThis
chapteris mostconcernedvith informal interaction providing peopleworking at a distance
with the kinds of informal interactionghey enjoywhenworking in closeproximity to each
other

The explosion of networkedcomputingthroughthe World Wide Web andthe decreasing
costof video technologyhave madedistributedvideo a popularchoicefor addressinghe
problemof providing distributedsocial context. However, whenerer new technologyis cre-
ated,it usuallybeginsasanimitation of somethinghatalreadyexists. Not surprisingly then,
mostcommercialdistributedvideo systemsare modeledafter one of two familiar forms of
communicationtelephonecallsandformal meetingsVideophonesrebasednthemodelof
atelephonecall in which a callerestablishesa video andaudiolink to a secondparty. When
thecall is initiated,thephoneringsin theotherlocation;if theotherpersonis available,heor
shedecidesvhetheror notto accepthe call andcompletethe connectionThecall continues
aslongasbothpartiesparticipatewhenonehangsup, theconnections broken Videoconfer
encingis theothercommonmodel,usuallyinvolving specially-designedonferenceooms.A
commonarrangementsesonevideocamerao capturepeoplesitting atatableanda second,
overheadcamerato capturedocument®r slides.Live videoimagesaresentto oneor more
remotevideo conferencaooms,via telephoneor satelliteand projectedonto wall screens.
Often, a separatesspeakephoneis usedto enhancehe quality of the voice. Desktopvideo-
conferencings a low-costalternative, designedo be usedwith computerdn the office. A
smallvideo camerais usually placedon top of the monitor and digitized imagesare sentto
a window on anotherparticipants screen.Someof thesesystemscanhandleseveral video
imagesat once,althoughthe computermmonitor quickly runsout of screenspace Audio can
beaproblemif it is delayedandpeopleoftenusetelephone®r speakephonesn additionto
theon-linevideo.

Telephoneandconferencingnodelsrepresena limited subsebf the waysin which video
cansupportdistributedcooperatie work. The purposeof this chapteris to describethe con-
ceptof amediaspacewhichattemptgo extenddistributedvideoto includeavarietyof forms
of communicationrangingfrom informal encounter@nd peripheralawarenesgo focused,
formalmeetingsThedifferencebetweemmediaspacesndmostcommerciabistributedvideo
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systemdaslittle to dowith technologyandeverythingto do with thewayin which thetech-
nologyis embeddedhto thesocialenvironment.Understandinghesesocialissuess essential
for understandingpow to designandintroduceeffective mediaspacesAs MoranandAnder
son[Mor90Q] explainin theirdescriptionof EuroPARC’s RAVE mediaspace:

“EuroPARC's concernis not simply with artifactsandtheir enablingtechnologiesbut with
understandinghe processeandrelationshipavhich suchartifactssupportjncluding the pro-
cessedy whichthey aredesignedThedisciplineof designmustinvolve aconstantnovement
backandforth betweerthedesignanduseof technologiesndreflectionuponthoseactivities”

3.2 EARLY MEDIA SPACES

Theideaof avideophonéhasbeenaroundfor alongtime.In theearly1960s AT&T demon-
strateda prototype“PicturePhone’at the SeattleWorld’s Fair, which allowedcallersto view
eachotheron small video monitors,setup in expandedtelephonebooths.The set-upopti-
mizedlighting conditionsandvideo camergpositionto simulateface-to-facecontact.(Note
thatcallerscould not actuallycall someonéhey knew; they hadto wait for a strangefat an-
otherPicturePhondoothto arrive beforehaving a corversation.)Althoughtoutedto bethe
phoneof the future, it never really caughton andwas ultimately deemeda failure [Nol92].
Anotherinterestingexperimentwasthe Hole-In-Spaceéy video artists Gallowvay and Rabi-
nowitz [Gal80]. They createda real-timevideo/audioconnectionbetweentwo sitesin Los
AngelesandNew York. Pedestriang/alking by could seefull-size imagesof peoplewalking
in the correspondindpcation3000milesaway. Peoplenot only stoppedandstaredput often
would respondo the remoteconversatiorandbegin talking to the passersbwt the otherend.

Theterm“Media Space’wascoinedby Stultsandhis colleaguesat Xerox PARC [Stu84q,
who developedwhat was probablythe first real mediaspace.The costof video had begun
to dropin the 1980s,makingit possibleto link a laboratoryin Palo Alto, Californiawith a
relatedlaboratoryin Portland Oregon. Stultsdefineda mediaspaceas:

“An electronicsettingin which groupsof peoplecanwork togetherevenwhenthey arenot
residentin the sameplaceor presentat the sametime. In a mediaspace peoplecan create
real-timevisualandacousticervironmentgthat spanphysically separatareas They canalso
controltherecordingaccessingndreplayingof imagesandsoundgrom thoseervironments.

The Xerox Media Spacewvasoriginally designedo modeltheinformaltypesof communi-
cationthatoccurin hallwaysandin commonareasre-establishinghe possibility of informal
communicatiorior peoplelocatedapartfrom eachother Thegoalwasto createatechnology-
supportecanalogto the mailroomor cafeteria;placeswherepeoplenaturallycongregatein-
formally and chat, with one conversationleadinginto another An importantaspectof this
mediaspacewasthat the connectionsvere alwaysthere:only the peoplecameand went.
Cornversationor meetingsdid not have a formal startor stop; they simply representedn-
goinginteractionsamongpeople.Subsequentediaspaceresearcthasemphasizedhe role
of informalinteractionasits key goal,althoughmary have beenextendedo includefacilities
for sharedvorkspacesindcoordinateccommunication.

Theperiodof thelate 1980sandearly 1990swasan active periodin mediaspaceresearch.
Several laboratoriesembarkedon major long-termprojectsin which membersof the labo-
ratoriesboth developedandlivedin their mediaspacesAlthough they sharea numberof
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characteristicggachmediaspacewvasclearlyshapedy the particularsocialandphysicalen-
vironmentsin which they were establishedindreflectdifferentresearctgoals.Someof the
groupscollaboratedclosely with researchersnoving back and forth betweenlaboratories.
In particular Xerox PARC, EuroRARC, University of Torontoand Universi€ de Paris-Sud
sharedesearchersoftwareandnumerousiesigndiscussions.

Bly etal [Bly93] describeheir experiencesvith the Xerox PARC MediaSpacejncluding
the three-yearexperimentlinking their laboratorywith Portlandandthe on-goingevolution
of the Media Spaceeven after the Portlandlaboratorywas closed.In the beginning, they
usedphysicalbuttonsto establishor replacevideo connectionsLab membersexperimented
with differentconfigurationsandhandledprivag in a very mechanicalvay, by turning off
the microphoneor turningthe video cameraowardsthe wall. They examinedhow their own
social and work relationshipschangedas they usedthe Media Spaceand highlightedthe
needfor additionalresearchin usertailorability of the interfaceand supportfor managing
privag/ issueqdOIs91H. Overtime, the Media Spacavasexpandedrom four offices,several
public areasandthelink to Portland,to include multiple officesin both sitesanda variety
of video devices attachedo the network. This pioneeringwork at Xerox PARC influenced
the developmentof the next major mediaspace createdat PARC's sisterlab in England,
EurofARC.

3.3 RAVE: EUROPARC’S MEDIA SPACE

Rank Xerox EuroFARC was foundedin 1987 as a laboratoryof Xerox PARC, locatedin
Cambridge England.The building, RavenscroftHouse,has27 roomswith five openareas
spreadover four floors. Eachfloor hastwo “pods” separatedy a centralstairwell, which
causes surprisingdeggreeof isolationamonglab membersThe layout of the lab simulates
someof the problemgpeoplefacewhenthey mustwork togetherbut arephysicallyseparated.
Thelab decidedto encourageooperatie work andfoster socialinteractionby offering lab
memberaibiquitousaudio,videoanddatainterconneciiity within thebuilding [Bux90]. The
small size of the laboratory(approximately30 staf andresearchersjnadeit possiblefor
everyoneto have a mediaspacenode:everyonelivedandworkedin boththe physicalspace
and the mediaspace.This global participationenabledEuroFARC to explore a variety of
socialaswell asuserinterfaceandtechnicalissuesandprovidedinsightsinto how to provide
similar levels of socialcontactfor peopleworkingtogethetut ata distance.

