Does text-based virtual space influence collaboration?P. Dillenbourg1, L. Montandon2 and D. Traum31TECFA, School of Education and Psychology, University of Geneva, Route de Drize 9, 1227Carouge Switzerland. Phone +41 (22) 705.96.93. Pierre.DIllenbourg@tecfa.unihe.ch2lydia.montandon@tecfa.unige.ch3UMIACS, A. V. Williams Building, University of Maryland, College Park, MD 20742 USAPhone: +1 (301) 405-1139Abstract This contribution reports the results of two experiments in MOO environments. MOO are text-based virtual realities. In some sense, they are more ’virtual’ than 3D graphical systems since the user doesnot see rooms, objects or characters but only verbal descriptions of them. One may hence wonder whetherthe spatial metaphor of MOOs does impact on the users behavior. The first study reveals that users modifytheir communication behavior when they meet their partner in a virtual room: the change communicationverb, acknowledge more often and more quickly their partner message. Suprisingly, despite thissensitivity to virtual co-presence, the subjects do not often explicitly coordinate their movements. Thesecond study indicates that the rarity of explicit acts of spatial coordination is (at least partly) explained bythe fact that the MOO automatically provides spatial information through side-messages. We conclude thatthe spatial metaphors in MOOs does impact on users behavior, but that space is here perceived as a socialconcept rather than a physical or geographical concept.1. IntroductionMUDs and MOOs (Curtis, 1993) are often described as text-based virtual realities. The users are located in avirtual space consisting of various rooms. They can move from one room to another, talk together inside a sameroom or across different rooms. The rooms, the objects in these rooms and the other users in the environment aredescribed to users with short pieces of text, which are usually pre-stored. A MUD is basically a chat box (multi-user synchronous written communication) enriched with a spatial metaphor and the possibility to interact withobjects. Moreover, objects maintain state which can persist from session to session, allowing extendedcollaboration. MOOs are a kind of MUD with an object-oriented programming language, allowing greaterflexibility for customizing part sof the environment.In some sense, MOOs are more ’virtual’ than 3-D virtual realities in which rooms, objects and users aregraphically represented, such as DIVE (Hagsand, 1996) since the user perception of space and objects rely on hisor her mental imagery. Usually the scene is very briefly described and the envisioning process relies heavily onnaming the rooms by analogy with familiar spaces (offices, bars, meeting rooms, ...). At the opposite, inexperiments on 3-D virtual realities (Witmer et al, 1996) revealed very detailed perceptive issues arise such as theuser’s ability to resolve detail, the breadth of the field of view, the lack of proprioceptive feedback, and so forth.This need for high definition graphics raise high technical requirements and one may wonder whether such avisual realism is necessary. For instance, Matsubara et al (1997) discuss how the 3D modelling can besimplified by replacing small objects (switches in an electric power plant) out of visual focus by textures in orderto spare computing resources. This contribution addresses this issue under another angle: does a text-basedspatial metaphor significantly impacts on the user’s behavior.We address these two issues from a social perspective: to which extent do spatial positions impact oncommunication and how do users maintain mutual knowledge regarding their respective positions. We report twolaboratory studies in which pairs of users had to solve a well-defined task. These narrow scale studies enabled adetailed analysis of spatial coordination, as one aspect of the process of building a shared solution. Basically,spatial positions impact on the communication process through which partners elaborate a shared understandingof the task and its solution. Roschelle and Teasley (1995) defined collaboration by the process of elaborating andmaintaining a shared understanding of the solution. We use MOO environments as tools for observing theconstruction of shared knowledge in order to develop new computational accounts of collaborative processes(Dillenbourg, 1996).

