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�Computer-Supported Cooperative Work and Groupware

Abstract

This chapter surveys Computer Supported Cooperative Work (CSCW) research and groupware development. In the 1980s, as computer and software vendor companies focused attention on supporting networked groups, they came to share interests with researchers and developers oriented toward management information systems, social sciences and other disciplines. CSCW can be seen as a forum attracting diverse people who have partially overlapping interests and a willingness to overcome the difficulties of multidisciplinary interaction.



In this chapter, we discuss the different assumptions and priorities that underlie small-system and large-system work. We note differences in emphasis that are found in North America, Europe and Asia. We then provide an overview of the current state of research and development by technology area, examining in turn technologies that focus primarily on supporting human communication, on providing shared information spaces, and on coordinating the flow of work. We discuss challenges to designing and deploying groupware, taking particular note of the behavioral challenges that often prove to be thornier than technical challenges. Approaches to addressing these challenges are described, followed by our summary of some trends and future issues.



The first part of this chapter extends work presented in Grudin (1994a).



1. The CSCW Forum



In 1984, Irene Greif at MIT and Paul Cashman at Digital organized a workshop, inviting people from various disciplines who shared an interest in how people work and how technology could support them. They coined the term “computer-supported cooperative work” to describe this common interest. Since then, thousands of researchers and developers have adopted the term and attended CSCW conferences.



Some writers describe CSCW as an emerging field or discipline (Bannon and Schmidt, 1991, present a nice case for doing so), but today it more resembles a forum, an undisciplined marketplace of ideas, observations, issues, and technologies. Differences in interests and priorities are as notable as the shared interests. People come to CSCW, as to a forum, from different places. It is useful—perhaps essential—to know where each is from and why they have come. Not everyone speaks the same language or makes the same assumptions, so we often must work out a means of communicating. If we think of CSCW as an emerging field or common enterprise, we may be frustrated by this mosaic of different pieces, the frequent misunderstandings, and the lack of intellectual coherence. But when understood and respected, the differences form the core of richer, shared understandings.



Groupware is coming into prominence following decades of being “promising” but not successful technologies. The growth of the internet and World Wide Web and the wide deployment of Lotus Notes are key demonstrations of our readiness for group support technologies. Understanding the initial lack of success is important in navigating through the present.



In the 1960’s, mainframe transaction processing systems had succeeded in addressing tasks such as filling seats on airplane flights and printing payroll checks. From the late 1970s through the 1980s, minicomputers promised to support groups and organizations in more sophisticated, interactive ways. “Office Automation” was the term used to describe these group support systems. Their general lack of success was due less to technical challenges than to insufficient understanding of system requirements, as summarized in Grudin (1988), Bullen and Bennett (1990), Markus and Connolly (1990).



The technology was built but did not meet group needs. More knowledge was needed about how people work in groups and how technology affects their work. Some engineers, notably Douglas Engelbart, had stressed the co-evolution of technology and organizations all along. (Greif, 1988, includes 4 early works of Engelbart in its collection of influential research papers.) Some information systems specialists understood this to be central to deploying large systems. But recognition of the interdependence of technology and social organization was largely absent from discourse among the designers and developers in the vendor companies most engaged in developing group support applications. CSCW started as an effort by technologists to learn from economists, social psychologists, anthropologists, organizational theorists, educators, and anyone else who can shed light on group activity.



CSCW also encompasses system-builders who share experiences and inform others of technical possibilities and constraints. Applications include desktop conferencing and videoconferencing systems, electronic mail and its refinements and extensions, collaborative authoring tools, systems built to provide shared information spaces including electronic meeting rooms, workflow management systems, and virtual worlds. Not strongly represented in CSCW collections, but logically related, are Computer-Assisted Design/Computer-Assisted Manufacturing (CAD/CAM), Computer-Assisted Software Engineering (CASE), concurrent engineering, distance learning, and telemedicine.



Why call it “computer-supported cooperative work”?  Some have noted that “cooperation” is often more a goal than a reality. “Groupware” or “workgroup computing” are terms that shift the focus from the work being supported to the technology, and suggest small organizational units. “Workflow management systems,” a more recent coinage, describes technologies that support group processes in a particular organizational context.



The next section identifies historical shifts, demographic patterns, and geographic distinctions that underlie contributions to CSCW.

2. Research and Development Contexts

Each ring in Figure 1 represents one focus of computer systems development and the principal “customer” or “user” of the resulting technology, primarily from a North American perspective. Until recently most activity was in the outermost and innermost rings. The former represents major systems and applications, primarily mainframe and large minicomputer systems designed to serve organizational goals such as transaction processing, order and inventory control, and computer integrated manufacturing. The innermost ring represents applications designed primarily for the individual users of PCs and workstations: word processors, debuggers, spreadsheets, games, and so forth. The two rings between these represent projects (or other large groups) and small groups. Large group support includes electronic meeting rooms and workflow management systems, which are most useful for groups of half a dozen or more. In contrast, a major focus of small group support—computer-mediated communication (CMC)—includes applications that often work best with fewer than 4 or 5 users, such as desktop conferencing and desktop videoconferencing,



Technologies in each of the middle rings is called “groupware.” However, CSCW gatherings, especially in the United States and Asia, have focused primarily on small-group support. In contrast, trade-oriented groupware conferences have focused more on project-level support and “workflow management,” and European work has had more of an organizational focus.



� Figure 1. U.S. research and development contexts for CSCW and groupware



On the left of Figure 1 are software development contexts that dominate development of systems and applications of different scope. Most software systems that support an entire organization (the outermost ring) are unique to the organization. Some may be contracted out, but historically, internal or in-house development has produced an extensive body of software. In contrast, in the innermost ring, single-user applications are the province of commercial off-the-shelf product developers, who address the large shrink-wrapped software market and who do little customization for individual purchasers. The two central rings represent groupware development:  i) Contracting, initially government contracting, has stimulated considerable project-level software support. ii) Small-group support is a new focus for commercial product developers, and telecommunications companies have focused on technologies such as video that create demand for high bandwidth communication. The emergence of CSCW in the 1980s includes both but is most strongly tied to the second, the shift of vendor company attention to small networked groups.



On the right of Figure 1 are major research areas associated with the development and use of systems linked to each development context, and dates by which they were firmly established. A literature associated with systems in organizations arrived in the mid-1960s with “third generation” computer systems built with integrated circuits. It has been called data processing (DP), management information systems (MIS), information systems (IS), and information technology (IT). In an excellent survey of this field, Friedman (1989) summarizes, “There is very little on the subject up to the mid-1960s. Then the volume of literature on (computers and) the organization of work explodes. Issues of personnel selection, division of labour, monitoring, control and productivity all subsequently receive considerable attention.”



The complexity of managing large government software contracts provided incentive to apply technology to the management of large projects (the next ring). In the 1970s, the field of Software Engineering (SE), as well as Office Automation (OA), emerged. Software engineering is of course a specific kind of project, but technology-rich development environments are a natural setting for efforts at computer support for large groups. Although OA did not survive as a field, many of the same issues are again being considered under workflow management.  (Greif, 1988, contains several influential papers from the OA literature; Medina-Mora et al, 1992, and Abbott and Sarin, 1994 are recent workflow management papers.)



The innermost ring emerged next, with the emergence of PCs rapidly followed by the formation in 1983 of the Association for Computing Machinery Special Interest Group in Computer-Human Interaction (ACM SIGCHI) as a research forum dedicated to single-user applications and interfaces.



The most recent is small-group support and CSCW. The 1984 workshop mentioned above was followed by CSCW conferences in 1986 and then annually since 1988, with European conferences in odd years starting with 1989. (Many of the conference proceedings are available from ACM or Kluwer; they remain archival sources, along with the journal “Computer Supported Cooperative Work.”) CSCW conferences draw researchers from the IS, SE, and the former OA communities, but the North American conferences draw primarily from the computer and software companies that support the predominantly single-user human-computer interaction (CHI) community. Differences in emphasis in Europe and Asia are discussed in section 4.



Although many papers reflect the expanded focus of vendor companies to include small-group applications, it has not proven possible to market groupware to the millions of small groups the way word processors, spreadsheets, and games were marketed to individuals. The organizational settings of group activity are too salient to be ignored and too complex to be easily addressed. CSCW is not easily compartmentalized.



2.1 Research that spans the boundaries

Figure 1 represents general tendencies. For example, organizations do not develop all software internally; they also contract out software development and increasingly acquire commercial software as well. For our purposes, the most important caveat is that CSCW is not wholly restricted to one “ring”—CSCW represents a merging of people, issues, approaches and languages. By spanning boundaries, CSCW and groupware create an exciting potential for cross-fertilization and for doing work with broad implications. Indirect as well as direct effects are studied: the use, in group and organizational settings, of applications that were developed for individual users; the ways in which software, developed to support groups, affects individuals and is adapted to different organizational contexts; systems developed to support organizational goals as they act through individuals, groups, and projects. Individual, group, project and organizational activity are fundamentally intertwined. Figure 1 is one partitioning of the system development world, and can obscure issues that transcend the divisions.



2.2 The challenge of being multidisciplinary

Whether we view the shared and the disparate interests as a melting pot or a mixed salad, making sense of them is a lively process. Opportunities to learn and to inform generate enthusiasm, which is needed to overcome inevitable obstacles. It is not always apparent why others’ perspectives and priorities differ. It takes patience to understand conflicts and to find mutually advantageous modes of operation. It is exciting to find a new source of information and a new potential audience, but it is frustrating when the other group is ignorant of work that you assume to be basic shared knowledge. The groups participating in CSCW are not always aware of the extent to which they rely on different conferences, journals, and books.



Consider the “Tower of Babel” problem—participants from different areas use the same terms in subtly different ways. Basic terms such as “system,” “application,” “task,” “implementation,” and even “user” differ across these communities (for details see Grudin, 1993). For example, in the field of HCI, “user” generally refers to a person sitting at a display, entering information and commands, and using the output. In the IS field, “user” often refers to a user of the output, a person who might not touch a keyboard. To deal with the ambiguity, IS coined the term “end user” to describe a person at a terminal or keyboard, a term not needed or used by most in HCI. To software engineers developing tools, “user” typically means the tool user, a software developer. Small wonder that bringing these people together leads to confused conversations and misunderstood articles!



