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ABSTRACT

The wOrlds project is concerned with devel oping next-gen-
eration collaboration frameworks. We strongly believe that
real progress in enhancing the usability of collaborative
systems hinges on improving our understanding of work,
and applying the resulting insights to development of col-
|laborative work support frameworks. e are investigating
the thesis that appropriate bases for such an approach can
be drawn from existing resultsin sociology, specifically the
work of sociologist Anselm Strauss, and his notion of
social worlds. In this paper we motivate and overview
wOrlds, the collaborative environment we have built in
order to explore our ideas and insights. e then critique
wOrlds (and, by implication, the class of systems known as
MUDs of which it is a member), and point to future direc-
tions for investigation.

1. Introduction

For the past several yeas we have been investigating
coll aboration support frameworks that provide support for
theinformal, cultural aspeds of workaday adivities aswell
asthe formal, structured aspeds of work traditionall y asso-
ciated with workflow systems and other “groupware”
tools. A major issue in this investigation is the identifica-
tion of theoreticd approaches or models which can inform
systems development and function as “bridges’ to the eh-
nographic investigations of work situations currently popu-
lar within the Computer-Supported Co-operative Work
(CSCW) community. Recently, we have focused on
Anselm Strauss notion d social world [22] as atheoreticd
model which might address thisissue.

Drawing an our prior experience with developing
CSCW systems [14], we have mnstructed a CSCW sup-
port environment caled wOrlds (Work Locdes and Dis-
tributed Social Worlds) [8] to evaluate our theoreticad
approaches and investigate technologies for support of col-
|aborative work.

In its current form, wOrlds has some similarity to a
multi-media Multi-User Domain, or MUD [6]. The multi-
ple locales of wOrlds equate to MUD “rooms’ in which

groups of people can manipulate shared objeds and partic-
ipate in ongoing audio- and video-conferences. These sup-
port the informal aspeds of work. wOrlds also can be
viewed as a media space(see[7], [10]) with sophisticated
shared abjed and navigation fadliti es due to the pervasive
use of audio/video fadlities throughout the system. Our
initial intention, however, was nat to build a MUD (or
media spacefor that matter), but to focus on supporting the
adivities of social world members through networks of
computers.

In this paper, we sketch the origins of the wOrlds
projed in its predecessor system, ConversationBuilder,
and lriefly critique its failings and our move towards the
notion of social worlds derived from the work of sociolo-
gist Anselm Strauss[22].

We outline our current wOrlds g/stem and the way in
which we have interpreted social worlds in the context of
computer-based collaboration support. This support is pro-
vided by the implementation d locales which support the
interadions of social world members. We then critique
both the implementation of wOrlds and the concepts used
to shape its construction, with a view to identifying some
significant open problems in the construction of CSCW
tedhnologies and to point the way to possible solutions.

In critiquing our experiences with this system, we chal-
lenge the interpretation of the spatial metaphor and pro-
pose amove away from space to place and from boundary
to centre, where both place ad centre ae defined from a
social world perspedive. We dso highlight particular prob-
lems and challenges in using existing distributed systems
infrastructure to support widely distributed collaborative
work. The aitique of the existing wOrlds g/stem is used to
motivate design dredionsfor its successor, Orbit.

Given the obvious overlap between the airrent imple-
mentation d wOrlds and many MUD-based and media-
space ollaboration systems, we believe this critique, and
the theoreticd motivations for which we ague, to be rele-
vant to many systems besides our own.

Finally, we end with a discussion of related work and
our conclusions.



2. Conver sationBuilder background and
motivation

This work grows out of our ealier work on flexible
workflow support through a system caled Conversation-
Builder [14]. ConversationBuilder alowed users to
describe awide range of collaborative adivities using a
protocol spedficaion language loosely based on Speet
Acts [27]. The resulting system was used to spedfy many
collaborative adivities from asynchronous business proc-
esses and software development processes to a mmplete
software devel opment environment.

