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I.  Introduction

We are social animals.  We began by living in clusters and cooperating in our hunting and gathering.  We still reside in communities and cooperate in work;  we just do it differently.  Over the millennia, we have invented tools and processes to help us cooperate, such as standardized time zones, telegraph and train signaling, paper filing and accounting systems.  We cooperate and coordinate by meeting. We converse face-to-face, by telephone and paper mail.  We use blackboards, flip charts, slides, acetate overheads, and duplicated paper handouts.  

But the speed of change in these tools has accelerated since the advent of accessible personal and now interpersonal computing.   Technology is changing how we cooperate and coordinate.  We still meet face-to-face, but people project computer generated slides (e.g., from PowerPoint), take notes on laptops, show web sites and stored files, and share applications in real time (e.g., spreadsheets to help us come to agreement on a budget).  People converse over long distance via chat boxes
, audio teleconferences, videoconferences, sometimes showing slides or projected work objects at all locations.  And, people use fax, email, attachments
, voicemail, Lotus Notes,
 or intranets
 to manage our asynchronous coordinated work.  With the advent of these technologies, we have fundamentally changed how our collaborations can take place.  Today, people can successfully plan a global conference without ever meeting face-to-face; large corporations form world-wide teams of experts (attempting to achieve what they call “Virtual Collocation”); people telecommute; and some organizations function entirely with mobile technology
  without the necessity of any physical offices.  

Computer Supported Cooperative Work (CSCW) is the study of how people work together using computer and communication technologies.  This name emerged in the mid-1980s, first referring to a series of biannual meetings that constitute the principal forum for researchers in this area and now referring to the whole area of research.  CSCW is a broadly interdisciplinary field, drawing from computer science, management information systems, information science, psychology, sociology, and anthropology.  Within psychology there is participation from the cognitive, social, and organizational perspectives as well as findings to inform these fields.  These many perspectives offer a mixture of theories and methods, often sparking healthy debate, some of which is reviewed later in this chapter.

The field of CSCW is huge and growing.  We cannot cover it all in this chapter.  We have chosen a range of examples to illustrate the issues; our goal is not to be exhaustive in this survey.  In this chapter we will examine CSCW research  from a psychological perspective.  We will do this through the following topics:

• an initial framework that helps define the overall issues in the area, including a brief survey of the kinds of technologies that have been developed for CSCW applications.  

• a review of how CSCW relates to cognitive psychology along with the various critiques of psychological theories and methods and their implications. 

• a survey of representative empirical findings to date on what happens when people use CSCW technologies.

II. An Initial Framework

Just as it is impossible to answer the single overarching question, “How do computers affect people?”  it is equally impossible to answer the question,  “How do computers affect groups, organizations, and society?”  The only possible answer is that “it depends.”  Before we present the empirical findings, it is imperative to adopt a vocabulary for the particular.  If ‘it depends,’ what does it depend on?

Figure 1 shows a simple conceptual framework of the things that need to be described before we can sort out the various results.  In this diagram, there are four major determinants of the process the group members engage in and the eventual outcome.   We have intentionally simplified the complexity of the real world for tutorial purposes.  The world is not this neat and certainly not this linear; there are interesting interactions and feedback loops to explore.  We present the framework briefly here; it is detailed elsewhere  (Olson and Olson, 1997).




Figure 1. A simplified representation of the relationship between technology and behavioral consequences in group work.  (After Kraemer and Pinsonneault, 1990, and Olson and Olson, 1997).

A.  The Group 

The same technology can have a remarkably different effect on groups that have different compositions, relationships, organizations, and contexts of time and location.  A group that has members with similar and appropriate task skills will function differently than one that is heterogeneous.   How these skills are used will differ in the presence of various technologies.   We know, for example, that strangers whose language skills are not fluent benefit from video conferencing whereas established groups who are fluent and share cultural backgrounds do just as well over audioconferencing (Gabarro, 1990; Veinott et al, 1996, Williams, 1997).  Similarly, those groups that have established trust in each other can function cooperatively via email, where those that have not established this trust quickly dissipate into non-cooperative behavior (Rocco, 1998).  Technologies also fit or misfit with the group’s communication structure (whether it takes place through hierarchical paths only or by free dissemination), and may be adopted or not depending on the organization’s reward structure, work norms, or routines (Orlikowski, 1994). 

B.  The Task

Tasks are described in everyday vernacular with such words as brainstorming, design, teaching, or decision making, etc.  But, if we are to understand how technologies support various kinds of tasks, this level of description is too coarse-grained.  For example, some technologies support the generation of ideas and critiques well, but not the clarification of ideas nor the organization of the ideas into a scheme or frame, all of which are part of design tasks.  Most macro tasks are made up of a mixture of smaller task units, and it is at that level that we believe tasks need to be described.  

Tasks differ in the nature of the material, whether it consist of abstract ideas or concrete objects.  The core activities themselves and their flow are differentially supported by technology.  The work involves various amounts of exchange of information, planning, gathering or generating information, discussing to come to agreement, and planning and producing a product.   Each of these subtasks may be supported by a different technology.  There are also different dependencies among group members in performing the joint activity. Technologies that support group members’ awareness of the moment by moment work of each other may help in highly dependent work, called tightly-coupled work, but may indeed impede loosely-coupled work because it is distracting.   And tasks differ on something akin to difficulty, having to do both with the number of constraints that have to be satisfied and with their familiarity to the group members themselves.  Technologies that make esoteric problems simple via representations, or those that compute constraint satisfaction can differentially support tasks that differ on this key feature.

Group interactions also have more social goals such as learning about the others, learning to trust them, finding empathy, etc.  As we will relate later, many of the newsgroups and on-line chat sessions are not intended to get work done, but rather to have social exchange.  

[image: image1.wmf]Real Time

Asynchronous

Conversation

Face-to-Face

Remote

Object 

Store minutes  

for future action

Find people and 

arrange meeting

Object 

Conversation

Figure 2. Representation of real-time and asynchronous work, transitions between them, and support of conversation and objects.

C.  The Technologies

Technologies for group work fall into clusters on two major dimensions:


· The setting in which the interaction takes place:  the location and timing of the interaction, and 

· What the technology supports: the object or the conversation.

First, technologies are intended for support of work that is either in the same or different time and the same or different location (Bullen & Bennett, 1996).  In Figure 2, real time work is depicted on the right hand side, with people meeting either face-to-face or remotely by video conferencing. Some groups may display the agenda electronically and take minutes by typing changes to the agenda in real time.  Some groups may use a group decision support system (GDSS) that helps them brainstorm ideas anonymously, create criteria on which to evaluate alternative ideas, and then rank order or vote on the ideas.  Remote participants converse by audioconferencing or videoconferencing.  In more informal settings, remote participants may engage in a discussion in a chat session, MUD or MOO
, by typing their contribution to a conversation and having it appear on all group members’ screens at the same time as soon as the utterance is completed.  

The arc at the top of the figure depicts the transition to asynchronous work.  At the end of their meeting they may store their meeting minutes on a server for each to access, perhaps from which to make their own to-do lists.

On the left side of Figure 2 is represented asynchronous work, where people work independently on the project, conversing over email and shipping files to each other electronically for approval or editing.  The arc at the bottom represents the transition back to real-time work.  Electronic calendars search for time when people can meet.  Electronic Rolodexes keep track of people’s contact information and background information to help determine whom to invite to a meeting.

