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Groupware refers to software that supports group performance. At the
very broadest level, groupware may include a variety of applications, including electronic mail (e-mail), document-sharing software, electronic meeting
systems, videoconferencing, calendar-scheduling systems, decision support
systems, and Intranet or Web-based networks. Just to stretch the concept
a bit further, if we consider technology that supports group performance,
then we would include such old standbys as flip charts, voice messaging,
intercoms, and telephones. Thus, the requirement to support collaborative
activities and attempts to harness technology to address these needs are
certainly not new phenomena. We can distinguish groupware from these
earlier efforts in that groupware is digital or software based, and the development of groupware has occurred relatively recently, in the 1980s and 1990s,
emerging from the success of individual software applications.
In this chapter, we do not attempt a traditional review of the groupware
literature—a somewhat daunting task in itself, given the nature of this
very broad and diverse literature. We focus instead on the group dynamics
underlying the development of effective groupware. The term groupware is
a hybrid of the words group and software. We argue that the groupware
development literature has overemphasized the software approach to product
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development and almost ignored the group dynamics that determine groupware effectiveness. Moreover, we argue that this is a principal reason why
groupware has not achieved greater acceptance and success in supporting
teamwork.
First, we discuss the current status and limitations of groupware research; then we address challenges in supporting collaborative activities in
distributed teams. Third, we develop and elaborate a group dynamics model
of groupware development that emphasizes the specific functions or activities
that teams perform and contextual factors that affect team interaction.
Finally, we discuss one area, distributed or distance learning, in which collaborative-support tools are extensively incorporated.

CURRENT STATUS
It is important to note that some groupware applications have had a
significant and extensive impact on how people collaborate. For example,
the use of e-mail has ushered in a significant change in how people interact
at a distance. Recent surveys indicate that more than 57 million Americans
use e-mail at work (Fallows, 2002); however, many researchers argue that,
broadly viewed, groupware has fallen short of achieving its potential. Kline
and McGrath (1999) noted that there is a substantial gap between what
has been promised by various groupware applications and what has been
delivered. Grudin (2002) offered a revealing anecdote, recalling that when
the Institute for the Future convened a panel of experts in 1990 to discuss
groupware, they used an electronic meeting system to coordinate activities.
In 2001, this group again convened its expert panel but used pen, paper,
and flip charts instead of digital technology. We believe there are several
reasons for the failure of groupware to achieve broader acceptance and
application as a tool to support team performance.
The first concern that must be addressed is "Where is the group in
groupware ?" A substantial proportion of groupware development efforts take
place in departments of computer science, management information systems,
and industrial engineering. In contrast, the majority of research on group
performance, group processes, and group dynamics takes place in departments
of psychology, sociology, and social psychology. Grudin (1994) noted that
the development of software for individual users relies heavily on the informed intuition of software designers supplemented by input from human
factors, engineers, or cognitive psychologists; however, he noted that the
"intuition" for the development of multi-user or group applications is not
likely to be found in the software product development team: "The pertinent
skills of social psychology and anthropology are absent in most development
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environments, where human factors engineers and cognitive psychologists
are only slowly being accepted" (p. 100).
Grudin (1994) further noted that "Visionary writers have stressed the
need for designers to understand the functioning and evolution of groups"
(p. 103). However, we argue that it takes little vision to suggest that those
who develop groupware should understand groups. There are certainly some
group ware researchers who have a strong foundation in group dynamics,
and there are prominent social psychologists and group researchers who
develop groupware. Nevertheless, it remains a unique feature of groupware
development that the individuals who are least likely to a have an intimate
understanding of group dynamics are those who are most likely to be developing group software.
A second, related concern is the predominant technology and product
development orientation underlying groupware applications. Early groupware development in the 1980s grew out of product development efforts
for single-user applications, which is not entirely illogical given that both
were software-based products. However, Grudin (1994) noted that, rather
than first identifying a group problem and developing a groupware solution
to address the problem, most groupware has been developed with an offthe-shelf software-marketing approach. It is too often the case that developers build groupware because the technology exists, rather than the need. In
fact, Grudin (1994) observed that the push behind the development of
much early groupware was that technology costs had declined to the extent
that large-system software could be adapted and marketed for groups. One
consequence of this emphasis on technology versus an emphasis on group
requirements is that developers end up with an application in search of a user.
This technology—production emphasis is further reflected in the groupware
literature, in which the reader is as likely to run across references to product
development and software requirements as to encounter discussions of group
processes and performance.
A third reason that groupware has failed to achieve its full potential
is because of the failure of groupware developers to fully embrace the conditional approach to understanding group performance. Most groupware is
proclaimed to support group performance, or group collaboration, very broadly
defined; however, most group researchers would argue that group performance cannot be very broadly defined without the further specification
of input, process, and output variables that define and moderate group
performance. To the extent that groupware is "technology for teams" it is
important to note that there are many different types of teams, that teams
perform many different tasks, and that teams operate under various situational constraints. Moreover, the type of tool or system that will support
team performance in any specific context will depend on the type of team,
the type of task, and the environment in which the team performs. As Kline
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and McGrath (1999) noted, though, the importance of these contextual or
moderating variables has been essentially overlooked in the groupware
literature.
In the following sections we take a decidedly group dynamics perspective on groupware development. We discuss distinctions among different
types of distributed teams and different types of activities that teams perform,
and we derive a model that incorporates the role of contextual factors into
team performance.

