
Rosson & Carroll: Computer-Supported Cooperative Work   1

Computer-Supported Cooperative Work1

Mary Beth Rosson and John M. Carroll

Computer-supported cooperative work (CSCW) is the subarea of human-computer interaction
concerned with the communication, collaboration, and work practices of groups, organizations,
and communities, and with information technology for groups, organizations, and communities.
As the Internet and associated networked computing activities have become pervasive, research
in CSCW has expanded rapidly, and its central concepts and vocabulary are still evolving. For
the purposes of this discussion, we understand cooperative work as any activity that includes, or
is intended to include the coordinated participation of at least two individuals; we take computer
support of such work to be any information technology used to coordinate or carry out the shared
activity (including historical archiving of one activity to allow subsequent reuse by another).

Several themes dominate research and practice in CSCW: studies of work, in which activities,
and especially tool usage patterns of organizations are observed, analyzed and interpreted
through rich qualitative descriptions; design and use of computer-mediated communication
(CMC) systems and of groupware, designed to aid with collaborative planning, acting, and sense
making; and analyses of the adoption and adaptation of CSCW systems. In the balance of this
article, we summarize key concerns and findings within each of these themes.  We conclude by
discussing research directions for CSCW.

Studies of Work

A fundamental objective of CSCW is to understand how computers can be used to support
everyday work practices.  Early attempts to provide such support focused on workflow systems.
This approach codifies existing business procedures (e.g., the timeline of resources, activities,
and decisions involved in hiring a new employee) in a computer model, and embeds the model in
a tracking system that monitors task execution of the procedures, providing reminders,
coordination across participants, and assurance that appropriate steps are followed. Workflow
systems are an example of a highly rational technology development strategy; their goal is to
provide performance support for carrying out normative procedures. Ironically, a major lesson
that emerged from building and studying the use of these systems is that exceptions to normative
business procedures are pervasive in real activity, and that handling such exceptions
characteristically involves social interactions that need to be fluid and nuanced in order to
succeed.  Indeed, the failure of direct and rational workflow support was to a considerable extent
the starting point for modern CSCW, which now emphasizes balance between structured
performance and learning support, and flexibility in the roles and responsibilities available to
human workers.

Studies of work often employ ethnographic methods adapted from the field of anthropology. In
ethnographic research, the activities of a group are observed over an extended period of time.
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This allows collaborative activity to be seen in context. Thus, tasks are not characterized merely
in terms of the steps comprising procedures, but also in terms of who interacts with whom to
carry out and improvise procedures, what tools and other artifacts are used, what information is
exchanged and created, and the longer-term collateral outcomes of activity such as personal and
collective learning and the development of group norms and mutual trust.  This work has
demonstrated how, for example, the minute interdependencies and personal histories of doctors,
nurses, patients, administrators, and other caregivers in the functioning of a hospital must be
analyzed to properly understand actions as seemingly simple as a doctor conveying a treatment
protocol to a nurse on the next shift.

Sometimes the observer tries to be invisible in ethnographic research, a sort of fly-on-wall; but
sometimes the investigator joins the group as a participant-observer. Typically video recordings
of work activities are made, and various artifacts produced in the course of the work are copied
or preserved to enable later analysis and interpretation.

Ethnographic methods produce elaborate and often voluminous qualitative descriptions of
complex work settings. These descriptions have become central to CSCW research, and have
greatly broadened the notion of context with respect to understanding human activity.
Theoretical frameworks like activity theory, distributed cognition, and situated action, which
articulate the context of activity, have become the major paradigms for science and theory in
CSCW.

Much of what people do in their work is guided by tacit knowledge. A team of engineers may not
realize how much they know about each others’ unique experience, skills, and aptitudes, and
how well they recruit this knowledge in deciding who to call when problems arise, or how to
phrase a question or comment for best effect. But if an analyst observes them at work, queries
them for rationale during problem-solving efforts, and asks for reflections on why things happen,
the tacit knowledge that is uncovered may point to important tradeoffs in building computerized
support for their work processes. For instance, directing a question to an expert colleague
provides access to the right information at the right time, but also establishes and reinforces a
social network. Replacing this social behavior with an automated expert database may answer
the query more efficiently, but may cause an employee to feel more disconnected from his or her
organization.

A persistent tension in CSCW studies of work springs from the scoping of activities to be
supported. Many studies have shown how informal communication—dropping by a co-worker’s
office, encountering someone in the hall, sharing a coffee—can be productive in spawning new
insights and ideas, and essential in creating group cohesion and collegiality, social capital to help
the organization face future challenges. But communication is also necessarily time-consuming
and often ambiguous, entraining clarifications and confirmations.  And of course informal
interactions are also often unproductive. Balancing direct support for work activities with
broader support for building and maintaining social networks is the current state of the classic
workflow systems challenge.