RAVE (the RavenscroftAudio Visual Ervironment)wasnot designedo replaceface-to-
facecommunicatiorbut ratherto supportwork andsocialinteractionsrangingfrom informal
casualencountergo formal plannedcooperatie tasks[Gav92l). RAVE wasbuilt with off-
the-shelfanalogaudio and video technology using several kilometersof coaxial cableto
connectall analogdevicesto a computercontrolled64x 64 analogswitch. This approach
providedveryhigh-qualityvideoimagesandsterecsoundbut waslimited to asinglebuilding
(extendingit furtherwould have beenprohibitively expensve) andrequiredamajorrecabling
effort whenerer nodesweremoved. Figure3.1shavs the basicset-upof EuroFARC’'s RAVE
mediaspace.

Eachoffice andmary of the commonareasvereequippedvith mediaspace'nodes”with
aPAL videocameragmonitor, amicrophoneamixerto handlemultiple audioinputs,stereo
speakersindan optionalfoot pedalfor controllingaudio(Figure3.2). Audio andvideocon-
nectionswere managedrom client applicationsrunningon eitherLISP machineor, later,
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Figure 3.1 The RAVE mediaspaceconsistsof individual nodesconnectedvia coaxial cableto a
computercontrolledanalogswitch

Figure3.2 A typicalconfiguratiorfor ananalogmediaspacenode,with avideocameramicrophone,
videomonitorandworkstation

Unix workstationslUsershadcompletecontrolover the positionof the equipmentincluding

locationof camerasandmicrophonesThey couldturn equipmenion or off, eitherelectron-
ically or physically(e.g.puttingon a lenscapor unpluggingit). Somenodeswereequipped
with additionalvideopicture-in-picturg P1P) hardwarewhich permitssimultaneougonnec-
tionswith upto four videosource®n thesamemonitor. Connection$o remotemediaspaces
werecreatedy connectingligital codecdo theanalogswitchvia ISDN lines.

Theiiif sener [Bux9(], runningon Unix, controlledthe analogswitchandmanagedhudio
andvideo connection@mongmediaspacenodesasrequestedy client applicationsin ad-
dition to allowing easypoint-to-poirt connectionswithin the building, iiif alsoguaranteed
privag/ andsecurity Differentversionsof theiiif senerwereusedto setup mediaspacest
Xerox PARC, the University of Torontoandthe Universi€ de Paris-Sudwith individualized
clientapplicationgdesignedaccordingo thetechnicalandsocialneedsat eachlocation.



60 MACKAY

Figure3.3 Labmembersanglanceateachotheror maintainlong-termconnectionssuchasthis one
betweertwo administratie staf members

3.3.1 The RAVE UserInterface

TheRAVE userinterfaceenabledusergo displayviews from differentvideocameraocated
aroundthe building and,if givenpermissionsetup a two-way audio-videoconnectionwith
ary othernodeconnectedo the analogswitch. Figure 3.3 shavs oneof thelongest-running
connectionspetweenthe receptiondeskon the first floor andthe personalassistanto the
directoron the top floor. They establishedh permanentOffice Share”,with continuously-
availablevideoof theotherperson Audio connectionsveremadeonly whenafoot pedalwas
pressedto increaseprivagy. Whenthe participantsvantedto glanceat othersin the building
or makeothervideo connectionsthey did sodirectly andthenreturnedto the defaultOffice
Share.Othermembersof the lab cameto rely on their Office Shareconnectionusingit to
talk to eachotherandavoid runningup anddown the stairs.The effect wasof a permanent
“hole-in-space” changingeveryones psychologicaperceptiorof the physicallayout of the
lab.

The userinterfaceto RAVE evolved over the years,asusersrequestedan functionality
andwhentheentirelab shiftedfrom aLISP-machine-basdd a Unix-basecdervironment.The
original RAVE interfacewasbasedon usertailorableon-screerbuttonsthataccessediffer-
entfunctionality. Tailorability wasparticularlyimportant,allowing usersto explore different
kinds of connectvity andexpressindividual differencesensuringeveryonea choicein how
they wererepresentedithin the mediaspace.

The Buttonsinterface gren out of researchat Xerox PARC [Hen86 and EuroFARC
[Mac90]. Insteadof typing command®r selectingfrom a menu,userscouldinteractwith an
on-screemraphicalobjectthatranrelevantcommandsThey couldlook insidethebuttonand
tailor its functionality, aswell aschangéts appearancesopyor even e-mailit to otherusers.
Sincebuttonscould be parameterizedjserscould changeapplication-specifiwariablesand
editthe encapsulatedode.Thisflexibility allowedlab memberdo explorethe RAVE media
spaceanddevelopthe serviceghatwere mostusefulto them. The earliestbuttonsprovided
relatively low-level functionality, suchas making or breakinga specificconnection.Over
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Figure 3.4 RAVE buttonsprovide userswith serviceghatreflectvaryingdegreesof engagement

time, buttonsevolved higherlevel functions, providing encapsulategderviceswith built-in
assumptionabouthandlingissuessuchasprivagy.

Oneof themostinterestingeaturef RAVE is the ability to shift easilyfrom peripherato
focusedviews. Thefive buttonsshavn in Figure3.4 offer differentlevelsof interactionbased
on the level of engagementequired:from Badground views operatingat the peripheryof
attention to theunobtrusve presencef a Sweeghroughthe building or aninformal Glance
to the sharedawarenesgnjoyedby participantan anOffice Shag, to thefull engagemernf
aVphonecorversation.

Vphone:A highly-focusedorm of interactionwith two-wayaudioandvideo connections.
Like telephonecalls, one party mustexplicitly initiate the call andthe othermustexplicitly
acceptthe connection.The call endswhenone party hangsup. Participantsusedthis when
they wantedto discussa specifictopic.

Office Shae: The physicalconnectionis technicallyidenticalto a Vphonecall; the dif-
ferenceis thatthe participantsdecideon the connectionin advance,afterwhich they do not
explicitly initiate or terminateindividual calls. Participantschoosewhetheror not to include
permanenaudioaswell asvideoconnectionsOffice Sharedacilitateda rangeof communi-
cation,from passie awareness$o highly-focusednteraction.Long-termOffice Shareusers,
with connectiongastingfor monthsor evenyearsclaimedit waslike sharingaphysicaloffice
withoutmary of theannoyances.

Glance:A brief (three-second)ne-wayvideo connectiorto anothemode.The persorbe-
ing glancedat first hearsan audio cue (or the nameof the person)thenthe connectionis
establishedafter which anotheraudioclue indicatesthatthe Glanceis complete Lab mem-
bersdefinein advancewho haspermissiorto glanceat them.Glancesprovided a quick and
unobtrusve methodof determiningwhetheror not someonavasaroundor currently busy,
similarto glancinginto someones physicaloffice.

SweepA brief (one-secondpne-wayview of a seriesof pre-authorizechodes local or
distant.Userscould customizetheir sweeppatterngo includethe mostusefulpublic (and,if
authorizedprivate)nodesjn orderto find outwho wasaroundandgenerallywhatwasgoing
onin thelah

Badkground: A long-termview of a particularlocationthat actsasthe defaultview of the
mediaspace.Technically Backgrounds indistinguishabé from an Office Share. However,
most Backgroundconnectionsare of public areasthat do not require specific permission,
unlikethepre-arrangedonnectionso aparticularoffice. Althoughtheview from theroofwas
popularwith peoplein windowlessoffices;the mostpopularBackgroundvasthe EuroFARC
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Figure3.5 Userscanselectwhohastheright to glanceatthemthroughthe RAVE mediaspace

commonsSinceeveryonein thelab visitedthe commongegularly to checkmail or getacup
of coffee, it providedeveryonewith alow-level consciousnessf whowasin thebuilding and
wheninformal gatheringgsuchasafternoortea)hadstarted.