CSCW is logically broader than it is in practice. Many topics are omitted from the conferences and anthologies, either because the topics are covered in other conferences and journals, because their foci are of less interest to the core CSCW constituency, or because the writing is misunderstood. The most comprehensive collection of readings in Groupware and Computer-Supported Cooperative Work (Baecker, 1993), with over 70 papers, accurately represents the literature, but contains nothing on computer-mediated education and distance learning, project-level software engineering support, workflow management, computer-integrated manufacturing, and other topics.

3. From Small Group Applications to Organizational Systems



3.1 A contrast: Organizational systems and small-group applications

The design of individual productivity applications such as word processors stressed functionality and human-computer interfaces. Interface design focused on perceptual and cognitive aspects of learning and use. Developers succeeded with minimal attention to the workplaces in which single-user applications were used. As product developers extended their view to computer support for groups, many confronted social issues in customer settings—group dynamics—for the first time. With groupware, social, motivational, and political aspects of workplaces become crucial (Grudin, 1994b).



Organizational systems—mainframes and large minicomputers—have been around for decades, and the importance of social dynamics is familiar to IS researchers and developers, who have incentives to share their knowledge with product developers: Networked PCs, workstations, and software products are increasingly important components of organizational information systems. Also, as the large systems and applications that have been the focus of IS study decline in cost, they are used by smaller organizational units, providing additional shared focus.



The small-group application and IS communities have  differences, as well. For example, most small-group support emphasizes communication. Small groups are generally formed to bring together people who have a need to communicate. Communication is also the priority for the telecommunications industry. In contrast, organizational systems focus more on coordination, because coordinating the efforts of disparate groups is a major problem at the organizational level (Malone and Crowston, 1995).



Similarly, members of small groups usually share key goals. As a result, product developers anticipate relatively little friction or discord among users and assume a "cooperative" approach to technology use. This is directly reflected in the second “C” of CSCW. In contrast, researchers and developers focusing on organizational systems must attend to the conflicting goals that are generally present in organizations (e.g., Kling, 1991; Kyng, 1991). Some in the IS community have argued for changing the meaning of the second “C” or for dropping it altogether.



Another contrast is that product developers are more concerned with the human-computer interface, whereas the developers of organizational systems and their customers are more focused on functionality. Product developers compete in discretionary markets where useful functionality is quickly adopted by others, at which point the human-computer interface provides an important edge. In contrast, internal developers of information systems must accurately gauge the functionality needed in the workplace, and often cannot justify the cost of fine-tuning the interface for their relatively fixed user population.



Out of such differences in priorities comes misunderstanding and confusion. Speakers from the IS field berate small-group application developers for focusing on “cooperation” and ignoring conflict, or criticize research that focuses on the thin surface layer of the human-computer interface. On the other side, those working to resolve technical problems question the value of research into organizational politics that is distant from their concerns.



CSCW includes social scientists and technologists, but this is often not the real source of conflict. In large information system environments, decades of experience have surfaced non-technological problems, whereas in small-systems environments, technological hurdles still predominate. For example, Scandinavians working on tools and techniques for collaborative design are often associated with the “social science” perspective, despite being computer scientists who do not practice social science. They came to realize the importance of social effects in the course of developing large systems. Conversely, many behavioral and social scientists who are hired into industry research labs evolve to be “technologists.” Until we understand the origins of our differences we will not succeed in addressing them.



3.2 Project and large-group support

Small groups and large organizations represent extreme points. Our intervening category, large group support, lies between them in terms of group purpose, cohesion, conflict, and so forth. Technologies such as meeting support and workflow management deal with the same issues in less sharply contrasting ways. Workflow management is discussed in section 8.2. In this section we outline the history of meeting support systems. Once expensive and directed at high-level decision-making, these are now inexpensive and flexible enough to support a variety of meeting types. Their evolution and role in CSCW illustrates several points made earlier.



Electronic meeting rooms were originally a central component of GDSS (Group Decision Support Systems). Unlike most groupware applications, they did not emerge from product development environments, nor did papers on GDSS appear in HCI conferences. Until recently, there were no commercial electronic meeting room products. GDSS research and development began over 20 years ago in the IS field, in management schools. Consider the “D” in GDSS. Decision-making was emphasized because management-as-decision-making was the dominant perspective in schools of business and management (King et al., 1992). In addition, expensive early systems could best be justified in organizations (and in management school curricula) by focusing on high-level decision-making.



In the mid-1980s, the first CSCW conferences drew GDSS researchers from the IS field. Conflicting use of terminology went unrecognized. The IS community construed GDSS broadly to include all technology that contributes to decision-making, including electronic mail and other common applications. Some in the IS field considered GDSS to be a synonym for CSCW. Upon encountering the term GDSS, many from the HCI field assumed it referred only to electronic meeting support, the one technology feature unfamiliar to them.



As the cost of the technology fell, GDSS use was no longer restricted to high-level “decision-makers.” It could be used to support meetings of various kinds. In addition, management trends lessened the emphasis on high-level decision-making. As rungs are removed from many organizational ladders, responsibility for decisions often shifts to the groups that will implement them. The “D” has been dropped to form GSS, Group Support Systems. The reduced cost, together with improved technology and a better understanding of the process of effective use (Grudin, 1994b), led to successful commercial electronic meeting room products around 1990.



GSS is support for projects or large groups—meeting support is not as useful with fewer than 5 or 6 participants. The small-group application developers who play a central role in CSCW have different priorities than the GSS system developers, and few GSS papers appear in CSCW conferences. GSS researchers, observing that small-systems researchers are unfamiliar with their literature, have become less involved in CSCW. They participate in conferences with an IS orientation, initiated a newsletter that rarely mentions CSCW, and spawned their own journals. They have, however, adopted the “groupware” label, as has the workflow management community—another group focused on large group support.



Thus, the term “groupware” is found in both GSS and CSCW literatures, used to describe overlapping but different technologies. The divide is only partial; some Information Systems research is presented at CSCW meetings, and both groups can benefit from interaction. But the fragile nature of participation in CSCW is apparent.

4. CSCW in North America, Europe and Asia



4.1 A contrast: CSCW in North America and Europe

American and European approaches to CSCW overlap, but also differ markedly. This partially reflects the distinctions outlined in section 3.



Major American computer and software vendor companies have more direct and indirect influence than their counterparts in Europe. In addition to direct corporate support in the U.S., students are hired as interns, Ph.D.’s are hired into research labs and development organizations, and in recent years many corporate researchers have been hired into respectable academic positions. In Europe, governments provide more student support and sponsor research through public universities and research laboratories. The focus has been on large-scale systems, in particular systems that are developed or deployed in organizations that are not primarily computer or software developers.



North American researchers and developers are more likely to focus on experimental, observational, and sociological data; others exhibit a technology-driven eagerness to build systems and then seek ways to use them. These approaches can be considered empirical: experiments by social psychologists looking at group activity among teams of students (e.g., Olson et al., 1992), anthropological descriptions of activity in schools and businesses (e.g., Suchman, 1983), descriptions of groupware that address interesting technical issues whether or not the technology is widely used (e.g., Conklin & Begeman, 1988).



European contributions to CSCW are often motivated by philosophical, social, economic or political theory. They may be explicitly grounded in the writings of Wittgenstein, Heidegger, Elias, Marx, Vygotsky or others. (See, for example, contributions in Bjerknes et al., 1987; Floyd et al., 1992). Other contributions are also theory-based but more formal, like other branches of European computer science or informatics. Typical projects include broad formulations of system requirements and implementations of platforms to support a suite of applications that in concert are to provide organizational support (e.g., Trevor et al., 1995).



The distinct European CSCW also reflects cultural norms in European countries, such as greater national homogeneity, co-determination laws, stronger trade unions, and more extensive social welfare. At the risk of oversimplifying, greater cultural homogeneity can lead to a systems development focus on skill augmentation (in contrast to automation) that is justified on economic as well as humanitarian grounds: In a welfare state, workers losing jobs to automation must be indirectly supported anyway. The Scandinavian participatory or collaborative design approach reflects these priorities (Kyng, 1991).



Work in England bridges these cultures, with one happy consequence being an infusion of insightful ethnographic (anthropological) research into technology use in organizations. Several U.S. technology companies have active research labs in England. The most notable fusion of approaches is at Rank Xerox’s prolific Cambridge Research Center, including their collaborations with academic researchers in the U.K. These include sociological analysis of group activity in settings ranging from the London Underground control room (Heath and Luff, 1993) to a printing shop (Bowers et al., 1995), and the construction and use of video communication systems (e.g., Dourish and Bellotti, 1992; Dourish and Bly, 1992). Recently Dourish (1995a, 1995b) has used some of the insights from social analyses to describe requirements for future systems development.



CSCW in Europe has been supported by an enormous variety of grants. Major European Community projects funded by the European Strategic Programme for Research and Development in Information Technology (ESPRIT) and Research and Development in Advance Communications Technology in Europe (RACE) explicitly brought together researchers and developers from different countries. These also required both academic and industry partners. Some projects involve tightly coupled work, others consist of more independent efforts at each site. These projects have been exercises in cooperative work whose content is CSCW research and development.



Another effort to build cooperation among researchers and developers in the European Community countries was the CO-TECH project, carried out under the Cooperation in Science and Technology (COST) framework. This provided funding for organizing and attending meetings, not for research itself, and succeeded in building a greater sense of community.



In addition, many European governments directly fund research in this area through government research laboratories and specific government projects. For example, the German GMD is conducting a major effort to develop an infrastructure to support the division of the country’s capital between Bonn and Berlin. The very strong research component of this project is arguably the most thoughtful and productive single effort in CSCW (numerous papers and videotapes have been published, including Haake & Wilson, 1992; Streitz et al., 1994; Pankoke-Babatz (1994); (Klöckner, 1995). NSF has been an important supporter of U.S. CSCW projects, but it is less influential than European funding agencies in shaping the research agenda.