While ConversationBuilder worked well, it only
alowed usersto spedfy the formal aspeds of collaborative
work. Robinson [17] has argued that work takes placeon
two levels simultaneously - a formal level, which empha
sizes the manipulation of the atifadswhich are an integral
part of most work processs, and a cultural level, where the
informal aspeds of work are played out. These levels are
inseparable, eat shaping and informing the other. Thus, a
primary weakness of the ConversationBuilder system was
our failure to take account of the double-level aspeds of
work.

With the wOrlds projed we set out to build a system that
affords support for work contexts in al their multifaceted
richness, both formal and cultural. One of the major issues
we had to facewas the identification of appropriate theoret-
icd models of work and workgroups. (‘Afford’ and
‘affordance are terms drawn from Gibson [11], and refer
to the fadlities an environment provides to fadlitate the
adivities of an animal.)

In ConversationBuilder and aher workflow systems,
[24], [16], [15] actions are the primary building blocks. A
workflow system is constructed by spedfying the adions
that may be performed and (sometimes) the atifads that
are to be manipulated by those adions. Strauss argues con-
vincingly that the adions performed by workers continu-
aly vary as workers adapt their adivities because of the
situated and contingent nature of their work. Thus using
adions as a basis for the “codificaion” of work will be
doomed to fail.

Yet, computer programs require that at least some fea
tures or assumptions of the system they implement be
fixed. We therefore had to identify the key theoreticd con-
cepts which we would fix as part of our systems building
work. We dedded to employ Strauss concept of social
worlds as the basis for our investigations. Detailed motiva-
tionsand overview of Strauss' theories and concepts can be
found in [8].

Strauss social worlds model provides a rich and multi-
facaed way of understanding the structure and dynamics of
groups. In brief, a social world is defined as a group of

individuals (or groups), bonded bya acommon (and possibly
implicit) purpose, and bounded by the limits of effedive
communicaion. Members of a social world perform
adions to acamplish the shared purpose of the world and
these adions will continually permute to suit the @ntin-
gencies of the situation at hand. Social worlds are not nec
essarily bounded by traditional social or organizaional
boundaries: their durationis entirely dependent on the task
at hand and membership in the social world can range from
highly informa and/or transient to highly formal and/or
persistent.

Strauss' model of social worlds, we should point out,
was developed as an abstrad way of making sense of his
investigations of workplace situations. It was never
designed or intended to be used as a kind of “systems
architecure” or “systems requirements’ framework. Thus
our use of Strauss' ideasis part of an amalgam of technica
posshilities, past experiences and searches for models that
will bregk through our blindnesses and, in doing so, point
the way to potential new solutions to the problem of com-
puter-supported cooperative work.

So, why use social worlds as a basis for building (or,
more gpropriately, thinking about building) a CSCW sys-
tem? In large part the answer is historicd: Given aur previ-
ous work in adion-based collaboration support, and given
the problems that arose in attempting to support only a part
of the @ntinuum of the formal aspeds of work (ignoring
the informal completely), we were searching for a model
that displacead adion asthe central focus of work, admitted
the flexibility and contingency of work, and gave the infor-
mal aspeds of work equal place with the formal. We
believe Strauss approach does all this, and more. For us,
Strauss provides a @unterpoint to the obsession with
adion that pervades a significant part of the CSCW com-
munity and points the way to an alternative model.

We do nat claim, by any means, that we have yet made
full use of hisideas and approach. Indeed we would be the
first to agreethat our use of Strauss thus far has been more
as an inspiration than anything else. But we do believe that
thereis sgnificant value in this approach and that it can adt
as a lever to bre&k open intellecua logjams. In Sedion 5
we explain how insights based ona deeper understanding
of the subtleties of socia worlds are dlowing us to move
beyond some of the shortcomings of the aurrent version o
wOrlds, and identify diredions which potentialy can help
overcome the limitations of wOrlds and similar systems.