The second dimension refers to what the technology is supporting. Technologies variously support the object of work (like a proposal that is being developed by the group or the patient undergoing surgery) and/or the conversation on these objects. When people are face-to-face, it is usually easy for people to refer to the objects of the conversation and to maintain context. In supporting asynchronous work with today’s technology, one can send files to one another (the objects) and converse by email, but it is difficult to specify in the conversation exactly what is being referred to.   And, sometimes email itself often serves a dual function, both sending an object (e.g., a list of courses offered in the next semester’s curriculum) and engaging in conversation about it (e.g., asking for comments on proposed ideas).

Table 1 lists various technologies in this scheme, including both commercial products and a few of the better-known prototype systems.  The table is organized to cluster the technologies that support real-time vs. asynchronous work, and within real-time a distinction is made between those that are face-to-face and those that are remote.

As one might guess, these technologies differ on a number of specifics, each of which has the potential of making significant differences in behavior. Unfortunately, many systems have been built but never formally evaluated, some have been evaluated only by the builders, and some have been evaluated in case studies, without any comparative evaluation.  But it would be hard to enumerate all the possibilities of various designs and their consequences.  It will be a long time before we understand the full set of interactions.  Some researchers are beginning to do evaluation, and from them we can see trends, which we review below.  Some trends confirm what we know about social psychology and communication, some are surprises warranting further investigation.  Others, especially the emergent processes and far reaching social impact, are new and bear examination by researchers in the more basic behavioral sciences.

Table 1.  Various technologies to support different group work settings, and to support conversation and/or sharing of objects.

Work situation
Example Products
Example Prototype Systems

Real-time



   Support of Face-to Face Conversation



    Decision Support 

       Systems     

Vantana,


Group Systems V

SAMM (Dickson, et al, 1992);


NICK (Ellis et al, 1991)

     Support of Remote Conversation



     ChatBoxes,
     MUDs and MOOs

Unix Talk 


LambdaMOO 

UARC ChatBoxes (Finholt and Olson, 1997)


LambdaMOO (Curtis, 1996)

     Video conference
· PictureTel, VTel

VideoWindow (Kraut, et al, 1990), 

     Desktop audio
· Placeware

Mbone

     Desktop video

ProShare, 

· CU-See Me

· NetMeeting

Hydra (Buxton, et al, 1997)

Forum (Isaacs et al, 1995) 

Cruiser (Fish et al, 1993)  


Montage (Tang et al, 1994) 


Rave (Gaver et al, 1992)


MERMAID (Sakata et al, 1996)

   Support of Shared Work Objects



    Object Camera

PictureTel Object Camera


   Computer     
      Whiteboards

SoftBoard, 


LiveBoard, 


Netmeeting, 


ProShare



Commune (Minneman and Bly, 1991) 


Clearboard (Ishii and Kobayashi, 1994)


Forum (Isaacs, et al, 1994) 


Tivoli (Pedersen, et al, 1993) 

   Shared Editors

Aspects

GROVE (Ellis, Gibbs, and Rein, 1991) 


Cognoter (Stefik et al, 1987)


ShrEdit (Olson and Olson, 1996) 

· DOLPHIN (Streitz et al, 1994)

· SEPIA (Haake and Wilson, 1994)


DistEdit (Knister & Prakash, 1990)


MMConf (Crowley et al, 1990)

   Application 
       Sharing

ProShare,


Netmeeting, 


Timbuktu, 


Point to Point, 


Shared-X


Table 1. continued.

Asynchronous Work



 Support of Conversation



      Email

many kinds, including The Coordinator (Winograd, 1988)


      Filters for email


LENS (Malone et al, 1989)

      Video email

NeXTStep, 


Vistium


       Structured  
           conversational

            database

Lotus Notes conversation database, 


Confer, 


Netnews


       Revision control 
         system, notes 

         attached to stored file

RCS


       Design Rationale
           capture


gIBIS (Conklin and Begeman, 1988)


QOC (MacLean, et al, 1996)

   Support of Objects



     Shared file server

Transport by FTP


Fetch 


Lotus Notes


     Group authoring 
       including hypertext 
        systems

MSWord Revisions,


For Comment 
· PREP (Neuwirth et al, 1990) 

· DOLPHIN (Streitz et al, 1994)


SEPIA (Haake et al, 1994) 

· Quilt (Leland et al, 1988),

· see review by Michailidis and Rada (1995, 1996)

      Project management

MacProject


      Workflow systems

Lotus Notes

Freeflow (Dourish et al, 1996)

Transitions between modes of work



       Electronic calendars

Meeting Maker, 


PROFs


      Awareness servers         

CU-See Me

Cruiser (Fish et al, 1993) 


Montage (Tang et al, 1994)


Rave (Gaver et al, 1992)


VideoWindow (Fish et al, 1996) 


Media Space (Harrison et al, 1996, Olson and Bly, 1991) 

· Thunderwire (Hindus et al, 1996)  

· Olivetti badges

D. The Process

The nature of the group, the kind of task they are engaged in and the features of the technology affect how people behave, the focus of the center box in Figure 1.  This process in turn affects the quality of the product, what they have learned, and how they feel about each other.   Some researchers look for effects of groupware on the details of the process.  To date, researchers have focused most on the content of the conversations in interactions, the gestures that accompany them, and various timing and participation measures.  For example, some look in the content at the depth and breadth of the discussion and the time spent in various activities,  distinguishing those related to the task itself, from those related to the organization of the activity and those in socializing or digression.  Some catalog the turntaking activity, including the number and kinds of interruptions people generate.  And, some code the affect of each utterance, and how wide the participation is in the activity and the organizational roles of those that participate (e.g., whether he or she is someone with authority and power or not).  

E.   Measures of Effects.

The literature on the effectiveness of groupware assesses impact in a number of different ways.  These are illustrated in the right side of Figure 1.  Many studies measure the task outcome, counting the number of ideas or the quality of the product.   These are measures that are often taken in comparative laboratory studies.  It is difficult to measure task outcome in field settings because “success” depends on many things outside the group’s control.  Success is not often attributable solely to the adoption of a particular technology.  Some people measure the participants attitudes about the quality of the work, but it is well know that attitudes and performance are not always correlated (Eagly and Chaiken, 1998; Petty and Wegener, 1998).  This well-established phenomenon has been shown in CSCW settings as well (e.g., Kottemann and Davis, 1994).  

Other studies focus on group outcomes, assessing how technology affects people’s understanding of what they decide, commitment to these decisions, satisfaction with the process or product, or the follow-on attitudes.  Some technologies (e.g., video) may affect the willingness of people to work together in the future.  Others, like email or chats may make people feel more connected to others or more isolated.  Few studies focus on organizational outcomes, longer term effects of the adoption and use of various technologies.  Technologies may change a person’s status in the organization, loyalty to the organization, learning (knowledge and skills), and work norms. 

A few emerging studies are now focusing on how technologies change an entire section of society, addressing issues about people’s sense of community.  Studies on electronic communities and Collaboratories are few, often take a long time to conduct, and are far reaching in their evidence for change.  But they are important not only for their implications for basic theory, but also more practically for policy formation and informing decisions about whether to fund large projects (are they worth it, what are the unintended consequences, Rochlin, 1997; Sproull & Kiesler, 1991; Tenner, 1996).

III.  Psychology and CSCW

As mentioned in the Introduction, CSCW is a multidisciplinary field, and psychology is only one of a number of behavioral fields that have influenced research and theory.  In fact, psychology has not necessarily provided the dominant conceptual and methodological ideas in CSCW, a state of affairs that some have suggested has impeded progress in CSCW (Finholt & Teasley, 1997).

The various social sciences that contribute to CSCW have not always been happy partners. Cognitive psychology has been singled out for criticism both theoretically and methodologically by CSCW researchers from other social science traditions.  Interestingly, many who were trained as cognitive psychologists who are among the most active CSCW researchers have become much more methodologically and theoretically eclectic. 