The CSCW’92 conference illustrated these differences. European presentations included two based on multi-national ESPRIT projects and none from computer companies. The ESPRIT presentations described a working “model for automatic distributed implementation of multi-user applications” (Graham and Urnes, 1992) and a description of the requirements for supporting the Great Belt bridge/tunnel project in Denmark (Grønbœk et al., 1992). European papers included two based explicitly on speech act theory (Medina-Mora et al, 1992) and Activity Theory (Kuutti and Arvonen, 1992). In contrast, several U.S. companies were represented, along with five U.S. and two Japanese contributions from telecommunications companies. In general, the papers reflected U.S. interest in small-group applications and European emphasis on organizational systems. British contributions included several focused on ethnography as well as some focused on innovative technologies.



These conferences have done well to overcome these differences as long as they have. Philosophically-oriented European submissions often strike empirically-oriented American reviewers as lacking content; American contributions strike European reviewers as unmotivated or shallow. Again, differences in terminology block mutual understanding, as when a European CSCW researcher criticizes an American group’s understanding of “task analysis.” (The latter used the term to describe a cognitive task analysis based on experimental interface testing, a standard practice in HCI. To the European, “task analysis” meant an organizational task analysis based on mapping the flow of information from person to person. He found it nonsensical to apply the term in an experimental setting.)



Cultural differences in the role of research meetings exacerbate the split. In Europe, conferences are often gatherings of professionals to interact and share current results; most of those who attend also present. In the U.S., a conference is more often organized for a larger audience, with greater emphasis on polished results. The difference leads to misunderstandings over submission requirements, and the composition of the conferences appears to be concentrating upon ethnographic case studies and technical implementation studies.



4.2 Asia

Thus far, the principal Asian impact on CSCW and groupware research in the West has come from a growing number of Japanese contributions (e.g., Ishii and Kobayashi, 1992; Okada et al., 1994; Inoue et al., 1995). In Japan, government and industry cooperation in technology development includes support for CSCW. The Information Processing Society of Japan (IPSJ) has for some years had a special interest group devoted to CSCW and Groupware (translated as “SIG-GW”).



Asian contributions to CSCW have come primarily from computer and software companies, with most major electronics companies supporting research in the area, and telecommunications companies, including NTT and ATR. In this respect Japanese participation matches the non-academic profile of U.S. participation. There are differences in emphasis. Language-specific technologies, such as the World Wide Web, can be initially less appealing in Asia than content-independent communication technologies, such as mobile computing. Somewhat slow to embrace the WWW, IPSJ has started a SIG for mobile computing. Beyond Japan, the internet and WWW also raise information control issues for non-democracies.



Japanese researchers have long been interested in technological support for group process. The “software factory” concept and interest in process programming were examples in software engineering. Today there is active interest in workflow management.



Having spent time in Japan, we are often asked about the impact of cultural differences on technology use. There are undoubtedly such effects, but it is easy to oversimplify. For example, it is often suggested that Japanese enthusiasm for collaboration and consensus will increase groupware acceptance. Closer examination reveals a more complicated reality. Ishii (1990) notes that in Japan, the importance of showing consensus in meetings often leads to real decision-making occurring in private discussions, eliminating a role for meeting support software. More generally, the preference in Japan for personal contact and direct interaction could actually increase the resistance to technological mediation (Hiroshi Ishii and Gen Suzuki, personal communications). In addition, many social and work practices in Japan are intricately detailed, and efficiency is not the only goal; new technology will inevitably disrupt some of this. Thus, one should avoid predicting the success of a groupware technology in a different culture too quickly. Cultural issues are as complex as they are important.

5. Groupware Typologies



5.1 Categorization by group activity

Many typologies or categorizations of groupware have been proposed. Figure 2 presents a variant of the widely used space and time categorization of DeSanctis and Gallupe (1987), refined by Johansen (1989). Representative applications illustrate the different cells. Activity can be carried out in a single place (top row), in several places that are known to the participants, as in electronic mail exchanges, for example (middle row), or in numerous places not all of which are known to participants, as in a message posted to a netnews group (bottom row). Activity can be carried out “in real time”; that is, in one unbroken interval, as in a meeting (left column). Alternatively it can be carried out at different times that are highly predictable or constrained, as when you send mail to a colleague expecting it to be read within a day or so (middle column). Or it can be carried out at different times that are unpredictable, as in an open-ended collaborative writing projects (right column). Activities may not always match Figure 2 precisely—for example, one collaborative writing project could take place in a single session, but another could involve an unpredictable, large set of people assembling a major piece of documentation. Some cells have enjoyed more computer support than others; for example, interactive multicast seminars are only starting to appear as “same time, unpredictable place” activity.



�

Figure 2. A 3x3 map of groupware options



This typology is easy to learn. It facilitates communication. It is widely used, especially by groupware developers, but not without risk: Figure 2 obscures an organizational perspective. Most real work activity does not fall into one or another of these categories. As we go about our work, we generally engage in some face-to-face meetings and some distributed and asynchronous communication. Most work involves both communication and coordination. Narrow tasks interact with broader work activities and even the broadest concerns overlap and impact one another. Technology designed to support activity in one cell can fail by negatively impacting activity in another. For example, a stand-alone meeting support system that provides no access to existing databases or other on-line materials may be useless in some situations. Noting the interdependencies among activities, Robert Johansen calls for “any time, any place” support. A typology hobbles groupware developers if it focuses our attention too narrowly. At the same time, it serves legitimate purposes; for example, it helps identify applications that pose common technical challenges, such as those dealing with concurrent activity.



A second typology distinguishes between the kind of collaborative tasks supported by the technology. Computer supported cooperative work typically involves communication between participants, collaboration or cooperation in a shared information space, and coordination of the collective contributions. The technology features that support these tasks are the essence of groupware, whether these features are found in a groupware product or integrated into products from other domains, such as office systems.



5.2 Features that support communication, collaboration, coordination

5.2.1 Features that support communication

Groupware communication features enable people (not processes) to communicate with one another. The communication may be real-time, like a telephone call. Real-time groupware features are found in video conferencing, voice conferencing, and text-based chat sessions. The communication may be an asynchronous electronic mail message, but still it may contain video, voice, text, and other media.



5.2.2 Features that support information-sharing and collaboration

Collaborative work generally involves creation of some artifact representing the outcome. Shared-information-space features provide virtual places where people create and manipulate information. These features often include a shared repository to store and retrieve information.



Like the communication features, these may be real-time or asynchronous. Real-time features are found in multi-user white boards and application-sharing in desktop conferencing systems, brainstorming tools in meeting facilitation systems, and multi-user virtual worlds. Asynchronous features include information management, document management, multi-user hypertext systems, and threaded discussions. Information retrieval features such as hypertext links, navigational views, and full-text search support retrieval from shared information spaces.



5.2.3 Features that support coordination

Coordination features facilitate interactions between or among participants. Virtually any collaborative activity requires some degree of coordination, and most groupware products include some sort of coordination features. For example, real-time communication features such as video conferencing are necessarily coupled with coordination features for establishing communication channels between or among the participants. Real-time shared-information-space features such as application sharing require the same coordination features and also incorporate mechanisms for passing application control from one user to another.



Coordination features are essential when interacting asynchronously in shared information spaces. Access control features limit who can participate in a shared space. Library features in document management systems include checking out documents for revision and maintenance of document versions. These features coordinate interactions at a relatively fine-grained level, and aim to do it as unobtrusively as possible.



Some technologies support coordination at a more macroscopic level, facilitating management of the overall flow of work. These technologies include calendar and scheduling, project management, and workflow management systems.



5.3 Categorization by groupware technology

Just as collaborative work involves some combination of communication, coordination, and information manipulation, groupware products and research prototypes generally combine features from these three categories. Groupware technology achieves its diversity through innovative features for supporting each type of collaborative activity and through innovative combinations of features. Often, however, features from one category dominate, and these dominant features can serve to categorize the groupware products and prototypes. For example, electronic mail and video conferencing products predominately serve interpersonal communication; document management products predominately provide a shared information space; and workflow management systems predominately coordinate the flow of work.



Groupware technologies that most effectively support collaborative work are the hardest to categorize because they support all aspects of the work. Consider Lotus Notes, for example. Its primary feature is an object store providing shared information spaces. It also supports communication through state-of-the-art electronic mail and through integration with video conferencing. Many of its features support automated information routing and tracking, capabilities typically found in workflow management systems. Although Lotus Notes contains all three categories of features, it would be categorized as a shared-information-space technology because those features predominate.



Sections 6 through 8 describe technologies from each of these three categories, identifying where these technologies use features from the other categories.



6. Communication Technologies

As noted above, technologies can support both real-time and asynchronous communication. The real-time technologies provide a communication channel for video, voice, or text. The asynchronous technologies transmit video, voice, text, or other media as electronic mail messages that are stored for the recipients.



6.1 Electronic mail

Electronic mail or email is the most successful, best-known groupware technology. It is also a key element of well known groupware products such as Lotus Notes, Microsoft Exchange, Novell Groupwise XTD, and ICL Teamware. The success of an application such as group meeting scheduling may require it to be tightly integrated with email. Email’s popularity may derive in part from its ease of use. Users readily understand the capabilities of email systems because the functionality and user interfaces are strongly based on the familiar metaphor of postal systems, including concepts such as mail, mailboxes, attachments, return receipts, and carbon copies. Flexible email systems also allow the equally familiar informality of conversation.



After decades of use and widespread acceptance, electronic mail is a relatively mature groupware technology. It continues to evolve, however, to meet evolving capabilities of computers and users’ changing expectations. Improvements in email include intelligent agents that use message structure, standard message representations, a greater range of content, and more reliable, scalable architectures. Because of its maturity, other categories of groupware rely on electronic mail to deliver messages. Each of these points is addressed in more detail below.