Computer-Mediated Communication
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The central role of communication in the behavior of groups has led to intense interest in how
technology can be used to enable or even enhance communication among individuals and
groups. Much attention has been directed at communication among group members who are not
co-located, but even for people who share an office, computer-mediated communication (CMC)
channels like email and text chat have become pervasive. Indeed email is often characterized as
the single most successful CSCW application, because it has been integrated so pervasively into
everyday work activities.

The medium used for CMC has significant consequences for the communicators.  Media richness
theory suggests that media supporting video or voice are most appropriate for tasks that involve
ambiguity (e.g., persuading a collaborator to adopt an idea), because the nonverbal cues provided
in a communicator’s visual appearance or voice tone provide information that helps participants
better understand and evaluate the full impact of each other’s messages. In contrast, text-based
media like email or chat are better for gathering and sharing objective information.  Of course,
even text-based channels can be used to express emotional content or subjective reactions to
some extent; a large and growing vocabulary of character-based icons and acronyms are used to
convey sadness, happiness, surprise, and so on.

Use of CMC has also been analyzed from the perspective of Clark’s theory of common ground in
language—the notion that language production, interpretation, and feedback relies extensively on
communicators’ prior knowledge about each other, the natural language they are using, the
setting they are in, and their group and cultural affiliations. In CMC settings some of this
information may be missing (e.g., if you cannot see your conversation partner, inappropriate or
inadequate inferences may be made about the setting, group membership, and so on).
Furthermore, many of the acknowledgement and feedback mechanisms that humans take for
granted in face-to-face conversation become awkward or impossible to give and receive in CMC
(e.g., head nods, the space-filling “uh huh” and so on). The theory of common ground argues that
these simple acknowledgement mechanisms are crucial for fluid conversation, because they
allow conversation partners to monitor and track successful communication (e.g., “I understand
what you mean and I can tell that you understand that I understand, etc.).

Despite the general acknowledgement that text-based CMC media like email and chat are
relatively poor at conveying emotion and subjective content, these channels have other
advantages that make them excellent choices for some tasks.  Email for example is usually
composed and edited in advance of sending the message; it can be read and reviewed multiple
times; and it is very easily distributed to large groups.  Email is also easy to archive, and its text
content can be processed in a variety of ways to create reusable information resources.  Because
email is relatively emotion-free, it may be appropriate for delicate or uncomfortable
communication tasks. With so many CMC options, people are now able to make deliberate (or
tacit) choices among CMC channels, using a relatively informal and unobtrusive medium like
text chat for low-cost interaction, more formally composed email for business memos, and
video- or audio-conferencing for important decision-making tasks.

The relative anonymity of CMC (particularly with text-based channels) has provoked
considerable research into the pros and cons of anonymous communication. Communicators may
use their real names or screen names that only loosely convey their identity; in some situations
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virtual identities may be adopted explicitly to convey certain aspects of a personality or an online
persona invented by an individual. Anonymity makes it easier to express sensitive ideas and so
can be very effective in brainstorming or discussion environments where social structures would
otherwise inhibit the degree of sharing.  However the same reduction of personal cues that makes
anonymity an aid to brainstorming also can lead to rude or inappropriate exchanges and may
make it difficult to establish common ground and to build trusting relationships. Indeed there
have been a number of well-publicized episodes of cruel behavior in CMC environments like
chat rooms and multi-user domains (MUDs).

Over the past decade, people and their work activities have become more mobile (e.g., using cell
phones, pagers, personal digital assistants, and other mobile devices).  As a consequence, the
context of CMC is quite varied and unpredictable. A research area that has developed in response
to users’ changing environment is context-aware computing, wherein the technology is used not
only to support work activities, but also to gather information about the users’ situation.  For
example, it is relatively straightforward to set up distinct cell phone profiles for work, home,
outdoors, and so on, but it takes time and attention to remember to activate and de-activate them
as needed.  Thus the goal is to build devices able to detect a changes people’s environment and
to activate the appropriate communication options or tasks. Whether such mode changes take
place automatically or are managed by the individual, the resulting context information can be
important to collaborators, signaling if and when they can initiate or return to a shared activity.

Groupware

CSCW software is often categorized by the timing of the collaboration it supports: Synchronous
groupware supports interaction at the same point in time, while asynchronous groupware
supports collaboration across time. Another distinction is the collaborators’ relative location,
with some groupware designed for co-located interaction and some for the distributed activities.
For example, group decision support systems are typically used for synchronous and co-located
interaction—as part of a face-to-face meeting, group members used a shared online environment
to propose, organize, and prioritize ideas.  In contrast, an online forum is might be used for
asynchronous discussions among distributed group members.