GodardDou914 definedandcontrolledtheseandotherservicesdirectingall connections
madeby theiiif sener. Basedon preferencesxpressedy usergsuchaswhohadpermission
to glanceat them), Godardwould determinewhetheror not to performspecificrequestdor
servicesyequestingadditionalinput when necessaryBefore performingan authorizedcon-
nection,Godardwould recordthe previous connection(suchasan Office Shareor Vphone
call), ensuringhattheuserwould returnto the correctstateafterthe servicewasperformed.

Oneof the primarybenefitsof this architecturas thatparticipantscaninteractwith RAVE
in termsof high-level servicesratherthanlow-level physicalconnectionsEachservicein-
cludesa representatioof the users intentionsand makesit possibleto embedinformation
usedto protectprivagy. Participantscandecidein advancewho hastheright to performeach
service, asopposedo makingon-goingdecisionsaboutlow-level connectionsyhich helps
to balancehetradeof betweerprivag/ andaccessFigure3.5shavs anexampleof a service
control panel.In this case the userlooks at a list of lab membersandindicatesthosewho
have theright to establisha Glanceconnection.

In practice thedefaultsettingof suchlistsareveryimportant.If thedefaultis thateveryone
hastheright to glanceunlessexplicitly deletedfrom thelist, arefusedGlancerequestanbe
takenasanexplicit, personafejection.However, if the defaultis thatno onehastheright to
glanceunlessspecificallyaddedto the list (asat EuroFARC), thenrefusedGlancerequests
may simply indicatea non-updatedslancelist, whichis lesslikely to beviewedasaninsult.
This posegarticularproblemsfor new memberof thelab. Sincepeoplerarely updatetheir
Glancelists, evenduringprojectandgroupchangeshenvcomerswill find themselesunable
to glanceatmary of theircolleaguesndfeel excludedfrom themediaspaceTheresultis that
long-termmemberanay have muchgreateraccesgo the mediaspacethannever members,
often without realizingit. Seemingly-innocuoudecisionsaboutdefaultsettingsmay have
long-termeffectson the ultimateacceptancef a mediaspacewithin anorganization.
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3.3.2 Notification with Auditory Cues

Lab membersnot only wantedcontrol over the typesof connectionghey made,but also
wantedfeedbackaboutwhenand what kinds of connectionsverein use.BecauseGodard
hadsomeunderstandingf the participants'intentions,it could not only distinguishamong
physicallyidenticalconnectionsuchasVphone,Office ShareandBackgroundhut it could
alsodetermineanddeliver the appropriatdeedback Userscould request variety of notifi-
cationtypes,suchaspresentinga messagen their workstationsHowever, the mostpopular
notificationsweremoresubtle.Gaver’s work on auditoryicons[Gav86] andthe affordances
of audio[Gav91l] wasincorporatednto RAVE, providing real-worldauditory cuesthatin-
dicatedwhatwasgoing on. For example,whensomeoneglancedat anothemperson,Godard
triggereda sound(the defaultwasthatof a dooropening)asthe connectiorwasbeingmade.
Threeseconddater, whenthe Glancewasterminated anothersoundwastriggered(usually
a door closing). Other soundswere associatedvith otherkinds of connectionsjndicating
the correspondingntent. A knock or telephonering signaleda VVphone,footstepsindicated
a sweepand a camerawhir flaggedwhen a single-framesnapshohad beentaken.Gaver
[Gav92a]explainswhy real-worldsoundsareparticularlyeffective:

¢ Soundindicatesthe connectiorstatewithout requiring symmetry;providing information
withoutbeingintrusive.

e Soundgo notrequirethekind of spatialattentionthata written notificationwould.

¢ Non-speechaudiocuesoftenseemessdistractingandmoreefficientthanspeeclhor music
(althoughspeecttanprovide differentsortsof information,e.g.,whois connecting).

e Soundscanbe acousticallyshapedo reduceannoyancgPat89]. Most soundsinvolve a
gradualincreasen loudnesgo avoid startlinglisteners.

¢ Finally, caricature®f naturally-occurringsoundsareanintuitive way to preseninforma-
tion. The soundof anopeningandclosingdoor reflectsandreinforcesthe metaphorof a
glanceandis thuseasilylearnedandremembered.

A numberof otherresearcherbave exploredtherole of audioin distributedcollaborative
work andmediaspacesettingsResearcherat PARC [Mor97] andMIT [Kob97 exploredthe
problemof browsing for audiodata.Seligmannret al [Sel9F examinedthe cuesthat people
useto understandrdinarytelephonecallsandthenlookedat the morecomplex information
needsrequiredin multi-party, multimediacornversationsThey found that needsfor “assur
ance”becamamorecomplex andthatusersneedednformationaboutconnectvity, presence,
focusandwaysof distinguishirg betweerrealandvirtual actuwities.

Godard with auditorycues,provided control, feedbackandintentionality, threeprerequi-
sitesfor privagy, at very little costin termsof intrusivenessGodarduseda systemcalled
Khronika[Lov91] to handleauditoryevents.Khronikais an“eventnotificationservice"that
supportsselectve avarenes®sf plannedandelectronicevents,announcingvhenavideocon-
nectionhasbeenmade,remindingpeopleaboutupcomingmeetings providing information
aboutvisitorsandevengatheringpeopleto go to the puh

Khronika was basedon threefundamentakntities:events,daemonsand notifications as
shavn in Figure3.6. Eventswereorganizedwithin a classhierarchy eachwith a class,start
time and duration. Specificeventsincluded meetings,visitors, arriving e-mail and RAVE
GlancesEventscould alsobe manipulatecas more abstractlassessuchas“professional”,
“electronic” and“entertainment” Eventdaemongroducechotificationeventswhenthey de-
tectedspecifiedeventtypes.Userscould constraindaemonsgnablingthemto selectonly the
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Figure 3.6 Khronika maintainsan event databaseenteredboth by people and on-line systems.
Daemonsvatchfor specifiedeventsandpostnotificationswhenthey aredetected

eventsthey wishedto hearabout.For example,a usercould createa daemorto look for all

EuroCODEprojectmeetingsn the conferenceoomandgenerate notificationfive minutes
prior to the meeting.Userscould alsospecify differentnotifications,suchasan e-mail mes-
sageaday prior to animportantmeeting,with a pop-upscreermessaganhourbeforeanda
synthesizedpeechmessagéive minutesbeforethe starttime.

General-purposeaon-speeclaudio cueswere also popular For example,the soundindi-
catingthe startof ameetingbeganwith soundof peoplemurmuringatlow-volume,followed
by a gavel soundto indicatethe precisestarttime. Suchsoundsprovided low-level periph-
eralavarenes®f events,enablingpeopleto shift their attentionto themwhennecessarand
ignorethemotherwise Gaver et al [Gav91a] foundthat non-speeclaudiofeedbackchanged
bothparticipantgerceptiorof the systemandtheirtendeng to collaboratewvhile usingit.

A buttoninterfaceto Khronikalet usersbrowsethe eventdatabaseswell ascreatenew
eventsanddaemonsAnotherinterface xkhbowser shoveda calendawith eventsspanning
differentperiodsof time. Eventscould be displayedaccordingto their level of specificity
enablingusersto quickly view the kinds of eventsthey wereinterestedn. We comparedhe
useof two EuroFARC calendarsystemgDou93: Khronika's and the paperbasedsystem
managedy theadministratve staf. We discoreredthateventhoughtheinformationwasos-
tensiblyidentical,userswereinfluencedby their knowledgeof the sourceof theinformation,
with correspondinglylifferentlevelsof trustin differentkindsof information.If therewasa
conflict betweenthe two systemsuserswould try to determinewhich calendarsystemwas
morelikely to beaccurategiventheparticularpieceof information.(For example the person
in chageof the brown baglunchseminaiseriesvasknown to inputthe eventsinto Khronika,
sousergendedo believe theKhronika-baseihformation.In contrasttheadministratve staf
wouldtrackpeoplestravel schedulesthusthe paperbasedtalendawasassumedo be more
accuratdor thatkind of information.) Thusthe socialcontet playedasimportanta role as
technologicafunctionalityin determininghow usersinteractedvith eachsystem.

