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Efforts to build systems to support the complex social reality of cooperative work need
both a grounding in the social i.e., a rich abstract basis for understanding work, and a
bridging link between the social and the technical to provide new insights into how to
approach designing systems based on this understanding. We propose Anselm Strauss’
(1993) Theory of Action as a candidate from which to evolve a framework to ground an
understanding of work. Insights from Strauss’ work on the importance of structural condi-
tions for social world (cooperative ensemble) interactions can help us to view support sys-
tems in a new role as setting/locale for cooperative work interaction, thus providing a
bridge between the social and the technical. We briefly overview a locales-based environ-
ment called woRLDS we are building concurrent with our theoretical exploration.

Introduction

The Computer Supported Cooperativer®(CSCW) community has two predom-
inant strands of research: thecial i.e., the study of how people work in coopera-
tive arrangements, and thexhnical i.e., the study/practice of building systems to
support this work. In order to build systems that are grounded in the real world,
systems developers look to thecial for abstractions which capture the nature of
work to be supported.oldate, thesocial has provided insights such as the notion
of ‘situated action’ (Suchman, 1987) and the complex contingent nature of work,

1.The author participated in this work while visiting the Uni. of lllinois at Urbana-Champaign.



as well as many focussed studies showing the complexities of real-life workaday
situations. These insights have not, howehsgl to CSCW systems that satisfacto-

rily support them CONVERSATIONBUILDER is an example of a system where the
designers have explicitly cited support for the situated, contingent nature of work
as an important goal, but have found achieving such support in practice to be elu-
sive (Bogia et al, 1993).

We suggest that fefrts to build systems to support the complex social reality of
cooperative work need bothgaoundingin the social i.e., a rich abstract basis for
understanding work, and laidging link between the social and the technical to
provide new insights into how to approach designing systems based on this under-
standing. The principled development of CSCW support environments is predi-
cated on the existence of such a framework.

In the first section of this papewe propose Anselm Strauss’ (1993) Theory of
Action as a candidate from which to evolve a framewordgénindan understand-
ing of work for the following reasons: (1) it already exists as a coherent, related set
of abstractions - a big picture - which makes the social more accessible, and pro-
vides a background against which other concepts from CSCW can be mapped or
be seen to complement; and (2) it provides analytical leverage for systems devel-
opers who do not have a social science background nor the services of a social sci-
ence team memhelin the second section, we propose that insights from Strauss’
work on the importance of structural conditions for social world (cooperative
ensemble) interactions can help us to view support systems in a new role as setting/
locale for cooperative work interaction, thus providingridge between the social
and the technical. ®/then provide a brief overview @fORLDS, a locales-based
environment we are building concurrent with our theoretical exploration.

Action, Social VWorlds and CSCW

We focus on Anselm Strauss rather than other action theorists for our understand-
ing of work, not just because he is a prominent sociologist, but because his theory
of action is grounded in and abstracted from a lifetime of ‘real-world’ observations
of how people work. &rious concepts have evolved in his work, such as ‘articula-
tion work’, often quoted in CSCW literature, but it is only recently that Strauss has
attempted to draw out a rich coherent, related set of abstractions, concepts and
assumptions about action and work as action/interaction. It is the ‘groundedness’
of this framework, and hence by definition its incompleteness, that we believe
makes it a good candidate on which to ground systems developers’ understanding
of the social, and to build links between the social and the techniealolgider it

a valuable exercise for our own research program to investigate as fully as possible
the ways in which Strauss’ theory can positively influence CSCW systems devel-
opment, both to move the field forward and to identify problems that can act as
springboards for further research.



We wish to stress here that Strauss is not the only candidate for this task, nor
does the task demand a sociological framework. Indeed, Nardi (1995) proposes
Activity Theory as a basis for studies of context in the HCI community similar
vein, Shapiro (1994) proposes a set of core propositions drawn from miany dif
ent social science disciplines which he considers to be relevant to systems design.
Other related work is discussed bel@ur work based on Strauss’ theory should
be seen as complementary to these alternatives.

Strauss a@gyues that the operative criterion by which his theory should be judged
is not truth but usefulness.eNake up Strauss’ invitation to explore the usefulness
of his theory in relation to the actions/interactions of cooperative work ensembles,
and for the purpose of informing CSCW systems development.

Strauss’ Theory of Action/Interaction

While acknowledging that it is impossible to do justice to a lifetime of research
and theory evolution in a few short lines, we attempt here to summarize Strauss’
(1993) main assumptions and concepts. There are two aspects of Strauss’ work that
we wish to emphasize: first is the foundational notioaations/interactionsand
second is the related notion sbcial worlds which we ague is central to the
understanding of actions within many cooperative work ensembles.

Actions andinteractions (which are actions towards others) are pivotal con-
cepts. Actions are always embedded in interacteomsin systems of meaning -
past, present and imagined future. Actions and interactions are carried out by one
or moreinteractants An interactant can be an individual, an aggregation of indi-
viduals or a collective, bringing a particular identtyography and perspective to
an interaction. Interactants are able to shape and manage the interactional course
and systems of meaning by their actions.