3. ThewOrlds solution

Our work on wOrlds has procealed on two paralel
tradks that shape and inform ead ather: a theoreticd track
developing the nation of locales and a pradicd tradk buil d-



ing our prototype system.
3.1. Locales

We have leaned from Strauss that as people work,
social worlds continually form and dissolve, as needed. For
us the essential question for wOrlds was how we muld sup-
port contexts for work embedded in the computer such that
members of social worlds could then use to accomplish
their tasks. When groups are working, they need the fol-
lowing:

* The family of artifads that make up the “forma” layer
of their work adiviti es. Examples include program fil es,
medicd reaords, yellow stickies, stripcharts, etc.

* The tools that are used to manipulate these atifads,
such as compilers, editors, debuggers, pens, ECG
machines, etc.

* Resources for “effedive communicaion” which grant
members of the social world the aility to communicate
appropriately to the task at hand.

¢ Automation d mundane tasks, such as change notifica
tions, where gpropriate.

* The aility to navigate, i.e. to seanlessly switch among
multiple ongoing tasks, interrelate them as appropriate,
and find tasks and people & needed.

The question then becomes: what is it that we can pro-
vide through a computer network that all ows the construc-
tion of contexts of work such that the needs outlined above
are met? Our answer isto introducethe notion of locale.

A locde for the purposes of wOrldsis a “virtual space”

inside the computer system which is intended to be the
vehicle for groups to establish shared contexts. Many
locales can exist simultaneoudly, and context switching
among them should be relatively easy. Further, ead locde
should provide the following:
Furnishings. Access to shared dbjeds and tools which can
be manipulated by users as necessary. Although the spe-
cific objeds and toodls used to furnish a locde will vary
widely from locde to locde, depending o its purpose,
every locde will provide aidio and video conferencing
among all theusers “in” thelocde & agiventime.

Participants. Participants are users who may or may not

be present in the locde & any gven time, but who have

ongoing responsibility, defined byroles, inside the locde.

Visitors. Visitors are users who are in the locde & a given

moment, although they may or may not have ay particular

roles there. Entry to locdes can be restricted when
required.

Trajectory Schemas or Processes. Processes define the

flow of information and control of adions. Processes gen-

erally span locdes, and can be seen as away bath of auto-
mating standard aspeds of workaday adivities where

appropriate and useful, and as a way of grouping locdes
together,

Actions. Actions with user-defined semantics can be
invoked at appropriate times, subject to satisfadion o
guards and other constraints.

Additionally, locdes provide ways of browsing and
viewing information, establishing Audio/Video (AV) cdls
among users and navigating through the wlledion o
locdes.

Thus, locdes in wOrlds are our current way of “afford-
ing” social worldsinteradionsviathe computer, by provid-
ing a framework for construction and support of work
contexts.

To support the definition of domain spedfic locdes and
the representation of trgjedory schemas which exist within
and aaoss locdes, wOrlds provides a spedficaion lan-
guage cdled Introsped [26]. We use the term ‘trgjedory
schema as well as than ‘process or ‘workflow’ contin-
gent, continually evolving nature of work. Introsped sup-
ports run-time modifications to locde definitions and
trajedory scheme representations. The ewironment for
constructing and modifying such support is itself a locde
within wOrlds.

3.2. The Technological basisfor wOrlds

Our goal is to build a system that affords coll aboration
over the widest possible range of networks and bandwidths,
and scdes to support tens of thousands of users spread
aaossthousands of locdes. Thus a centralized, server-ori-
ented architedure is unlikely to be gpropriate. Instead
we've been investigating the use of distributed objed
frameworks as the basis for building wOrlds. Figure 1 gives
a schematic overview of our architedure, based on Objed
Request Broker (ORB) technology [13].

3.3. A Brief wOrlds Tour

Users enter wOrlds by warping into their home locde.
Warping is the most primitive way within wOrlds of mov-
ingfrom onelocdeto anather. It is Smilar to barginginto a
room. Users can think of their home locde & their office
An example of ahome locde is presented in Figure 2. The
display of alocde is minimally charaderized by a locde
pane and atod bar.