SUPPORTING COLLABORATION IN DISTRIBUTED TEAMS
The challenges in supporting collaboration in distributed or virtual
teams are many. One challenge is simply that there are a number of different
types of distributed teams. That is, although the core feature of a virtual
team is that group members work together on a common task while spatially
separated, there are significant differences in the type of technology used
and the types of communication enabled in various distributed-team environments. Therefore, in terms of providing support for distributed teams,
one must remain cognizant of the fact that there are a variety of types of
distributed teams. (See chap. 9 for a more detailed discussion of virtual
teams.)
First, distributed-team environments differ according to the communication capabilities that are enabled. Therefore, when discussing distributed
teams, one must be aware that they may operate in different types of technological environments and that the type of communication environment
enabled will have a significant impact on team interaction. In face-to-face
interaction, group members share the same physical location; can see and
hear one another; receive messages in real time, as they are produced; and
send and receive information simultaneously and in sequence. Teams that
are distributed over various types of computer-mediated environments lose
certain of these capabilities. On the one hand, in a videoconference setting,
distributed groups may interact over networked computer systems and exchange live video as well as audio and text. On the other hand, what we
have termed computer chat refers to computer-mediated electronic dialogue
between two or more group members in which the users exchange messages
via text in real time. Group communication over this type of distributed
environment is cotemporal, simultaneous, and sequential, but group members lack the capability to see one another and to hear the timing or
intonation of their speech.
Second, just as there are different types of distributed environments,
there are different types of teams. Teams may be ad hoc (a temporary team
assembled solely for a specific task) or intact (an existing team in which
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team membership is stable). Teams may work together on a task over time,
or interaction may be short and time limited. Teams may meet initially
prior to interaction, or team members may be completely anonymous. Teams
may be hierarchically structured in terms of status or authority, or teams may
be composed of members who are equal in status. Teams can be composed of
many members or few members. We discuss these contextual factors in more
detail, but it is important to note that they all play a significant role in
determining how teams interact.
A third and final point is that there are a number of different activities
or functions that teams perform. That is, teams do not just "perform" in a
broad sense; they perform a number of different functions or task-related
activities in support of team goals. These functions may include coordination
of team member efforts, maintaining smooth interpersonal relations, planning and carrying out tasks, and making decisions. This more detailed
perspective on team performance suggests that groupware should not simply
support team performance in a broad sense but more effectively support
specific team functions or activities. In the following section we present a
taxonomy that attempts to classify team performance functions.
Teamwork Dimensions
Fleishman and Zaccaro (1992) developed a taxonomic classification
of the primary task-related activities or functions that teams perform. Building on earlier work on the structure of human performance (Fleishman &
Quaintance, 1984), they attempted to describe the common team functions
that underlie team performance. Major team functions identified include
orientation functions (e.g., exchanging information), coordination functions
(e.g., coordination and sequencing of activities), monitoring functions (e.g.,
performance monitoring and error correction), and motivational functions
(e.g., maintenance of norms, resolving conflicts).
Mclntyre and Salas (1995) described a series of studies that adopted
a critical-incident approach to identifying critical teamwork behaviors. Researchers worked with real world teams, including naval shipboard teams and
aircrews, to identify critical behaviors characterizing effective and ineffective
teams. These core teamwork dimensions were further elaborated by Baker
and Salas (1992) to include performance monitoring and feedback, communication, coordination, and adaptability.
Cannon-Bowers, Tannenbaum, Salas, and Volpe (1995) integrated
these previous research efforts and proposed that the core teamwork activities
be conceptualized as encompassing eight broad dimensions (see Table 1.1).
According to Cannon-Bowers et al., the following teamwork dimensions
are prerequisites for effective team performance across a variety of types of
tasks and teams.
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TABLE 1.1
Teamwork Dimensions
Definition