Actions take place within the context of both direct and indst&otctural con-
ditionswhich are able to change with time and/or in response to contingencies, and
which may either facilitate or hinder the interactional course. Thus, structural con-
ditions and actions/interactions mutually shape and evolve one anditiraately,
actions and interactions are directed at shaping vaoaless- spatial, temporal,
work, technological, informational, sentimental and moral.

Actions also havéemporaldimensions, filled with “contingencies, changes of
projections and plans, even goals” (p. 32). Courses of interaction can be charac-
terized along a broad spectrum of dimensions, e.g., from being relatively routine to
relatively changeable and problematic. Even for routine interactions, it is likely
thatcontingenciesvill arise which “can bring about change.in[an interactional
courses] duration, pace and even intent, which may alter the structure and process
of interaction” (p. 36).

Courses of interaction may be decomposedsatpuencesf connected actions.
When there are several participants in an interactional cautgeilation or align-
ment of their respective actions (and/or perspectives, interpretations of shared



goals, definition of interactional courses etc.) is required.

Trajectoryis Strauss’ central concept for exploring work as interaction, embod-
ying all of the assumptions of a theory of action. A trajectory is both the course of
action as it evolves over time and the actions and interactions contributing to its
evolution. Important subconcepts associated with trajectory include trajectory
phasing, projection, scheme, arc of action and management.

The evolution of interactional courses and trajectories is shaped and carried out
by interactants via two forms of processegeractional ppcesse®r strategies
such as negotiation and manipulation; aestion or work pocessesuch as divi-
sion of laboy supervision, and the actual performance of tasks.

Thus, the two main ways in which Strauss explores and understands actions and
interactions are via structure and process, i.e., structurally in terms of the condi-
tions which influence and are influenced by actions, and processually in terms of
the response to changes in those conditions over time (Corbin, 1991). This dualism
exists at a theoretical level onbtructure and process being united in the moment
of action (Sodher, 1991).

The second main notion of Strauss’ theory we wish to emphasieia
worlds, “the fundamental building block(s) of collective action” (Clarke, 1991, p.
131). A social world is an interactive unit that arises when a number of individuals
strive to act in some collective wagften requiring the coordination of separate
perspectives and the sharing of resources. It has “at least one paotiaity
(along with related activities),. siteswhere activities occur.. [and]technology
(inherited or innovative means of carrying out the social werkttivities)”
(Strauss, 1978; cited in Clarke, 1991, p. 131).

Membership of a social world is constrained by the limits fafotif’e commu-
nication rather than by geography or formal structure (Clarke, 1991). Social worlds
may be well defined, e.g., anganizational hierarchyor they may be loosely
defined, e.g., the community ofoNd Wide Web users or the participants at a con-
ference workshop. They may be short or long lived, depending on the purpose for
which they have come togethdrheir shared goal may not necessarily be well
developed and completely knowable. They may be composed of sub-worlds,
which may in turn contain sub-worlds and so Baople may be involved in many
social worlds simultaneouslyhis membership having a significant bearing on
their perspectives and thus their interactions.

The work undertaken by the members of a social world can be characterized
using the action/interaction concepts and assumptions outlined previously

Cooperative Wrk and Social \Wrlds Interactions

We suggest that Strauss’ theory of action gives us a framework to describe cooper-
ative work ensembles as social worlds that have been formed (to whatever degree
of formality) to meet some shared objective (however that may be defined or
agreed upon) via a commitment to collective action (however that course of action



proceeds), and whose members can be co-located or distributed, to the extent that
effective communication can be facilitated

Further we view cooperative work as taking place in the context of particular
structural conditions and contingencies (c.f. the notion of situated action in (Such-
man, 1987)), by interactants with particular selves and perspectives, in such a way
that conditions, interactants and courses of action mutually shape and evolve one
another The evolution of cooperative work involves both action and interactional
processes, not only to perform actions, but to manage the interdependencies
entailed in collective action, and negotiate common perspectives of the shared
commitment and ongoing interactional course in response to contingencies and
changes in conditions (c.f. the notion of double-level nature of work (Robinson,
1993a)).

In one sense, many aspects of Strauss’ work seem familiar to us because we
have seen or heard similar things before and/or we have already come across refer-
ences to concepts of his, such as articulation work, e.g., in Bannon and Schmidt
(1991). Howeverwhile many of the individual concepts may not be ,netat is
new is their positioning within a broad coherent framework of principles and con-
cepts pertaining to action and interaction which can be related to a ho$¢rdif
phenomena from the most macroscopic to the most microscopic.