Thelocde pane, which isan objed shared by all visitors
to alocde (see Figure 2(a)), displays to the user:

* video images of those people who are airrently present
in the locde. Each locde in wOrlds supports an audio/
video conference (provided by standard conferencing
tools such as NV and VAT, seeFigure 2(c) and (d)) to
which users are automaticdly added and removed as



O/Store
client

(a) Locale Pane (c) NV (e) Mosaic  (g) Site Navigator

(b) Tool Bar (d) VAT (f) Web Tod
Figure 2. Screen-shot of example locale

they enter and leave the locde, respedively. 2. applets, which are small applicdion objeds written
the participants in the locde, whether or not they are to furnish the locde (such as an IBIS discusson
present. manager, a shared document annotator or a bug
the particulars of the locde. This is the family of shared report),
objeds relevant to the locae. We distinguish four types 3. integrated external tools (such as word processors,
of shared objects: caendars, or spreadsheds) gnd
1. administrative objeds necessary to the maintenance 4. external objeds (such as files, URLs, or database

of the locde (such as the locde pane objeds them- objeds).. _ _ _ _

selves, or role definitions for participants), * and, a description which provides the purpose or ration-

alefor thelocde's existence
Each of the a&ove is displayed on a separate page of a
notebook widget to conserve screen red estate. Pages of



the notebook may be ‘torn off’ whenever a user desires to

view multiple parts of the locde pane simultaneously.

The tool bar, see Figure 2(b), has four main compo-
nents:
¢ the aurrent locde pane which always contains an iconic

representation d the user’s current locde. Copies of this

icon may be aeaed (e.g., via drag-n-drop) and passed
around as references to the locde.

¢ the self pane which always contains an iconic represen-
tation of the user. Copies of thisicon may be aeaed and
passed around as well .

* a olledion d tool icons which provide users with a
standard set of tools and adions. Examples include:
XEmags, an issue-based discussion applet, a ‘warp to
home locde€’ button, a mailer, a network news reader, a
Web Toadl which opens a web conference using Mosaic
2.5b3 (seeFigure 2(e) and (f)), and a navigation tool.

¢ adrop area cdled a briefcase which can acaommodate
any objed you want to cary around from locde to
locde.

Unlike alocde pane, the todlbar is unique to a particular
user, who can extensively tail or both the bar and the bind-
ings of buttons to tools and applets.

As users work in the wOrlds environment, they can
move from locde to locde using the wOrlds' Navigator.
Aninstance of thistool can be aeaed at any time by press-
ing the gpropriate button located on the todl bar. The Nav-
igator, seeFigure 2(g) has four components.

e Site Pages. The wOrlds universe is partitioned into
many sites. Contained within the site pages are those
locdes registered at the site the user is navigating. From
these pages users can warp o glance other locdes.
Glancing is a more palite way of entering alocde. For
example, users can gance alocde to seewho is cur-
rently present, at which time, a temporary audio/video
connedion is establi shed between the glancer and those
present in the locde. Those people present in the locde
can then warp the glancer into the locde if they so
desire. Our glancing model is closely based onthe work
of [25].

¢ Site Users: Contained on this page ae icons represent-
ing all the userswho are registered at the site being nav-
igated. A call feaure is provided to allow users to
establi sh locde-independent AV conferences.

¢ Other Sites: This page mntains icons representing aher
sitesin the wOrlds universe.

* Persona Pages. Each user has hisher own set of per-
sonal pages which contain a‘hot-list’ of locdes for that
user. The locaes, represented by icons on these pages,
are not necessarily registered at the site being browsed.
The Navigator is not the only means of navigation

within wOrlds. Because wOrlds is MIME-compliant, users

and locdes can be registered with an HTTP server,
accessed from the world-wide web or referenced through
mail messages, andtreaed as URLSs.

