Roseman and GreenbergPage 1 of 10Registration for Real-Time GroupwareMark RosemanSaul GreenbergIntegrated Systems Applications Corp.Department of Computer ScienceSuite 835, 10040 — 104 StreetUniversity of CalgaryEdmonton, Alberta, Canada T5J 0Z2Calgary, Alberta, Canada T2N 1N4(403) 420-8081 roseman@edm.isac.ca(403) 220-6015 saul@cpsc.ucalgary.caABSTRACTThis paper examines the groupware registration problems,both social and technical, that occur as users select theirtools and the others who will share them. We argue thatusers require far better and more flexible registration thanis provided in today�s systems. From our examination ofusers� needs we derive a set of requirements for groupwareregistration tools. We present a general registrationarchitecture for creating different registration scenarios, andillustrate a number of the scenarios that we have created.KEYWORDSreal-time groupware, registration, pre-meeting process,flexibility, toolkits, architecturesINTRODUCTIONCollaborations exist well beyond the boundaries supportedby today�s real-time groupware systems. In this paper, weaddress one of the many activities peripheral to the maingroupware task, groupware registration. Registration isthe process by which users of groupware select the toolsand other users they want to work with. All real-timegroupware therefore supports some form of registration.But is the level of support sufficient to satisfy the needsof groupware users? We would argue that it is not.Our concern with registration has evolved out of work onour groupware toolkit, GroupKit [18]. A main goal hasbeen to help developers build groupware applicationsflexible enough to accommodate the varying workingstyles of end user groups. Registration is one area that ishighly sensitive to such variations. Though difficultenough for a single group using a single application, inour toolkit we need to provide good registration supportfor many groups across many applications.This paper discusses the issues and problems that arisewhen building a system to support registration in general,not just for a particular group or system. A generalregistration system therefore allows constructing specificsystems to suit different registration styles or scenarios.Though our motivation to study general registrationcomes from building a toolkit, this discussion will benefitdevelopers of individual applications. After all, even asingle application can be used by different groups and indifferent ways, and so may need to deal with multiplestyles of registration.The paper opens by investigating registration inside thepre-meeting process. We look at some related work onregistration issues, and build the case that registrationmust be flexible enough to suit the social and workcontext of users. From there, we distill a set ofrequirements for a general groupware registration system.These requirements lead on to a discussion of the generalregistration architecture we have built into GroupKit. Wethen provide a number of examples of specific systems,built using this architecture, that were designed forparticular registration scenarios. The paper concludes byraising a number of issues which need to be addressed tofurther refine our general registration architecture.THE PRE-MEETING PROCESSGroupware should support rather than disrupt existingsocial processes [9]. Consequently, software-basedregistration systems must consider the real life processesthat people follow when getting together for a meeting.This section reviews the human factors in the pre-meetingprocess: what groups do when setting up meetings; howcontact between group members is made or, in the case ofongoing work, re-established; and the inter-personalnuances that occur when people actually meet. Later, wewill abstract these factors as a set of requirements forregistration design in groupware.Bostrom et. al. [1] see the meeting as a process that cyclesthrough three phases: pre-meeting setup, during-meetingactivities, and post-meeting teardown (which could leadinto the next meeting). It is the pre-meeting phase that isrelevant to registration, and the variety of activitiesoccurring here are identified by Dubs and Hayne [7].1. Setting goals:¥review previous meetings to understand the status ofthe on-going process;