This highlights one of the basic problems with the theoretical work in the
CSCW community to date, especially for systems developers who struggle to pro-
duce actual systems - there has been no framework against which to make sense of
and work with the various concepts, approaches and experiences reported in
CSCW literature. While each of the insights provided might be ‘true’ for the phe-
nomenon they describe, they tend to be ‘true’ in the small or in isolation. Ethno-
graphi@ studies, describe very specific work situations at particular points of time,
e.g., Heath and Lt{1992). Studies of systems in use relate to a particular instance
of use of a specific system, e.g., Orlikowski (1992). Conceptual papers, while con-
vincingly agued, ofer important but isolated concepts, e.g., Robinson (1993a).
While each is valuable and indeed necessary if work in CSCW is to makera dif
ence, they are like pieces of a puzzle, without a broader context in which to posi-
tion them. W& believe that Strauss’ work is worth exploring as a possible
foundation from which a CSC\8pecific framework linking action and systems
can be evolved, drawing on the sygeibetween Strauss and the work of the
CSCW community

It could be agued that Strauss’ work fefs little more than what could be
gained from modest inductive generalizations over a growing corpus of ethno-
graphic studies in CSCWrIhis corpus, as advocated by Hughes et al (1994),

2.This coincides with Bannon and Schmédf1991) definition of cooperative work as being “the
general and neutral designation of multiple persons working together to produce a product or ser-
vice. It does not imply specific forms of interaction agaization ...” (p. 7).

3.We use the term ‘ethnographic’ very loosely here to denote observational studies of work in situ
independent of the particular methodology or theoretical framework employed.



should play an important role in informing an understanding of work and ‘good
practice’ in the design of CSCW systems. Howggeneralizations to date have
been slow in coming. Implications for systems development have similarly been
reticent (Shapiro, 1994). Since Strauss’ theory of action itself has been inducted
from many studies, we believe it can help frame and complement this growing cor-
pus of work. It will not take the place of such a corpus. Rallyedefinition being
incomplete and inadequate, it will be challenged, reinforced and evolved by a
growing body of knowledge about work in the particuVse believe that each eth-
nographic study can be viewed as an in-depth exploration of the interactions of
social worlds and the continual permutations of action, from which new and rele-
vant concepts may be uncovered.

The role of artifacts in work, particularly computer artifacts, is one area where
Strauss’ framework can be complemented and evolved by current CSCW work.
Schmidt and Simone (1995) take Strauss’ concept of articulation work and explore
the role of protocols embodied in (computational) artifacts as mechanisms of inter-
action to reduce the complexity and overhead that articulation entails. Robinson’
(1993b) common artifactsan be interpreted as part of the structural conditions for
work, as well as part of the mechanisms to mediate interaction f@ctivef com-
munication among members of social worlds. What Strauss’ thefeng af return
is a rich understanding of the interactional contexts in which these artifacts will be
used. There are other theoretical frameworks that can désgafticular perspec-
tives on artifacts in work. Distributed cognition (Hutchins, 1995) focuses on work
at a system level where the system is a collection of interacting individuals and
artifacts in the propagation of knowledge. Aetetwork theorye.g., see Law and
Callon, 1988, explores the role of actants, human or non-human, in an interactional
network without making priori distinctions between what is social and technical.

Strauss’ framework can also provide analytical leverage. For example, the prob-
lems of rigidity and inflexibility associated with systems sucfit#s COORDINA-

TOR (reported in Robinson, 1993a)pomINO (Kreifelts et al, 1991),
CONVERSATIONBUILDER (Bogia et al, 1993), aness (Wastell and White, 1993)

can be analyzed using the trajectory concejith Il of these systems, there is an
implicit assumption that work could be predicted and prescalyaibri via atra-
jectory pojection (vision of the expected course) aschemgplan based on the
vision). Change and evolution are interpreted as isolated or unwanted events, or as
happening in a controlled manner that can be dealt pagh hocby the process
engineerSuch rationalizations of work render invisible the work that is performed
in trajectory managemeigtarrying out the scheme, with a re-casting of the trajec-
tory projection and scheme as required) in light of the aeeabf action(the
cumulative actions and conditions arising from previous interactions and contin-
gencies (Star1991)). Not only does this framework help identify what went
wrong, it also points to possible solutions by highlighting ‘new’ areas that need to
be accounted for in future support systemsyjekctory projections and schemes,
such as workflow representations, are a necedsairyiot suicient condition for



the support of work. Facilities for trajectory management are required to support
the evolution of projections and schemes.

Perhaps closest to Strauss’ theory of action in the CSCW domain is activity the-
ory e.g., see Kuuti, 1992. This theory has a much longer history of adaptation for
use in the CSCWI/HCI fields than Strauss’ work. One strength is its emphasis on
the change, unpredictability and continuous development of acfiviy funda-
mental unit of analysis here is an actiygymilar to Strauss’ interactional phase,
which exists in a material context, similar to Strauss’ structural conditions, and
transforms that context. Activity components include a distinguished object, an
active actor (individual or collective) who understands the actiaitgd a commu-
nity who share the same object (similar to Strauss’ social worlds concept). The
relations between activity components are always mediated by artifacts such as
tools, rules, and division of labhoAn activity is realized through purposeful
actions and subconscious operations by participants, resulting in a transformation
of the object.