4. IswOrldsaMUD?

MUDs, or Multi-User Domains, are awironments
aimed at supporting groups and aiented around a meta-
phor of aroom. MUDstend to provide multi ple rooms, and
fadlities to move aound from room to room. MUDs were
initially developed to support multi-user role-playing
games (in these MUDs the rooms might represent different
parts of a catle or dungeon). Some MUDs have fixed inter-
faces and furnishings for rooms, whil e others all ow for var-
ying degrees of programmability, allowing for modificaion
of rooms, interconnedions, furnishings and behaviours of
the virtual artifads in the system. (such MUDs tend to be
cdled MOOs, after the objed-oriented style in which they
are programmed). Almost all MUDs have a text-based
interface with scrolling descriptions of rooms and key-
board-based adions.

Certainly to readers who have only ever seen text-based
MUDs oriented towards game-playing, wOrlds might not
sean very MUD-like. However, there ae some ways in
which wOrlds is MUD-, or MOO-like. Like many MUDs,
wOrlds assumesiit is useful to divide the universe into col-
ledions of essentially independent “rooms”, provides fadl -
ities for tail oring these rooms in various ways and provides
fadlities for navigating among these rooms. Like more
advanced MUDs, such as PARC's lupiter [6], wOrlds is
investigating the integration d media spacefadliti es into
rooms, such as audio- and video-conferencing.

The issue of whether wOrlds is or is not a MUD is not
interesting in and d itself. The fad that wOrlds ended up
being MUD-like is an acddent of intersecting research tra-
jedories rather than design. But the pradicd import of this
coincidenceis that many aspeds of our critique of wOrlds,
below, are relevant to other CSCW systems, and the
reseach dredions we paoint towards are potentially the
basis for, or part of, a manifesto for an entire dass of col-
laboration systems.

5. Critique and futuredirections

Inthis dionwe will critique wOrlds from the perspec
tives of both theory and technology. Critiques, almost by
definition, tend to focus on the negatives but despite the
points and issues raised below we nsider the wOrlds
experiment to have been successful. We have built a useful
CSCW system that has been applied in several different
domains, we have been able to demonstrate that a non-
adion-centered approach to CSCW support can indeed



support both formal and cultural aspeds of work and we
have leaned an enormous amount about the subtleties of
CSCW support that we simply could never have leaned
without the hard pradica experience of building and work-
ing with a system such as wOrlds.

Most importantly, the experience of constructing
wOrlds has allowed us to envision its successor system:
Orbit, in which we hope to answer many of our own criti-
cisms. Where gpropriate we will counterpoint our criti que
of wOrlds with elements of the planned design d Orhit.

5.1. Positive aspects of wOrlds

By their very nature aiti ques tend to focus on the nega-
tive; here we briefly point out some of the many positive
feaures of the wOrlds g/stem.

Multimedia Rooms. wOrlds demonstrated the many bene-
fits of multimedia-based interadion in locdes, including
the extensive and ubiquitous integration o audio and
video.

Shared Objects. wOrlds users tend to make extensive use
of the underlying shared-distributed-objeds-everywhere
framework in the system, which supports the &ility to cre-
ate rich tapestries of objeds.

Contextual Action. Users found the ways in which
wOrlds, espedally the Introsped aspects, supported cor-
textual adion a useful way of obtaining gudance and hav-
ing necessary adions at their fingertips.

Accessing People and Locales. The aility to cdl people
and glanceinto or warp to locdesisa mntinually-used fea
ture of the system.

Integrating Mail & Web. The seamnless integration of
email and the web, all owing oneto, for example, cdl some-
one froma web page or glance alocde from an email mes-
sage (or vice versa), is a very heavily used feaure of the
system.

External Object Integration. wOrlds users could inte-
grate external objeds (files, etc) with their shared ORB-
based objeds and make extensive use of this fadlity.
Navigation Facilities. wOrlds provided a rich navigation
tool for finding users and locaes which was much relied on
by wOrlds users.