Roseman and GreenbergPage 2 of 10¥describe meeting goals that establish a purpose tothe meeting.2. Getting participants:¥develop roster of appropriate potential attendees;¥inform participants of the meeting.3. Collecting materials:¥develop and gather necessary documents;¥select and book equipment, such as presentationtools or process aids.Points 2 and 3 together can be considered the key parts ofan active registration process. Lists of people, equipment,tools, and documents are made; it is active becauseregistration gathers the items together for the actualmeeting.The model above primarily addresses the planned meeting.As elegantly stated elsewhere, many meetings are quiteinformal and even spontaneous, the result of chance andone-person initiated encounters [10]. Cockburn andGreenberg [3] summarize two key factors that affects theways people and groups get together in these situations.First, people must get in touch with the people they areinterested in. They require a sense of who is around andhow they can be reached, how particular people can befound, the social status of others as well as theirwillingness to be disturbed or interrupted. The secondfactor is that people need to choose appropriatecommunications channels. This is strongly influenced bythe task at hand, what channels and tools are available toparticipants and what affordances they offer, the intendedtime period of interaction, the inertia involved inswitching to a better communication channel, and howconversations can migrate across time and spaceboundaries. While people transparently handle thesematters as part of normal social conventions, Cockburnand Greenberg argue that technology which is insensitiveto these concerns often creates barriers that hinder or blockour natural processes for handling them.Louie, Mantei and Sellen [11] also present a model ofcommunication activity that occurs when one personmeets with another. Before a meeting begins, one findsparticipants in the pre-communication phase, attracts theirattention in the attention phase, and then uses the greetingphase as a ritual for negotiating how communication willproceed. The main meetings communication occurs in themaintenance phase, followed by a highly structuredagreement to end the session through a closing phase. Thefinal fade-out ends the communication, and as the nameimplies, is rarely abrupt.Is it worth pursuing a model for a �standard� pre-meetingprocedure? While he doesn�t address meeting phasesexplicitly, Grudin [9] argues that work processes can bedescribed as �... the way things are supposed to work, andthe way they do work.� He highlights that fundamentalcomponents of most people�s work activities are error andexception handling, personal improvisation to fitcontextual considerations, shortcutting and modifyingstandard procedures. As both Suchman [22] and Grudinhave pointed out, procedures are often post hocrationalizations of ad hoc activities. In this light, we seethe registration process as a highly variable and dynamicset of activities, influenced by personal desires, inter-personal relationships, and the situation at hand.Registration is a very important part of the pre-meetingprocess, for it captures the essence of how people and theirartifacts are brought together. Because groupware users areseparated by distance, it is exactly this part of the pre-meeting process that must be handled by groupware. If thetechnology does not support a realistic registrationprocess, then the entire meeting can be disrupted. Toillustrate, consider any of the following pre-meetingsituations. While laughable from a human point of view,poorly designed registration technology could make thesevery real in groupware. ¥Strategic, highly political meetings of a large companyare operated under an open door policy whereabsolutely any person could walk in and participate. ¥A �town hall� meeting keeps its participants hidden, sono one really knows who is present. ¥Casual hallway conversations cannot occur unless theyare �authorized� by a company administrator. ¥A pre-meeting process demands that people answernumerous questions, fill out long forms, andexhaustively state all meeting needs before they areactually allowed to get together.In real life, collaborations take place within a variety ofsocial and work contexts, highly dependent on the groupand its situation. The registration process, whereby thesecollaborations are formed or reestablished, is verysensitive to these variations, and an inappropriate contextcan impede or disrupt the resulting collaboration. To copewith this, the real-life registration process is necessarilydiverse, and accommodating to the situation at hand.WHAT REGISTRATION MUST PROVIDE TOGROUPWARE USERSWe now turn our attention to how people�s registrationneeds can be supported in groupware. Because of theinherent variability of the pre-meeting process, we firmlybelieve that registration must be tailored to the group, itsneeds, and its particular situation. Thus our view is notof a single registration process, but of one offering aspectrum of capabilities � perhaps through a suite oftools � that users can choose from.This section describes the capabilities that a generalgroupware registration architecture should provide itsusers. The first point below addresses the fundamental roleof registration. The second considers the informationpeople generally need to support their own social roles inthe registration process. The remaining points consider thenuances of how registration systems are matched topeople, their working contexts, and the actual groupwareapplications.