Psychology has come in for two classes of criticisms.  The first is theoretical.  Psychology has been criticized for seeking principles at too abstract a level of generality, at only the individual level, and thus failing to pay sufficient attention to the details of social and physical context (e.g., Suchman, 1987; Lave, 1988).  An extensive debate over this has appeared in the published literature (e.g., Vera and Simon, 1993, and an entire issue of Cognitive Science devoted to comments on their article).  One result has been to widen the scope of cognitive theories and of the phenomena that are studied.  Emerging theoretical perspectives such as distributed cognition represent attempts to incorporate a more explicit treatment of social and physical contexts into a psychological account of the kind of behavior seen with CSCW systems.  A related move is to examine the cognitive behavior of aggregates of individuals, such as groups or organizations.  We will look at these in more detail below.

A related criticism is methodological.  Many areas of psychology depend on laboratory experiments for empirical evaluation of ideas.  Critics charge that the situations and subjects used in many psychological experiments are not representative of typical group work.  In contrast, much of the empirical work in CSCW is based on field observations, including ethnographic methods.  Indeed, the methods of sociology and anthropology have played a major role in defining the empirical strategies of many CSCW researchers.  Finholt and Teasley (1998) note how little of the research published in the meetings on CSCW have used experimental methods. They stress the value for CSCW research of using “reliable and proven measures of human behavior” drawn from psychological research in order to more quickly accumulate knowledge across studies.  We have argued in more detail elsewhere (Olson, Olson, Storrøsten & Carter, 1993; Olson & Olson, 1997) that the external validity of experimental methods can be improved considerably.  Improvement comes from the careful selection of tasks and subjects, and by coordinated field and laboratory investigations that explicitly analyze the similarities and differences between the two kinds of situations.  Another research strategy is to conduct quasi-experiments in the field, using the kinds of design and analysis strategies discussed in Cook & Campbell (1979).

In the remainder of this section we present several approaches to the description of cognition that are representative of the new ways of conceptualizing cognitive activity.

Distributed cognition.  A theoretical perspective known as distributed cognition (e.g., Hutchins, 1990, 1991, 1995a, 1995b; Wertsch, 1985, 1991) provides a framework for examining cognitive activity in its social and physical contexts.  Cognitive processes and representations are characterized not only in terms of activity inside the heads of individuals but in the patterns of activity across individuals and in the material artifacts that mediate this activity.  Hutchins has provided detailed accounts of cognitive activity in team settings to illustrate how this might work (e.g., shipboard navigation in Hutchins 1990, 1995a; flying a modern commercial jet in Hutchins, 1995b).  

All of the traditional phenomena of cognitive psychology are manifested in the interactions of individuals with their social and material world.  In this view, the social setting and the artifacts serve to help us with:


· short-term memory (e.g., moving a ruler down a recipe to remind us of the steps already accomplished and to help us find what to do next;  checking off where we are in a long list of numbers that have to be entered in a database;  after an interruption, asking the person we had been talking with to remind us what the topic was),

· calculation (e.g., using paper and pencil to do multiplication; constructing special tables to pre-calculate commonly encountered problems; using armies of individuals to calculate bomb trajectories in WWII),

· long-term memory (e.g., remembering where to find a book or who else knows something rather than committing to memory the contents of the book; jointly giving each other hints until a word or past event or name can be recalled), 

· attention (e.g. designing a large newspaper graphic to alert everyone to the fact that daylight savings time is at hand and our clocks have to change, and  a checklist to help us remember all the steps to go through to change the clocks; cheerleaders using gestures to orchestrate a cheer), and

· cognitive representation (e.g., plotting data in a graph so we can visually inspect it and gain insight through perceptual processing).


The most important implication of the theory of distributed cognition is that we can design the artifacts and the social processes to embody cognition.  The field of CSCW is exactly about this act of design.  How do we design the artifacts that support our needs in distributed cognition?  How do we understand what is missing when we use certain kinds of technology that affect distributed cognition?  The goal is to design new technology-based artifacts, or to design the processes that help distributed cognition thrive in new ways.  But the idea of distributed cognition is also a new way of thinking that has significant implications for mainstream psychological theory.



 

Figure 3. Outline of a generic information processing model for groups (from Hinsz et al, 1997)

Groups as information processors.  The idea that cognition happens outside the head of an individual is expanded by Hinsz et al (1997), who consider  groups as collective information processors. According to this view, groups perform a variety of cognitive tasks, such as problem solving, judgment, inference and decision making.  These tasks involve activities that occur both inside individuals and shared among the minds.  Their view of the components of group activity are depicted in Figure 3.  Their view compares well with our framework in Figure 1, collapsing some of the distinctions we make and expanding others.  The inputs to their group process include only Information and Processing Objectives, where ours delineates aspects of the group membership, the task in its environment or context, and the technology in use. Our outcomes are broader than their Response and Feedback, delineating task outcomes, group outcomes and organizational outcomes.  The value in their framework, however, is that they expand what is going on in our Process component to include things familiar to cognitive psychologists.  The group attends, uses processing workspace, encodes, stores, and retrieves information in order to solve problems and make decisions.  Their review of the small group behavior literature follows these constructs, as illustrated in the following.

· Processing objectives:  It matters whether the individuals share the same goal and the context in which the work is viewed (e.g., juries act differently depending on who they are accountable to).  Whether the group thinks that the group’s goal is relationship-building or task-processing determines the ways in which people try to persuade each other. 

· Attention:  How do groups direct each others’ attention to the material or issues at hand?   How does the distribution of information among the group members influence who directs attention to what?  For example, it appears that information must be held by at least two people in the group before it will be brought to the attention of the group as a whole.  And, various kinds of information will be attended to depending on the time allowed to do a task.  Under short time pressure, only task-related information is brought to bear and group members keep their coming-in positions more strongly.  Under more relaxed time pressure, the group focuses more on the quality of the outcome, bringing together more of the group’s individual ideas, spending time on comparing and contrasting them. 

· Encoding:  How are individual representations of the information combined by the group?  There are shared or unshared mental models of the problem and of the process the group will undergo to solve the problem.  Often heterogeneous people will not share the criteria that are to be brought to bear in making a decision, making the process difficult and consensus less likely.

· Storage:  Presumably groups have the potential of storing greater amounts of information than individuals because there are more heads involved. There is overhead in remembering the information shared by others as well as the individual items. 

· Retrieval:  Because more than one person stores a piece of information, members can correct the errors of others.  But group members also both stimulate recall and inhibit it by group actions (e.g., distracting from recall by changing the topic or helping recall by generating cues).  The brainstorming literature, showing that more ideas are generated when group members think individually and later sum their responses, illustrates how these two factors interact (Gallupe, et al, 1991; Hymes and Olson, 1992). 

· Processing:  How do groups use a workspace?  What techniques, rules, procedures, etc. do they adopt to get the work done?   For example, individuals in a risky decision making situation will take the risk of either no loss or a huge loss in favor of a sure moderate loss. Groups exaggerate this tendency.  Also groups exaggerate the tendency to ignore base rates in probabilistic judgments. Groups use rules more consistently (probably having a watchdog in the group) and are less variable in judgments. 

· Response:  If the group thinks there is one correct response, they share more of the individually-held information during discussion than if they believe there is no correct response.  Groups assigned a unanimous rule remain more committed to a previously chosen alternative than groups assigned a majority rule. 

· Feedback:  How does a group learn or change from feedback?  The literature shows us that failure is typically attributed to someone else in the group or to the situation, but positive feedback is attributed to the group as a whole. 