5.2. Theoretical issues

One way of thinking about wOrlds, and MUDs more
generally, is that they are about setting boundaries around
spaces and then populating those spaces. While we have no
problem with populating spaces, we believe that the joint
focus on setting baindaries and on spaces are misplaced
and lead to fundamental problems with coll aboration sup-
port. The body of this sedion redly critiques wOrlds indi-

redly, through discusson o several key concepts which
are missing from wOrlds and many other MUD-like sys-
tems. In many cases we do not have more than the broadest
sense of possible solutions to these isaues, they are open
problemsfor us at thistime.

5.2.1. Idiosyncrasy and intensity. People ae players in
multi ple social worlds at any point in their lives. The com-
bination of persona history and experience interseding
social world memberships, and personal desires, needs and
goals all combine to mean that people tend to have highly
idiosyncratic views of the world. While thisiswell known,
collaboration systems tend to take very little acount of
this, giving anly a fixed group view. Thus, our first criti-
cism of wOrlds is that it does not ac@unt for the idiosyn-
crasies of individuals, allowing ead user to build hisor her
individual view of the system, its locdes, and the mntents
of the locdes themselves.

Further, while we ae dl members of different social
worlds the intensity of that membership isagain highly idi-
osyncratic. In one situation one may be intensely involved,
and in another have only a passing interest or be interested
only in aparticular face of the adivities of members of the
social world. Our second criticism of wOrlds, thus, that it
does nat alow for different individuals to participate in
locdes at differing degrees of intensity: oneis either “in” a
locde or oneis not.

5.2.2. Spaces and places. Like dl MUDs, wOrlds provides
a mlledion of “virtual spaces’ in which users “gather” to
work together, utili zing whatever resources are available in
the space We believe this emphasis on spaceis a tadicd
error on the part of CSCW systems designers. While there
are many situations in which modeling the physicd in the
virtual might have alvantages, such as modeling meeting
rooms, ledures or conferences, there ae many times when
trying to smulate the physicd in the virtual might be posi-
tively debilit ating.

The telephone is a fine example of this phenomenon.
Telephones do ot replacefaceto-face ommunication or
provide aperfed substitute for it, instead they provide an
alternative means of communicaion, for which we have
developed rich socia protocols and which have beaome a
criticd part of modern society. But thinking of atelephone
as a “space” seans ridiculous and there ae many aher
affordances for communicaion and coll aboration that are
not spaces, such as mail, fax madines, mailing lists and
radio stations and recevers.

We beli eve that a shift in focus from the purely spatial to
aricher nation o place as the basis for supporting collabo-
ration will result in greaer power and flexibility in CSCW
environments. Places, loosely defined, are mlledions of
affordances with the potential for supporting interadion
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Figure 3. Towards an Orbit Conceptual Architecture

and communication. Thus, places are asuperset of spaces,
admitting awider spedrum of possible bases for collabora-
tion.

One immediate pradicd upshot of such a shift is that
the “fundamental thing” we mnceive of collaboration sys-
tems as providing becomes much more dynamic. In MUDs,
for example, “everything isaroom” in the end - the funda-
mental gathering placefor collaboration isthe MUD room.
In wOrlds, it is the locde, and so forth. While graphicd
representations of rooms will cortinue to be useful for
many situations, in a placebased system users will be ale
to use any combination o affordances and representations
they see fit for the task at hand. Thus one group may
choose to have intermittent AV conferences with a white-
board while another may choose to use abull etin board and
a third could build an entire “situation room”, all to ded
with the same problem.

5.2.3. Boundaries, permeability and awareness. People
employ a multitude of simultaneous foci in their work.
wOrlds and ather room-based systems provide rigid rooms
with strong baindaries. This makesit very difficult to work
on “several things at the same time” or keep one's eye on
adivitiesin one situation while cncentrating on another.

The essentia problem here is that while rooms (and
locales) have boundaries, social worlds have centers. Rigid
walls around rooms do not permit users to be sufficiently
aware of the adivities in aher spaces. Our challenge,
therefore, is to build systems that allow users to have sev-
eral simultaneous, personalized foci of differing intensity
that support the seamless awareness and permeability
among work adivities which charaderize the red, worka
day world.