3.3.3 Long-DistanceAwareness

EuroFARC maintaineda close associatiorwith her sisterlaboratoryin the United States,
Xerox PARC. Maintaininglive video connectionsvastoo expensve, somemberof the lab
investigatedifferentwaysof linking thetwo mediaspaces.

PolyscopeBor9]] distributed low-resolution(200x 150 bits) digitized imagescaptured
approximatelyevery five minutesfrom eachmediaspace(assumingthe owner had given
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permission).A simple animationfacility loopedseveral imagesin sequenceto provide a
jerky, but usually effective, senseof motion and a way to disambiguatescenesThe button
interfaceallowed usersto selectanimageand immediatelyestablisha Glanceor Vphone
connection.

PortholegDou91 wasdevelopedto help lab membersstayin touch by sharingmore-
frequentlycapturedstill imagesfrom therespectre mediaspacegFigure3.7).

Both Polyscopeand Portholesallowed multiple nodesfrom several remotelocationsto
be presentedsimultaneouslyproviding passve avarenesf distributedworkgroupswith-
out making explicit video connectionsThey offered spatially-distrituted but asynchronous
functionality, which complementethesynchronou$ut single-channeledideoservicesrom
eachmediaspace.

3.3.4 Observationsof Use

Usersdefinethe social protocolssurroundingthe use of their electroniccommunications.
For example,peopletry to avoid annoyingeachother In the early daysof electronicmail,
outsiderswere surprisedthat peopleworking physicallynext to eachotherwould still send
eachotherelectronicmail. Thiswasnot dueto a preferencdor technology-baserhtherthan
human-basedommunicationjt was simply a matterof courtesy Calling over the wall or
telephonings aninterruption,whereasendinge-mailallowstherecipientto respondattheir
corvenience.

Similar socialprotocolsdevelopedin responséo the mediaspaceOver time, mediaspace
usersbeganto changeit, creatingusesnot originally anticipatedby the systems creators.
Subtlecharacteristicén the technologysuggesteden usesor resultedin changesn how
the systemcameto be understoodSuc91].An interestingexamplewasthe useof the RAVE
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mediaspacefor “projecting” presencetaking advantageof the knowledgethat membersof
thelab hada sharederipheralwarenessf the EuroFARC commonsPeopleusuallywaited
until a critical massof peoplehad assembledn the commonsbeforeappearingn person.
Peoplethusshaved up in two waves:the first few arrived. Whenthreeor four werethere,
suddenlyeveryoneelse appearedPeopletook advantageof their ability to work until the
lastminute (andavoided“wastingtime”) andwerestill assureaf arriving whenthe meeting
actuallystarted.

Sitting in the commonsjn view of the camerajs a way for a researcheto broadcashis
or her availability, letting colleaguesknow thatit is acceptabldo comeup and chat. For
example,l had aboutan hour beforel neededo catcha planeandfive peoplel neededo
talk to beforel left. | decidedo sitin thecommonsandfoundthat,one-by-oneall five came
to talk. Eachpersonmonitoredmy meetingson their monitorsandcameup whenthey could
seel wasreadyto talk to someoneslse.Everyonecoordinatedheir actvities, managingto
find appropriatdimesto meet,withoutwastingtheir time waiting for me or wastingmy time
waiting for them[Mac92].

Interestinglywhenmembersf theadministratve staf satin the commonstheir message
wasthe oppositeThey wereon abreakandit wasnotacceptabléo askthemto do something
(althoughit wasfine to have a chat). Thecommonshadanexplicitly “video free” section,so
thatpeoplewhowantedo avoid beingseercoulddo soeasilyandnaturally Theoverall effect
wasthatof having thecommonarearight outsideone’sdoor, but withoutthenoise Wheneer
thelink to thecommondrokedown, suchaswhentheequipmentvasbeingupgradedr there
waswork on the building, memberof thelab reportedhe sensenf beingslightly disoriented
andfeelingout of touch.

Sharingthe samephysicaloffice with someonecan be annoying,especiallyif you have
differenttastesin musicor areproneto talking all the time. Office Sharesparticularlyfor
peoplewhoworkedlateatnight, provedto beextremelycomforting.Without listeningto each
other we couldstill senseeachother’s presencéandwhenthe otherpersonwasreadyfor a
break).To a somevhat lesserextent, the Portholesconnectionto PARC provided a similar
senseof comfort, sincesomeonavasalwaysthereno matterhow late the EuroRARC crowd
worked(giventhenine-hourtime changdrom Englandto California).

Heathand Luff [Hea91] obsered lab membersusing long-termRAVE connectionsand
foundthatvideo sometimesinderminedhe effectivenesf subtlecommunicatie gestures.
For example,sincethe cameraand monitor are offset, a personlooking at the monitor will
appeato belooking down slightly whendisplayedon the othermonitor. Experiencednedia
spaceuserdearnedo shift theirgazebackandforth betweerthe“natural” view for them(i.e.
looking at the personon the monitor) andthe “effective” view (i.e. creatingthe appearance
of eye-contacby looking directly into the camera)Visitorsenteringan office with an Office
Sharewould sometimede confusedthinking the personon the otherendof the mediaspace
connectionwaslooking at themwhenthey werein factlooking elsevhere.

Gaveretal [Gav93] examinedtheeffectof giving usersachoiceamongfour differentviews,
ratherthanthe usualsingle-cameraface-to-faceview. The additionalviews includedan “in
contet” view, shaving peopleandobjectsin relationshipto their workspacea “deskview”,
usingahigh-resolutioormonochrome&amerdo view documentsindeithera“dollhouse”view
specificto theexperimentatask,or a“birds-eye” view shaving mostof theroom. They found
thatface-to-faceviewswererarelyusedwhenpeoplewereactively involvedin acollaboratve
task; the exceptionwas when participantsengagedn negotiation abouttask strat@y. This
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study suggestghat the camerasetupfor mediaspacesshouldchangewhen userswant to
engagen collaboratie tasks.

3.4 OTHER MAJOR MEDIA SPACES

Several othermediaspaceavere developedin the sametime frameasRAVE. The US West
AdvancedTechnologiedelecollaboratiorproject[Bul89] wassimilar to the PARC/Portland
link, supportinga smallgroupof peoplesharingseveral projectswho werelocatedin Derver
andBoulder, Colorado.Themediaspacéancludedseveraloffices,aconferenceoomandpub-
lic areasat bothsites.Userscould“call” to geta privateoffice-to-ofice audio/visuakconnec-
tion, “look aroundto getavideo-onlyconnectionand“videoconferenceto supporimultiple
participantsn the conferenceéooms.Publicareasverecontinuouslyconnectedasat PARC.

Bell CORE was also very active in media spaceresearchat this time, creatingCruiser
[Roo89 and the VideoWndow [Fis9(, both controlled by a systemcalled Rendezwus
[Hil94]. In contrasto the Xerox PARC approachwhich emphasizedktting the usersevolve
thecharacteristicef themediaspaceBell COREresearcher®llowedatheoreticabpproach,
focusingon the role of informal communicatio{Kra88, Fis93. Cruiserwasbasedon the
modelof walking down a hallway andglancinginto openofficesto seewho wasthere.All
connectionsvere reciprocal,in thatthe persondoing the glancingwas alwaysseenby the
personbeingglancedat. Participantscould controlthe accesdo theirimagesandcould also
establisitwo-wayconnectionsn the courseof a “cruise”. Cruiserwasdesignedo encourage
spontaneousnformal communicationput oftenresultedin longertermOffice Share Coop-
erstock{Co097 reportsontheiterative designof Cruiser describinghow usersanddesigners
influencedhe designof the systemover four iterations.

VideoWindow wasmore similar to the PARC/PortlandMedia Spacelink, with two large-
screendisplayslocatedin two public areason differentfloors of the researchbuilding. The
link wasavailablecontinuouslyfor threemonthsandwasdesignedo supportinformal com-
municationamongthe 50 researcherand staf in the area.Peoplewould arrive to gettheir
mail or have a cup of coffeeandengagen corversationwith the peoplephysicallypresents
well asthe peoplelocatedat a distance.