· Overall:   Although some basic level of shared knowledge is necessary for groups to function, there is no perfect correlation between amount of shared knowledge and group effectiveness.

The authors synthesize from the findings two overarching questions about small group behavior:

1. How do groups identify and apply the resources that group members bring to the task? and

2. What are the processes by which these resources are combined to produce the outcome?

Hinsz et al (1997) highlight the importance of doing research with variously designed technologies to reveal how these processes work.  Hirokawa (1990), for example, argues that the more a decision making task requires the members to collectively process information, the more important communication is for the group to succeed at the task. It is likely that if a technology reduced the information processing demands (e.g., by showing the output of a simulation or the results of complicated calculations), the groups need to communicate less.  That is, appropriately built technology may not only elucidate the hypothesized processes active in a theory of group cognition, but also in the end be useful for practical purposes.

Also, because technology in group contexts often allows us to capture fine grained behavior (e.g., the content of a chat or threaded discussion), we are able to test various models of the microprocesses in interactions.  For example,  Hutchins (1991) developed a distributed connectionist model to examine how the confirmatory bias could arise in groups.  And Thagard (1989) has conducted an analysis of  research on juries, using a constraint satisfaction model.  These models have ways of representing the pattern of communication in groups (e.g., who talks to whom) so a finer analysis of how information is processed through discussion is an appropriate test venue. .  There are testable hypotheses about how people process pieces of information that can be examined in CSCW contexts.

Establishing and using common ground.  Researchers on the psychology of language have already begun a dialog with those in CSCW.  Together they have learned the importance of conversational conventions, and have gained a clear notion of what it means to make an utterance in the context of an ongoing conversation of a particular type (e.g., Clark & Brennan, 1991; Clark, 1996; O'Conaill, Whittaker and Wilbur, 1997).  For example, if we are conversing to come to an agreement on an issue, there are a number of steps we must go through, including offering, counter-offering, accepting, and agreeing that we are done.  These conversational conventions are easy to keep track of when we are face-to-face, where immediate prior actions and the goal of the interaction are still in memory.  But when we engage in an elongated conversation and when we conduct many of them interleaved, as we do in email, memory is put to the test.  Our conventions must change if we are to manage it all.    These ideas have been explored in research on communication among remote members of groups working together via video connections (see the edited collection of Finn, Sellen & Wilbur, 1997 for a number of examples).  The social aspects of conversation, how we read the signals from our conversational partner about when it is our turn, etc., are similarly important (Fussell and Benimoff, 1995).  When video conferences delay our speech and our partner is off-screen, conversational disruption is predictable.

CSCW also speaks to social and organizational psychologists, especially about how people categorize other individuals and the context they interact in.  This categorization drives people’s ability to  predict others’ actions and behave appropriately (McCauley, Stitt, and Segal, 1980).  People judge each other’s intelligence by age and dress (e.g., we speak more slowly and simply to young children, and dress to be accepted in the culture we visit); they gauge their expectations by the context in which they encounter other people (e.g., in the US, we expect to be served in order of appearance when we queue for service); they infer power and intent by a person’s loudness and physical stature.  All of these are characteristics that are disrupted in today’s long-distance technologies.  For example, people encounter those from other cultures over videoconferencing and misinterpret their behaviors.  They mis-assess their intelligence because they dress differently and appear far away and are hard to hear.

Organizational cognition.  In a long tradition going back at least as far as March and Simon (1958) organizations have been described as information processing systems.  Thus, it is not surprising that the vocabulary of cognition has been applied to the organization:  knowledge (Nonaka & Takeuchi, 1995), collective intelligence (Weick, 1993; Weick & Roberts, 1993), routines (Cyert & March, 1963, Cohen & Bacdayan, 1994), learning (Senge, 1990, Argyris, 1992), and memory (Walsh & Ungson, 1991; Walsh, 1995).  These descriptions are particularly relevant to CSCW, since information technology’s role in organizations is typically to alter the way in which information processing is done.

One important characteristic of cognitive activity that is as true of organizations as of individual minds is that some of the knowledge is explicit and easily accessible while other knowledge is more tacit and procedural (Anderson, 1992).   Organizational routines are “multi-actor, interlocking, reciprocally-triggered sequences of actions” that are “a major source of the reliability and speed of organizational performance [Cohen & Bacdayan, 1994, p. 554].”  Routines at the organizational level are naturally built from cognitive procedures at the individual level, and share the characteristics of tacitness and automaticity.  Based on these cognitive foundations we would expect routines to exhibit gradual acquisition, resistance to change, automatic invocation in response to social and physical cues, and limited access to verbal descriptions by the participants.  Not surprisingly, they are a key element in the organizational response to new technologies. 

IV.  Findings about behavior changes with these technologies

In the following section, we review some of the key findings that have implications for both the applied world and basic psychological research.  We point to various reviews of the literature, where they exist, for a more complete discussion of the topic. We present the results using the technology/situation categorizations in Table 1, highlighting the features in Figure 1 within each category.  That is, when appropriate, we describe specifically what group characteristics were present in the study, the task they undertook, and the details of the technology.  We then describe the aspects of the process measured and the outcomes.
A.  Support for Face-to-face Conversations  

Technology has supported face-to-face meetings in a variety of ways.   Some embed some support for cognitive processes involved in problem solving and decision making.  These structure the process of discussion (e.g., embodying nominal group technique or brainstorming), guide the way criteria are developed for decision-making (e.g., embodying stakeholder analysis), and determine how voting is accomplished (e.g., anonymously, with various voting and ranking algorithms). Others are more free form.  They allow people to create, view, and edit the object under discussion.  These support the conversational grounding, the context and referents of the work

Group Decision Support Systems (GDSS) are one common kind of face-to-face system that structure the group’s problem solving and decision processes.  GDSS’s built on decision support systems designed to aid individual decision-makers by adding a series of group tools to coordinate the decision-making.  These systems are designed to support large heterogeneous groups engaged in decision making tasks, where their task consists of brainstorming alternatives and deciding among them.  Most GDSSs require the services of a facilitator and someone to retrieve, run, and store results from one subtask to the other  (e.g., Nunamaker, et al, 1991).  The attention of the group members is focused as it should be on the decisions they are making, not on the complex task of orchestrating the technology and the group.

There have been a number of experimental evaluations of such systems, and there are several literature reviews that attempt to draw general conclusions from this work (McLeod, 1992, Kraemer and Pinsoneault, 1990; Hollingshead, et al, 1993). These reviews conclude that the structured meeting support systems typically affect various processes that in turn affect outcomes.  Because many of these systems allow anonymous input, they typically produce meetings with more equal participation.   Decision quality increases with the GDSS, but meetings require more time, and produce decisions that are less satisfying to the participants than traditionally-supported meetings.  

B. Support for Remote Real-time Conversation
Remote real-time conversation is most typically supported by the telephone.  When there are more than two people conversing, speaker phones or more sophisticated audioconferencing services are used.  Two other modes are used and studied in CSCW:  real-time chat or MUDs and MOOs, and video conferencing.  These, of course, differ enormously on the amount of information that can be conveyed by both the sender and the receiver.  They have very different effects on the progress and content of the conversations that ensue.  We will review first the work on text-based conversation modes, then the audio and video conferencing studies.