Roseman and GreenbergPage 3 of 10Support registration of both people and their artifacts.Two key activities of the pre-meeting phase are selectingand collecting participants, equipment and meetingartifacts. In groupware, �collecting participants� involveshelping people find who is available and what meetingsthey can join, and to establish appropriate communicationchannels between them. The �equipment� is the groupwareapplications people use, while the �artifacts� are usuallythe documents and other items manipulated through theapplication programs.Support the distribution and access of registrationinformation. Registration is not just a technical process ofconnecting software, but part of a rich social activity. Forpeople to fill their personal roles and make registrationdecisions, they require cues about their environment.These cues include such things as who is around, theircurrent activities, and whether or not they can beinterrupted. This information should be accessiblethrough the system in a variety of ways, and itsdistribution � depending on the context � may becontrolled or limited by the group (e.g. issues of privacyor secrecy). The information should help participantsanswer a host of questions particular to their pre-meetingneeds.Support a spectrum of group involvement in registrationdecisions. Different situations demand different amountsof group involvement in registration. The issue of whocan join an existing group may be decided in a number ofways: a single group member such as a facilitator maydecide, the group as a whole may vote, come to aconsensus decision, or even ignore the issue entirely, byletting all newcomers join. For informal interaction,control over accessibility, privacy and interruptability isthe issue. Groupware registration should give groups themeans to make their own registration decisions.Support users� individual needs for registration. Peoplemay have different roles and preferences in meetings.Registration can acknowledge this �individual context� byhaving providing components tailored to the needs of itsparticipants. Differences may be relatively cosmetic, suchas the same registration policy presented with a differentinterface style. Perhaps the components vary the detail ofinformation presented to match what a participant wantsto know. Deep differences occur when people assume roleswith special capabilities, such as when one person holdscontrol over who can actually join a meeting.The same registration style should be usable with differentgroupware tools. Registration sets the tone and context inwhich people gather and tools are used. Severalgroupware applications often exist within this samecontext. As we do with real world counterparts, weshould be able to use the same registration policies andconventions to access a wide variety of meeting tools suchas whiteboards and flip charts. Allowing the use of thesame registration style across groupware applications alsomakes it easier for users to leverage their knowledge whenlearning new tools.Different registration styles should be usable with thesame groupware tool. Conversely, the same groupwaretool can be used in a variety of ways, such as a drawingtool being used for brainstorming, engineering designs,leaving notes for people, or more frivolous pursuits. Eachof these suggests a different usage context for the tool, anda different way of gathering people together to use it. Aswe have argued, different registration styles can either aidor hinder the effective use of a tool in a given context.People should be able to access tools with the appropriateregistration style.Support dynamic registration, so that people and artifactscan be added or removed at any time. In real life, peopleenter meetings at quite different times. For stereotypicalstructured meetings, we imagine that the list ofparticipants and resources is known ahead of time, and allattendees arrive on time and leave when the meeting isformally closed. In practice, people drop in uninvited (butmay be welcome anyway), arrive late, and leave early. Ininformal interaction, the �list� of attendees is defined bythe actual encounter. Artifacts can be brought in at variousstages of the meeting. Registration schemes must beflexible enough to allow people to enter meetings, andbring in new resources, at any time. As a result,registration is actually an on-going process, continuingfrom the pre-meeting setup to the during-meetingactivities and post-meeting teardown.REGISTRATION IN CURRENT SYSTEMSThis section briefly reviews the state of registration intoday�s groupware applications. To date, most groupwarehas focused on supporting the group�s needs only withinthe confines of an established groupware session.Registration, though necessary to establish these sessions,has played a minor part in today�s systems, providingonly the minimal capabilities needed to createcommunications channels. Registration has generally notreceived the attention we argue it deserves. Still, severalgood examples do exist, particularly for specificregistration scenarios. By surveying implementationswithin the context of the previous requirements, we canidentify common strategies, suggesting reasons why somework, and why others fail.At the CompCon conference in the late 1960�s, DougEngelbart revolutionized people�s conceptions ofcomputers when he presented his Augment system [8].One of its capabilities was shared view conferencing, andduring his presentation we saw him initialize the sessionby asking his partner (over a voice/video link) thephysical number of his terminal. Registration was the actof supplying the magic number to the system. Twenty-five years later, many systems still provide only the mostrudimentary support for registration and connectivitybetween groupware users. Instead of terminal numbers,systems now often require users to identify groupwaresessions by low-level addressing such as the Internet hostname and TCP/IP port number. An example is NCSA�sCollage illustrated in Figure 1 [12]. Slightly higher level