Subskills

Adaptability

Dimension

Team members use information
from the task environment to adjust
strategies through the use of
flexibility, compensatory behavior,
and reallocation of resources.

Flexibility,
compensatory or
backup behavior,
providing assistance

Shared situational
awareness

Team members develop shared
knowledge of the team's internal
and external environment.

Shared orientation,
team awareness

Performance
monitoring and
feedback

Team members give, seek, and
receive task-clarifying feedback.

Performance
monitoring,
providing feedback,
error correction

Team management

Team members direct and
coordinate task activities, assign
tasks, plan and organize, and
motivate other team members.

Resource
management,
motivation, planning
and goal setting

Interpersonal
relations

Team members optimize
interpersonal interactions by
resolving conflicts, use of
cooperation, and building morale.

Conflict resolution,
cooperation, morale
building

Coordination

Team members organize team
resources, activities, and
responses to ensure complete
and timely completion of tasks.

Task organization,
response
coordination, timing
and activity pacing

Communication

Team members exchange
information efficiently.

Seeking or requesting information, providing information,
acknowledgement
and confirmation

Decision making

Team members integrate or pool
information, identify alternatives,
select solutions, and evaluate
consequences.

Assessment,
evaluation, problem
solving

Note. From "Defining Competencies and Establishing Team Training Requirements," by J. A. CannonBowers, S. I. Tannenbaum, E. Salas, and C. E. Volpe, in R. Guzzo & E. Salas (Eds.), Team Effectiveness
and Decision Making in Organizations, 1995, San Francisco: Jossey-Bass. Copyright 1995 by JosseyBass. Adapted with permission.