The Montagesystemfrom SunSoft/lsa93]exploredhow to usevideoto help memberof
distributedgroupsdevelop a senseof “teleproximity”, helping collaboratordind opportune
timesto interactwith eachotherby usingreciprocalglancego “peekinto someones office”.
Thesystemalsoprovidedaccesso anon-line calendare-mailandon-screemotefacility. As
with Cruiser video connectionsaippearedn a smallwindow on the computerscreenrather
thanon a separatenonitor. Researcherfundthat mostglancesdid not resultin interactie
communicatiofiTan94].Issacglsa95]reportsontheirexperiencesisingvideoin abroadcast
setting,asopposedo in asmallerforumwith alocal audienceThey foundthattheaudiences
preferredwatchingthe multimediapresentationby speakersn the broadcassetting,while
thespeakershemselespreferrectheintimagy of localtalks.

The University of Toronto engagedn two major mediaspaceprojects,in collaboration
with researcherat Xerox PARC and EuroFARC. CAVECAT [Man9], Gal9] wasimple-
mentedwith softwarefrom EuroFARC’s RAVE systemand supportedapproximatelyten
offices within a single building. In addition to the media spacefeaturesfrom RAVE, re-
searchergxploredthe problemof integratingshareddrawving facilities with sharedpresence
[Pos92. Sellen[Sel92] studiedthe speechpatternsin video-mediatedcorversations.She
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Figure 3.8 Hydra incorporatesa video camera,monitor and directional microphoneinto a small
table-topunit thatcanactasaproxy for distantparticipantsof ameeting

comparedsame-roomand video-mediatectorversationsusing two interfaces,ncluding a
systemcalledHydra[Sel92h. Figure 3.8 shawvs threeHydra units, eachwith a smallvideo
cameramonitoranddirectionalmicrophonewhich actasproxiesfor distantmeetingpartici-
pants Realandvideo-mediategarticipantouldreactto eachotherasthey wouldif all were
co-presenin the sameroom. Sellenfound quantitative differencedetweerface-to-facecon-
versationgindthetwo video-mediateéhterfacesAlthoughtherewereno significantquantita-
tive differencedetweerthe two video-mediatedhterfacesthereweresignificantqualitative
differenceswith userspreferringthe Hydra interface.Olsonand Olson[OlIs99 studiedthe
role of addingvideo to remote-collaborations’hey found that usersof audio-onlyconnec-
tionshadmoredifficulty communicatindut thattherewereno basicdifferencedbetweerthe
quality of work performedn face-to-facesettingsandin settingawith bothhigh-qualityaudio
andhigh-qualityvideo.

TheUniversityof Toronto'sfollow-onproject,calledTelepresencexperimentedvith me-
dia spacesutsideof a laboratorysettingandincludedstudiesof the waysin which media
spacexhangedhe socialrelationshipsamongpeopleworking at a distance[Har94. Both
Torontomediaspacesisedanicon of adoor, displayedn variousstatego indicatethe users
level of accessibility(Figure3.9). A fully-opendoorindicatedthataryone could makea full
two-wayaudio/videoconnectionwhereasa doorajar enabledoeopleto glance but required
aring or furtherinteractionfrom the userin orderto makea full two-way audio/videocon-
nection.Whenthe door was shut, glanceswere not authorizedand further interactionwas
requiredto establisha two-wayaudio/videcconnectionWhenthedoorwaslocked,no video
connectionsverepossibleYamaashetal [Yam96]describeanothemrxtensionin which users
weregiventwo views: awide-angleview to showv thecontet of the office andamoredetailed
shotlinked seamlesslyogetherThey alsoexploredthe useof sensorplacedin the physical
ervironmentto provide contextual cuesto remoteusersof the mediaspaceFor example the
stateof the physicaldoorto the office (i.e. open,ajar, closedor locked)controlledthe stateof
theon-screemooricon.

A later Xerox PARC mediaspacecalledKasmer[Bly93], wascreatedo supporta much
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Figure 3.9 The original doorsinterfaceallowed usersto selectfrom four differentdoor statesopen,
ajar, closedandlocked
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Figure3.10 Theinterfaceto the Kasmermediaspace The uppercontrol panelallows usersto select
servicesThelower displaypanelshowns otherusersandtheir currentlevel of accessibility

larger group of peoplein differentgroupswithin the laboratory aswell as offering codec
links to externalsites(Figure3.10). Theunderlyingsoftwarewasborrovedfrom CAVECAT,
University of Toronto’s system,and RAVE, from EuroFARC. The systemwas designedo
balancdrequenteasycommunicatiomwithin groupswhile alsoproviding lessfrequentcom-
municationto distantor external groups.Eachworking group included10-25participants
andmediaspacenodes;eachwith their own socialcorventionsandmodelsof use.Adler and
HendersonfAdI94] describaheir experiencewvith a 9-monthOffice Shareconnectiorwithin
this ervironment.Mynattet al [Myn97] explore thedifferencedetweeron-lineandphysical
spacearguing that mediaspaceseinterpretphysicalspacethroughthe positioningof audio
andvideoelementaindamuethatactvities derivedfrom onespacedo not translatewell into
otherspaces.

Another extensionof the mediaspacework is on-goingat the Universié de Paris-Sud,
basedon work the authorsdid at EuroFARC, PARC andUniversity of Toronto.Mediascape
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Figure 3.11 The Mediascapanediaspace with the standarduserinterface(left) andan electronic
Post-Itnote(right)

[Rou9§ wasoriginally built with theiiif sener, but hassincebeerreimplementedvith asetof
customHTTP seners,enablinguserso embedaccesdo the mediaspacento ary document
onthe World Wide Web. Unlike the numerouswebcams”thathave appearedywhich shav a
singleview from afixedcameraMediascapés afull mediaspacewith facilitiesfor managing
connection@mongmultiple sites,notifying usersand controlling accessThe userinterface
is highly customizablesinceit is aplain HTML documentThestandardnterfaceis shavnin
Figure3.11(left). Imagesare updatedevery few minutesasin PortholesPassingthe cursor
over animageinitiatesa Glance A double-clickestablishes Vphoneconnectionaccording
to bothusers’expressedawvailability. Mediascap@iseshesamedoormetaphoasCAVECAT.
In the figure, one userhaslocked his door (bottomleft) and anotherhasleft his door ajar
(bottomright). Additional servicesncludePost-It,to leave amessagen someones computer
screenGrab,to graba still imagefrom the mediaspace and Dvideo to sendpre-recorded
or live digitized video. ElectronicPost-Itnotesareimplementedy remotelycontrolling the
recipients Webbrowser(in this caseNetscapéNavigator). Theimagein the notehasthesame
capabilitiesasin theinterfaceit updatesvery few minutesandcanbeusedto establistother
mediaspaceconnections.

3.4.1 Building Upon the RAVE Media Space

The RAVE mediaspaceprovided an infrastructurefor otherresearctprojectsas well. As
partof a EuropearESPRITproject,calledEuroCODE[Mac95a,Mac9§, we wereresponsi-
ble for designinga multimediacommunicatiorsystemfor engineersuilding a bridgeacross
Denmarks GreatBelt (Storebaelt)Vaterway This projectdevelopeda radically-differentin-
terfaceto the mediaspace:a paperengineeringdraving. We developedAriel (Figure3.12)
which detectsndividualengineeringlravingsvia their barcodesln theprototypeshown, the
draving was placedover a large (AO size) graphicstablet. A projectoron the ceiling pro-
jectedmenusandothercomputergeneratednformation,includingmediaspacdmagesonto
the paper Here,the useris establishinga Glanceconnectionwith the authorof the drawing,
in orderto discusspossiblechangesThe usercould alsoassociatary audio,video or text
informationwith ary partof the draving andcapturehandwrittennoteswhich could be sent
to colleagues.
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Figure 3.12 Ariel lets constructionengineersaaccesghe mediaspaceand a hypermediaannotation
systenvia paperengineeringlravings. Theuserselectshe mediaspaceoptionfrom the controlsection
of thepaperengineeringiraving (upperleft). Ariel projectsamenuandtheuserselectsGlancewith the
graphicgabletpen,which establishes three-secondonnection

3.5 WAVE: A DETAILED CASE STUDY

WAVE [Pag93]was an attemptto testthe mediaspaceconceptdearnedfrom RAVE in a
real-world setting: a distributed productdevelopmentorganizationwithin a large multina-
tional corporation WAVE differedin severalimportantrespectsrom theRAVE mediaspace.
RAVE existedwithin asinglebuilding andwasdesignedo encourageommunicatioramong
peoplewho hadotherformsof informalandformal communicatioravailableto them . WAVE
wasmore similar to the original PARC Media Spaceand Portholesjn thatthe participants
weredistributedin both spaceandtime. (However, Portholeshadto spaneight, sometimes
nine, time zones,whereasWAVE involved a one-hourdifferencebetweenEnglandandthe
Netherlands.)