Roseman and GreenbergPage 4 of 10

Figure 1. Registration in Collage. point-to-point call impromptu hallway meeting architecture design review classroom panel discussion seminar lecture pay-per-view TV broadcastmore coordinationmore rigidmore overheadsmaller sessionsmore staticless coordinationfewer policiesless overheadlarger sessionsmore dynamicFigure 2. Usage scenarios investigated in mmusic.Reproduced from Schooler and Weinrib [21].are services where one supplies their partner�s userid andhost name. For example, the Unix text-based chat facilityis initiated with the commandtalk <userid>@<machine name>.Low level registration fails to pass many of the criterialisted above. It is inflexible, and the information requiredby the system may not be readily available to the user.Some systems do not allow latecomers to sessions,insisting instead that all users are identified at startup, e.g.versions of Rendezvous [16] and MMConf [4]. Thisrestriction greatly simplifies the construction of systems.Designers do not have to worry about the mechanism forbringing the displays of new users up to date, andhandling of communication links is easier. However, thisrestriction is at odds with the way people actually joinmeetings.This is not to say that all systems that are simple toimplement are inappropriate or unusable. For example,common rendezvous points allow users to register simplyby establishing a communication connection to a centrallocation. To illustrate, users of text-based Multi-UserDungeon (MUD) systems join an on-going chat and gamesession by connecting to a well-known Internet address viatelnet [5]. The prevailing policy of any user being allowedto enter the MUD is compatible with their essentiallyrecreational nature. The connection interface isstraightforward and understandable to MUD users, and theaddress of the particular MUD site reasonably easy to notedown; registration works well for the context it aims tosupport.There are two classes of systems where registration hasbeen reasonably successful, by designing it to supportparticular styles of meetings. First are systems thatsupport casual interaction. These are usually centeredaround a media space of some sort (e.g. Cruiser [17],Cavecat [11], Portholes [6]) but can also rely on moreconventional technologies (e.g. Telefreek [3]). Thesesystems are highly tuned to the social contexts in whichthey are embedded, taking into account privacy, awarenessof other users and their activities, and preserving the socialcues people use when collaborating. Some systemsleverage people�s conceptual models of casual interactionby providing a variety of registration metaphors e.g.person-centered, space-centered, and time-centered [11].Facilitated group support systems are the second class ofsystems fitted to a particular meeting style [13]. Becausethey are designed for executives who do not have time todeal with the quirks of technology, registration ismoderated by a trained facilitator who performs much ofthe clerical duties for the pre-meeting setup. As withcasual interaction, the scheme works well for a particularmeeting style but does not necessarily generalize toothers.The one initiative that we are aware of that seriouslyconsiders general registration (rather than particular stylessuch as casual interaction support or facilitated groupsupport systems) is the �mmusic� working group of theInternet Engineering Task Force. Their goal is to producea �multiparty multimedia session control� protocol thatwill provide registration support to Internet-basedgroupware and multimedia conferencing tools [20, 21].The protocol is being designed to acknowledge thevariability inherent in registration styles and overallsession policy. Issues covered include late joiners, floorcontrol, interaction style, and mechanisms to negotiateand change session policies. What is interesting is thatthey are using a range of meeting and communicationscenarios to elicit the variability of registration styles, asillustrated in Figure 2.In summary, there has been scattered success indeveloping context-specific registration mechanisms.Notions of general registration are still in very earlystages.

Roseman and GreenbergPage 5 of 10George’s WorkstationAny WorkstationGeorgeMaryMary’s WorkstationRegistrarClient XRegistrarClient XRegistrarApplication AApplication AApplication BApplication BFigure 3. Basic run-time architecture of GroupKit.A REGISTRATION ARCHITECTUREWe have built a groupware toolkit called GroupKit toprovide developers with an infrastructure for implementingreal-time groupware systems [18]. One of our keyconcerns was how to design GroupKit�s architecture tocope with the diverse registration schemes required bygroupware developers, ultimately driven by the needs oftheir users. The architecture has proven successful, both inletting us build a variety of registration prototypes, and inproviding a better understanding of general registration.This section begins with a snapshot of GroupKit�sregistration architecture and its features. The power of thisarchitecture is then demonstrated by illustrating a broadrange of prototype registration systems we haveconstructed with it.Features of the Registration ArchitectureA brief overview of GroupKit�s run-time architecture isnecessary to understand how registration is handled.Further details are found in Roseman and Greenberg [18].GroupKit user sessions consist of a number of mostlyreplicated processes arranged across a number of machines.All processes maintain communication facilities necessaryfor exchanging messages with each other. Figure 3illustrates an example of the processes running when twopeople (George and Mary) are communicating to eachother through two groupware applications ’A’ and ’B’(perhaps a group sketchpad and editor). Processes arerepresented by ovals, and the lines joining them indicatecommunication paths. Each person would see windowsrepresenting each application on their screen. They alsohave a window representing their Registrar Clients � theinterface and policy supplier of their registration system.The actual components work as follows. The centralRegistrar maintains a list of all the conferences active onthe system and a list of all the conference users. TheRegistrar itself does not decide how conferences are createdor deleted nor on how users join or leave conferences. TheRegistrar Client (one per user) allows users to create,delete, join or leave conferences. It interacts with otherRegistrar Clients through the central list provided by theRegistrar. The Registrar Client provides both a userinterface as well as a policy dictating how conferences arecreated or deleted and how users are to enter and leaveconferences. Different Registrar Clients can be created tosuit different registration needs. Finally, the replicatedconference application is the actual shared applicationbuilt using GroupKit, and is separate from the registrationsystem.The important architectural features of the registrationcomponents are described below. These features, as well asthe examples later on, will indicate how GroupKit cansatisfy our registration requirements.Decouple Applications from Registration. A key feature ofour architecture is that the specific groupware applicationsare decoupled from the registration process itself (theRegistrar Clients). Different groups can use differentRegistrar Clients and thus different registration policies.Participants within a single session can also have theirown special Clients (that coordinate their policy with theother Clients in that session). Decoupling explicitlyacknowledges that no one registration scheme can dealwith all the registration needs its users may have, and thatregistration need not be tied to a particular application.This allows us to build, use, and substitute a wide varietyof registration schemes with a single groupwareapplication, and also to use the same scheme withdifferent applications. It achieves the flexibility necessaryto combine registration systems and applications based onusers needs, not technological restrictions. An additionaland important benefit is that writing application code isgreatly simplified, since the registration component ishandled separately.Standardize Communication Mechanisms BetweenApplication and Registration System. Despite beingdecoupled, the application and registration componentsmust communicate so that, for example, the applicationknows when a new user enters the group. Remember thatapplications do not know details of the particularregistration system they are attached to (and vice versa).Thus managing the various combinations of registrationsystems and applications requires a standardcommunication protocol based on registration primitives.This makes it easy to intermix the different components.In GroupKit, we define two messages or events that aresent from the registration system to the application. Thefirst instructs the application to add a new user to thegroupware session, with a special instruction to one of thereplicated applications to update the new arrival. Thesecond message instructs the application to remove a userfrom the session. Though the way in which these twoevents are generated varies with the registration module,the applications need only be concerned with handlingthese specific events.