Adaptability
Adaptability functions include mutual adjustment among team mem'
bers, compensatory behavior, and reallocation of resources in pursuit of team
goals. Teams must be adaptive by adjusting task strategies in response to
changes in the nature of the task or the team. For example, Porter et al.
(2003) emphasized the importance of backup behavior, compensatory behav-
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ior to support other team members who are overloaded or experiencing
difficulty.
Shared Situational Awareness
Team members must develop a shared situational awareness, also referred
to as mutual knowledge (Cramton, 2001; Thompson & Coovert, 2003) or
common ground (Clark & Brennan, 1991). Team members possess contextual
task and team information that must be communicated to and understood
by other team members. Cramton (2001) noted that mutual knowledge may
suffer when team members fail to communicate unique information that
they possess, fail to distribute information evenly among team members, or
fail to correct misunderstandings. Some research has shown that the accuracy
and similarity of shared mental models among team members predict the
quality of team processes and performance (Mathieu, Heffner, Goodwin,
Salas, & Cannon-Bowers, 2000; Thompson & Coovert, 2003).
Performance Monitoring and Feedback
Performance monitoring and feedback functions include monitoring other
team members' contributions as well as monitoring team progress, identifying errors, providing constructive feedback, and offering advice for performance improvement. Members of effective teams must be familiar with each
others' roles and accept responsibility for providing and accepting feedback
(Mclntyre & Salas, 1995).
Team Management
Team management functions include directing and coordinating the
task activities of other team members, assigning tasks, and motivating other
team members. These are primarily task behaviors oriented toward instrumental goals. One critical management task, planning, is often overlooked
in teams (Hackman & Morris, 1978), although research has clearly demonstrated the value to team performance of planning (Janicik 6k Bartel, 2003;
Weingart, 1992) and pretask briefings (Marks, Zaccaro, &. Mathieu, 2000).
Interpersonal Relations
Team members optimize interpersonal relations by resolving conflicts,
encouraging cooperative behavior, and building team morale. These are
primarily socioemotional behaviors oriented toward smooth interpersonal
relations. Mclntyre and Salas (1995) noted that positive or supporting team
behaviors are not always apparent in team interactions—at times, task
demands may require terse, formal communications—but that a positive
team environment supports all task activities. Moreover, research has shown
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that cohesive groups generally outperform less cohesive groups (Mullen &
Copper, 1994).
Coordination
Janicik and Bartel (2003) noted that effective coordination—knowing
who is going to do what, when, and with whom—is critical to team performance. Behaviors that support effective coordination include matching team
member resources to task requirements, regulating the pace of team activities,
and coordinating the response and sequencing of team member activities
(Fleishman & Zaccaro, 1992).
Communication
Communication is the primary vehicle through which task groups accomplish their goals (Marks et al., 2000). Team members must exchange
ideas and information in a clear and timely manner. Effective communication
behaviors include exchanging information in a timely manner, acknowledging information, double-checking that the intent of messages was received
(closed-loop communication), clarifying ambiguity, and the appropriate use of
verbal and nonverbal cues (Kanki & Smith, 2001; Stout, Salas, &
Fowlkes, 1997).
Decision Making
Team decision making involves problem identification and assessment,
information exchange, generation and evaluation of solutions, implementation, and evaluation of consequences (Forsyth, 1990; Hirokawa, 1980).
Barriers to effective team decision making may include failure to adequately
assess problems (Moreland & Levine, 1992), failure to consider others'
input (Driskell & Salas, 1992), failure to disclose uniquely held information
(Stasser & Titus, 1995), and undue influence from a single team member
(Milanovich, Driskell, Stout, & Salas, 1998).
A Contextual Model
Figure 1.1 depicts an input-process-output framework that provides
a contextual model of groupware development. We wish to emphasize three
points that are relevant to this representation. In brief, Figure 1.1 presents
a perspective in which groupware is targeted to specific team functions to
support overall team performance. The broad and too often observed claim
that groupware supports "team activity" ignores the critical question of what
type of team activity or what team functions a specific application is intended
to support. Although marketing software to support "groups" may ensure
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Outcomes

Team Management
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Communication
Decision Making

t
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Type of Distributed Enviroment, Type of Task, Temporal Factors, etc.
Figure 1.1. A contextual model of groupware development.