RAVE wasableto takeadwantageof point-to-pointanalogvideo connectionsywith anana-
log video switch andkilometersof coaxialcable,to provide high-qualityimagesand sound
with no delay Portholeswvasrestrictedto still imagesdisplayedon a computerscreenwith
occasionalial-uplinks with a low-resolutionvideolink anda ratherannoyingaudiodelay
The distanceshetweenthe WAVE sites causedus to considerdifferenttechnicalsolutions
for distributing video, which hada correspondingmpacton the userinterfaceandsocialuse
of the mediaspacesOneresearcigoal wasto find out the acceptablehresholdsor video
quality undervariousmediaspaceconditions giventhe bandwidthandcostconstraintof in-
ternationalong-distancéinks. Anothercritical differencefrom RAVE andPortholesvasthat
the participantswerenot researcherdyut engineersreatinga product.For them,the media
spacewaslike atelephoneor fax, a technologyto be usedonly if it supportedhe work at
hand.

Westudiedanengineeringlesigncenterin Englandwhichtook designsreatedn Japaror
the United Statesandlocalizedthemfor the Europearmarket.The organizatiorwassubject
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to thetypical pressuresf ary high-techcompary in a highly innovative, competitive andtur-

bulentmarket:They hadto increasecustomessatisfactionmaintainatechnologicakdgeand
improve quality while decreasingosts.Productdevelopmenthadto reducetime-to-market,
streamlineprocessesadaptto rapid technologicakchangewhile makingefficient useof re-

sources.

The organizationhada sophisticatedelecommunicationmfrastructurea corporateele-
phonesystembasedon leasedines (usersneedonly dial an extensionto reachothersites);
voice conferencecalls; answeringmachinespeeperselectronicmail; fax; andsophisticated
(andexpensie) satellitevideoconferencéacilities. All engineer@ndadministratve staf had
eithera workstationor a computerterminal on their desks.Yet, in spite of this infrastruc-
ture,engineerspenta greatdealof their time traveling; travel accountedor over 10% of the
productdevelopmentbudget.At the time of our study the travel budgetwasbeing cut and
managersvereinterestedn finding waysto reducethe needfor face-to-facemeetingsWe
met with the directorof the division and interviewvedall of his seniormanagersand mary
of their staf, who oftentook us on tours of their work areasafter the interview. Interviews
weregenerallyopen-endedalthougheachbeganwith a setof standardjuestionsincluding
the persons role in the organization,a descriptionof his or her work (eithera projector a
function),aswell asary communicatiorbreakdavns andstratgiesfor addressinghem.We
alsoattendedegularly-scheduledi ve andvideo-mediateaneetingdPag93].

We chosea major productdevelopmentprojectin a critical stagewithin its two-yearlife
cycle. The productwas designedn Englandand was being assembledn a factory in the
Netherlandstequiringcomplex communicatiorandcoordinatiorbetweerthetwo sites.The
Englishengineeraunderstoodhe productdesign,whereashe Dutch engineersunderstood
the manufacturingrroblemsandmaintainedherelationswith thelocal suppliers We identi-
fiedtwo situationswith seriouscoordinatiorandcommunicatiomeedscooperatiorbetween
designandmanufacturingngineersndconfiguratiormanagementfter furtheranalysisof
theirwork patternswe installedtwo mediaspaceconnectionsadial-upvideophonebetween
the desktopof an engineerin Englandandthe shopfloor of the factoryin the Netherlands,
andan Office Sharebetweenthe desktopf two peoplesharingadministratve tasksacross
thetwo sites.

3.5.1 Analyzing the Existing VideoconfeenceSystem

Early forecastsf the succes®f videoconferencingndvideo telepholy werewildly opti-
mistic. Egido [EQi88], in heranalysisof why videoconferencingystemdail, citesanearly
1970spredictionthat a full 85% of meetingswould be conductedby videoconferenceby
the end of the decadeYet, videoconferencindgiasbeenslow to be accepteddespitemajor
financialinvestmentdy corporationsBecausgeopleeasilyequatanediaspacesvith video-
conferencingwe wereinterestedn how the peoplein the organizationwe studiedfelt about
their existing satellite-baseslideoconferencingystem.

Eachsite(in Europeandthe United Stateshadaspecialmeetingroomsetupto accommo-
datesix peopleat a table,with two video camerago captureeachgroupof three.A ceiling-
mountedcameravasusedto transmitimagesof objectsor documentsimagesof colleagues
at remotesiteswere projectedon two large video monitorsoppositethe table, with images
of documentgresentean a third monitorin the middle. Oneuserlikenedit to beingon a
television quiz shaw, with opposingeamdined up, facingeachother
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Thevideoconferenceoomwasdesignedor highly-stressfuprojectcheckpointmeetings,
which hadpriority over everythingelse.Otherscould scheduleneetingsvhentheroomwas
not alreadybooked,usuallyto addresritical problemsthatarose Suchmeetingggenerally
involvedtechnicalpeoplewho madeuseof the ceiling camerado discusdesigndocuments.
(They hadno facilitiesfor bringing hardwareprototypesnto the meetingroom, nor did they
have facilities for sharingelectronicdocuments.)

Like Egido,we found mixed, mostly neggative reactiongo the videoconferencingystem.
High-statusmanagersvere mostlikely to find it useful: they controlledthe meetingsand
appreciatedhereductionin travel costs For example,duringa periodin which cross-Atlantic
travel waseliminated onemanagesaid®It really cameinto its own duringthe Gulf war; [its]
usehasreally increasedgincethen’ Anotherfoundit “goodfor sharingproblemsandproject
statusjalthoughnot] for generainformationexchange”.

Interestingly mostothersfound it to be divisive, increasingthe adwersarialnatureof the
relationshipamongthe participants Theseuserswereindividual contributorswho usedthe
systemto neggotiateissuesand solve problems.Several peopledescribedheir concernsas
follows: “Thereis lots of friction. If people[already]have positions,beingableto seethem
doesnt helpto bridgethegap.You seea panelof people;it' s a stand-of situation.It encour
agesantagonism’andit “is not goodfor problemsolving...you reactdifferentlyto body
languageon it versusface-to-faceThe etiquettechange$. One persondescribechis weekly
Fridaymeetings®lt would endtheweekhorribly .. .it wasprettybloody. Emotionsfly across
theairwaves!

In summary most peopleviewed face-to-facemeetingsas the optimal form of commu-
nication. Telephonesvere useful, but only for certainkinds of communicationThe video
conferencesystemwasviewedasusefulby upperlevel managementyut createdad\ersarial
relationshipsamongthe participants We wereinterestedn whetheror not a mediaspace,
with its emphasin informal interaction,would provide bettercommunicatiorand reduce
theadwersarialquality of theinteractiondoundwith thevideoconferencsystem.

3.5.2 DesignCenter —ShopFloor Link

Since stoppingthe productionline was very expensve, the engineershad a basicrule of
thumb:if aproblemarosethatthey did notthink couldbe solvedwith telephoneor faxin less
thanfour hours,the designengineeigot on a planeandflew to the NetherlandsThe media
spacewasseenasawayto reducethelatter.