However while the vertical decomposition of an activity is well defined, the
processes by which a community of actors articulate actions and operations in con-
text, and develop (evolve) them in the face of contingencies are not well defined.
This is because, despite more recently added notions of community and division of
labor, activity theory primarily gives an individualistic perspective on iovke
believe that Strauss’ action theory has advantages in its understanding of the inter-
actional and processual aspects of work where more than one person is involved,
and in its interpretation of the permutability of activity and the interplay of activity
actor and environment.

There are numerous other theoretical frameworks that we could explore in rela-
tion to Strauss’ theorye.g., distributed cognition, language-action perspective,
actornetwork theory etc. While some have been touched upon, space does not
permit a full exploration. Siite it to say that each has its own particular strengths,
weaknesses, emphases and uses, and @anpairticular insights into the link
between the social and the technical. A CS§p#cific framework can be evolved
from Strauss’ work by drawing on the complementary strengths of these many
approaches.

The reader must always bear in mind that Strauss’ theory is a starting paint only
not a fixed point. The theory itself will undgr continual permutation as it
becomes part of the structural conditions of the CSCW social world, to both shape
and be shaped by the interactions in and with that world. Also, concepts such as
actions, interaction, processes, trajectories, structural conditions, social worlds
etc., exist as entities only in the analytical world of the researthey are tools to
aid the uncovering and understanding of the nature of work. In the real world of the
interactant, no such distinctions existolWis carried out in semantically rich and
continually evolving social contexts, with complex interdependencies and conse-

4.We are grateful to Jesper Doepping for highlighting this notion.



guences of actions. Interactants move fluidly and unselfconsciously around the
spectrum of diierent types of work: individual - group; structured - unstructured:
routine - problematic and so on; and amonfgdént activities and social worlds.
When designing computéased support, we must respect these realities.

Bridging the Social and thee€hnical

At one level, Strauss’ theory reinforces the need for CSCW systems to support the
seamlessnesd work, the continual evolution of work in response to local contin-
gencies, and the social processes involved. Moredvprovides us with a rich
theoretical framework in which to understand these. Howexesare still left with

the question of how to actually go about designing systems to do this. In Straussian
terms, many pastfefrts have focussed on the processual elements of work, usually
either action (work) processes wijtbst hocattempts to add support for the above
factors, or interactional process such as negotiation support. In these approaches,
the computer can be seen primarily as a tool to enfarggori conceptions of

work, or as a mediating artifact, where interactions take place through, but in some
sense external to, the artifact.

We propose that Strauss’ emphasis on the structural conditions of work, as well
as his notion of social worlds, gives us a way to view the computer ifesedif
primary role - asettingfor social world interactions. More specificallye draw
on the assumptions that: (1) interactions take place in some structural context, the
conditions there shaping the possibilities for interactions; (2) many cooperative
work ensembles can be viewed as social worlds whose activities require site and
means; (3) site and means are part of the structural conditions for work; and (4)
structural conditions, constituting the more stable, persistent elements of situa-
tions, are far more amenable to instantiation in a comybateed system than rep-
resentations of continually permuting actions (noting, of course, that structure still
changes, but at a slower rate, as it shapes and is shaped by interactions).

We view the role of the system as providing setting rather than structure
because structural context for actions embodies far more than can be meaningfully
or usefully captured in a computer.g., power relationships, moral codes, social
norms, personal biography and so on. Hence, the computer system, as setting for
interaction, is a configurable subset of conditions for action, e.g., roles, resources,
tools, artifacts, action possibilities, etc. The computer can now play out multiple
other roles as well, e.g., as tool or mediating artifact, part of the means available to
social world interactions, but does so in relationship to the setting and the other
conditions found there.

5.We note here that Strauss is not the only route by which one could have arrived at this view of
computer as ‘setting for interaction’. Many other approaches emphasize the importance of con-
text in work. Indeed, we have previously explored spatial metaphors for the support of work.
However the work of Strauss, for us, brought these notions into the sharpest focus.



Further we view setting as being more than just a spatial/physical dimension of
work or a collection of actions and resources. It also embodies conditions for work
in relationship to one anothend it embodies the way in which members of social
worlds use, evolve and make sense of the setting in their interactions. Hence,
actions in and with settings create context.c@ipture more of this notion, we call
our settingdocales, influenced by Giddens’ use of the term to refer to the “use of
space to provideettingsof interaction, the settings of interaction in turn being
essential to specifying itontextuality (Giddens, 1984, p.1B). In short, locales
are collections of conditions which both enable and constrain action possibilities,
that together with ‘action in/with setting’, become context for further actions.

The nature of locales can vary greatly and can span both space and time. For
example, some locales may correlate with physical domains such as meeting
rooms, ofices, libraries, streets, and cities. Not constraining locales by physical
co-location, we may also correlate them with activity domains such as discussion
locales, and code development locales, or with other social worlds, such as a locale
for the editorial board of a particular journal.