Roseman and GreenbergPage 6 of 10

Figure 4. Open registration interface.

Figure 5. Dialog to start up new application.Minimize Information Sent to Application. In order toprovide the high interoperability between quite differentregistration and application systems, we have tried to keepto a minimum the amount of critical informationcommunicated about the meeting and its participants. Thisgreatly simplifies the construction of both applicationsand registration systems, at the cost of neglectinginformation that particular applications could want. Tocompensate, the registration system can augment therequired information sent to the application, andapplications may choose to take advantage of thisinformation if present. However, any extra informationprovided by the registration system must be viewed assupplementary by the applications, and applications mustbe able to work with only the minimal requiredinformation. We see this as a reasonable trade-off betweeninter-operability and the potential for richer systems.Support a Multiplicity of Behaviors and Interfaces ThroughOpen Protocols. One of the key architectural features ofGroupKit�s registration scheme is the ability to specify avery wide variety of behaviors, policies and interfaceswithin a single system. A single Registrar can support anumber of different Registrar Clients, each behaving quitedifferently. The result is that different users may havequite different registration tools, even within the samemeeting. The system relies on a technique called �openprotocols,� which we have described in detail elsewhere[19]. Briefly, open protocols provide us with the ability todefine some very sophisticated sets of behavior based onprimitive manipulations of the Registrar�s information.The same Registrar can provide service for a number ofdifferently behaved Registrar Clients, and these Clientscan even interact with each other through the Registrar.Example Registration SchemesThis section illustrates several registration schemes wehave designed. We are not recommending these examplesas a list of optimal registration methods � while someare in use, most are prototypes and have not undergoneany user testing. Instead, our goals are to illustrate thediversity of registration schemes that can be implementedwith GroupKit, to better understand the design andimplementation of groupware registration strategy, and toshow by example how GroupKit can accommodate thewide range of user requirements for registration.Open Door Registration. Our first and most commonlyused scheme provides �open door� registration. All userssee what conferences are in progress, where a conferenceconsists of a number of participants and a singlegroupware application. Anyone can create a newconference, or join any existing conference (hence the�open door� policy).The interface used for this scheme is shown in Figure 4.The list on the left displays all existing conferences, andselecting one of the conferences displays its users in thelist on the right. Users can join an existing conference bydouble-clicking on its name. To create a new conference,users select �New�, which brings up the dialog box shownin Figure 5. They can then choose from a list of all theavailable groupware applications, and give their conferencea name.This registration scheme works well for fairly informalgroupware sessions among colleagues of equal status(which has been the majority of our use). While it is bestfor planned encounters, it does support a modest level ofcasual interaction � the list of conferences and attendeescan be considered opportunities for contact. Of course, itis not appropriate for all cases, e.g. when access control isrequired for meetings discussing sensitive information.Further, the concept of a �conference� maps to a singlegroupware application, so if a group wants several toolsthey will have to create and join several conferences.Facilitator Controlled. Our second example takes a muchdifferent approach, mimicking group support meetings

Roseman and GreenbergPage 7 of 10

Figure 6. Participant�s Registrar Clientinterface to the facilitated meeting.