1.1 The function of space in a MOO environmentIn the real world, the space impacts on our behavior in some functional ways (e.g. we cannot cross walls, wecannot see across a mountain, we cannot ski in a lift) and also by social uses (e.g. one should not sleep in one’soffice). A MOO environment reproduces some of these functional constraints (e.g. users must use doors to leavea room), but not all of them (e.g. tele-transportation is possible). We can express these functions with Clark andBrennan�s (1991) terminology:• Space controls access: Most commands can only be performed on the objects in the same room as the user(e.g. look, read, get, take, ...)• Space controls visibility: Objects and partners can only be viewed (i.e. described by a piece of text) if theyare in the same room; the action of another user is often only visible if (s)he is in the same room• Space controls audibility: What user-A can hear depends on where user-B is and which communicationcommand he uses. The command "Say hello" displays the "hello" message to all users in the same room,while the command "Page Kaspar hello" sends the message "hello" only to Kaspar, but wherever he is.Actually audibility is just a special case of visibility since messages are typed text.In other words, by its very design, a MOO imparts two functional aspects to space: because access to informationand visibility are space-bound, the spatial path reifies the information search process; and because visibility andaudibility are space-bound, space contributes to differentiate private and public conversations. In addition to thesefunctions, intrinsic to the design of standard MOOs, space can have task-specific functions. Typically, theimportance of space is different if two users have to write a text collaboratively in the MOO or if they have toescape collaboratively from a labyrinth. The tasks selected for the empirical studies presented here differ by theextent to which spatial aspects play a role in the solution process. The user�s behavior may be influenced by thevirtual space beyond these constraints. For instance, if two users prefer to discuss their work when they meet intheir virtual office while they would rather talk about their private lives when they meet in the virtual bar, thisdifference of behavior cannot be explained by the functional factors mentioned above, but only by the transfer ofsocial habits from the real world into the virtual environment. In this contribution, we measure the impact ofspace by detecting cases where space influences the users behavior beyond strict functionalnecessity.1.2 Types of spatial informationUsers maintain different types of spatial information which we characterize along two axes, its complexity andthe depth of mutuality.1.2.1 Complexity of spatial informationThe complexity of information is higher if the user maintains a representation of the global space versus hislocal space. The audibility functions only requires local space information: for instance, to choose between "say"and "page", one must simply know whether one�s partner is in the same room or not. It is not necessary to knowwhere he is in the global virtual space. Conversely, the other function of space, i.e. reifying the informationsearch process, requires knowing where one�s partner is exactly and who or which objects are located in the sameroom. This implies reasoning about topology and distances:• Topological reasoning. If the user knows that the upper corridor has 4 aligned rooms and that his partnerhas visited the three first ones, he will certainly expect the partner to visit the fourth room. Actually, thetopology is only partly determined by MOO information: knowing that a room has two exits does generallyindicate whether the adjacent rooms are located on the right or left or even above, etc. For instance, figure 1shows two maps collaboratively drawn by a pair of subjects visiting a sub-space of TecfaMOO. Both mapscorrespond to the description provided in the rooms (i.e. the number or exits and the connecting rooms, theposition of exits was not provided).• Reasoning on distance. The user may infer that his partner will take control of room-X since it is muchcloser to his partner’s current position than to his own position. Distances can be estimated as the number ofcommands necessary to move between two points (i.e. the number of intermediary rooms). The notion ofdistance is of course only meaningful if tele-transportation is not allowed.

As it is often the case, reasoning about space is not independent from reasoning about time. Regarding the globalspace, the user often has to memorize not only his partner’s current position but also the (recent) previouspositions. In terms of cognitive load we hence have three levels of complexity:1. current position (in same room/out)2. current global position (in room X)3. path described as a sequence (e.g. room X,Y,... ) or summarized by a direction (e.g. follow-corridor)

1.3necessities space, there are aspects due way people arecomfortable collaborating each aspecs have generaldue and interactional reasons rather necessity.performance where partner willkeep partners have preference for feeling co-presence whendetailed discussions does require presence separate Standard subtleyencourage this preference for virtual co-presence in the different styles of reporting of say and page messages.The first study was not designed specifically to address the issue of spatial coordination. The task was inscribed in(a process experimentsmainly aimed to study how a whiteboard supports mutual understanding (Dillenbourg & Traum, 1997). However,the data collected provide some very interesting information with respect to spatial aspects.been killed andthey have to find the killer. They walk in a virtual Auberge (a subspace of TecfaMOO) where they meet suspects,questions have done murder, and forth.Suspects are programmed robots. When exploring rooms, detectives also find various objects which help tohadcommunicate each standard MOOfacilities, the detectives each carry a special "detective’s notebook" which automatically records answers questions can merge exchange(which shared Whiteboard: usersdraw on the same page, can see and edit the objects drawn by their partner, but they do not see each other’s cursor.All actions in the MOO and in the whiteboard are recorded. The subjects are provided with a map auberge(see figure 2) printed on a paper emphasized however murder not9PM

The map of the "Auberge du Bout de Nappe", the space that subjects had to explore toWe ran the experiments with 18 pairs (Dillenbourg & Traum, 1997). The subject were at different levels of MOOexperience, ranging from novices to experts. The were used together partner.average identify murderer records anddialogues and ofwhiteboards are available WWW (http://tecfa.unige.ch/tecfa/tecfa-research/cscps/Experiments/key.html).We present here only some results which are relevant with respect to spatial aspects..