Email is inherently structured. Messages consist of a series of field labels (To, From, Subject, etc.) and field values, ending with a body field containing the content of the message. An important step in the evolution of email was to provide a capability for creating additional fields. The Information Lens (Malone et al., 1989) demonstrated how these fields, combined with agent technology, could help users process and handle their mail. Today many groupware products, including most email systems, contain tools for constructing such agents, and improved human-computer interfaces that make them more usable. Borenstein (1992) proposed a significant further step in which programs (similar to Java) are embedded within email messages and executed by the recipient.



For years, messages could not be sent between different vendor’s email systems due to incompatible protocols for representing their structure and content. In response to this problem, the International Standards Organization (ISO) developed the X.400 standard. Concurrently, the protocol used on the Internet, SMTP/MIME, emerged as a de facto standard. Today many email systems continue to use proprietary protocols for communication between clients and servers or between servers, but nearly all systems support one or both of these standards so that messages can be sent to other email systems.



Until recently, email systems used either time-sharing architectures with poor performance and usability, or file server architectures with poor reliability and scalability. The current generation of email systems (characterized by Lotus Notes, Microsoft Exchange, and Novell Groupwise XTD, among others) have adopted client-server architectures. These systems can serve as universal “in-boxes” for email, voice mail, fax, and video messages. Experience with the Pandora Multimedia System, a research prototype developed at Olivetti Research Labs, showed that video mail can be a popular feature (Olivetti, 1992).



Although the principal purpose of email is communication among people, its structure, reliability, and universality have encouraged its use as a means of delivering messages between processes and people or among processes. In this way, email supports coordination as well as communication. For example, many Lotus Notes applications, workflow management products, and calendar systems use email to alert a person of events or of tasks to be performed. Some workflow management systems use email as the mechanism for routing and presenting work to users (Abbott & Sarin, 1994; Medina-Mora et al., 1992). Goldberg, Safran, and Shapiro (1992) used email as the mechanism for establishing real-time desktop conferencing sessions.



6.2 Real-time conferencing

Viewed from a computing perspective, the ubiquitous telephone combines simple, inexpensive client hardware with a powerful network and server infrastructure. Emerging computer-based communication technology may soon replace the telephone in many settings by offering greater capability and flexibility at lower cost. The current generation of personal computers has audio capabilities surpassing those of the telephone handset, supports live video, and can assume some of the processing performed centrally by telephone companies. Both intranets and the Internet can replace the telephone infrastructure as the network for voice communication. Existing software supports voice communication between any two computers connected to the Internet at no cost. Real-time video communication is also possible over phone lines, ISDN lines, and ethernet.



Video conferencing technology has been available for decades, but only recently became available on personal computers. Large companies have more than 20 years of experience with video conferencing suites that support communication across geographically-distributed sites. These suites typically feature large display screens showing a view of the speaker, all participants at another site, or the speaker’s presentation materials. The costs of these expensive video conferencing technologies were justified by the value of frequent formal meetings on large distributed projects.



Today’s desktop video conferencing systems enable people to see small, low-resolution pictures of one another while conversing. A video camera mounted on or near the display transmits a video (and audio) signal, which appears in windows on other participants’ displays. Advances in camera technology, compression algorithms, and network technology are rapidly improving the performance and driving down the cost of video conferencing. Performance has not reached television quality; most systems can maintain a maximum of about 12 to 15 frames per second. Nonetheless, the market and the number of vendors for this technology are expanding rapidly; Perey (1996) lists 40 vendors of desktop video conferencing systems.



Widespread adoption of real-time conferencing technologies will require improvements in image and voice quality, and in usability. Quality depends on the processing capacity and multimedia features of the clients, which are steadily improving, and the infrastructure, especially network bandwidth, where the outcome of the race to meet burgeoning demand is less predictable. To improve usability will require innovative design based on careful analyses of the ways these technologies are used. Usability improvements are a major focus at universities and corporate research and development centers.



Adoption of desktop video conferencing appears to be strongly influenced by past experiences with video conferencing suites established to support formal meetings. Many companies install desktop video conferencing technology in meeting rooms as an inexpensive way to acquire or expand this capability. They may use speaker phones while viewing a video image of meeting participants at other sites. Results have been mixed. The technology suffers from the low video resolution and display rate and the participants’ inability to control the cameras. People value seeing a speaker partly because they can observe nuances of facial expression and body posture that are not visible with current desktop technologies. In contrast, video has proven effective in communicating about physical objects. For example, defects encountered during assembly of airplane parts could readily be described to parts suppliers (Boeing, 1992).



If everyone had video conferencing technology on their desktop, how would it be used? Some expect it to replace the telephone as the instrument of choice for informal communication, and many research projects have investigated ways of encouraging informal video conferences. Coordination has proven to be a significant challenge in establishing communication sessions and in taking turns within one. Normal social cues for turn taking are impaired by the absence of visual cues and because the audio in most conferencing systems is half duplex, allowing only one speaker at a time to be heard (Short et al., 1976).



One goal is a simple, easy method for establishing contact. Bellcore’s Cruiser system (Root, 1988) simulated walking by an office, taking a quick glance inside, then deciding whether to stay and talk. In one version (Fish et al., 1992), users could open 3-second audio and high-quality video connections to one person or a sequence of people. During a 3-second connection, either person could choose to extend it. Calls were generally short, used only for scheduling and status reporting, and often perceived as intrusive. They had expected this system to simulate face-to-face conversations, but it was used more like a telephone.



This “glance” method of establishing a call has been adopted by other researchers (e.g., Mantei et al., 1991). To address the frequent complaint of privacy invasion, researchers at SunSoft (Tang, Isaacs & Rua; 1994; Tang & Rua, 1994) changed the temporal dynamics of the glance. The recipient first hears an auditory signal, then a video image of the caller emerges slowly into view. Either party can accept the call by enabling the video; otherwise, the image fades away. Most calls are not accepted, presumably because the recipient is not present. The caller can then leave a note on the screen, send an email message, or consult a recipient’s online calendar.



Small distributed teams would especially benefit if informal video conferences were effective and easy to establish. Researchers at Xerox PARC and Rank Xerox EuroPARC have investigated ways of supporting small teams. EuroPARC installed computer-controlled video throughout their Cambridge, England, laboratory and developed tools to support teamwork (Gaver et al., 1992). One tool, Portholes (Dourish & Bly, 1992), provides awareness of activity in offices both at EuroPARC and at Xerox PARC in the U.S. Portholes displays an array of miniature images captured periodically from cameras in a specified set of offices. The small images provide little detail, but do indicate whether team members are present, absent, or conferring with someone else. This visual awareness is comparable to that of a physically collocated team.



Problems frequently reported with desktop video conferences are:

1. Difficulty of making eye contact,

2. Insufficient resolution to recognize important visual cues,

3. Lack of appeal of static “talking heads”



Considerable effort has been directed at these problems. Hydra (Sellen, 1992) consists of a set of small units, each containing a camera, microphone, monitor, and speaker. Up to four people at different locations could meet using Hydra as though seated around a table. At each location, three Hydra units are distributed around a table to represent the other three participants. When a meeting participant turns to look at the person on one monitor, everyone can see and interpret this shift of attention.



The miniature units of Hydra, with camera close to monitor, created an impression of eye contact. The MAJIC system enables eye contact with life size images of participants (Okada et al., 1994; Okada et al., 1995; Ichikawa et al., 1995). Not a desktop system, MAJIC’s key feature is a large screen that is transparent from one side but reflective on the other side. The display image is projected on the reflected side, and a camera captures the participant’s image from the other side. It is easy to establish eye contact and recognize nonverbal cues such as gestures or changes in body position.



In an interesting, innovative project, Inoue et al. (1995) examined the way television producers vary camera shots, in an effort to automatically produce a more interesting mix of images in video conferences.



Some researchers have questioned the value of video in interpersonal communication. Summarizing the results of many researchers, Whittaker (1995) noted that speech is the critical medium for interpersonal communications, and video can do little more than transmit social cues and affective information. Video adds value when used to show physical objects, not speakers and audiences. Heath, Luff, and Sellen (1995) similarly conclude that “the principle concern in media space research with supporting (mediated) face-to-face communication has inadvertently undermined its ability to reliably support collaborative work” (p. 84). They observe that “where individuals do, for example, try to write a paper together using the media space, or provide advice on the use of new software, the inability to see and share objects and shift ones views of each other causes frustration and difficulty for those involved” (p. 86).



6.3 Multicast video and audio

Live television offers a familiar mechanism for communication at the same time to different, unpredictable places. Producers of a live television show hope for a large audience, but they do not know who is watching or where they are located. Television can serve both entertainment and educational purposes, but today’s technology supports little or no opportunity for viewer feedback or participation.



Groupware offers a similar capability, but with the potential for two-way communication. The Multicast Backbone (MBONE) on the internet (Macedonia & Bruzman, 1994) distributes live audio and video presentations. Many special interest groups within the Internet community have conducted online conferences using MBONE coupled with a shared white board program to display presentation materials.



Isaacs and her colleagues (1994, 1995) at SunSoft developed and evaluated a system called Forum that uses advanced MBONE technology to broadcast audio, video, and slides to a live audience. The speaker uses Forum to present and annotate slides, identify and conduct polls of the audience, and call on audience members. Audience members view a video image of the speaker, respond to polls, and request permission to speak in one window. In a second window audience members view the slides, and in a third window they can view a list of all audience members and exchange private messages.



In a controlled study of face-to-face and distributed presentations, Isaacs et al. (1995) found that more people attended Forum presentations, but they paid less attention than face-to-face audiences, simultaneously reading their mail or talking to co-workers. Audiences strongly preferred attending Forum presentations over face-to-face presentations, but the speakers, not surprisingly, preferred the interactivity and feedback of the face-to-face presentations.