Figure 7. Facilitator�s Registrar Client interface.janu% cmdrc -confsGroupSketchSaul�s Meetingjanu% cmdrc -join GroupSketchFigure 8. Command line registration interface.where a dedicated (human) facilitator manages the use ofthe group�s tools. Under this scenario, the facilitatorcreates a facilitated meeting to which users are permittedto join � at the facilitator�s discretion. The facilitatorthus controls who is allowed to join the meeting, and canremove participants from the meeting at any time.A facilitated meeting encapsulates a number of groupwareapplications as well as instances of two different RegistrarClients. Initially, the meeting contains no applications,and participants only see a small window indicating theyare part of the meeting (Figure 6).The facilitator sees a much different interface (Figure 7).Along the left is a list of all the users currently in themeeting; the �boot� icon allows the facilitator to removeany user (admittedly, not an icon we�re likely to see inany real business meetings). The facilitator may create anumber of groupware tools that can be used by themeeting participants (through the �New� menu, itscontents similar to the list in Figure 5).When a new tool is created, it appears only on thefacilitator�s screen, and an extra column appears on thefacilitator�s control panel. By toggling the checkboxes,the facilitator joins or removes individual users fromtools, effectively showing or hiding the window on theirscreen.With this scheme, there is strict control over who can jointhe meeting, making it more suitable for formal meetingsthan the open door scheme. Users are also removed fromthe burden of creating and joining conferences, relying onthe facilitator to control this. Yet this scheme obviouslyrestricts the flexibility of individual participants.Command Line and Scripting. Our next example providesa command line interface that can be invoked from theUnix command prompt or a shell script. Presenting nographical interface, it is a simple mechanism for creatingor joining conferences with a minimum of user interaction(Figure 8).Using command line registration, users could place asingle line in the shell scripts that are executed when theylogin to automatically join the sketchpad session. Thisscheme makes it easy to join �persistent� groupwaresessions. For example, consider a group that wants tokeep a common blackboard (a group sketchpad) on displayat all times, used perhaps to jot down notes that maytrigger focused collaboration. The act of a person loggingon or off (which executes the appropriate c m d r c command) will have them join and leave the blackboardsession.A second use of command line registration is to allowother programs to easily invoke groupware applications.Such scripting ability can be useful in a number ofsituations. A mail program might allow invoking agroupware application as an alternative to replying tomail, and a graphical toolbar may provide shortcuts to anynumber of commonly used groupware applications.A Rooms-Based Facility. This example illustrates aspatial metaphor modeled after one of the schemes foundin Cavecat [11] and other Rooms-based systems [2]. Theregistration interface (Figure 9) is a browser containing anumber of different �rooms,� which may or may not havesome relation to physical rooms in a building. Each roomcontains any number of groupware applications. Users arefree to move between rooms. When they enter a room,they are automatically joined to all applications runningin the room. When they leave, they are automaticallyremoved from these applications. As well, the group ineach room can set a �privacy indicator� (indicated by howfar open the door is) to tell the curious how well thegroup will accept newcomers. While this now capitalizeson social protocols, it could easily be extended to anactual access control mechanism.Rooms-based registration has the advantage of groupingsets of groupware applications into work areas. It can alsotake advantage of spatial cues, so that several aspects ofthe same project might be placed in adjacent, directlylinked rooms. We expect this is a useful registration