Text-based conversation.  Real-time text-based conversation is typically supported by one window on the computer into which the person types the utterance, which is then broadcast to all participants with the person’s name tagged on the front.  In MUDs and MOOs, people type not only their contribution to the conversation, but typically other descriptions of their actions, e.g., “Judy smiles,” “George glances at Gary and waves” , as well.  In more complicated sophisticated MUDs and MOOs, users can query about a person’s background, and various descriptions of places, like rooms, doors, and corridors, are available for display as well.  Participants program the system to display these descriptions, creating clever descriptions of places and actions in the imagined world.  This playfulness accounts for a large part of the appeal.  Although MUDs and MOOs began in the fantasy and game world, there are occasions when they are used for serious purposes, for meeting remotely and inexpensively in real time about various issues of mutual concern.

There are a number of ethnographic accounts of the interactions that occur in MUDs and MOOs.  These studies center mainly on the issues of identity, since players can describe themselves as another gender or creature.  Curtis (1996) describes experiences of identity and interaction in his famous LambdaMOO, noting how surprised people are to the responses they get from others when they describe themselves in various ways.  People respond helpfully to those that describe themselves in non-powerful ways, aggressively when described powerfully.  Communities in different MOOs develop their own rules of etiquette, finding the need for shared understanding of the cultural norms essential for smooth interactions.  There are a number of potentially interesting research topics to pursue in this arena about trust, identity, and social organizations (Turkle,  1995).

One chat system with a serious purpose has been studied in detail.  In the Upper Atmospheric Research Collaboratory (UARC), scientists share in real-time displays of scientific instruments that are collecting and representing data on the atmosphere worldwide (Olson et al, 1998).  The scientists converse using chat boxes, with sometimes as many as 15 people actively participating, and as many as 30 “lurking”.  An analysis of the conversational threads in the UARC chat box showed that there were no more confusions in content and progress than naturally occurring in a large free-form discussion face-to-face, even though there were sometimes 8 topics being discussed at once. Furthermore, more people were able to participate than in face-to-face conversation (McDaniel, Olson and Magee, 1996).  The fact that the chat box allows the user to scroll back through the typed conversation to review context, supporting the memory of the user, likely accounts for this advantage. 

Audio and Video Conferencing.  A classic early study of conversations over various media showed that the quality of the product was significantly better in audio over text-based chat, but that video did not increase it further (Chapanis & Ochsman, 1972).  Yet, ever since Picturephone
, designers have continued to explore the use of video connections to support people working at a distance.  In spite of the commercial failure of Picturephone and the lack of evidence that video connectivity does anything to enhance simultaneous group work at a distance (Egido, 1988), people persist in using video.  

Room-based videoconferencing systems are commercially available (e.g., Picturetel), and continue to be extensively deployed in organizations.  Desktop video conferencing systems running over networks or ISDN lines have become available (e.g., Intel’s ProShare system).  Some experimental video systems are intended to support two or more co-workers while they engage in close work (Tang and Minneman, 1991). CAVECAT (Mantei, et al, 1991) put the faces of the co-workers in small windows on a single screen.  And both Hydra  (Buxton, Sellen, and Sheasby , 1997) and the set-up used in the Olson study (Olson, Olson, Meader, 1995) presented each remote speaker on a different screen and arranged them in a semi-circle as if each person was seated around a table.  Commune (Minneman and Bly, 1991) show both user and drawing surface separately, whereas ClearBoard (Ishii & Kobayashi, 1994) blends the two by arranging people on either side of the object under discussion, as if looking through glass.  

Unfortunately, many more video systems have been built than have been studied.  However, a recent collection of reports of video-mediated communications (Finn, et al, 1997) show some interesting results.   A study with a well-designed video conferencing set up showed that small established groups that doing a design task can produce output that is indistinguishable in quality from face-to-face groups.  However, the video-supported groups are less satisfied and a detailed analysis of the process of conversation showed that they spend much more time organizing themselves than they do when meeting face-to-face  (Olson, Olson & Meader, 1995).  In this study, video was not a big advantage over audio only, likely because these were established groups whose behavior and opinions are well conveyed by voice.

Other detailed comparisons of groups using video connections to support their conversations (pairs of people completing a map-following task or negotiating alternative travel plans) showed that behavior in video and audio-only conditions did not differ, but both differed from face-to-face (Anderson, et al, 1997).   Those subjects who had only audio reported not knowing what was transpiring when there was silence at the other end. 

Some of these effects are explained by a deeper understanding of the ways in which meaning is conveyed visually in a conversation (Whittaker and O’Connaill, 1997).  Visible cues help people determine whose turn it is next to talk, what people are talking about (by gesture or presence of an object), whether their message is being received accurately, and whether someone is paying attention or not.  In audioconferencing, these cues are missing, causing disruptions in turn-taking and feedback.  

These cues are present in videoconferencing, but there are more subtle effects on conversation. Unfortunately, most commercial video systems produce a delay in the transmission of video, and most additionally delay the audio so that it is synchronized with the video stream.  This delay, often on the order of 1 second, has a well known disruptive effect on conversation.  Just as loss of visual cues affects turn-taking in audioconferencing, delays produce similar effects. Sometimes the backchannels
 are misinterpreted because they appear at points different from when they were uttered (Ruhleder and Jordan, 1997).  Other work suggests that delay will affect the time to complete tasks as well as the participants’ understanding of what they did (Kraut et al, 1982, and Oviatt and Cohen, 1991).  Indeed, when given the choice, people report that the delay in audio matters more than the asynchrony of video and audio (Isaacs and Tang, 1997). 

Many of the studies reported above involve two people working on a joint task.  There are other uses for remote video.  Several people have experimented with remote presentations.  The speaker broadcasts the presentation by video and audio and can gesture with a telepointer or mark the presentation with digital ink (Isaacs, et al, 1994).  In one such system, called Forum, the audience also has the opportunity to interact, asking questions or voting on various presenter-posed questions.  Use of this system over a variety of presentations showed that there was a larger audience viewing but poorer interaction, mainly because the audience could split their attention with other tasks (e.g., doing email).  Audiences liked this, but speakers preferred face-to-face.  Because the speakers did not have visual contact with the audience, they reported missing the normal feedback signals of whether the audience was engaged or not.  Presenters heard neither laughter nor applause.  Interestingly, speakers tended to overestimate the quality of their talk when it was face-to-face and underestimate it in Forum.

C.  Support for face-to-face and remote real-time Sharing of Objects.  

A number of systems support sharing of an editable object, such as a document or drawing.  Unlike GDSSs, they do not structure the process, but rather allow the conversation to move as it will. Systems in this class include Cognoter in the Colab at Xerox PARC (Stefik, et al, 1987), ShrEdit (Olson et al, 1993), and a commercial product, Aspects (Group Technologies, 1990). Application-sharing through the use of ProShare and NetMeeting, and screen-sharing offered by Shared-X, Timbuktu, or Point-to-Point are simple but powerful collaborative tools.  Like flip charts and whiteboards, these tools do not dictate the group process but rather provide editable, visible support for whatever the group dictates is useful at the time.

Studies of the use of these technologies by small established groups doing design tasks show that the quality of the work is higher with these technologies than that with traditional support--with whiteboard paper and pencil-- but groups were slightly less satisfied (Olson, et al, 1993).  A detailed process analysis showed that the computer-supported groups, surprisingly, explored fewer options than the whiteboard groups while achieving higher quality.  The tool was thought to help keep the groups more focused on the core issues, to have them waste less time on less important topics, and to capture what was said as they worked.  This work was extended to evaluate the same technology in groups that were not collocated.  In a second study, similar groups doing the same design task sat in different offices connected with both a shared editor and either video and audio or audio-only connections.  The quality of the work was nearly the same as that of groups meeting face-to-face using the shared editor  (Olson, Olson, Meader, 1995).  