Today, distributed meeting technology is at an early stage of development and in limited use. MBONE conferences are held frequently on the Internet, using freely available technology, but participation requires high-speed Internet access, appropriate hardware, and expertise in network technology. MBONE technology is rarely used within companies because of its potential impact on network performance. As this technology matures and network performance increases, distributed meeting technology is likely to be in widespread use for meetings both within and between enterprises.

7. Shared Information space technologies

Information artifacts are created as the product of work, and in support of workplace activity. They typically play a central role in collaboration. Workgroups create these artifacts collaboratively, and some artifacts such as project schedules facilitate coordination among participants.



Shared information spaces frame such collaboration. Some shared information spaces are created through tools for real-time concurrent interaction with the information. The tools typically engender an experience of direct collaboration and communication among the participants. Other shared information spaces are places to store and retrieve information in support of asynchronous collaboration. Some technologies, such as MUDs and MOOs, integrate these capabilities.



7.1 Real-time shared spaces

Real-time shared information spaces enable people to work together synchronously with awareness of other participants and their activities. Multi-user white boards and other multi-user applications enable teams to draw or type concurrently in a shared space. Meeting facilitation systems provide shared spaces for capturing and manipulating the contributions of all meeting participants. MUDs, MOOs, and virtual worlds create the experience of interacting with people in an artificial environment.



7.1.1 Shared white boards and application sharing

Shared white boards and application sharing are two features of desktop conferencing technologies, often packaged with video conferencing products. Video conferencing features emphasize communication support, whereas the desktop conferencing features enable collaborative interaction with information artifacts.



Shared white boards are simply multi-user graphics editors. In general, all users can draw, type, or telepoint simultaneously on the same virtual white board, can import images from other applications, and can store images generated in advance for a “group slide show.” These objects often serve as conversational props (Brinck & Gomez, 1992).



The analogy with a physical white board is even more obvious in products such as LiveBoard (Elrod et al., 1992) and Smart2000 (Martin, 1995), which include display screens the size of wall-mounted white boards. Input devices include cordless pens and touch sensitive screens. Tivoli (Moran et al., 1995), the editor included with the LiveBoard, allows independent manipulation of graphic objects, a capability that most current products do not support.



Shared white boards are simple examples of the larger class of multi-user applications. A more advanced example is Aspects, released by GroupLogic in 1989, which included full-featured multi-user text, draw, and paint editors for the Macintosh. Despite its advanced capabilities, Aspects did not achieve market success. Its developers could not keep pace with the demand for platform independence and features that matched the latest versions of single-user text, draw, and paint editors.



Application-sharing technologies allow a group to work together using a single-user application running on one of their computers. The software transmits the application’s windows to all users and integrates all users’ inputs into a single input stream. Examples include HP’s SharedX, X/TeleScreen, Smart2000, Fujitsu’s DeskTopConferencing (DTC), and Microsoft’s NetMeeting.



Video conferencing and multi-user applications usually run in distinct windows that compete for display space. The video cannot provide information about gestures or direction of gaze that would communicate which objects people are attending to within the shared application. ClearBoard (Ishii & Kobayashi, 1992; Ishii, Kobayashi & Grudin, 1992) solves this problem by integrating the video image of participants and the shared information space. The conceptual model for ClearBoard was working on opposite sides of a clear sheet of glass. ClearBoard overlays a video image with a multi-user application to achieve the same effect, reversing the image to achieve the same left-right orientation.



7.1.1.1 Desktop conferencing architectures

Architecturally, desktop conferencing systems differ as to whether the application is centralized or replicated (Greenberg et al., 1995). Both architectures feature a conference agent, the core of the conferencing product, running on all participating computers. However, the method by which a conference agent establishes and manages communication in a desktop conferencing session differs across the architectures.



The centralized architecture depicted in Figure 3 is the foundation for shared-application technologies. The conference agent intervenes in the communication between a single-user application and the computer’s window system. The application’s outputs are captured by the conference agent and transmitted to the conference agents on all participating computers. These agents convey the output to the window systems, which present it to the users.

�

Figure 3. Diagram of the centralized architecture underlying most shared-application technologies. The application runs on one computer and inputs and outputs for all conference participants are controlled and integrated by a conference agent.



A user at any computer may interact with the application’s objects using keyboard and mouse. The conference agent integrates these inputs and delivers a coherent input stream to the application. To achieve a coherent input stream, the conference agent generally enforces a floor control policy, accepting inputs from only one user at a time. Examples of floor control policies are: (1) accept input from only one person until that person passes control to another designated participant; (2) accept input from anyone when no inputs have occurred within a specified interval; or (3) accept inputs from anyone at any time.



Shared white boards can also be implemented using this centralized architecture. An early example was Wscrawl (Wilson, 1995), a public domain group sketching program that runs on the X-Window system on UNIX machines.



The principal advantage of the centralized architecture is that conferences can be held using any application. A workgroup can use their favorite word processor, spreadsheet, graphics program, or an application for specialized work such as a CAD system. Furthermore, the conference can include different types of computers as long as they have a common window system. Using SharedX, for example, a desktop conference can include IBM-compatible PCs, Macs, and UNIX machines running X Windows. Work in progress today should allow conferences on machines running different window systems, with translation between equivalent features on different window systems.



The principal disadvantage of this architecture is that the application accepts only one input stream and does not distinguish among users. In addition, systems implemented using this architecture exhibit performance decrements as the number of participants increases.



The replicated architecture shown in Figure 4 is the foundation for most shared white boards and other multi-user applications. The same application runs on each computer, and the conference agent tries to ensure that all copies of the application remain synchronized. The conference agents do not transmit application output to other computers. Instead, they ensure that all users’ inputs are distributed simultaneously to all copies of the application.



As before, the conference agent enforces floor control policies. But with this architecture the policy may also permit simultaneous interactions with application objects. Aspects, for example, allowed users to edit text or graphics simultaneously, but not the same paragraph or the same graphic object, thus avoiding collisions.



�

Figure 4. Diagram of the replicated architecture underlying most shared whiteboards. The application runs on every participants' computer and the conference agents ensure that all copies of the application have the same data.



The primary advantage of the replicated architecture is, of course, that everyone can create and edit information simultaneously. In practice, people rarely create or edit information at the same time, but this technology allows them to when the task demands it. Replicated architectures are also generally capable of high performance even with large numbers of participants.



The principal disadvantage of this architecture is that the applications must be implemented within its framework. Few applications are developed to support multiple concurrent input streams from different users. Developers of these applications are handicapped by the existing application development environments, which evolved to support development of single-user applications.



7.1.1.2 Appraisal

Desktop conferencing products are sometimes used in meeting rooms because they enable people to work together more effectively (Wolf, Rhyne, & Briggs, 1995). Vendors of desktop conferencing technology emphasize the financial advantages of working together from different locations.



Little evidence exists, however, that companies have reduced travel and saved money as a consequence of adopting desktop conferencing products. Evidence does exist that these technologies can change the way people perform their work. Mitchell, Posner and Baecker (1995) observed young students writing collaboratively using Aspects. Over time, the students shifted from parallel writing, to use of a single recording scribe, to synchronous editing. Olson et al. (1992) observed design teams using a similar editor and found that teams produced higher quality designs and stayed more focused on key issues.



Certainly there are offsetting disadvantages of desktop conferencing technologies. All participants must be available at the same time, which is especially difficult across time zones. Furthermore, a meeting conducted using desktop conferencing does not feel the same as a face-to-face meeting and does not follow the same pattern of social interaction. The impact of desktop conferencing on team building is unknown, with suggestions that it is inadequate. Consequently, many companies support distributed teams with a mixture of face-to-face and desktop conferencing meetings.



7.1.2 Meeting facilitation

As noted earlier, meeting facilitation technology has different origins than other categories of groupware. University management science departments have long studied business meetings and sought ways to improve meetings. Their research has led to development of technologies, including hardware, software, and techniques for improving meetings. These technologies are often called group decision support systems (GDSS) or simply group support systems (GSS).



The principal U.S. academic centers for research and development of meeting facilitation technology have been the University of Minnesota and the University of Arizona. Both universities established meeting facilities where business meetings can be facilitated and observed, and the technologies they developed served as the nucleus of commercial products. A meeting facility includes a computer for each meeting participant, one or more large display screens, and software that facilitates meeting processes.



Researchers at the University of Minnesota developed SAMM (Software-Aided Meeting Manager) as an integrated suite of tools intended to support meeting processes such as issue identification, brainstorming, voting, and agenda management (Dickson et al., 1989). This technology builds on a research program defined by DeSanctis and Gallupe (1987) that integrates behavioral science, group process theory, and adaptive structuration theory.



Jay Nunamaker and his colleagues at the University of Arizona developed similar meeting facilitation prototypes, which Ventana Corporation integrated into a commercial product called GroupSystems (Nunamaker et al., 1991) and IBM marketed as TeamFocus (McGoff & Ambrose, 1991). The activities supported by GroupSystems include exploration and idea generation, idea organization and categorization, prioritizing and voting, and policy development and evaluation. Several different tools may support each of these activities. As a meeting evolves, a human facilitator selects tools to support the current processes.



The value of these systems is most evident when meeting participants generate ideas, because all participants can enter ideas concurrently. With many more ideas generated, organizing them becomes the next challenge. Chen et al. (1994) developed an automatic concept classification tool that creates a tentative list of the important ideas and topics, which participants can examine and revise or augment.



Support for face-to-face meetings remains an active area of CSCW research for technology developers as well as social scientists. For example, Streitz et al. (1994) developed a system called DOLPHIN that includes a large, interactive electronic white board and individual workstations for meeting participants. The design of DOLPHIN was based on observational studies of editorial board meetings where an electronic newspaper was planned and created. Using DOLPHIN, board members can create and share informal information such as freehand drawings or handwritten scribbles, and formally structured information such as hypermedia documents. Mark, Haake, and Streitz (1995) found that groups organized more deeply elaborated networks of ideas using DOLPHIN.