WORLDS: ComputetrBased Locales for Sociald Interactions

As systems developers, we are in the process of translating this notion of locales to
a computeibased support environment by creating virtual locales for social worlds
interactions. Our basic approach is to draw on Strauss’ framework to understand
the abstract nature of the interactional, processual and temporal aspects of the work
that may take place, and the social worlds that may be involved, to thus inform
what ‘site’ and ‘means’ may be needed to support this. The resulting system, called
WORLDS (WORKk, Locales &Distributed Social woRLDS), is a CSCW environ-

ment that provides aggregations of facilities/resources (structural conditions),
called locales, to facilitate social world interactions. The primary ways in which
WORLDS achieves this is through support for: the definition and evolution of
locales and trajectory schemes; navigation around locales; rich communication
channels; and an open extensible archite€tim®m this general system architec-
ture, specific support environments can be developed guided by an understanding/
analysis of the particular work situations.

We do wish to make some points explicit before we proceed. Social worlds are
not contained within computdrased locales, nor are all social world interactions
and conditions limited to our localeseWlo believe, howevethat computebased
locales can extend the limits ofedftive communication across time and space for
existing social worlds and can facilitate the creation of new forms of social worlds.

6.Strauss (1961) has also employed a locale concept in earlier work to describe urban places draw-
ing people from dierent urban worlds where more sociable, lasting contact can occur

7.WORLDS is implemented using an Object Request Broker supplied by HP Distributed Smalltalk.
This architecture providesorLDs with a distributed, shared object model. External messaging
capabilities are provided through a message bus, HINPP, email and multicast services.



Appropriate computebased locales can provide rich settings to enable and aug-
ment social world interactiohsThis is not to mean that the computer ‘under-
stands’ these settings in any way; ratloer view is that by providing access to
shared workspaces populated by appropriate artifacts and tools, with facilities for
manipulation and means for synchronous and asynchronous communication, mem-
bers of social worlds can interact with and through the setting to build and evolve
their own work contexts.

WORLDS Locales

To facilitate an integrated work environment and seamless transition amiang dif

ent work settings, we provide each person with a home locale, as well as create
locales that are more generally used bgdasocial world ensemblédle propose

that a locale can be characterized by four components. In the following discussion
of these components, we make reference primarily tdoitede panenotebook
widget in thewoRLDS screen (see Figure 1(a)).

(a) Locale Pane (c) NV (e) Mosaic (g) Site Navigator
(b) Tool Bar (d) VAT (f) Web Tool

Figure 1. Screen-shot of example local&iDRLDS

8.Wagner (1994) uses Giddentoncept of locale within an actoetwork framework to analyze
how computer networks create new regionalized space-time-geographies in which people inter-
act. She uses locale in the sense of the new ways people can be connected together



The first component is th@imary work activity/activitiesor which the setting
is created or for which it is being used, as outlined in the description page of the
locale pane. This work activity description is relative to the possible actions facili-
tated by the collection of conditions/resources in the locale rather than to the
shared objective of any particular social world. Hence, it shapes rather than
enforces how the setting will be used. For example, a locale set upidervadrk
would be dificult to use for a game of tennis, though people are quite free to use
the locale as they please.

The second component is tiparticulars of the setting, drawn from those
aspects of the structural conditions of work that are more amenable to cemputer
based representation. Hence, we refer specifically to the family of artifacts, tools,
resources, and possible actions that shape and populate the landscape of a com-
puterbased locale. Meanings associated with the particulars are embedded in a
web of interactions, and in interdependencies which evolve with use.

The particulars page of the locale pane holds the family of shared objects rele-
vant to that locale, e.g., applets, which are small application objects (such as an
issue-based discussion manageishared document annotator or a bug report);
integrated external tools (such as word processors, calendars, or spreadsheets); and
external objects (such as files, URLS, or database objects).

The third component is thpeoplewho will participate in, and interact with, the
setting. Here we do not mean to specify all the individuals by name, but we do dif-
ferentiate between potential participants defined by role and actual visitors present
in a locale at a particular time. In the following, we clarify this distinction.

A locale has a set oblesthat are defined in relation to the social warldégo-
tiated division of labor for the primary activityarticipantsin a locale are people,
usually from the same social world, who have been assigned one or more of these
roles. Their iconic representations are found on the participants page of the locale
pane. When participants are actually present in a locale at a particular time, their
video image is displayed in the visitors page of the locale Msitrs are all the
people who are actually present in an locale at the current monm&tars/are not
necessarily participants. For example, a bridge game locale may have five visitors:
the four participants who are playing the game, and a novice player who does not
have an active role to play but is watching how the others are playing the game so
that she can learn from them.