Exploring a very different setting, Posner and Baecker  and colleagues (Mitchell, et al, 1995; Posner and Baecker, 1992) used Aspects, a shared editor, with groups of four 6th grade students engaged in the task of writing articles for their class magazine over the course of 12 weeks.  The students were shown various methods of conducting shared writing:  using a scribe, writing in parallel and then joining the document, and joint writing (simultaneously seeing what others write as you write).  Unlike traditional cognitive psychology experiments, there was no control group.  However, important observations were made about how the shared editor affected the group.  Students were often concerned with issues of ownership and control, puzzling over whether someone can change what another has written, for example. And, since people often work out of view of one another, there were numerous episodes of being confused as to who could see what.  Clearly the invisibility of others’ work and the ability of others to freely edit one’s work violated norms that appear as early as 6th grade.  However, the result was a rich experience for the students to learn to work out ways to involve everyone in the production of a joint process, an early lesson in cooperative behavior.

The LiveBoard, a large pen-based computer display much like an electronic whiteboard or flip chart (Elrod et al, 1992), has been evaluated in an extended case study of a group whose task it was to manage intellectual property issues.  The team used the LiveBoard in conjunction with laptop notetaking and audio records  for a period of two years.  Their persistent use of the technology suggested that it was useful support for their work (voting with their feet).  Comments and suggestions they had along the way were incorporated into valued feature changes (Moran, et al, 1996).  They suggested that the system recognize various constructions that the team member recognized, such as lists, regions of the board, and outlines.  By having the tool support the marks in the way the team members understood them, e.g., by having items in a list dragged around to re-arrange them and having the rest of the list adjust position automatically around the moved item, the support for distributed cognition was smoother.

Nardi (Nardi et al, 1995) observed a highly functional surgical team coordinate their work by having access to the surgeon’s view of the surgery itself displayed on a monitor viewable by all.  By seeing the progress of the surgery and both expected and unexpected actions, Nardi observed that the staff could smoothly prepare for the next step without the need for conversation. Using video in this way was seen as vastly superior to their previous coordination from only vague signals from their co-workers’ words and gestures, many of which were confusing or absent under stress. 

Unfortunately, many of the reports on these new group technologies for real-time support do not evaluate them with real groups doing real work, whether in a case study or in a comparative evaluation.  The research has been more focused on the rationale behind the design and the various implementation challenges to be overcome.  Although many of the rationales imply models of cognition and coordination, they are not well developed enough to be of use to psychologists

D. Asynchronous support of conversation.  

It is generally agreed that electronic mail is one groupware application that has seen wide success  (Sproull & Kiesler, 1991; Satzinger and Olfman, 1992; O’Hara-Devereaux & Johansen, 1994; Anderson, Bikson, Law & Mitchell, 1995).  The widespread dissemination of networks and personal computers have led to extensive use of email in organizations and from home.  Now that email is widespread, it has many of the characteristics of other widespread communication technologies such as the telephone.  Because it works across heterogeneous hardware and software, it offers the possibility of universal service (Anderson et al, 1995).  With the use of standard attachments (e.g., MIME) and common representation formats (e.g., Postscript, binhex, uucode, rtf) it is increasingly easy to send complex, multimedia documents through email, a feature made even easier through the use of HTML and the World Wide Web (Schatz & Hardin, 1994).  Email spans the barriers of space and time, and the use of distribution lists offers broadcast access to widespread communities.  Demographic data on network connections, email use, and general connectivity all show the wide adoption of electronic communication as a common form of human contact (Garton and Wellman, 1995).

Electronic mail has a number of well-known effects on human behavior.  Because of email's power to reach many subscribers quickly, it has changed the culture of the organizations in which it resides:  it changes who talks to whom (Sproull and Kiesler, 1991), what kind of person is heard from (Finholt, Sproull, and Kiesler, 1990), and the tone of what is said  (Sproull and Kiesler, 1991).  With email, people who were previously thought to be under-performers find a voice. They are no longer impeded by shyness or difficulty with social interaction; they can speak without seeing other people.  On the other side of the coin, forgetting that there is a human reading the message at the other end, and in the absence of feedback from the recipient, people tend to "flame," to write a-social emotive messages that are either shocking, upsetting or offensive to the reader. Arrow  et al (1996) and Hollingshead et al, (1993)suggest, however, that these effects dissipate in time. 

As for its effect on the work itself, people vary widely in how they use it (Mackay, 1989).   Several studies have found that e-mail is not only useful for direct communication, but people also find it especially useful for managing time, tasks, and information flow (Mackay, 1989; Carley & Wendt, 1991).  For example, because email systems were not designed to support these secondary tasks, they support them poorly.  Users spend enormous amounts of time managing their inboxes (Whittaker & Sidner, 1996).  Clearly something more is required.  

With people subscribing to listserves and bulletin boards, conversational threads are lost in the volume.  Readers are confused because it is hard to reinstate a context.  Some attempt to reinstate the context by replying with the previous message attached, but after two or three such replies, the message is long and unwieldy. In response to these problems, some email systems organize messages by topic, make the conversational threading visible.  For example, Lotus Notes conversation databases do this.  The “sender” appends his/her reply visually near the item to which he/she is responding, creating a visually organized thread.  The Coordinator (Winograd, 1987) asks the sender of a message to declare the action that the recipient is expected to make, by designating the message as a request, a commitment or promise, background information, etc.  Studies of the use of the Coordinator suggest that this kind of formalization of conversational patterns at best fits only some kinds of organizational situations, and is problematic in many others (Bikson, et al, 1988). In the Information LENS, the user can generate rules by which the incoming mail could be sorted into folders that can be later examined by the reader in some priority order  (Malone, et al, 1989). LENS provides organization over collected email, but the burden of organizing falls on the receiver, not the sender. 

A very important new line of research addresses the consequence of the use of remote technologies to the development and loss of trust.  Recently, Rocco (1998) watched groups of 6 play a game that is a variant of prisoner’s dilemma.  In this game individuals repeatedly decide what to invest in a common pool, and receive benefits either by cooperating (where everyone gets some positive benefit) or by “defecting,” making a move that is personally beneficial but at the cost of making others lose.  She found that groups who were able to occasionally talk to each other face-to-face about the optimal strategy ended in achieving benefit through cooperation; those who discussed things by email defected more often.  Importantly , however, those groups that met prior to the game and conducted a team-building activity eventually cooperated even when they were restricted to email for their discussion.  This opens up a line of questions about what other technologies (e.g, videoconferencing) afford the same cooperative, trustful behavior that face-to-face does, to what extent and under what conditions. 

E.  Asynchronous Support of Sharing of Objects  

A variety of objects are shared in the conduct of work. Documents such as workplans, proposals, requirements, etc. are often authored by many over time.  People store finished documents like the quarter-end financial statement for others to access.  Some people are experimenting with storing what are called design rationales to help people who come later on a project to understand earlier thinking.  And project management systems and workflow systems support the coordination of various stages of work. 

Collaborative authoring of documents.  Much of group work currently consists of individuals writing documents (e.g., system requirements, policy proposals, project proposals) and then soliciting comments from many different people and making changes, iterating several times.  Today this activity involves a lot of paper drafts and a great deal of time simply entering edits.  The standard word processors (e.g., MSWord) now have revision features that make edits visible (cross outs of previous words, new additions marked differently) and allow easy acceptance of the edits and production of a clean copy.  There are many more sophisticated systems developed to support collaborative writing that are prototypes, not commercial products.  These include For Comment (Edwards, Levine, Kurland, 1986), Quilt (Leland, Fish, and Kraut, 1988), the PREP Editor (Neuwirth, et al, 1990), and SEPIA (Haake & Wilson, 1992). See Posner & Baecker (1993) and Michailidis and Rada (1995) for extensive reviews of such tools.