difference betweenprivate and case, there necessity differentiate and"page" commands. There could be a technical reason to do so, due to the syntax of these commands: typing "pagerespectively and Hence production for ’say’was identical. There is one other difference, still, between say and page -- reception messages."Page" produces two lines to the recepient - the message itself, and a header line saying where the pager is. It alsoproduces an automatic acknowledgement (as recipient connected), rather repeating actualmessage to the sender. Since using "say" creates the risk that the partner does not receive the message (he was notconsidering receipt ofmessages in these experiments would be to always use the "page" command. We observed case,for We do however observe very large varietytoalways wherever are. hand side figure are are more

0 %2 0 %4 0 %6 0 %8 0 %100%1 01 11 21 31 41 51 61 71 8P a i r s saypage. Average number of "say" and "page" commands used respectively in local talk (sameroom).say/page balance for eachdata, we see never used talk.The average percentage of their respective partners is 37%. At the opposite extreme, 6 subjects always use say forlocal talk, and the average percentage of their respective partners We interpret phenomena socialinfluence: one subject alwaysn/ever uses the verb ’say’ for local talk and influences his partner.related expertise. never used are MOOalways (98%-100%) were experienced Wealso computed a ’space sensitivity’ factor, which takes into account the cases where for distant (hence message received). computed commands performed when thesubjects were commands when detectives were different rooms,divided by the total number of messages. The average value for experienced MOO users is 75% for novices versus87% for more experienced users (F=4.39; df=1; N= 18, p=0.05). This relationship between andexpected good understanding MOOwould relevant case. Hence, ourexplanation frequent transfer acquire experience, where isrelevant.The conclusion is that for this experienced users, the choice of communicative verb beyond whichcould be explained by strictly functional criteria. observation element stream offactors which convince us of the salience of the spatial metaphor.

We coded all protocols and counted the rate of acknowledgment as the percentage of utterances answered the partner. Acknowledgment goes elementary back-channel messages (such elaboratedanswers, rephrasing, counter-arguments and average rate acknowledgment across situationsWe studied rate varies according (same When theacknowledge average utterances. When are sameacknowledge utterances. findings observed back channels are significantly absent from long distance conversation (page) versus co-present interactions (say).preceded side-message ("You sense fordetectives decide when haveand synthesize it.before toresume discussion.76.978.6who78.7r578.8r5who78.8r578.978.9UC79LC79.1who79.2

We do observe delay acknowledgment shorter when are room.Independently from the use of ’say’ or ’page’, the subjects answer to each after seconds when are inthe same versus 59 seconds when they are in different = df p= shorter delayindicate greater answers and/or tendency shorter answers (Thedelay includes the time necessary to type the answer because a message processed when user thereturn however case: average and messages identical(respectively 46.8 and 48.8 caracters per message). We may hence interpret shorter response delay greater are confirm observation thespace influences the users behavior beyond what is strictly functional.revealed we expected wouldmaintain knowledge about their respective positions. However, we do not observe many cases where subjectscurrent ("I "Where are dowhere partner rather knowledge There areprovides every page received, everyconsequence performed one’sprovided sufficient for second studyThe whiteboard indirectly provided information on the visited rooms. Most of the pairs put whiteboardcollected. structured forward infer where partner is partner’s could inferred reported partner indisplayed whiteboard.More elaborated inferences were shared through MOO dialogues, but these inferences do not necessarily matchused whiteboard directly for bothreproduced the provided auberge map on the screen. In one pair, the users pasted their initial ("S" for Sherlock,coordination very update graph every Positiondoes remain advantageously displayed persistentEach doubt whether partner updated Thisforwhiteboard fact Hercule visited remains There isnecessity here for subject to select a medium such as the persistence of information validity corresponds to thefuture ("I restaurant", "Where are coordination, detective can never sure whetheragreed (s)he These utterances distributed over thespace (suspects and are different where concrete way ofdiscussing collect We hence can interactions spatialcoordination. After observing the spatial behaviours in this study, we designed a second study order observesuccess second we controlled factors and and tested validity explanation mostinteresting because it can be generalized to other MOO environments, since they generally include typeHence, side-messages, would performTo control the second factor (the role of the whiteboard), we choose a standard MOO client, without a whiteboard.Besides this the experiments were run within the same thirdfactor, we selected implied finer coordination thisneed for coordination created are allowed task(trivia) question Each question located each clue available anotherquestions and, necessary, isIf do are each and losewas relatively low (see figure 5), hence the probability to meet accidentally was high.The experiment included based and theand questions and differed. were assigned "rich"condition, the subjects used a standard MOO. In the "poor" condition they used modified inmessages provided have been suppressed. richdo receive provided when richness related theside-message come every Moreover, condition extremely