Roseman and GreenbergPage 8 of 10

Figure 9. Prototype rooms-based registration interface.Figure 10. Contact registration interface.system for managing a number of distinct projects orwork items that persist over a long period of time, as itorganizes both projects and required tools. While it maybe less useful for short term groupware sessions requiringspecial tools (the overhead of setting up the roomsoutweighs the benefits), special �breakout� rooms couldbe designed.Making Contact. Our final registration example isembodied in a system called �Contact,� derived from ourearlier work on informal contact facilitation [3]. Contact�sgoal is to minimize the problem of making contact withpotential collaborators, using information freely availableon the Internet and low bandwidth communicationchannels.Figure 10 shows the main Contact facilities. The topwindow shows a list of all the people the system knowsabout, which can be filtered based on a number of user-definable criteria to create �communities� of interest.Names are linked to a database, and contact information(addresses, phone numbers, email, etc.) can be retrieved forparticular users (rightmost window).Users can raise a �peephole� on particular users (bottomwindow). Peepholes provide a poor man�s version ofPortholes [6], a system which uses video snapshots toprovide awareness of who is around and what they aredoing. Peepholes provide a graphical indicator of whetherthe particular user is logged in and if so, iconicrepresentations of the likelihood of them actually being bytheir computer (based on the elapsed time since they lasttouched the keyboard and mouse). This gives a reasonableindication of whether that person is available for real timecollaboration. When a Peepholes partner is selected,groupware applications � including non-GroupKit toolssuch as mail and talk � can be started using the menuattached to each peephole.This registration scheme works well in providing forcasual contact, because it provides an overall awareness ofwho is around, whether they are available, and greatlysimplifies setting up connections to them. Of course,Peepholes are loaded with issues of privacy violation, as itis easy to cross the line between awareness andsurveillance.FUTURE WORKWe see GroupKit�s registration architecture not as acomplete solution to the issues surrounding generalregistration, but rather as an attempt to understand andconceptualize what a solution would encompass. Weenvision a �groupware registration standard� wherebydevelopers could build both registration and applicationcomponents and have them seamlessly interoperate. Inthis section, we suggest areas we believe are in need offurther investigation, discussion and refinement.Understanding the Scope of RegistrationWe have exposed a number of features of registration,both human and technical. They are based upon somemodels of pre-meeting processes and casual interaction,and from our own experience. We would much rather besupported by a well-formulated theory of registration, ifone could exist. Presumably, there are many issues thatwe have not considered that should be addressed by anyregistration standard.Of greater import is whether we can justifiably considerregistration in isolation from other meeting activities.Registration is situated within the pre-meeting process,which in turn is situated within the entire meetingprocess, which itself is embedded within a group�s social

Roseman and GreenbergPage 9 of 10and work context. We are now considering a completemeeting environment, where registration is more tightlyintegrated with other meeting activities [14].Generalize and Refine ArchitectureAny standard must deal with issues of message or protocolformat. In GroupKit, we�ve based our communicationsprotocols on a TCP/IP extension to the Tcl language onwhich GroupKit is based [15]; the protocol is in effect aset of Tcl commands. Presumably a general standardwould rely on more general mechanisms.Regardless of the underlying format used for messagetransmission, there are many refinements possible in thecontent of the messages. We have advocated keeping theamount of data passed between registration and applicationsystems to a minimum, yet it is unclear if the set ofinformation we have chosen is optimal. Further, somestandardization of �optional� data � conventions to allowbetter interoperability � would be beneficial.Tools to Support Registration ProgrammingAssuming for the moment a reasonable registrationstandard, where underlying protocols � their format andcontent � were well defined, there are still issuesinvolved in building new systems. Constructing newregistration components in GroupKit for example, couldbe much simpler than it now is. Though the interfacebetween registration and application has been rigidlydefined, encoding complex registration policies in terms ofthat interface (as well as the open protocols technique usedwithin GroupKit) can be daunting, for we do not now hidemuch of the complexity of distributed communication.We are now redesigning the programmer�s interface toGroupKit�s registration mechanism. Program libraries arebeing developed that encapsulate simple but powerfulregistration concepts. Eventually, we would like to giveend users, who understand their own needs, the power tocustomize their own registration system.Experiment with Registration MetaphorsThough we presented a number of different registrationprototypes, none have undergone any form of userevaluation. Developing effective registration systems forparticular groups will involve studying the effectivenessof the metaphors we choose, as well as the particularimplementations. However, as Grudin [9] has suggested,these types of evaluations are exceedingly difficult.CONCLUSIONSWe have tried to focus attention on the problems inherentwith groupware registration, an area largely ignored bygroupware researchers to date. We viewed registration asan essential component in the pre-meeting and casualinteraction process, and as such it can play a large role inthe success of the entire meeting. We argued thatregistration is highly dependent on different groups andtheir situations, and that an inappropriate style ofregistration can seriously impede or disrupt the resultingcollaboration.We derived a set of requirements for a general groupwareregistration system, supporting critical registrationfunctions and the necessary diversity. We then describedthe registration architecture we constructed in GroupKit toaddress these requirements, and illustrated a number ofspecific registration systems we have developed.It is our hope that this paper will start the discussion �both within the CSCW community, as well ascommunities concerned with the technical side of networkstandards � that will lead to a technical groupwareregistration �standard� founded on the social realities ofmeeting registration.SOFTWARE AVAILABILITYGroupKit is available via anonymous ftp fromf t p . c p s c . u c a l g a r y . c a , i n t h e d i r e c t o r y pub/grouplab/software.ACKNOWLEDGMENTSThis research was supported by the National Sciences andEngineering Research Council of Canada, which funds theGrouplab and GroupKit project through its strategic andoperating grant program. Special thanks to Ted O�Gradyfor comments on this paper as well as his work on theGroupware Environment, and Alex Mitchell for buildingthe Rooms registration module.REFERENCES1.Bostrom, R., R. Anson, and V. Clawson, Groupfacilitation and group support systems. 1991,Department of Management, University of Georgia.2.Card, S.K., M. Pavel, and J.E. Farrell, Window-Based Computer Dialogues, in Readings in Human-Computer Interaction: A Multidisciplinary Approach,R. Baecker and W.A.S. Buxton, Editor. 1987,Morgan Kaufmann.3.Cockburn, A. and S. Greenberg. Making Contact:Getting the Group Communicating with Groupware.in Conference on Organizational Computing Systems(COOCS �93). 1993. Milpitas, California.4.Crowley, T., E. Baker, H. Forsdick, P. Milazzo, andR. Tomlinson. MMConf: An infrastructure forbuilding shared applications. in Proceedings of theConference on Computer-Supported CooperativeWork (CSCW �90). 1990.5.Curtis, P. Mudding: Social Phenomena in Text-BasedVirtual Realities. in Proc. of the 1992 Conference onthe Directions and Implications of AdvancedComputing. 1992. Berkeley, CA.