the broadest audience for a product, it reveals an alarming disregard for the
complexities of group dynamics.
A second point of elaboration is that there are a variety of types
of team performance outcomes. Outcome measures may include accuracy of
performance, speed of performance, variability of performance, number of
solutions generated, satisfaction, consensus, confidence, and team member
attrition, among others. No specific groupware application would be expected
to enhance all types of performance outcomes, yet it is often the case that
the particular objectives or goals to be achieved by a particular groupware
solution are left undefined. Moreover, groupware may have both positive and
negative effects on team outcomes; for example, Kraemer and Pinsonneault
(1990) noted that group decision support systems tend to improve decision
quality but may increase the time required to make a decision.
Third, there are a number of critical contextual factors or moderators
that will determine the effects of groupware on team performance. It is a
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truism in the group dynamics literature that the effects of almost any type
of intervention on team performance will vary according to a variety of
task, team, organizational, and environmental variables in which the team
is embedded. Yet, as Kline and McGrath (1999) concluded, "Groupware
research does not generally include critical contextual variables" (p. 265).
In the following sections we discuss several of these potential moderating
variables.
Type of Distributed Environment
A large body of research has examined teams that work over various
distributed or computer-mediated environments. In a recent review of virtual
teams, Driskell, Radtke, and Salas (2003) concluded that, overall, distance
seems to matter: Being mediated by technology can have a significant impact
on how teams perform. As we noted previously, it is difficult to draw
conclusions regarding distributed teams in general, because there are different
types of computer-mediated environments (e.g., audio-video vs. audio only
vs. chat) that differ considerably in the richness of communications afforded.
Thus, the nature of team interaction, and the requirements to support team
activities, will vary considerably depending on the type of distributed-team
environment.
Two major approaches to understanding the effects of different types
of communications media—(a) theories of social presence (Short, Williams,
& Christie, 1976) and (b) media richness (Daft & Lengel, 1984)—both hold
that the capacity to transmit communicative information (visual, verbal, and
contextual cues) is progressively restricted as one moves from face-to-face
to audio—video to audio-only to textual modes of communication. This loss
of contextual information across various communication modes may lead
to weaker interpersonal bonds and loss of cohesion within teams (Straus,
1997), greater difficulty in establishing trust (Bos, Olson, Gergle, Olson, &
Wright, 2002), and greater difficulty in establishing mutual knowledge and
common ground (Cramton, 2001; Thompson & Coovert, 2003). Overall,
less rich communications media exacerbate the effects of technological
mediation. Thus, to the extent that technological mediation impairs interaction, it is likely to impair interaction to a greater extent for text-only
communications than for text-audio and for audio-video communications.
Type of Task
Perhaps no factor has a greater effect on team interaction than the
type of task in which the team is engaged. There have been a number of
attempts to classify group tasks along a variety of dimensions, such as the
cognitive versus physical requirements of the task or the requirement for
cooperation or interdependence (cf. McGrath, 1984; Shaw, 1973; Steiner,
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1972). One of the most recent and comprehensive classification systems
relevant to teams was offered by Devine (2002), who identified 14 team
types based on the type of work in which they are engaged and further
classified them along seven contextual dimensions. Driskell, Hogan, and
Salas (1987) also classified group tasks on the basis of the primary activities
or behaviors required of team members, resulting in six task categories:
(a) mechanical/technical tasks requiring the construction or operation of
things; (b) intellectual/analytic tasks requiring generation of ideas, reasoning,
or problem solving; (c) imaginative/aesthetic tasks requiring creativity or artistic endeavor; (d) social tasks requiring the training, supporting, or assisting
of others; (e) manipulative/persuasive tasks requiring motivation or persuasion
of others; and (f) logical/precision tasks requiring performance of routine,
detailed, or standardized tasks. Gallupe, DeSanctis, and Dickson (1988)
used McGrath's (1984) typology of group tasks to classify tasks used in group
decision support research. McGrath's (1984) typology outlined four major
types of group tasks, with several subtypes within each: (a) generating tasks
(requiring the generation of plans or ideas), (b) choosing tasks (requiring
either a correct answer or a preferred answer), (c) negotiating tasks (requiring
the resolution of conflicts of policy or conflicts of interest), and (d) executing
tasks (requiring either competing to win or performing against an objective
or absolute standard of excellence).
Another way to classify group tasks is by the relative degree of task
difficulty. Task difficulty refers to the degree of cognitive load, or mental
effort, required to identify a problem solution. Task difficulty has been shown
to be an important moderator in studies of the effectiveness of group decision
support systems. For example, Gallupe et al. (1988) found that group decision
support systems enhanced decision quality more in groups that performed
a difficult task than in those that performed an easier task.
Tasks may also differ in the degree of task uncertainty, or the extent
to which they have a verifiably correct answer. For example, a task that
requires one to sum a column of numbers has a correct answer. In contrast,
a judgment task, such as choosing a candidate for office, does not have a
verifiably correct answer. Tasks with no verifiably correct answer emphasize
the team's ability to extract a variety of conflicting interpretations and to