A longstanding goal for many groupware developers has been building support for virtual
meetings—synchronous group interactions that take place entirely online as a substitute for
traditional face-to-face meetings. As businesses have become increasingly international and
distributed, support for virtual meetings has become more important.  A virtual meeting may use
technology as simple as a telephone conference call or as complex as a collaborative virtual
environment (CVE) that embodies attendees and their work resources as interactive objects in a
three-dimensional virtual world. Because virtual meetings must rely on CMC, attendees have
fewer communication cues, and become less effective at turn-taking, negotiation, and other
socially-rich interaction. It is also often difficult to access and interact with meeting documents
in a CVE, particularly when the meeting agenda is open and information needs evolve during the
meeting. Some researchers have argued that online meetings will never equal face-to-face
interaction, and that researchers should focus instead on the special qualities offered by a virtual
medium—for example, the archiving, reviewing, and revising of content that is a natural
consequence of working together online.
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When collaborators meet online, participant authentication is an important HCI issue.  Many
work situations have policies and procedures that must be respected, for example meetings with
a specified attendee list, restricted documents, or decisions that require “sign off” by a manager.
Enforcing such restrictions creates work for both the organizer of the activity (who must activate
the appropriate controls) and the participants (who must identify themselves if and when
required).  Depending on a group’s culture and setting, the meeting organizers may choose to
provide no restrictions at all (e.g., meeting via an online chat tool and relying on group members
to self-enforce relevant policies and group behavior); or they may rely on a set of roles built into
the groupware system (e.g., leader, attendee, scribe) to manage information access and
interaction.

A significant technical challenge for synchronous groupware is ensuring data consistency.  When
collaborators are able to communicate or edit shared data in parallel, there is the possibility that
simultaneous requests will conflict, for example one participant correcting the spelling of a word
at the same time that another member deletes a phrase containing the word. The simplest
technique for avoiding consistency problems is to implement a floor control mechanism, where
only one participant can have the “pen”; others must wait until control is passed to them.
Because such mechanisms can be awkward and slow, many groupware systems have explored
alternatives, including implicit locking of paragraphs or individual words, and fully optimistic
serialization that processes all input in the order that it is received, with the assumption that well-
learned social protocols of turn-taking and coordination will reduce conflict and ensure smooth
operation.

Many other technical challenges plague the smooth operation of groupware. For instance, it is
quite common for collaborators to be interacting with rather different hardware and software
platforms. Although workgroups may settle on a standard set of software (e.g. for email, web
applications, spreadsheets, etc.), not all group members may follow all aspects of the standard,
and beyond a close-knit workgroup, there are no standards. Thus interoperability of data formats,
search tools, editing or viewing software, and analysis tools are a constant concern. As work
settings have become more mobile and dynamic, the variety has increased: some members at a
virtual meeting may join by cell phone, while others use a dedicated broadband network
connection. It is increasingly common for groupware systems to at least provide an indicator of
such variation, so that collaborators can compensate as relevant (e.g., recognizing that a cell
phone participant may not be able to see the slides presented at a meeting).

The general goal of promoting awareness during CSCW interactions has many facets. During
synchronous work, groupware often provides some form of “workspace awareness”, using tele-
pointers or miniaturized overviews to convey what objects are selected or in view by
collaborators. In more extended collaborations, partners depend on “social awareness” to know
which group members are around, available for interaction, and so on. Social awareness can be
provided through mechanisms such as buddy lists, avatars that serve as online surrogates, or even
regularly updated snapshots of a person in their work setting. For a shared project that takes
place over weeks or months, collaborators need “activity awareness”— understanding what
project features have changed, who has done what, what goals or plans are currently active, and
how to contribute. However, promoting activity awareness remains an open research topic;
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considerable design work is needed to determine how best to integrate across synchronous and
asynchronous interactions, what information is useful in conveying status and progress, and how
this information can be gathered and represented in a manner that supports rather than interrupts
collaborative activities.

Adoption and Adaptation of CSCW Systems

Even when great care is taken in the design and implementation of a CSCW system, there is no
guarantee that it will be successfully adopted and integrated into work practices—or that when it
is adopted it will work as originally intended. Many case studies point to a socio-technical
evolution cycle, in which delivered CSCW systems do not fit onto existing social and
organizational structures and processes. During a process of assimilation and accommodation,
the organization changes (e.g., a new role is defined for setting up and facilitating virtual
meetings) in concert with the technology (e.g., a set of organization-specific templates are
defined to simplify agenda-setting and meeting management).