Plowman (1995) describes how talk and writing interact when collaborating authors develop the ideas for their text, implying a need for informal support at this stage of writing.  A study of the use of the PREP editor also supported the need for flexibility in the technology to support the difference phases and preferences of collaborating authors (Kaufer, et al, 1995, Neuwirth, et al, 1994, Wojahn et al, 1998).  At some points in the text, authors chose to attach voice commentary, and at others they wanted to explain their ideas by rewriting the text.

Design Rationale.  A number of systems are intended to support groups of designers in the complex task of designing an object like an automobile or airplane.  Most of these systems aim to capture the argumentation that occurs during the design process, linking the questions of consideration with the alternative solutions that were proposed as well as the evaluative discussion that accompanied it.  There is a strong belief that this kind of system would help designers in two ways.  It would help designers remember more alternatives and therefore consider more and consider them more fully.  And later, it would also be a memory source to help those other team members that have to maintain and/or alter the system.  By retrieving the rationale behind an earlier decision, the maintainers could spend less time rediscovering why some unused alternatives would not work (Moran and Carroll, 1996).  The most-well known of these systems is gIBIS (Conklin and Begeman, 1988) which uses a hypertext linking structure to organize the various issues, alternatives and criteria in the design rationale.  QOC is a similar method and system (MacLean et al, 1996). 

The capture of design rationale has not been totally successful, likely because it is a classic case of misaligned benefits.  The person benefiting from the information is not the person who has to invest time and effort by entering it (Grudin, 1988, Shum, 1996, Conklin and Burgess-Yakemovic, 1996).  Also, the representation does not always fit the discussion.  We have found that discussions do not always follow one-issue-at-a-time, and alternatives and criteria sometimes relate in braided ways.  But, when the diagramming/procedure of design rationale is followed, indeed the designers that come on the project later use it with some success.  An analysis of their discussions showed that half their questions are design rationale questions, and half of these are answered by the design rationale documentation.  Difficulties arise in that the originator does not always anticipate what later designers might need (and therefore ignores rationales actually discussed) and some design decisions are made without rationale and are accepted without discussion (Karsenty, 1996). 

Repositories of shared knowledge.  Other types of coordination are possible with applications like Lotus Notes. A group can keep open issues lists in a form accessible to all interested parties, and construct workflow systems that automatically route information to the right people for additions and approvals.  Some organizations are viewing Notes as repositories of corporate knowledge, capturing people’s experience on previous projects, their heuristics for decision making (e.g., pricing policies and exception handling), boilerplate for various kinds of proposals, etc.  

Two extensive case studies have shown the organizational consequences of introducing these kinds of technologies.  In the first (Orlikowski, 1994), consultants were asked to share their knowledge about various clients and engagements in a large Notes database so that others could benefit from their experience and insights.  Two key issues prevented successful adoption.  First, although consultants had to bill all their working hours to various clients, there was no account for them to use to bill the time devoted to data entry and learning of Notes.  Second, consultants were promoted on the basis of their skill advantage over their co-workers, discouraging them from sharing their knowledge.  So in this case the accounting/billing of time and the assessment of credit was misaligned with the capability the technology afforded, the objective of its introduction and the goals of its use.  In a successful case in our experience, sales people shared their client contacts with each other.  This sharing prevented the embarrassing occasions when a single client was being told different stories by two different sales people.  This use fit the incentive scheme in which sales people received commissions on total sales as well as their individual sales.

In the second case study, software designers used Notes to keep their open issue list and to share information about future features or potential solutions to bugs (Olson and Teasley, 1996).  Their use of the system initially rose and then declined over 12 months.  Interviews of the group members revealed that the tem members were less and less inclined to use the application because they thought the manager was not participating.  They saw no activity on his part and assumed he did not value their use of the system.  In truth, the manager was participating regularly; he read the material but did not write.   Unfortunately, Notes does not make reading activity visible in the interface.  

Workflow applications.  Workflow applications allow people to design, execute and manage coordinated activities over a network.  A process involving several people, like the reporting, approval and payment of a travel expenses, would be supported electronically.  Initial reporting would be done in an electronic document, transferred to another, signatures obtained for approval, and records kept of not only where a particular document is in the process, but who is responsible for it and when was it received or completed.  

Workflow applications have often resulted from business process re-engineering efforts, where teams examine a business activity and find ways to make it more efficient.  Often, efficiency comes with some technology to either store documents for many people to access (eliminating paper), or some stages of processing being eliminated, automated, or supported.  Not only does workflow have a bad reputation among workers because it displaces workers, but it also is often conceived as the ideal work process, both rigid and dictatorial.  Many of the systems do not support the flexibility and judgment that often accompanies real coordinated work and therefore fall into disuse (e.g., Abbott and Sarin, 1994).  

One other aspect of workflow applications have also generated user resistance.  Because applications can track the status of various documents and procedures, management can monitor the work of employees.  In many countries, such monitoring is disallowed by powerful worker organizations (Prinz and Kovenbach, 1996).  In the US, it is not disallowed, but certainly unwelcome.  In a team where workflow was a new concept, the team members misunderstood how important it was to be accurate in assigning responsibility to various subtasks (like who will handle a particular bug fix).  They did not know the full range of views available to the manager to monitor work.  One team member, the one most often assigned the first task in a series, came to realize that there was a potential for managerial monitoring.  The management report would look as if he alone were responsible for delays, when in fact the real work was being done by others down the line.  This feature made him less and less eager to use the application (Olson and Teasley, 1996).  In general, managerial monitoring is a feature that is known to disincline people from using groupware (Markus, 1983).   

F.  Support for the Transition between Asynchronous and Real-time Work:  Awareness Support and Calendars

Group work is a mixture of synchronous and asynchronous activities.  People meet to plan the work, assign individuals to do various subtasks.  These people coordinate  and clarify as they go, and periodically meet to align goals and plan next steps.  They move often between individual subtasks and coordination or clarification in real time.  The following technologies would support these transitions.

First, project management software captures decisions made in meetings about who is doing what, and what the linkages or dependencies are between subtasks.  These technologies help calculate the consequences of changes to the plan (by calculating the critical path) and indicate to team members who is waiting for work.  Open issues lists and project management software are the tools to support the transition from real-time meetings to parallel, more independent work.  These technologies suffer only from the time and effort involved in keeping them up-to-date; like writing and distributing meeting minutes, it requires someone to do it.

More difficult is the transition from asynchronous work to synchronous, both accessing an individual so that one can converse or negotiate in real time, and calling meetings.  Recognizing how difficult this is, some organizations expect workers to be at their desks at all time (and thus reachable at all times).  Others schedule standing meetings, expecting full attendance whether one’s expertise is needed or not.  In lieu of these rash solutions, some have adopted some technologies to help people locate others or to assess when they can reach them so they can make contact.  

One of the most comprehensive of these systems is Montage (Tang, Isaacs & Rua, 1994).  Montage, like Cruiser (Fish, et al, 1992), allows video “glances” into team members’ offices so one can assess whether they are available for a phone or video conversation.  If the glance instead reveals that the intended person is not there or not available, the seeker has several options.  The seeker can leave an email message, can view the person’s calendar to see when he/she might return or where they might be reached.  Or the seeker can leave a “sticky note” on the screen of the person being sought, attracting  the team member’s attention immediately upon their return.  In an evaluation of Montage which was deployed in a distributed workgroup, the results showed  that people glanced at each other nearly 3 times a day, and 3/4 of those were unacknowledged (people were there but they did not respond to connect in a real time video link).  The connections when made were short (a little over a minute).  And, although the additional access to calendars, email and sticky notes were used infrequently, people reported afterwards valuing them highly. 