5.2.4. History and trajectory. Finaly, a major weaness
with almost every coll aboration system we know of is that
they do not ded well (if at all) with the issue of providing
context through history (what has aready happened) and
trajedory (what might be agood ideato do next).

To a very limited extent workflow systems do provide
this in the sense that one can seewhere one has been (the
parts of the workflow that has been completed) and where
one might go next (the uncompleted parts of the flow). In
[3], Doug Bogia outlines a sophisticated and flexible cl-
laboration model, called Obligations, which provides both
for histories and for severa different kinds of flexible mod-
ificaions to workflows. However, no support is provided
for cepturing the ailtural-level history and trajectory of
work.

We believe that one of the potential advantages of
CSCW support is helping users more quickly to acdima-
tize to new situations, providing richer notions of history
and trgjedory is a aiticd part of this, but at this time we
have noideas beyond Bogia s work asto how to proceeal on
this. Some possihiliti es would be to capture the video and
audioin alocde, and compressand index thisin some way
for easy recovery, but the technologicd problems with stor-
ing and indexing vast quantities of (mostly boring) video
remain huwe.

5.3. Systemsimplications: abstract view

We do na have, as yet, any clea ideaof how to build
systems that med this goal, but the gproach we believe
should be taken is summarized in Figure 3. In our new sys-
tem, Orbit, we plan to move from the airrent one-level



architecure of wOrlds (objeds appea in locdes, locdes
are strictly segmented, users can bein only one locde & a
time, and all users £ethe same view of the locde and its
objeds) to the more sophisticaed threelevel architecure
sketched in Figure 3. The threelevels may be summarized
asfollows:

5.3.1. Distributed object services. At the lowest level,
Orbit should provide a colledion of services of various
kinds that can be used by workers to acomplish their
tasks. Examples include shared, distributed objeds, AV
conferences, resource discovery agents, tools, etc. This
level would also contain the infrastructural services, such
as objea distribution and replication, which form the tech-
nologicd basisfor the system.

5.3.2. Group/locale services. In  Orbit, locdes are the
places where socia worlds can build shared coll ections of
distributed dbjedsthat are germane to the task they aretry-
ing to perform, avail able network bandwidth, etc. A locde
should be thought of as a shared “lens” which brings cer-
tain of the fadliti es at the lower level together. This level
will also contain the services for editing and maintaining
locale definiti ons and processes.

5.3.3. Individual services. Where the distributed services
level alows the definition o particular services, objeds,
etc., and the group/locde level alows the definition of
shared group views over subsets of the information at the
affordancelevel, shared processes, etc., the individual serv-
iceslevel alows usersto define the waysin which they will
view and interad with the many locdes in which they par-
ticipate. Unlike wOrlds, which impased strict boundaries
among locdes, in Orhit the user will be ale to hold infor-
mation from multiple locdes in focus smultaneously, with
differing degrees of intensity, and switch easily from oneto
another.

Naturally the question o how exadly to build a system
like Orbit remains open. We will report on our progressin
future papers.

5.4. Systemsimplications: technological view

The issues raised here ae those which have presented
the wOrlds implementation tean with fundamental diffi-
culties or obstades, as opposed to problems which are, in
one way or another, related to particular implementation
choices.

5.4.1. Distributed objects. The &ility seamlessly to
manipulate locd and dstributed objeds is fundamental to
the construction of any complex CSCW system. We dhose
to investigate ORB technology as the basis for the distrib-