forge a consensus to yield an agreement on solutions (Samburthy, Poole,
& Kelly, 1993).
Finally, tasks may differ in the degree to which they require interdependence , or coordination among group members, a fact recognized in the task
typologies of Shaw (1973), Steiner (1972), and Herold (1978). Straus and
McGrath (1994) and others have argued that to the extent that team
tasks require a greater degree of interdependence, coordination difficulties
increase. Thus, coordination difficulties are less likely to influence overall
performance for tasks that can be accomplished with little interpersonal
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interaction. Tasks that involve greater requirements for interdependence
are more likely to be problematic in a virtual team setting.
Temporal Context
There are several temporal aspects of the team that influence the
nature of team interaction and performance. McGrath (1997) noted that
research is often conducted with ad hoc groups with no past or anticipated
future, in contrast to dynamic groups, which are intact and perform over a
longer period of time (see also Hollingshead & McGrath, 1995; McGrath,
1990). Teams that perform over time gain experience with the task and
the communications technology, which may reduce performance decrements
(Hollingshead, McGrath, & O'Connor, 1995). Although a number of temporal distinctions can be drawn related to the synchronicity, pacing, and
sequencing of performance, the simple distinction between ad hoc teams
that interact for a single session and dynamic teams that interact over time
is an important one.
This distinction is also related to the experience of the team, or the
stages of development of a team. Research on group development suggests
that a group's interaction patterns change dramatically over time as the
group members gain more experience working together (Bales, 1950; Hare,
1976). Time is needed for group members to develop a productive relationship (although time does not guarantee that the group will be productive).
A newly formed group, with its lack of structure and cohesion, may be able
to perform tasks in which individual members' efforts are pooled; however,
tasks that require a high degree of collaboration may prove more difficult.
Instead of launching into productive behavior immediately, most
groups seem to progress through a predictable series of stages. Although
group theorists differ on the exact delineation, the five basic stages that are
included in most models include (a) orientation, (b) conflict, (c) cohesion,
(d) performance, and (e) dissolution. These have been elaborated more precisely in models that describe phases of the group decision-making process.
Forsyth (1990) described four stages of team decision making: (a) orientation:
defining the problem and planning; (b) discussion: gathering information,
identifying solution alternatives, and evaluating alternatives; (c) decision
making: choosing solutions; and (d) implementation: implementing and evaluating the decision. Kraemer and Pinsonneault (1990) noted that whereas
many group decision support efforts focus on the early stages of group
development, a large number of task groups in business and industry are
intact teams that are more advanced in development with greater experience
working together. Although Kraemer and Pinsonneault concluded that the
effects of group decision support differ substantially according to the stage
of group development, they also noted that this factor is rarely examined
in groupware research.
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Group Size
Steiner (1972) noted that a team's size may affect its performance in
several ways. As a group gets larger, the diversity of its members increases,
as do the variety of viewpoints and, potentially, the number of problem
solutions available to the team. However, larger teams do not always perform
better than smaller ones. Increasing team size makes coordination requirements more difficult, and as groups increase in size and complexity, more
group structure (i.e., role differentiation, etc.) is required to coordinate group
activity. Larger groups may increase conformity pressures and suppress the
expression of minority or conflicting input (Steiner, 1972). As groups increase in size, opportunities for participation decrease and group discussion
becomes increasingly dominated by a smaller proportion of group members.
It is well established that whereas total group performance may increase as
the size of the group increases, group member performance (i.e., performance
per person) and satisfaction decrease as a function of group size (e.g., Mullen,
1991; Mullen & Baumeister, 1987). The effects of group size suggest a rather
discouraging picture of larger groups, bringing to mind Old's (1946) tonguein-cheek assertion that the optimal size for a group is approximately 0.7
people.
Vogel and Nunamaker (1990) argued that group size is an important
factor in the application of group decision support systems. They suggested
that decision support may be particularly valuable for larger groups because
it has the potential to encourage more equal participation and increase the
efficiency of group discussion. However, it is interesting to note that despite
the suggestion that group decision support systems might be especially helpful
for large group decision making, most of the research in this field has
examined small (three- to four-person) groups.
Status Structure
The status structure of a team refers to the pattern of power, prestige, and
authority among team members. Some teams are hierarchically structured or
stratified, with clearly defined rankings of team members in terms of power
and prestige. Examples of hierarchically structured teams include a business
team composed of upper managers, middle managers, sales staff, and clerical
personnel, or a military squad composed of personnel of varying rank. Other
teams may be less hierarchically structured in terms of status and include
team members who are of relatively equal status.
The status structure of the team has a significant impact on the nature
of team interaction. Different status structures impose different interaction
requirements on team members. In a typical work group, individuals with
higher status assume a leadership position and command more of the group's
resources—they talk more, they direct group activities, and they are more