Other uses of video to allow awareness of team members’ activity have been tried.  The VideoWindow at Bellcore was intended to encourage both ordinary meeting and casual interactions from remote sites over coffee (Fish, Kraut, Chalfonte, 1990).   RAVE, a suite of systems at Rank Xerox EuroPARC (Gaver, et al, 1992), was intended to support awareness of global activity, glances into individuals' offices, and point-to-point contact for close intense work. Long-term use of video connectivity was analyzed in the Portland Experiment (Olson, and Bly, 1991).  All of these systems have been studied within research lab settings, where modest amounts of sustained use were found.  It would be extremely useful to have studies of these systems carried out in other kinds of organizational settings.  

All of the implementations of awareness through video raise issues of privacy.  Various solutions have been proposed,  including introducing reciprocity (you are only on camera when you can see the person viewing you), warning (the sound of a “squeaky door opening” or footsteps coming serves as a signal of an impending glance), viewee control over camera position, and showing recent snapshots as opposed to live immediate action (see Hudson & Smith, 1996 for a discussion).  One awareness system, called Thunderwire (Hindus et al, 1996), used open audio instead of video.  In use, most difficulties pointed to the interpretation of silence.  People realized the need for designing new norms in announcing oneself (because the hearers are blind), and negotiating inattention and withdrawal. 

On-line calendars afford awareness as well as ease in scheduling meetings.  PROFs calendar and Meeting Maker are two popular implementations; both allow designation of who can write and who can read the calendar, as well as control over private portions of the calendar, where viewers can see that the person is busy, but not what they are doing. Although Grudin (1988) has designated this application as the quintessential misalignment of costs and benefits (the individual has to keep the calendar up to date if it is going to be of benefit to others), many organizations have since adopted it successfully (Mosier and Tammaro, 1997; Grudin and Palen, 1998).  A culture of sharing and accessibility supports the successful adoption of on-line calendars (Lange, 1992; Ehrlich, 1987).  

G.  Efforts to support communities
A number of recent projects investigated the needs of large-scale communities, both through user-centered design and by merely deploying a flexible technology and watching its use.  Two main thrusts are relevant here:  the development of Collaboratories, and the study of home/community use of the world wide web.

A Collaboratory is the “...combination of technology, tools and infrastructure that allow scientists to work with remote facilities and each other as if they were co-located.” (Lederberg & Uncapher, 1989, p. 6)  A National Research Council (1993) report defines a Collaboratory as a “...center without walls, in which the nation’s researchers can perform their research without regard to geographical location -- interacting with colleagues, accessing instrumentation, sharing data and computational resources [and] accessing information in digital libraries.” (National Research Council, 1993, p. 7)  A simplified form of these definitions describes a Collaboratory as the use of computing and communication technology to achieve the enhanced access to colleagues and instruments provided by a shared physical location, but in a domain where potential collaborations are not constrained by temporal or geographic barriers.

One such Collaboratory effort is the Upper Atmospheric Research Collaboratory, a set of technologies that allow space scientists studying the upper atmosphere to view real-time data from various instruments (like incoherent scatter radar) around the world.  They can align these views with models of what should be going on, and converse through a chat facility with the other scientists or graduate students, and share their configuration views with others to support their ongoing conversation.  Finholt and Olson (1997) present a review of the concept of a Collaboratory and describe some preliminary findings.  For example, they found that UARC theorists and data analysts are working together where they did not before.  Also graduate students have access to remote mentors and can experience real-time data collection, where previously they might get to go to a site once in their graduate training (Olson, et al, 1998).  Their network of colleagues has shifted with use of the Collaboratory, and it is expected that publication authorship will shift as well.  The issue, really, is whether science is progressing faster or not, and since there is no real control group for this effort, we do not know.  

An earlier Collaboratory supporting molecular biologists studying the C. elegans nematode, affectionately called the Worm Community, illustrated both the difficulty of getting a community started and the important emergent  attitudes about various participants’ willingness to share (Schatz, 1991-92, Star and Ruhleder, 1994).  Various disciplines develop their own cultures about joint work, credit, and need for immediate communication, and will be variously successful in adopting this and other new capability, like digital libraries (Covi, 1996).  There are now efforts underway to support medical radiology and AIDS clinicians and bench scientists in Collaboratories.   It is likely that Collaboratory interactions in science will become a routine aspect of scientific practice, with important implications not just for the practices of scientists but also for the training of graduate students.

In contrast to this well planned, user-centered development of technologies  evident in Collaboratories, there are efforts to install various technologies in designated communities.  The intent is to learn by various evaluation strategies what people value and what they might need in the future.  Two such efforts are the HomeNet in the Pittsburgh area (Kraut et al, 1996) and another is the Blacksburg Electronic Village in Virginia (Carroll and Rosson, 1996). These systems have been installed for a few years and data collection has progressed to a point of revealing trends in behavior.  They are finding that teenage males are by far the heaviest users, although there is evidence that access to electronic mail for keeping up personal conversations and contacts is valued by all.

Pointers to the past and future research in this area.
A number of sources exist that review subsets of the technologies and associated group behavior in greater depth.  They are well worth pursuing if one wants more detail and deeper  analysis of cognition in CSCW.  Six large volumes are anthologies of studies in this area:  

· Readings in Groupware and Computer Supported Cooperative Work, edited by Baecker (Baecker, 1993), 

· Groupware:  Software for Computer Supported Cooperative Work,  edited by Marca and Bock (1992), 

· Groupware and Authoring,  edited by Rada (1996), and  
· Video Mediated Communication, edited by Finn, Sellen, and Wilbur (1997)

· Intellectual teamwork:  Social and Technological Foundations of Cooperative Work  edited by Galegher, Kraut, and Egido

· Computer Supported Cooperative Work:  A Book of Readings.  Edited by Greif.

These excellent volumes plus the Proceedings on Computer Supported Cooperative Work (CSCW) and the European Computer Supported Cooperative Work(ECSCW),  the conferences that alternate meeting bi-annually, provide both the basics and the continuing progress in this exciting field.  Several journals also publish CSCW work:  Computer Supported Cooperative Work, Human Computer Interaction, ACM Transaction on Information Systems, Communication of the ACM, and ACM Transactions on Computer-Human Interaction. 
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� Chat boxes allow people to connect to others in real time, conversing by typing and reading.


� Attachments are whole formatted files, e.g. a Word document or an Excel spreadsheet, that are bundled in a coded form with an email message.  The recipient of the message can then “open” the file from the email message and turn it into  the full, editable format on their computers. 


� Lotus Notes allows people to easily store documents in an organized, searchable way, and to converse asynchronously while maintaining the conversational “threads.”  


� Intranets are web sites totally internal to an organization, serving as central sources of documents, workflow support, etc.  


� Mobile technology includes laptops with modem connections, cellular phones, portable printers, and other devices that do not require any “hard wiring” to facilities.  


� MUD stands for Multi-Users Dungeons which refers to the original application of a shared game.  MOO is even more obscure.  It stands for MUD-Object Oriented, referring to the underlying programming language that supports the activity.  This technology is described in more detail later in the paper.


� Picturephone was a commercial product that allowed regular telephone users to see the called party as well as be seen by them (Wish, 1975)


� Backchannel responses are those that a listener utters during the speaker’s speech to signal to the speaker that he or she understands or not, agrees or not, etc.  They consist of  short grunts and  “uh huhs” or head nods and furled brows.  
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