People who have never used meeting facilitation systems are often skeptical about their value. They point to the importance of social dynamics, face-to-face discussions, and nonverbal communication in meetings, apparently absent in anonymous typed interaction. Advocates of meeting facilitation systems have ready responses. First, people still talk to one another in a facilitated meeting; they use computers only in support of specific tasks, such as brainstorming. Second, these systems have fared well in some controlled experiments and field studies.



Post (1992) conducted a field study of IBM’s TeamFocus in a large American corporation. The study included 64 meetings on a variety of topics, averaging over 10 participants. Prior to the meetings, Post and his team conducted interviews to determine the time and resources normally required to achieve the objectives of the meetings. They measured the actual time and resources when the work was performed in facilitated meetings. Typically, meetings at this corporation served to coordinate work done outside the meetings. By performing the work in the facilitated meetings, total flow time was reduced by a dramatic 91%. Including the costs of equipment, facilities, and trained facilitators, they predicted that the technology would provide a one-year return on investment of 170%. Nevertheless, the corporation did not adopt meeting facilitation technology, and other companies have also been slow to adopt it.



7.1.3 MUDs, MOOs, and virtual worlds

MultiUser Dungeons� (MUDs) and their object-oriented extensions (MOOs) are multi-user text-based, virtual worlds. Most MUDs provide game environments similar to Adventure or Zork except that i) they have no score or notion of winning; ii) they are extensible, and iii) participants can communicate (Curtis, 1992). Social interaction is a key feature of MUDs; in fact, more than 300 MUDs lack any game features, simply providing environments for communication and for building new areas or objects for general enjoyment (Curtis & Nichols, 1994). MUDs are being adapted to support work-related communication.



MUDs maintain information about users, objects, and interconnected rooms. The MUD users interact with this database, moving from room to room, manipulating objects, and communicating with other users. The interconnected rooms form a virtual world described in text. Users type simple commands such as “Go north” to move from one room to another. When a user enters a room the MUD displays its description, including any objects or other people in the room. Users in the same room can talk to one another and interact with the objects.



A MOO includes object-oriented tools for extending the MUD by building new objects and rooms. The MOO virtual world can serve as a workplace and support work-oriented communication. For example, Bruckman and Resnick (1993) report experiences with MediaMOO in which the virtual world corresponds to the physical world of the MIT Media Lab. MediaMOO provides a place for media researchers from around the world to socialize, talk about their research projects, interact with the virtual world, and create new objects and places. Towell and Towell (1995) created a virtual conference center within BioMOO, where professionals in biological sciences hold scientific seminars. People from around the world participated in discussions within the virtual conference center.



The heart of a MOO is a shared information space which supports communication. Curtis and Nichols (1994) describe extensions including windows-based user interfaces, shared tool access, audio, and video. When a user “looks at” a map found in a MOO, a window could open that shows the map. An example of a shared tool was reported by Masinter and Ostrom (1993) who created MOO objects that access Gopher servers, enabling collaborative Internet searching. Audio and video are achieved through integration with the multicast capabilities described in section 6.3. Nichols et al. (1995) and Curtis et al. (1995) describe the technical implementation of these extensions.



The emergence of the Virtual Reality Modeling Language (VRML) standard has allowed evolution from text-based MUDs and MOOs to graphical, three-dimensional virtual worlds. In these worlds, participants are represented by graphical “avatars.” Damer, Kekenes and Hoffman (1996) evaluated five prototypes that provide multi-user graphical virtual realities. Participants communicate through text-based chat windows, as in MUDs. Greenhalgh and Benford (1995) developed and tested a virtual reality teleconferencing system called MASSIVE that enables a group to interact using audio, graphical, and textual media. Bowers, Pycock and O’Brien (1996) studied social interactions during a MASSIVE virtual meeting and identified problems in turn taking and participation that must be addressed for this technology to be widely accepted.



7.2 Asynchronous shared spaces

Collaborative work does not always require real-time communication or simultaneous interaction. Often people structure their work so they can contribute independently to a shared product. They need a well-organized, shared information repository where they can place their contributions, and retrieval tools to find information created by others.



This section describes three technologies for storing and organizing information. Asynchronous computer conferencing tools organize information around ad hoc topics. Document management systems are specialized for supporting the creation and maintenance of electronic documents. Information management tools provide flexible frameworks for diverse information structures.



7.2.1 Threaded discussions or asynchronous computer conferencing

Asynchronous computer conferencing is among the oldest forms of groupware and continues to be widely used under such labels as bulletin boards, threaded discussions, news groups, and public folders. These technologies provide shared information spaces which are typically organized around interest areas. The Internet news group comp.groupware serves as an example. Anyone can post a message to comp.groupware about any topic, but social policies dictate that the message should be either a question or new information about groupware. Other people may post responses, and still others may respond to these responses.



Computer conferencing technology maintains databases organized as collections of tree structures. The starting message is the head of a tree and responses to it are branches. Conferencing clients typically display the tree structure so that users can follow the thread of a discussion.



The topic-and-response tree structure inherent in computer conferencing is widely used in groupware systems. The first version of Lotus Notes was a computer conferencing system with support for both wide and local area networks, and Notes databases still support the conferencing organizational model. Other groupware products that support asynchronous computer conferencing include Netscape’s CollabraShare and Attachmate’s OpenMind. Such products are being integrated with Web technology so that users can participate in discussions through their Web browser.



7.2.2 Document management

Documents have a central role in many collaborative work activities. Academic papers are often co-authored. In business settings one person may write a document but others may review, edit, and approve it. Teams writing large documents generally divide or “shred” documents into sections that are assigned to different authors who work in parallel, communicating with one another as necessary. Each section, and the document as a whole, may be reviewed, revised, and approved.



A document’s contribution to collaborative work may continue long after its production. An engineering document describing a physical system design can inform the teams responsible for planning its manufacture and support. These teams may even reuse parts of the original engineering document. In essence, a document represents an external memory that can enable long-term collaboration among people who may never meet or know of one another.



These two collaborative activities—document creation and document reuse—call for somewhat different capabilities. Document creation requires support for coordinating contributions, and document reuse requires support for finding relevant information. Document management systems support both activities.



Document management systems complement and are integrated with word processors like Microsoft Word, publishing systems like Frame Builder, and other media editors. Instead of storing and retrieving documents in a file on a local disk or file server, documents are stored on and retrieved from a document management server. The basic elements of a document management system, as shown in Figure 5, are a repository for the document objects, a database of meta-information about the objects, and a set of services.



The essential document management services are access control, concurrency control, and version control. Access control determines who can create, modify, and read documents. Concurrency control, preventing different authors from changing the same document at the same time, is generally accomplished by “checking out” the document to the first person who requests write access. Other users can read or copy the document but cannot edit it. Version control determines whether a modified document replaces the original or is saved as a new version and how long old versions are retained.



�Figure 5. The basic elements of a document management system include client tools that communicate with a server to obtain data and services.



Document management systems rarely maintain information about the semantics or structure of the documents they manage. Whether text, graphics, video, or a CAD drawing, to the system it is a blob of unknown content. The semantic information, essential for managing and finding documents, is included in the document meta-information. This database includes the author, date, version number, check-out status, and access permissions. It may also include user-supplied keywords, application-specific fields, position within a hierarchy of folders, and relationships to other documents. A user can, for example, search for all documents written by a certain author between two specified dates. Unfortunately, this powerful search capability requires that authors enter the requisite meta-information, and resistance to this can be the greatest obstacle to the successful use of document management systems.



When a workgroup creates a new document, the document management system must support an iterative, interleaved series of basic tasks such as planning, drafting, reviewing, revising, and approving (Sharples et al., 1993). Often different people perform different tasks, and sometimes many people perform the same or different tasks in parallel. Although two people cannot edit a document at the same time, one person could check it out, then use a desktop conferencing system to edit it collaboratively.



Although workgroups generally divide a document and assign parts to different authors, few document management systems (one exception is Documentum) support this strategy by capturing the sequential relationship between document sections.



The document management client shown in Figure 5 typically provides search tools to support information reuse. By filling in a form, users can submit database queries of the meta-information combined with searches of the document text. For example, a user could easily request all documents by a specific author containing a particular word or phrase.



Researchers are exploring more powerful information retrieval methods. Lucas and Schneider (1994) describe a document management system called Workscape that represents documents as two-dimensional objects in a three-dimensional space. Users can group documents by stacking them, just as office workers typically do with paper documents. Rao et al. (1994) scanned paper documents into a document management environment, then deployed information retrieval methods to help users quickly find information.



The World Wide Web offers an ideal environment for document management services. Few web servers, with the notable exception of Hyper-G (or HyperWave), provide these services yet, but vendors are integrating web technology and document management systems. Hyper-G is a web server with integrated access control and sophisticated information retrieval capabilities, including the ability to navigate through a three-dimensional representation of the document space (Andrews, Kappe, & Maurer, 1995; Maurer, 1996).



7.2.3 Information management

Information management technologies such as Lotus Notes combine features of a document management system with structured objects. Most document management systems treat documents as uninterpretable; information management systems, in contrast, manage the structure of the document objects. Lotus Notes represents documents as a collection of named fields and their values. Some fields may contain text, graphics, video, audio, or other media. Other fields contain predefined keywords, dates and times, or other structured data that either the computer or a person can interpret. The combination of structured and unstructured fields constitute a semistructured document.



Malone et al. (1987) established the power of semistructured documents as a foundation for collaborative work. A research prototype called Oval (Malone, Lai, and Fry, 1992) demonstrated that semistructured documents can contribute to radically tailorable tools for collaborative work. Oval could be customized to behave similarly to gIBIS (Conklin & Begeman, 1988), The Coordinator, Lotus Notes, or Information Lens (Malone et al., 1987). The current version of Lotus Notes integrates the basic features of Oval to create a rapid application development environment for workgroup applications.