Rich communication channels are provided to support synchronous and asyn-
chronous communication within and across social worlds. Each localeRobs
supports an video/audio conference (provided by standard conferencing tools such
as NV and ¥AT, see Figure 1(c) and (d)) to which visitors are automatically added
and removed as they enter and leave the locale, respectelio and video
channels enable visitors to be aware of each others presence and to support the
interpersonal communication processes involved in work. For asynchronous com-
munication, e.g., between participants who are not co-present, support is provided
via channels such as email, post-it notes and an ‘answering machine’.facility



The fourth component iprocess the co-evolution of setting and action over
time. Here we start to draw on the notion of trajectories (where trajectory schemes
may be part of the resources for action available in the setting), and on the notion
of the mutual shaping of action and structure. Note that process is not necessarily
contained within locales but often spans multiple locales over time.

To support the definition of domain specific locales and the representation of
trajectory schemes that exist within and across localeB|.Ds provides a visual/
textual specification language called Introspeocidiie et al, 1995). Cognizant of
contingencies, change and the continual evolufamork, and of the way interac-
tions can shape and evolve settings, Introspect employs a meta-level architecture.
This architectural design is based on the principle of reflection to enable run-time
modifications to locale definitions and trajectory scheme representations. Environ-
ments tailored to support the construction and modification of these specifications
are themselves locales withimoRLDS. The interactional processes involved in
these activities are supported by the availability of rich communication channels.

Thus, locales are uniquely defined, and continually re-defined, not only by their
expected primary activity and family of tools and artifacts, but also by people and
their interactions in and with the locale over tim&oTmeeting rooms can be
established in separate locations, furnished with the same set of tools and artifacts,
but the process and outcomes of meetings in those rooms, can be entesndif
because of the ddrent people and social worlds, andeliént use of the setting.

Additional Aspects of thevORLDS Environment

In addition to the locale pane outlined above, the representation of a locale to users
is also minimally characterized by a tool .b@hetool bar, see Figure 1(b), has
four main components: theurrent localepane which contains an iconic represen-
tation of the usés current locale, copies of which may be created (e.qg., via drag-n-
drop) and passed around as references to the localeelth@newhich contains

an iconic representation of the useopies of which may also be created and
passed around; a collectiontobl iconswhich provide users with some standard
set of tools and actions, e.g., this prototype includes an XEmacs editssue-
based discussion applet, a ‘warp to home locale’ button, a paietwork news
readeya W\eb Tool which opens a web conference using Mosaic 2.5b3 (see Figure
1(e) and (f)), and a navigation tool; andrap ara called a briefcase which can
accommodate any object you want to carry around from locale to locale.

Unlike a locale pane, the tool bar is unique to a particular wéer can exten-
sively tailor both the barand the binding of buttons to tools and applets. Since
social worlds are made up of individuals with particular identities, preferences etc.,
it is important to support flexibility at the individual as well as the social world
level.

As stated previous|yeach user has a home locale. Howea@vorkingWwORLDS
environment may contain any arbitrary number of locales. Movement among
locales is facilitated bwarp andglancemechanisms andravigatorfacility.



People first entewORLDS by warping into their home locales.avging is the
most primitive way withirvoRLDS of moving from one locale to anothéris sim-
ilar to walking straight into a room. Glancing is a more polite way of entering a
locale where a person can glance a locale to see who is currently present, at which
time a temporary audio/video connection is established between the glancer and
those present. Those people present can then warp the glancer into the locale if
they so desire. Our glancing model is similar to the workaoigTet al (1994).

As people can be members of multiple social worlds simultane@uslycan be
engaged in multiple concurrent activiti@gpORLDS provides aNavigatorto pro-
mote awareness of and access to other locales and usedefié thevoRrLDS
universe as being partitioned into collections of locales called sites. Sites can be
defined logicallye.g., all the locales on a particular sereeisemanticallye.g., all
the locales related twoORLDS code development. The Navigateee Figure 1(g),
has four componentsite pagesone page per site, containing icons of all the
locales registered at that site, from which users can warp or glance other locales;
site userscontaining iconic representations of all the users who are registered at
the site being navigated, plus a ‘call’ feature to allow users to establish audio/video
conferences with other users independent of locale; icons represethigngsites
in the WORLDS universe; angbersonal pagesa ‘hot-list’ of locales of interest for
that user

The Navigator is not the only means of navigation withorLDS. We support
a variety of methods by which people can access one another and other locales.
Users and locales can be registered with an HTTP saxagssed from the world-
wide web or referenced through MIME-compliant mail messagessék to pro-
vide a rich family of options without enforcing any particular one because we are
aware that our computéased setting is only part of a broader structural context of
work where interaction within the system as setting will be shaped not only by
technical possibilities but also by social norms etc.

Support for the collective action of social worlds also requires that users be
aware, subject to access constraints, of state changes to other users, artifacts,
locales, etc. For example, within a locale users must know what objects are avail-
able in the locale, how they are shared with other visitors to the locale, and what
actions are being performed on them. Similanfere trajectory schemas are in
use, the actual arc of action to date, the projected schema, and the range of action
possibilities need to be made visible to the USaech awareness information, often
subtle and indirect, is critical for userswbRLDS to maintain their sense of what
Is happening in locales, and is critical in support of the temporal and processual
aspects of collective work.