uted adbjed model in wOrlds. The ctoice seemed sound -
ORBS are built to a standard model, that support the inter-
operability of systems, languages and machines, and they
are the vehicle of choice for many distributed systems
reseachers and developers. However, we have identified
several significant shortcomings with ORB-based distrib-
uted ohed systems which grealy hinder our ability to
build atruly scdable mllaboration support environment.
Internet instability and ORB reliability. The Internet
provides an extremely unstable networking framework,
while ORBs are achiteded onthe assumption that interac
tion among the various servers providing accessto distrib-
uted objeds is reliable axd stable. This credes a
fundamental mismatch that makes it extremely difficult to
deploy ORB technology over anything ather than locd area
networks (or dedicated wide-areanetworks with considera-
ble bandwidth). Since the Internet is naot likely to become
any more stable in the nea future, ORB services that sup-
port reliable accesto objedsis absolutely essential.
Replication. One way that the reliabili ty-of-access issue
can be mitigated is to replicae information in many sites,
systems can then concentrate on accessing locd data, or
have severa dternate paths to data, while the underlying
replication servicetakes care of duplicaing objeds around
the network as required. Whil e this sounds very attradive,
ORBs support no replication services, and indeed no gen-
eral replicaion solutions exist. We believe that the solution
to this problem lies not in developing the perfed replica
tion algorithm as every situation could potentialy require
different replication strategies, but rather to build areplica
tion framework and associated spedficaion environment
(rather like Introsped) which alows the development and
evolution of many replication strategies.

5.4.2. Adaptability and quality of service. wOrlds
should be capable of adapting to changing resource avail a
bilities and different quality-of-service (QoS) demands.
wOrlds is built almost exclusively from off-the-shelf com-
ponents, which provide no fadlities for automaticdly
adapting to changing QoS demands, or adapting to chang-
ing resources. The entire aeaof adaptable interfaces which
can ded with changes of these kinds remains open, but
solutions are aiticdly required in our domain. Obviously
any solutions to these problems are going to be closely
related to solutions to the problems outlined in Sedion
5.4.1.

6. Related work

As we pointed out above, the work most similar to our
own is the development of MUDs, such as MediaM OO [5].
The major similarity isthat MUDs, like wOrlds, refled the



view that the gpropriate role of the mmputer isto provide
a setting where users can interad as fredy as posshle,
abeit with text-based interfaces. MUDs also partition the
spaceof interadion. Rooms in MUDs have similar quali-
ties to wOrlds locdes: sharing is encgpsulated by the
boundaries of the room, rooms typicdly have a purpose
and furnishings. Curtis and Nichols' Jupiter adds video-
conferencing to the basic MUD providing comparable
affordance for informal communication. A key difference
is that MUDs are generaly implemented on a central
server, whereas wOrlds is distributed.

Virtua redity telemnferencing systems such as MAS-
SIVE [12] and DIVE [1] are obviously similar to wOrldsin
supporting partitions of the spaceof interadion and infor-
mal, multi- participant, multi-site conferencing. They focus
primarily on enabling mixed-media mnferencing between
multiple participants using heterogeneous interfaces (either
text or graphics) and supporting informal intuitions of
interadion in a graphically-rendered, non-video system.
These systems provide only extremely limited support for
distributed shared dbjeds and integrated shared tools, and
make no attempt to model formal work adivities.

wOrlds also owes a debt to the development of media
spaces spedficdly at PARC, EuroPARC and Sun, but it
extends the basic media space oncept with shared ohjeds,
locales and many other feaures. Shared document sys-
tems such as GroupDesk [9] and BSCW [2] provide useful
abstradions for cooperative work based around documents,
DIVA [20] adds a nation of rooms and shared audio-video
conferencing.

Although we have focused on Strauss' social worlds
model asthe basis for our investigations, this work does not
exist in isolation. A significant portion of the theoreticd
work in the CSCW community is, by and large, in funda-
mental alignment with Strauss' approach, even if the social
worlds of the reseachers may nat overlap. For examples,
see[4], [18], [19], [21], [23]).

7. Conclusions

The successof the wOrlds projed notwithstanding, for
usthered value of thisprojed has been the cmmplex of dif-
ficult issues which the projed has opened up. On the theo-
reticd front it has expased us to the subtleties of social
worlds as a way of understanding group interadions and
raised many issues concerning appropriate support for
social world interadions through the cmputer. Building
wOrlds has led to the uncovering of a range of issues cor-
cerning distributed systems infrastructure. We believe that
the successful future of CSCW systems depends in no
small part onfinding solutions to these problems.
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