Several implications follow from the view of CSCW adoption as socio-technical evolution.  One
is that participatory design of the software is essential—without the knowledge of praxis
provided by the intended users, the software will not be able to evolve to meet their specific
needs; furthermore if users are included in the design process, introduction of the CSCW system
into the workplace will already have begun by the time it is deployed.  Another implication is
that CSCW software should have an open architecture as much as possible, so that when the
inevitable changes are recognized months or years after deployment, it will be possible to add,
delete, or otherwise refine existing services.  A third implication is that organizations seeking
CSCW solutions should be ready to embrace change within their business structures and
processes, and in fact should undergo business process re-engineering along with the design of
the software itself.

A frequent contributing factor in groupware failure is an uneven distribution of costs and benefits
across organizational roles and responsibilities. There are genuine costs to collaboration: a
process that was once managed informally, implicitly, and on an ad hoc basis by a single
individual must now be planned in advance, the plan recorded and consulted, status summarized
at milestones and completion. Collaboration implies coordination. Of course the benefits are
genuine as well, for instance being able to assign tasks to the most qualified personnel,
integrating multiple perspectives on difficult problems, the social recognition and rewards earned
when individuals combine efforts to reach a common goal. Unfortunately, the costs of
collaboration are often borne by “workers” who have new requirements for online planning and
reporting, while its benefits are enjoyed by “management” able to deliver on-time results of
higher quality. An important concern when designing for socio-technical evolution is analyzing
the expected costs and benefits and their distribution within the organization. Equally important
are mechanisms for building social capital and trust, such that individuals are willing to
contribute to the common good, trusting that others in the group will reward or care for them
when the time comes.

Critical mass is another determinant of successful adoption—the greater the proportion of
individuals within an organization who use a technology, the more sense it makes to begin using
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it oneself. A staged adoption process is often effective, where a high profile individual becomes
an early user and advocate, introduces the system to his or her group, this first group chronicles
its adoption experience and passes the technology on to other groups, and so on. By the time the
late-adopters begin to use the new technology, much of the socio-technical evolution has taken
place, context-specific procedures have been developed and refined in situ, and there are local
experts to assist new users.

As more and more of an organization’s activities take place online via CSCW technology—from
email to videoconferencing to shared file systems—the amount of online information about the
organization and its goals increases exponentially. This has generated great interest in the
prospects for organizational memory or knowledge management. The hope is that one side effect
of carrying out activities online will be a variety of records about how and why tasks are
decomposed and accomplished, and that these records can provide guidance to other groups
pursuing similar goals. Of course once again, there are important issues of cost-benefit:
recording enough information to be useful to future groups takes time, especially if it is to be
stored in any useful fashion, yet the benefit in most cases will be enjoyed by other people. One
solution is to give computers the job of recording, organizing, and retrieving—for example, even
a coarse-grained identification of speakers making comments in a meeting can simplify
subsequent browsing of the meeting audiotape.

Research Directions

As in HCI more generally, much of the active research in CSCW is oriented toward new
technologies—for enhancing awareness, for integrating multiple devices, populations, and
activities, for visualizing and sharing rich datasets and multimedia documents. Computers are
becoming more ubiquitous, and so is CSCW. The need to interconnect people using diverse
devices from diverse settings entrains many research challenges, some related to the general HCI
issues of multi-platform computing, and others tied to understanding and planning for the social
and motivational differences associated with varied work settings. The rapidly expanding
archives in organizations raise many research opportunities related to data processing and
analysis, information visualization and retrieval.  At the same time, these digital stores raise
important questions about individual privacy and identity—the more information an organization
collects about an individual (including work groups, family, friends, government), the more
opportunity there is for inappropriate access and use to this information.

A methodological challenge for CSCW lies in the development of effective evaluation methods.
Field studies and ethnographic analyses yield very rich data that can be useful in understanding
system requirements and organizational dynamics. But analyzing such detailed records to answer
precise questions is time-consuming or even impossible due to the complexity of real world
settings. Unfortunately, the HCI methods developed for studying individual use do not scale well
to the evaluation of multiple users in different locations.  Because social and organizational
context are a key component of CSCW activities, it is difficult to simulate shared activities in a
controlled lab setting.  Groupware has been evolving at a rapid rate, so there are few if any
benchmark tasks or results to use for comparison studies. One promising research direction
involves fieldwork that identifies interesting collaboration scenarios; these are then scripted and
simulated in a laboratory setting for more systematic analysis.
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The focus of human-computer interaction in the 1980’s was a solitary user finding and creating
information in a personal computer. Today, the focus of HCI is several to many people working
together at a variety of times and places, finding and creating information throughout the
Internet, communicating and collaborating more or less continually. This is far more than a
transformation of HCI, it is a transformation of human work and activity.  It is still underway.
And CSCW will continue to play a large role.
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