A simple example illustrates the power of semistructured documents in an information management environment. An application for tracking action items contains structured fields holding the name of the person responsible for the action item, its due date, and its title. Unstructured fields, potentially containing text, graphics, video, or audio, hold the purpose of the action item and a report about its outcome. Notes can interpret the structured fields, sending email to alert the responsible person of an impending due date. Views of action items show them ordered by due date and categorized by responsible person. The unstructured fields, intended for human interpretation, are not processed by Notes.



Hypertext provides an alternative way of organizing information elements. SEPIA (Haake & Wilson, 1992) is a hypertext authoring system that links nodes within activity spaces. These spaces are designed to support the tasks of content generation and structuring, planning, arguing, and writing under a rhetorical perspective. An interesting feature of SEPIA is its support for multiple modes of collaboration. A graphical browser reveals to authors working within the same composite node which component node each person has checked out. Aware of working in the same space, they have the option of entering a tightly-coupled collaborative mode by launching a desktop conferencing tool.



7.2.3.1 Shift work

In many work settings, tasks continue from one shift to another, sometimes around the clock. These tasks are coordinated by systematically recording and passing information from one shift to another. Monitoring satellites, global financial markets, and hospital patients are examples of continuous activities. The Virtual Notebook System or VNS (Fowler et al., 1994) is one of many tools that support shift work in medical settings, providing an online repository for the information traditionally recorded in patients’ charts.



When Lotus Notes was announced in 1989, the presentation included an example of shift work from the airplane manufacturing industry. Airplane assembly continues around the clock, and the demonstration tracked assembly status and problems to provide a smooth transition from one shift to the next.



Shift work settings are somewhat unusual; most collaborative work performed at different times is also performed in different places. Both VNS and Lotus Notes are primarily used to support collaborative work performed in different places. They illustrate that technologies that support work at different times can often also be deployed for shift work or for work at different locations.



7.2.3.2 Team rooms

Many companies establish team rooms or visibility rooms that workgroups use as shared information spaces. Teams post information on the walls of these rooms about their plans, accomplishments, and work in progress. When team meetings are held, this information can be referenced. Between meetings, individuals or subgroups create and modify the shared information.



Workgroups can use groupware to construct a virtual team room where information is maintained and referenced. Work is performed in different physical places but the same virtual place. For example, Cole (1996) described a TeamRoom developed using Lotus Notes to support collaboration among physically distributed executives.



8. Coordination Technologies

Virtually all groupware technologies include some coordination features to facilitate interactions among participants. For example, as noted earlier, real-time video conferencing and shared whiteboard products include coordination features for establishing and maintaining communication channels. Some technologies are principally intended to coordinate group activity. Calendar and scheduling technologies help find convenient times for group meetings and schedule resources for those meetings. Workflow management systems route information from one person to another in accordance with a business process model. Both workflow management and project management technologies help plan how work will be coordinated and resources allocated.



8.1 Calendars and scheduling

Calendar and scheduling products often serve as personal information management systems while helping teams coordinate their work. Individual users are supported by personal calendars, action item lists, contacts lists, and other features. Coordination is supported by group calendars, meeting reminders, on-line rolodexes, and especially by scheduling functions that aid in searching the calendars of multiple users to finds convenient times for meetings and schedule resources such as meeting rooms. Integration with email can facilitate the invitation process.



Support for meeting scheduling has been an active research area for over a decade; in fact, it has been adopted by the distributed artificial intelligence community as a demonstration problem on which to test approaches. Nevertheless, scheduling features in commercial products went unused for many years due to the lack of a “critical mass” of use in most environments—too many people found paper calendars more convenient (Grudin, 1988; 1994b). Calendar applications have matured, sporting better interfaces, a range of individual-support features, and email integration. Users and technical infrastructures have also matured, leading to widespread use of scheduling in some environments (Grudin and Palen, 1995).



8.2 Workflow management

Workflow management systems provide tools for coordinating work by managing the task sequence and the flow of information and responsibility. Workflow management technologies were first created to support imaging applications such as insurance forms processing. To improve efficiency and accountability, insurance companies installed technology to scan paper forms and process the form images. Workflow applications were developed to route information from one person to another when each task was completed.



Building on their experience with custom applications, imaging system vendors developed tools for constructing process models and managing the flow of work. They hoped to adapt workflow management to a wide range of work settings, including many where scanning and image processing have no role. They began marketing their tools as technology for managing business processes.



Concurrently, U.S. industry became vitally concerned with improving business process efficiency. In 1991, Peter Drucker wrote, “The greatest single challenge facing managers in the developed countries of the world is to raise the productivity of knowledge and service workers.” To meet this challenge, corporations initiated business process re-engineering initiatives. The basic steps of business process re-engineering are:

	1.	Collect data from current processes

	2.	Understand and model current processes

	3.	The process participants re-design their processes

	4.	Implement re-designed processes

	5.	Go to step 1



The aim is to divide business processes into activities, such as designing, machining, testing, or installing a part, that add value to a business’s products or services, and those that do not add value, such as transporting and storing materials, or searching for information. Workflow management systems help reduce non-value-added knowledge work by minimizing the time spent deciding what to do, searching for information, and tracking work progress.



Work process modeling is an essential step in business process re-engineering, and workflow management systems offer tools for creating, analyzing, and revising these models. Once a detailed model of a re-engineered business process has been constructed, a workflow management system might help ensure that the process is followed, show the status of work in progress, and provide metrics of its performance. At this level of analysis, workflow management systems appear to be an ideal tool set to support business process re-engineering.



However, workflow management systems require a more detailed model than the typical corporate business process model. In a large corporation the business process models describe organizational missions, objectives, and responsibilities, and the large-scale flow of information between organizations. Workflow management requires specification of tasks (e.g., approve purchase request), task sequence (e.g., draft, review, approve), roles (e.g., project manager), people (e.g., Linda Smith), tools (e.g., electronic form), data (e.g., item, amount, and signature), and dependencies (e.g., amount < $5,000). A business process model serves at best as only a foundation for the far more detailed workflow model.



Different users of production workflow management systems have different responsibilities and stand to realize different benefits. Programmers or system definers use the system to construct detailed models of the workflow tasks and roles, to create forms and views, and to integrate data and other tools. For them, the benefit is a set of tools that simplify construction of customized workflow models and an engine that interprets these models. Work performers (or “end users”) select tasks from a worklist, then perform the tasks with supplied data and tools. They benefit from access to a well-defined process, to information about task status, and to the tools and data. Managers define and modify the business processes, then monitor the results. They benefit from process metrics and analysis, adherence to policies and procedures, and more efficient resource utilization. Finally, a customer of the business process may not interact directly with the system, but benefits from shorter flow time and availability of status information about their work.



Other types of products have integrated lightweight or ad hoc workflow features that allow end users to describe and initiate a simple workflow or routing model. Novell’s Groupwise XTD, for example, includes a workflow modeling tool and execution engine intended for end users. Lotus Notes 4 includes templates that enable end users to specify a routing and approval sequence for a document. These ad hoc workflow systems also track workflow status, and are gradually incorporating more of the capabilities of the production systems.



Standards to support interoperability among workflow management systems have not existed. The Workflow Management Coalition initiated this important step in the maturation of the field, developing the reference architecture shown in Figure 6. Six components are interconnected via five interfaces. The plan is to define a standard for each interface. The center of the architecture is the Workflow Enactment Engine, which interprets and executes the process models created by the Process Definition Tools. New work is initiated and delivered to the responsible users through the Worklist Tool. When a task is selected from the Worklist, the Workflow Enactment Engine may invoke other applications to assist users. An enterprise with multiple workflow systems will require an interface to Other Workflow Engines. Microsoft recently proposed MAPI-WF as the standard for this interface.



�

Figure 6. The Workflow Management Coalition Reference Architecture



The Process Definition Tools component is of special interest because its user models the workgroup processes. Until recently, system definers described workflow models as a list of preconditions and tasks, but most systems today offer a graphical editor for defining the process flow. Most systems adopt an Input Process Output (IPO) model, but an exception is the Action Workflow model (Medina-Mora et al., 1992).



IPO models originated in process analysis and computer programming flowcharts. Their principal advantage is that they are conceptually easy to understand. A disadvantage is that they encourage an oversimplified, unidirectional, sequential view of business processes. The waterfall model would be a natural outcome of using IPO models to describe software engineering practices. An example of an IPO modeling method is Information Control Net (ICN) developed by Ellis (1979). The syntactic elements of ICN and a simple ICN model are depicted in Figure 7.
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Figure 7. The syntactic elements of Information Control Networks and a simple example of a workflow model composed using these elements.



The Action Workflow model is more difficult for a novice to interpret. Business processes are represented as cycles of communication acts between a customer and a performer. In the simplest cycle the customer requests a deliverable, the performer agrees to produce it, later the performer reports its completion, and finally the customer agrees that the deliverable meets its requirements. An Action Workflow system supports communication about the work among all participants. Of course, each of the four basic communication acts can require additional communication, represented as additional cycles. An example of a very simple Action Workflow model is shown in figure 8.



�

Figure 8. A simple workflow model using the Action Workflow modeling approach.



Research in workflow management could benefit significantly from establishment of the standards for the five interfaces shown in Figure 6. Today, research in this field requires building a complete system or establishing a special relationship with one vendor. With standards in place, a researcher could focus on improving one component of the workflow architecture and use commercial products for the other components.



Abbot and Sarin (1994) defined several issues requiring further research. A key issue is support for and management of exception handling. Exceptions to business processes are common, and the inability to handle them is a major source of failure in this area. For example, when and how should a system reassign work that has been assigned to a person who is sick, on vacation, or simply too busy with other tasks? How should the workflow system support negotiating a new deadline for overdue work?



As workflow systems are adopted by knowledge workers who maintain online calendars, these two systems could be integrated very naturally, with the workflow system entering tasks and meetings in calendars and consulting calendars for information about a worker’s task queue. Knowledge workers may also access libraries of process descriptions instead of creating new models for each new task. As their models grow in complexity, knowledge workers will require tools that provide change management for process models.