As part of our research and evolutionvabRLDS we are investigating several
mechanisms, beyond audio and video support for informal communication, to
facilitate user awareness in both asynchronous and synchronous modes of work.
Examples include: tracking shared object manipulation and making these manipu-



lations visible to any user accessing the shared object; monitoring events outside
WORLDS (such as manipulation of files in the filesystem) and making these events,
where relevant, available withwoRLDS, and icon morphing to provide visual
feedback to showor example, trajectory state.

Evaluation and Future vk

Current development owoRLDS is at a ‘proof of concept’ level, deploying many
general tools and facilities that may potentially be useful in supporting a variety of
Strauss’ action and interaction processes. A formal evaluationo®iLDs is
planned. In parallel with the developmenwadRLDS we have been conducting an
ethnographic study of the work practices of a group of systems suppdrt staf
responsible for the computing needs of géatomputer science department, fram-
ing our study in terms of Strauss’ action thede now plan to deploywORLDS

into this group, both as a usability study of the system and to discover how using
an environment such &ORLDS can evolve the practices of the group. Addition-
ally we anticipate that this deployment wilfedt the design and development tra-
jectory of our project.

In the meantime, our development team has wsarlLDS as its work environ-
ment and we have made several informal observations based on this use. Firstly
once we reached a critical mass of tool integration within the system, we experi-
enced a usefulness that was absent when these tools were used in isolation. For
example, the combination of locales with audio/video conferencing, the ability to
navigate easily among locales, and the ability to manipulate shared objects (inter-
nal or external tavORLDS), where the system takes care of much of the administra-
tive overhead of maintaining consistency in locales, resulted in an environment
which allowed us to work on multiple levels simultaneously

Other observations include how quickly people adapted to ugdmy DS and
how adapting to the system changed communication practices among our group
after only a short period of time - although we were in the samge fapm com-
prising our laboratory often we communicated via the system rather than by others
means, e.g. traveling or shouting across the room.

We also experienced the normalfidiilties one would expect when deploying a
system of this complexityThe main issues of current concern center on the time
lags in establishing connections with people and warping between locales, and the
addition of more functionality via applets, together with thrgeat need for wider
deployment and evaluation of the system. While our framework has held up well
under initial use there is no doubt that as W@RLDS user community grows
stresses will appear and evolutions of manfed#ht types will be necessary

Ongoing plans for the continual permutationvebrLDS include addressing
technical issues such as: improved warping, glancing, calling and navigation; per-
sistence; messaging, object trading, and reliable operation over the internet; secu-



rity; integration of a lager range of external information sources; and more,
improved applets. ¥ are also exploring other issues such as: regionalization,
overlapping, intersection and composition of locales; presence; and availability

Conclusions

We realize that we are embarking on an ambitious task, yet we believe that this
task is not only worthwhile but essential to the advancement of CSCW systems
research if the technical is to be grounded in a good understanding of the social.
We do not suggest that we have fouhé answer in using the insights from
Strauss’ work as our starting point for bridging the gap between the social and
technical. Howeverwe believe that there is value in continuing this pursuit as we
can learn from the ways in which we both succeed and fail to meet our goals.

Acknowledgments

We wish to thank: others who have contributed to the developmembriDs - Mark Kendrat,

Mark Fitzpatrick, Donald Cook, el Phelps, Doug Bogia, Annette Feng, Xinjian Lu, Ken Hu;
Leigh Star and Kjeld Schmidt for extensive discussions and insights; and the anonymous reviewers
whose feedback was invaluable. This work supported in part by the Advanced Research Projects
Agency under grant F30603-94-C-0161, by the National Science Foundation under grants CDA-
9401124, CCR-9108931 and CCR-9007195, by the US Army Corps of Engineers, and by Sun
Microsystems, Bull, Hewlett-Packard, DEC, Intel and Fujitsu/Open Systems Solutions. The views
and conclusions contained in this document are those of the authors and should not be interpreted as
representing the fi€ial policies, expressed or implied, of the Defense Advanced Projects Research
Agency or the U.S. Government. The first author also acknowledges the support of an Australian
Commonwealth Postgraduate Researglal and an Australianelecommunications and Elec-

tronic Research Board Scholarship, as well as the support provided by the Computer Science
Department at the University of lllinois.

References

Bannon, L. J., & Schmidt, K. (1991): “CSCWour Characters in Search of a Context.”, in J. M.
Bowers and S. D. Benford (edsStudies in Computer Supported Cooperativ@RNTheory
Practice and DesignNorth-Holland, Amsterdam, 1991, pp. 3-16.

Bogia, D. P, Tolone, W J., Bignoli, C., & Kaplan, S. M. (1993): “Issues in the Design of Collabo-
rative Systems: Lessons from ConversationBuilderSdéhaeding International Wrkshop on
Task Analysis and CSG\®chaerding, Austria.

Clarke, A. E. (1991) : “Social Wlds/Arenas Theory as @anizational Theory” in D. R. Maines
(ed.) :Social Oganization and Social Bcesses: Essays in Honor of Anselm Strafikine
De Gruyter New York, 1991, pp. 19-158.