Oneendof thelink wason the desktopof a systemintegrationengineerin England,re-
sponsiblefor ensuringthatall sub-systemsvorkedtogether He knew mostof the designers
on the projectand could quickly contactthe appropriatepersonwheneer a problemarose
onthe shopfloor. The otherendof thelink wasthe shopfloor itself. We installedequipment
on a cartwhich could be movedto ary partof the manufacturindine. We usedtwo codecs,
basedntheH.272standarddesignedor desktopsideoconferencingsingpublicISDN net-
works),connectedy a 64 Kb/s dataline (Figure3.13).Thecodecin Englandwasconnected
to anISDN telephonevia an X.21 interfacethe ISDN telephonavasusedfor dialing andfor
displayingline statusmessagedJnfortunatelythe Netherlandslid nothave ISDN available
atthetime, sowe useda switched64 Kb/s IDN line. This madethe set-upon the Dutchside
a bit more complicated We connecteda 64 Kb/s modemto an X.21 controller which was
connectedo the codecandto a VT100 terminal.In orderto dial anddisconnectheline, the
Dutchusershadto typeseveralcommand®n theVT100 terminal.
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Figure3.13 WAVE link betweerthe designcenterin Englandandthefactoryin the Netherlands

Figure3.14 Imagecapturedrom the WAVE link. Notetheuseof thesmallhand-helccamerao shav
aclose-upview of the problem

In Englandwe installeda singlecameraa monitorwith built-in speakeranda directional
microphoneWe alsoinstalledavideotapeecordetto capturevideofrom theNetherlandsind
audioin bothdirectionsOntheDutchside weinstallediwo camerasastandard-sizedamera
wasclampedto the cartto provide an overview, anda miniaturecamera(lcmx5cm)with a
flexible cableto shav smalldetails(i.e. 2mmsizetype). We alsoinstalledtwo monitors,for
incomingandoutgoingvideo. Sincetherewasa greatdealof backgrounchoiseon the shop
floor, we provided headphonewith a built-in microphone.

Thelink onthe shopfloor wasup for two weeks;during this period,we spenttwo daysat
eachsite sitting next to the equipmentindobservingwhatusersdid. For theremainingtime,
we collectedvideotape®f thevideoandaudiogoingthroughthelink andlaterinterviewedthe
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peoplewho usedthelink (Figure3.14).Userscomplainedaboutthe pooraudioquality, poor
videoresolutionandthelack of reliability. Yet they wereelatedwhenthey wereableto solve
problemswithout traveling. As one managersaid, “This technologyis a pain ... However
yesterdaywe usedit andit saved usatrip, thereforel will let my peoplespendmoretime on
it. | wouldratherhave this lousylink thannothing.Therearemary thingsherewhich arenot
perfectthat we have to copewith, this will be anotherone” The following examplesshav
how they usedthe system:

Showa problem:A manufacturingengineeishavs somethinggoingwrong on the produc-
tion line andasksdesignergor explanationssolutions,or changesVideois very important,
notonly to improve communicationbut alsoto overcometheinitial skepticismandmistrust.
Looking at the problemtogetherandjointly working on the solutionhelpsto overcomecul-
tural differencegnot only betweerDutch andEnglish,but alsobetweermanufacturingand
designroles),fosteringa cooperatie attitudetowardssolvingthe problemand“getting things
done”,ratherthanamuinganabstracproblemover the phoneto “passtheball”.

For example,following a part change the packagingalsohadto be changedmakinga
new cutinto the cardboardandassemblinghe piecesso they would fit together A packag-
ing engineemwasableto usethe videolink to shaw, step-by-stephow to makethe cut and
assembl¢he pieceswhile the Dutchengineersepeatecachstep.In half anhour, a problem
whichwouldhave requiredatrip wassolved. Theengineersvereenthusiasti@aboutthevideo
link, sayingthatit hadbeenparticularlyusefulto do eachstepof theassemblyat both sites,
watchingeachother’sactions.

Showa solution: A designengineerdemonstratethe correctway of doingsomethingon
the shopfloor. The video link allows the engineergo go througheachstepof the process,
performingit simultaneouslat both sitesto ensurethat everyoneunderstandshe solution
andits consequence3hevideolink is muchfasterandmoredirect; allowing participantsat
bothsitesto seethesolution,whichincreasegonfidencen thesolutionandtrustbetweerthe
two sites.

For example amanufacturingngineeshavedaprogrammem Englandasoftwarebug by
pointingthe cameraat the displayandkeyboardof the productsothatthe programmercould
seewhatwasgoingwrong. The programmetold the manufacturingengineemhich keys to
pressandthey found anotherrelatedbug. The problemmight have beendescribedver the
telephoneput the manufacturingengineerfelt that the programmemwas skepticalaboutthe
bug andassumedhe manufacturingengineemwasdoing somethingwrong. Using the video
link allowedhim to actuallyseethe problemandtry thingsout; it alsoallowed him to locate
thebug precisely

Coopentive problem-solvingA problemis shovn andengineersat both endsof the link
brainstormsolutions,discussdeas,point at causesandtry out experimentson the machine.
Unlike a standardrzideoconferencehe participantgarelylook ateachother’s facesandcon-
centrateon thetechnicalproblemto be solved.

For example,the paperfeedmechanisnworkedwell on the prototypeshut did not work
reliably on the units comingoff the manufacturindine. Althoughit seemedo be amanufac-
turing problem,the manufacturingengineersvereinterestedn suggestionérom the design-
ers.Six Dutch engineershaved the problemto threeEnglishengineersywho wereableto
brainstormandtestvarioussolutions.Becausgherewasonly onesetof headphoneen the
shopfloor, the Dutch engineergassedaroundthe miniaturecamerato shav thingsand|let
onepersorhandlethe audiocommunicatiorto England.
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Themanagemennadea cost/benefievaluationof effectivenesof thelink andconcluded
thatthe systemwasusefulfor solving problemson the shopfloor andthatthe link saved at
leasttwo trips duringthe courseof the experiment.They werenothappywith the unreliability
of thelink, but said,“whenit worksandis usedfor theright applicationjt is a very powerful
tool”.

3.5.3 Configuration ManagementLink

Thesecondnediaspacdink wasinstalledbetweerntwo planneranalystsjocatedin England
andthe NetherlandsThe planneranalystswvereresponsabléor configurationmanagement,
including trackingdesignchangesevaluatingthe costof partsandchangesndmaintaining
the inventory of the thousand®f partswhich makeup a productactingasa bottleneckfor
all designchangesThey registeredeachchange gvaluatedthe costand submittedthemto
the weekly Changeand Control Board (CCB), held at the videoconferencéacility. Senior
managemergt both siteswould review andapprore changerequestsbasedon cost,timing,
quality and technicalissues.The planneranalystsspenta greatdeal of time on the phone
(10—-30callsperday)andmanage®0-50changeequestperweek.

We installed an Office Sharetype of link with a continuousvideo connection,active
throughoutthe day Becausea continuously-gailableISDN line would have beentoo ex-
pensve, we usedthe corporateT CP-IP network, using existing 128 Kb/s leasedlines. We
installeda Videopixvideodigitizing boardon eachof their Sunworkstationsusingtwo soft-
warepackagesvfctool which camewith theVideopixboard,andIVS, a publicdomainsoft-
waredevelopedat INRIA (Figure3.15).

Vfctool grabbedramesfrom a video digitizing boardsharedover a LAN, without com-
pression.With the networktraffic betweenthe Netherlandsand England,it took up to six
minutesto updatean imagewith a size of 320x 240 pixels and 8 gray levels. IVS [Tur93
wasdesignedo supportvideo andaudioconferencesver the Internetand achieved higher
refreshratesby compressingheimagesaccordingo theH.261standardIVS transmitedhe
compressediatastreamover an IP networkusing the User DatagramProtocol (UDP) and
took about20 to 30 Kb/s of bandwidth.We usedQCIF images(176x 144 pixels)with eight
gray levels andobtaineda refreshrateof oneframeevery two to four secondsaccordingto
networktraffic. IVS wasvery robustto packetlossandnetworkoverload;the only problem
wasthatsometimeshevideowindow wascloseddown. However the softwarenever crashed
andtheusercouldrestorethelink with a coupleof mouseclicks.