Roseman and GreenbergPage 10 of 106.Dourish, P. and V. Belloti. Awareness andCoordination in Shared Workspaces. in Proc. of theConference on Computer Supported CooperativeWork (CSCW �92). 1992.7.Dubs, S. and S.C. Hayne. Distributed Facilitation: AConcept Whose Time Has Come? in Proc. of theConference on Computer Supported CooperativeWork (CSCW �92). 1992.8.Engelbart, D. and W.K. English. A research center foraugmenting human intellect. in Proceedings of theFall Joint Computer Conference. 1968. SanFrancisco, Calif.9.Grudin, J., Groupware and social dynamics: eightchallenges for developers. Communications of theACM, 1994. 37(1): p. 93-105.10.Kraut, R.E., C. Egido, and J. Galegher, Patterns ofcontact and communication in scientific researchcollaborations, in Intellectual Teamwork: SocialFoundations of Cooperative Work, J. Galegher, R.E.Kraut, andC. Egido, Editor. 1990, Lawrence ErlbaumAssociates: p. 149-172.11.Louie, G., M. Mantei, and A. Sellen, M a k i n g Contact in a Multi-media Environment. Behaviourand Information Technology, 1993.12.National Centre for Supercomputing Applications,Collage (Computer Software). 1992.13.Nunamaker, J.F., A.R. Dennis, J.S. Valacich, D.R.Vogel, and J.F. George, Electronic meeting systemsto support group work. Communications of theACM, 1991. 34(7): p. 40-61.14.O�Grady, T. and S. Greenberg. A GroupwareEnvironment for Complete Meetings. in AdjunctProceedings of CHI 94. 1994. Boston, MA.15.Ousterhout, J.K. Tcl: An Embeddable CommandLanguage. in Proceedings of the 1990 WinterUSENIX Conference. 1990.16.Patterson, J.F., R.D. Hill, S.L. Rohall, and W.S.Meeks. Rendezvous: An architecture for synchronousmulti-user applications. in Proceedings of theConference on Computer-Supported CooperativeWork (CSCW �90). 1990.17.Root, W.R. Design of a multi-media vehicle forsocial browsing. in Proceedings of the Conference onComputer-Supported Cooperative Work (CSCW �88).1988.18.Roseman, M. and S. Greenberg. GroupKit: AGroupware Toolkit for Building Real-TimeConferencing Applications. in Proceedings of theConference on Computer-Supported CooperativeWork (CSCW �92). 1992.19.Roseman, M. and S. Greenberg. Building FlexibleGroupware Through Open Protocols. in Conferenceon Organizational Computing Systems (COOCS�93). 1993. Milpitas, California.20.Schooler, E., The impact of scaling on a multimediaconnection architecture. Multimedia Systems, 1993.1(1): p. 2-9.21.Schooler, E. and A. Weinrib, Multiparty MultimediaSession Control Working Group. (Working GroupNotes). 1993, Internet Engineering Task Force.22.Suchman, L., Plans and Situated Actions. 1987,Cambridge University Press.