Corbin, J. (1991): “Anselm Strauss: An Intellectual Biography” in D. R. Maines @at)al Oga-
nization and Social Prcesses: Essays in Honor of Anselm Strafikline De Gruyter New
York, 1991, pp. 17-42.

Giddens, A. (1984)The Constitution of Societyniversity of California Press, Berke|agA.



Heath, C., & Luf, P. (1992): “Collaboration and Control: Crisis Management and Multimedia
Technology in London Undground Line Control Rooms'Computer Supported Cooperative
Work, vol. 1, pp. 69-94.

Hughes, J., King, Y Rodden, T & Andersen, H. (1994): “Moving Out from the Control Room:
Ethnography in System Design” lCM Confeence on ComputeBupported Cooperative
Work, Chapel Hill, North Carolina: ACM Press, 1994, pp. 429-439.

Hutchins, E. (1995)Cognition in the WH, MIT Press, Cambridge, MA.

Kreifelts, T., Hinrichs, E., Klein, K., Setdrt, P, & Woetzel, G. (1991): “Experiences with the
DOMINO Office Procedure System” in L. Bannon, M. Robinson, & K. Schmidt (e8lscond
European Confance on Computer Supported CooperativeRVAmsterdam: Kluwer1991,
pp. 117-130.

Kuuti, K. (1992): “Identifying potential CSCW Applications by Means of Activity Theory Con-
cepts: A Case Example” in Juiher & R. Kraut (eds.)ACM Confeence on Computer Sup-
ported Cooperative @k, Toronto, Canada: ACM Press, 1992, pp. 233-240.

Nardi, B. (1995): “Studying Context: A Comparison of Activity ThedBjtuated Action Models
and Distributed Cognition” to appear in B. Nardi (e€untext and Consciousness: Activity
Theory and Human Computer InteractiddiT Press, Cambridge, MA, 1995.

Orlikowski, W. J. (1992): “Learning from NOTES: @anizational Issues in Groupware Implemen-
tation”, in J. Trner & R. Kraut (eds.)ACM Confeence on Computer Supported Cooperative
Work, Toronto, Canada: ACM Press, 1992, pp. 362-369.

Robinson, M. (1993a): “Computer Supported CooperativekiMCases and Concepts” in R. M.
Baecker (ed.)Readings in Gyupwae and ComputeSupported Cooperative aik, Morgan
Kaufmann, San Mateo, CA, 1993, pp. 29-49.

Robinson, M. (1993b): “Design for Unanticipated Usé in G. de Michelis, C. Simone, & K.
Schmidt (eds.)Third Euopean Confeance on Computer Supported CooperaticeR/\Milan,
Italy: Kluwer, 1993, pp. 187-202.

Schmidt, K., & Simone, C. (1995): “Mechanisms of Interaction: An Approach to CSCW Systems
Desigri, in COOP’95. International \Wkshop on the Design of Cooperative Systaduda-
bles-Juan-les-Pins, France, 1995.

Shapiro, D. (1994): “The Limits of Ethnography: Combining Social Sciences for CSCRACHNh
Confeence on ComputeBupported Cooperative dik, Chapel Hill, North Carolina: ACM
Press, 1994, pp. 417-439.

Soefner, H. (1991): “Trajectory’ as Intended Fragment: The Critique of Empirical Reason accord-
ing to Strauss” in D. Maines (edSocial Oganization and Social Bcesses: Essays in Honor
of Anselm Straus#ldine de GruyterNew York, 1991, pp. 359-371.

Star S. (1991): “The Sociology of the Invisible” in D. Maines (e89cial Oganization and Social
Processes: Essays in Honor of Anselm StrafigBne de GruyterNew York, 1991, pp. 265-
283.

Strauss, A. (1961)mages of the American Cifyhe Free Press of Glencoe, Neark(.

Strauss, A. (1993)Continual Permutations of Actipildine de GruyterNew York.

Suchman, L. (1987Plans and Situated Actip@ambridge University Press, Cambridge.

Tang, J. C., Isaacs, E. A., & Rua, M. (1994): “Supporting Distributed Groups with a Montage of
Lightweight Interactions” inACM Confeence on Computer Supported CooperativerkV
Chapel Hill, North Carolina: ACM Press, 1994, pp. 23-34.

Tolone, W J., Kaplan, S. M., & Fitzpatrick, G. (1995): “Specifying Dynamic Support for Collabo-
rative Work within wORLDS' to appear inrACM Confeence on Qganizational Computer Sys-
tems Milpitas, CA, 1995.

Wagner I. (1994) : “Networking Actors and @anisations”,Computer Supported Cooperative
Work, vol. 2, pp. 5-20.

Wastell, D. G., & White, P(1993): “Using Processethnology to Support Cooperativeokk:
Prospects and Design Issues” in D. Daiper & C. Sanger (&BQW in Practice: An Intiduc-
tion and Case StudieSpringefVerlag, London, 1993, pp. 105-126.