Thelink to supportconfiguratiormanagementanfor afull six days,spreadver a period
of aboutonemonth.We spentseveral hoursobservinguserswhile thelink wasup andinter-
viewedthemperiodically We abandoned/fctool, becauseherefreshratewastoo slow and
it wasunreliableasa sourceof information.Althoughthey enjoyedputtingup messagesuch
as“Good morning”, “I'll be backat 3pm” or “I amon holidaytoday”, the planneranalysts
werefrustratedthat the imagewasusually out-of-dateandthat the personin theimagewas
often no longerthere.We switchedto 1VS, with a smallervideo window andlower image
resolution,but a muchhigherrefreshrate. The planneranalystsregularly checkecdthe IVS
imagebeforecalling eachother (at leastten times per day). They particularly enjoyedthe
Office Shareon Mondaynights,whenthey would oftenwork until midnightpreparingor the
ChangeandControl Boardmeetingthe next morning.They saidthatthelink providedthem
with “remote solidarity”, encouraginghemto drink coffee togetherandkeepworking until
they weredone.Another moresubtleaspectwashow they communicatedhatthey did not



MEDIA SFACES 77

son w S [y et

microphone | Lindow phones
England D[ —13) Buitin

vid J speakers

ideo

camera Ethernet

Corporate
TCP/IP network

L FlM
the
Netherlands H:I—>|_:|D

Sun sparkstation
& VideoPix board

Figure3.15 Office Sharebetweerplanneranalystdocatedin Englandandthe Netherlands

wantto bedisturbedpy explicitly holdingthe phone actively workingthrougha large pile of
papersor by maving out of the rangeof the cameraTheir informal waysof communicating
wereencodedinddecodedvith no effort or attention;in mostof thecaseghey wereunavare
thatthey werecommunicatingln onecase aplanneranalystsaid:“Y esterday sav youwere
talkingwith ...”, but waslaterunableto remembethathehadseernthepersorvia the Office
Share Otherpeoplein the building alsousedthe Office Share Passersbyvould wave atthe
remoteplanneranalystandsometimesisedit to find someoner talk to someonattheother
site.Peopleadaptecdasilyto thelink; afteraninitial periodof self-consciousneskey quickly
forgotaboutthe cameraandrespondedo the otherperson.

3.6 ETHICAL ISSUES

Videois avery powerful medium,perhapgoo powerful. Oneof the biggestissueds privacy:
how do we balancethe benefitsof a relatively openmediaspacewith individuals’ needsfor
privag/? Privag issuesare multi-dimensionabindare greatly affectedby the culture of the
organizationin which the mediaspaceis placedandthe purposedor which it wascreated.
Gaver[Gav92a]identifiesfour issueghatmustbedisentangledvhenthinking aboutprivagy:

¢ Contmol: Userswantto controlwho canseeor hearthematary time.

¢ KnowledgeUserswantto know whensomebodys in factseeingor hearingthem.

¢ Intention: Userswantto know whattheintentionof the connectionis.

¢ Intrusions:Userswantto avoid connectionsghatdisturbtheirwork.

Fishetal [Fis93 point out thatthe tradeof betweenprivag/ andfunctionality involvesa
conflictbetweerthedesirabilityof controlandknowledgeandtheintrusionimplied by activ-

ities neededo maintainthem.Explicitly acknavledgingevery connectionprovidescontrol,
but the requestgshemseles would be intrusive. Similarly, if every glanceresultsin seeing
someones faceon themonitor, it demandsomesortof socialresponsandmaywell disrupt
previously-existing connectionslf useramustspecifyandbeinformedof the exactintention



78 MACKAY

of every connectionthe mediaspaces no longerlightweightandis boggeddown with con-
tinuousdemandsdor the users attention.The challengeis to provide userswith controland
notification,but in alightweightandunobtrusve way.

Sinceprivag issuesare affectedby the social contect in which the mediaspaceis em-
beddedijt is not possibleto simply createan “ideal technology”thatis appropriatdn every
setting.The Xerox PARC Media Space RAVE andWAVE mediaspacesvorkedwithin an
atmospheref trust becausehe participantsknew eachotherandworkedtogether From a
managemerperspectie, it wasalsovery importantto enforcethe ideathat“turning off the
mediaspace’wasacceptabl®ehaior; allowing peopleatall levelsof theorganizatiorto feel
comfortable(Contrasthisto the experience®f usersof thevideoconferencingystemin the
WAVE study in which high-level managersverevery satisfiedwith the systemput everyone
elsefound it to be disruptive.) Larger mediaspacessuchas Kasmer,have had someprob-
lems,whenpeoplesuddenlyfoundthemseles beingglancedat by peoplethey don’t know.
Web-basednediaspacesuchas Mediascapéave world-wide reach,with correspondingly
lower levelsof trustamongthe usersandrequiregreatetdevelsof privagy protection.

The organizationghat createdthe mediaspacesn this chaptereachdevelopedtheir own
safguardsto privag/, makingjudgmentsabouthow to balanceprivagy concernswhile still
makingthe mediaspaceworthwhile.In Cruiser[Roo8§, all connectionhadto be symmetri-
cal; suchthathearingor seeingsomeonemplied thatthatpersoncould alsoseeor hearyou.
The Media Space[Bly93] took the oppositeextreme;all video connectionsverefully open
with bothaudioandvideolinks. This workedwell whenthe mediaspacenvolved close-knit
membersof a small work group, but erodedwhen othersfrom other partsof the organiza-
tion joined the mediaspaceandwere seento be “voyeurs”.RAVE wasbasedon the notion
of servicessuchasGlance,in which the users intentionwasincorporatednto the service.
Usersdecidedin adwancewho had permissionto glanceat them; letting themavoid giving
permissioneachtime. RAVE specifiedaccesdevels per personwhich wererarely updated
over time, whereasCAVECAT usedthe door metaphorto establishdynamicaccesdevels,
but did not distinguishwho requestedvhich type of accessMediascapeombinesthe two
modelsuserscancustomizeaccessightsaccordingo thecurrentstateof thedooraswell as
theorigin of thecall. Thisis especiallyimportantsinceMediascapés accessibléhroughthe
World Wide Web.

Media spacedesignerseedto explicitly considera setof ethicalissueswhen handling
video[Mac95l. Peopleshouldbe informedof the presencef live cameras(Unfortunately
mostof usarelargely unavareof the myriad securitycameraghatcaptureandrecordvideo
of us every time we usea bankteller, shopin a storeor even walk down the street.Such
usesof video increaseour insecuritywhen contemplatingnediaspaces. At EuroFARC, a
mannequirwith a signaroundhis neckwasa light-heartedwvay of letting peopleknow they
werein the rangeof the camerasDisplayingthe cameras imageon an adjacentmonitor is
alsoeffective. Peopleshouldbeableto easilydetectwhena cameras left onall thetime, such
asin commonsareasPeopleshouldbe ableto figure outwhenthey areon cameraandhave
theopportunityto avoid it by moving out of range Recordingvideois especiallyproblematic,
sincevideo takenout of context canbe usedin waysthat may causeviewersto completely
misinterpretwhathappenedPeopleshouldknow whenvideois beingrecordedandbegiven
the opportunityto stop.Oncerecordedpeopleshouldhave the ability to view the recorded
materialandconsento ary furtheruseof the material by giving theirinformedconsent.
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3.7 CONCLUSION

Distributedvideois nota single,unitary phenomenothatcanunderstoogimply at thelevel
of thetechnologyit incorporatesWhatis importantis thewayin which thevideo (andasso-
ciatedtechnologiespresetup andusedwithin a socialsetting.Mediaspaceswith theirem-
phasison informal andopen-endeéswell asformal communicationareanimportantnew
approachfor supportingdistributed cooperatie work groups.Media spacedesigneramust
considerthe contet in which their technologywill be usedandensurethat usescaneasily
adapthemto meetthe specificneedf theirusersMediaspacesrestill in theirinfangy with
muchresearcho be done.However, asvideocostscontinueto dropandasthe Webbecomes
ubiquitous,mediaspacegpromiseto provide an effective meansfor supportingdistributed,
collaboratve work.
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