Indigo (H)Green (Q)Red (Q+H)Purple (Q)Blue (H)Yellow (Q+H)BOX

LabyrinthLabyrinth

indicate where questions were located and H where hints were located). The labyrinthstructure is not represented here.conditions- order counterbalanceothercondition and condition balancing hence concerning thecondition and not the tasks, considered as equivalent). The subjects were familiar did it from a machine in our lab, while others were connected from elsewhere in the world, via the Internet. A feware notcounted here.found solved did noteither were identified were far thebetween and times.ResultsWe counted three types of explicit acts of spatial coordination:

EASC-current: Communication regarding the current position (e.g. "page castor I am in blue room" or "whereare you?")EASC-future:"where doyou go?")EASC-who:Using the �who� command (which indicates who is where).The third category differs from the previous ones with respect knowledge. If Heidi pages "Iaddition Heidi Kaspar where Iftype-1 or type-2 question followed by an answer was counted as one EASC. Table 2 gives the results:Condition "rich"EASC-currentEASC-futureEASC-whowe counted theper variance data, are presented withexpected EASC-current ’poor’condition’ (T(19)= EASC-future theconfirmed for EASC-currentand not for EACS-future is logical: the side-messages provided by the MOO convey information regarding currentfuture pooraccount,even perform fewer commands There redundancybetween EASC-current and EASC-who, which may explain perform EASC-current do notneed more EASC-who.On average, the pairs perform more EASC in the second task, probably because become familiar withthe task or the environment (T(19)=2.29, p<.05). However, we observe an interaction between the order effect andcondition effect. rich/poor difference for second for Ourinterpretation condition produceEASC, since they learned Hence, does decrease secondwere used receive spatialproduce are efficient avoiding donot coordinate action, they take Other for second ofConclusionsIf 3D-virtual spaces do not reproduce all the kinesthetic perception real space, provide andhowever, spacedescribed Boolean. One expect feeling oflower experienced wouldThestudy reveals modify behavior when partner virtualroom: they change their communication verb, acknowledge more and quickly partner message.However, despite co-presence, do coordinate theirmovements. The second study indicates rarity coordination partly)explained fact provides side-messages. Thefor years. ecological perspective, side-messages reflect adaptation theseThis study only covers one aspect of space, the social space, and ignores more aspects whichand effect ofco-presence. Other social space phenomena could be observed in more ecological experimental settings, involvingemergence difference behavior betweenrooms digged by the user and pre-existing rooms, etc.However, narrow study influence metaphor userstudy does answerarguments for defending metaphor generally transfer ofshaped development ourculture over thousands of years may give a feeling of familiarity, enable transfer and hencefacilitate However, cyberspace breaks real space, can basement and arrive directly third generate ofhyperspace has been documented empirical hypertexts we maywonder why the cyberspace should reproduce most of constraints material world beenwaiting thousands of years to escape from them.AcknowledgmentsThe first empirical study was funded by the Swiss National Science Foundation (grant We wouldGeneva and elsewhere participated toDaniel Schneider, Richard Godard, Patrick Mendelsohn and Andrew Wilson.Referencessituated behaviour back Internal Stanford University,Brennan (1991) Grounding Levine Teasley(Eds.), Perspectives Shared Americaninteractive learning(1996) Grounding computer-supported collaborative FNRS#11-40711.94 research report. (soon on http://tecfa.unige.ch)workshopHagsand, (1996) Interactive DIVE IEEE Multimedia Magazine, 3,(1997) learning for discoveryTransactions Information and Systems,Montandon, (1996) Etude des m�canismes de coordination dans environnement deM�moire de d’Etudes Sup�rieures Sciences Technologies dede des Sciences de l’Education,Universit� de Gen�ve.knowledge collaborative InComputer-Supported Learning. Berlin: Springer-Verlag(1994) metaphor considered International ofWitmer, B.G., Bailey, J.H., Knerr, B.W and Parsons, K.C (1996) Virtual spaces and real world places: transfer of