9. Challenges to Groupware Development and Use



9.1 Technical challenges

Of course, groupware development faces many technical challenges. Everything from better compression algorithms to faster processors contributes. A survey lies outside this review. We will restrict ourselves to providing a few examples of technical problems that are in part driven by the particular nature of groupware.



Integration of media is a continuing trend that is unfinished. Many groupware successes come from integrating technologies that previously existed in isolation. Lotus Notes integrated email and information sharing; modern meeting schedulers integrate calendars with email; other examples include videomail and the more general use of attachments and embedded media.



Interoperability is a key to supporting group use in environments where not everyone has the same platform. Much groupware requires most or all group members to use it. For example, in organizations where people use incompatible calendars, scheduling features go unused. More generally, technical standards are particularly important with groupware applications, which often must work in concert with other software to be useful. It is overwhelmingly difficult to develop a co-authoring tool if it entails building a new full-function word processor, but if a standard interface to existing word processors has been defined, an opportunity exists.



Insufficient flexibility has been a major problem for groupware. A technical approach to providing greater flexibility is to develop reflective systems that contain modifiable representations of their own behavior (Dourish, 1995a). Dourish (1995b) addresses the issue of reconciling conflicting changes resulting from parallel activity. Complete locking may be unnecessarily restrictive and inefficient, but permitting divergence requires mechanisms for flagging and reconciling changes.



9.2 Social and organizational challenges

Groupware is now achieving successes, but for decades groupware features and applications were developed without success, and failure is still more common than success. Grudin (1994b) presents a detailed account of non-technical challenges to designing, developing, and deploying groupware. The list below summarizes and extends his points.



1. Disparity in work and benefit. Groupware applications often require that some people do additional work. Often they are not the primary beneficiaries, and may not perceive a direct benefit from the use of the application. Therefore they do not do the work, and in many groups, it is unlikely to be required. This is a very common source of trouble.



2. Critical mass, Prisoner’s dilemma, and the Tragedy of the Commons problems. Even when everyone would benefit, groupware may not enlist the “critical mass” of users required to be useful. Alternatively, it can fail because it is never to any one individual’s advantage to use it, the “prisoner’s dilemma.” Markus and Connolly (1990) detail these problems. The Tragedy of the Commons describes a situation where everyone benefits until too many people use it. This can be a problem for highways and, perhaps, information highways.



3. Disruption of social processes. Groupware can lead to activity that violates social taboos, threatens existing political structures, or otherwise demotivates users crucial to its success. Much of our knowledge of social conventions is implicit and cannot be built into today’s systems. Even where recognized, as in the area of privacy, addressing the issues is difficult.



4. Exception handling. Groupware may not accommodate the wide range of exception handling and improvisation that characterizes much group activity. The prevalence of this and its significance for information systems has been brought to light by the detailed observations of ethnographers (e.g., Suchman, 1983). Their papers are among the most valuable contributions to CSCW conferences.



5. Unobtrusive accessibility. Features that support group processes are used relatively infrequently, requiring unobtrusive accessibility and integration with more heavily used features.



6. Difficulty of evaluation. The almost insurmountable obstacles to meaningful, generalizable analysis and evaluation of groupware prevent us from learning from experience.



7. Failure of intuition. Intuitions in research, development, and use environments are especially poor for multi-user applications, resulting in bad management decisions and an error-prone design process. Certain technologies, particularly those that might benefit managers, tend to be viewed too optimistically, and the value of other technologies is overlooked.



8. The adoption process. Groupware requires more careful implementation (introduction) in the workplace than product developers have recognized. Examining this process, Francik et al. (1991) provide hints of the difficulties facing efforts to introduce a groupware product on a group-by-group basis. Groups often span organization chart unit boundaries. Which group will pay for the dispersed machines? Who decides where computers and the necessary peripherals are placed? What happens as groups reorganize or change their focus? “Shrinkwrap groupware” quickly looks impractical.

10. New approaches



How do we address these challenges, specifically the novel social and organizational challenges?



Software product developers in the past relied on market research and consultants, but at least until we have more experience with groupware it is not clear that they can help. Their approaches work better for assessing individual preferences than for understanding the dynamics of groups working together. Another traditional development approach, hiring a domain expert to work with the team, is highly susceptible to the biases of the individual. A system to support a newsroom may look good to a typographer, but not to the reporter, proofreader, editor, or other team members.



Nevertheless, the knowledge developed in designing interactive software provides a solid foundation. Gould (1995) summarizes techniques from the field of human-computer interaction, focusing on early and continual user involvement and user examination of prototypes, iterative design, and consideration of all aspects of usability in parallel. Grudin (1991) and Poltrock and Grudin (1994b) analyze the use of these techniques in organizational settings. The techniques are clearly valuable, but require an encompassing method of application that is appropriate for the given setting.



Participatory design approaches have also been honed for decades, in particular sociotechnical design from England and collaborative Scandinavian approaches (Bjerkenes et al., 1987; Greenbaum and Kyng, 1991; Schuler and Namioka, 1993). These approaches maximize the involvement of users in development, often making them members of the development team, and focus on techniques for mutual communication, education, and contribution. Initially used primarily on large, in-house projects, they are increasingly being adapted to groupware development.



Contextual inquiry, analysis and design is an approach developed by Holtzblatt and her colleagues that draws on strengths of user-centered and participatory design (Beyer and Holtzblatt, 1995; Holtzblatt and Beyer, 1993; Holtzblatt and Jones, 1993). Contextual inquiry centers on interviews conducted in the workplace as work is in progress. The questioning is thus intrusive and perhaps disruptive, but provides an efficient method for gathering data, with the goal of establishing a shared understanding of interviewer and worker about the work practice. The data from a series of interviews is then rigorously analyzed from several perspectives to reach an understanding of the work context and practice in a form that can be communicated to other design team members. Contextual inquiry and analysis has been widely used at Microsoft and other organizations.



As noted earlier, the Information Systems field, drawing on social science and management studies, has contributed. Galegher et al. (Eds.) (1990) is a compendium of work from the social sciences, including research contributions to some of the videoconferencing systems described earlier. Orlikowski (1992) conducted an influential study of the introduction of Lotus Notes in a consulting organization. She found, among other things, that the reward structure greatly affected the reception of the technology: Consultants had little incentive to share knowledge and were not inclined to use Notes, whereas the technical support staff benefited from sharing knowledge and did use Notes for this purpose.



Ethnographic or anthropological studies take time to conduct, but can provide a wealth of detailed knowledge of group and organizational behavior. Perin (1991) showed the mixed benefits and costs of email in organizational settings, perhaps explaining its cautious spread over its first decades. Bowers et al. (1995) describe work processes in a print shop that has adopted a workflow management system, revealing the extensive exception-handling and flexible accommodation to situations that is obstructed by systems based on notions of standard processes. These are examples of a rapidly growing literature from which specific and general lessons can be derived.

11. Future directions



Throughout this chapter we provided indications of current trends in CSCW and groupware. The tumultuous arrival of the World Wide Web demonstrates the futility of trying to forecast the future, but some statements are safe. We can confidently anticipate the increasing integration of media. Standards and interoperability will continue to drive progress, providing substantial short-term benefits with some long-term cost in efficiency, perhaps. We will see enterprise-wide adoption of technologies, rather than having them appear one group at a time, and of course we should see the integration of most groupware with email, intranets and internets. Successful designers and developers will pay far more attention to social issues and group dynamics, driving research into organizational and group behavior.



We conclude by showing how synergies among the diverse threads present in CSCW can provide insight into challenges that loom as we work on research, development, and on structuring our organizations and societies. We draw on knowledge from social science, insights from technology experimentation, and observation of technological change.



As computation is brought to bear to support work in many situations, it is clear that if a system can incorporate greater understanding of work processes, it can better support them. The tendency is often to turn to the “standard policy manual,” the official procedures for conducting work in an organization. It does not seem to make sense to try to support nonstandard procedures.



However, social scientists have recognized that “standard procedures” should often not be followed literally. They can represent a goal to strive for. They can represent an external face a company wishes to present. They can represent a way to allocate responsibility for a breakdown, in full awareness that corners often have to be cut. The use of “work to rule” to sabotage an organization reflects our awareness that the rules are neither efficient nor generally followed. A system that forces an organization to follow such rules could be counterproductive.



Suchman (1983) examined an apparently routine business process and showed that in practice it required considerable exception-handling and problem-solving. This and other studies reveal that the reality of work practices is much more chaotic than is generally recognized. The orderly face presented to the outside world often masks a far less orderly internal operation.



This presents a problem for groupware developers, as illustrated by Ishii and Ohkubo (1990). To design a system to support office procedures, they first consulted the organization’s “standard procedures manual.” Realizing that it might be misleading, they conducted interviews to determine how people actually worked, which turned out to be quite different. They designed a system to support the “actual standard procedures” that people used. Nevertheless, upon completion, they found that the office work involved exception-handling that was beyond the capability of their system to address. Nor did they see hope of developing a system that could adequately cope with the level of exception-handling that they had discovered.



However, a more serious issue looms on the horizon. With the rapid development of the communication technologies such as desktop videoconferencing ,and information sharing technologies such as the World Wide Web and Lotus Notes, the computer is becoming less of a “computing machine” on our desk and more of a window onto the world. The window is by no means perfectly transparent—it filters, it selects—but we are moving toward far greater transparency, toward having much more information available when we want it.



This has many benefits. But one side effect, perhaps a long-term benefit or perhaps not, but which will surely be disruptive in the short term, is that the window will reveal much of the underlying “chaos” or non-routine activity that Suchman and Ishii and Ohkubo reported. The masks and myths of smooth, consistent operation are being stripped away. Because few people are aware of the degree of disorder that exists—our memory and our customs tend to suppress awareness of it—as the process of revelation picks up steam, it will often be highly unsettling. We will see the violations, the irregularities, the inconsistencies.



Possibly we can use technology to recreate the masks and the myths, but probably not, and it is not clear we should try. Perhaps the new technologies will be suppressed. But if not, their use will surely lead to the rapid evolution of new social practices and organizations.
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