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likely to exert their opinion during decision making. In brief, higher status
persons within the group command more of the group's resources; they
dominate conversation, their ideas are accepted more often, and they are
more likely to be seen as leaders (Driskell, Olmstead, & Salas, 1993).
The status structure in a group clearly may have positive as well as
negative effects. Ideally, status processes operate to allow the group to
use its resources more effectively to accomplish a task. This structured,
hierarchical patterning of interaction may have positive effects when it
operates in general accordance with the distribution of ability in the group.
That is, if status differences reflect actual differences in ability, expertise,
and competence, then it is desirable for higher status group members to be
more active and influential. However, to the extent that status differentials
within the group are based on cultural stereotypes (e.g., race or gender), or
on factors unrelated to ability, this may result in a loss of resources to
the group and undesirable barriers to equal participation for women and
ethnic minorities.
Moreover, there are conditions under which different types of status
structures support group efficiency. For example, when a task is technically
simple, when one team member is centrally located in a group communication structure, or when the larger organization is organized along strict
lines of authority, then a hierarchical status structure may be advantageous.
However, there are conditions under which a flat group status structure is
more efficient. For example, when tasks are ambiguous or complex, when
information resides in the hands of many people, or when making decisions
of great consequence in which alternative or minority input is especially
important, then a status structure in which team members contribute more
equally may be beneficial.
This conditional perspective on status is important to consider when
examining the effects that some computer-mediated communications systems may have on status in groups. Some research suggests that computermediated environments, such as text-based systems or those that structure
team member input, may block the operation of status processes and lead
to more equal participation (Driskell et al., 2003; Dubrovsky, Kiesler, &
Sethna, 1991). In fact, Brennan and Rubenstein (1995) touted the value
of groupware in organizations in that "organizational forms can become
more dynamic, [and] hierarchies flatter" (p. 39). However, as we previously
noted, this can be a double-edged sword: A flattening of the status hierarchy
may lead to more open and equal participation and greater resources on
which the group can draw; in other cases, however, the dampening of
status effects can lead to lower participation by team members with greater
competence and a disruption of the established chain of command. Without
a greater understanding of the operation of status processes in groups, group-
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ware developers run the risk of imposing structural changes within teams
that may lead to greater inefficiency under certain task conditions.
High Stress or High Demand
Most research studies use as participants groups of students in experimental laboratories or workers who operate in relatively relaxed conditions.
In contrast, real world teams often operate under vastly different conditions.
Often, teams are taxed to make critical decisions under extreme pressures
and demands. Emergency or crisis conditions may occur suddenly and unexpectedly, team members must make critical decisions under extreme stress,
and the consequences of poor performance are immediate and often catastrophic. There are some occupations—including aviation, military operations, emergency medicine, mining, law enforcement, and firefighting—for
which a high-stress, high-demand performance environment is almost the
norm. However, even in more everyday settings, such as the office conference
room, team members may operate under various stressors—such as noise,
time pressure, and task load—that may disrupt task performance.
Stress can lead to a number of effects on team interaction. Stress
may result in a reduced tendency to assist others, increased interpersonal
aggression, neglect of social or interpersonal cues, and less cooperative
behavior among team members (Mathews & Canon, 1975; Sherrod &
Downs, 1974). Research suggests that time pressure is likely to inhibit joint
problem solving and, specifically, the search for integrative agreements that
are beneficial for all parties (Walton 6k McKersie, 1965). Thus, Yukl, Malone,
Hayslip, and Pamin (1976) found that under high time pressure, participants
reached agreements sooner, but they made fewer offers and reached joint
outcomes of poorer quality. Isenberg (1981) found that team members'
participation in interaction became more disproportionate with increasing
time pressure. Kelly and McGrath (1985) found that, under time pressure
conditions, group members made fewer interpersonal remarks and vocalized
fewer agreements or disagreements compared with those members of groups
not working under time pressure.
One of the more well-established findings in the research literature is
that stress leads to a narrowing of individual focus (see Broadbent, 1971;
Easterbrook, 1959). As attention narrows, peripheral (less relevant) task
cues are first ignored, followed by further restriction of central or taskrelevant cues. To the extent that task-relevant cues are neglected, performance suffers. Driskell, Salas, and Johnston (1999) extended this argument
to the group level of analysis, examining the hypothesis that stress results
in a narrowing of team perspective or team awareness—that is, they argued
that, to the extent that stress results in a narrowing of attentional focus,
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stress may lead to a neglect of social or interpersonal cues as well. In fact,
Driskell et al. (1999) found that team members were less likely to maintain
a broad team perspective under stress and were more likely to shift to a
more individualistic self-focus, resulting in poorer overall team performance.
These results suggest that, under stress, group members may lose the collective representation of group activity that characterizes interdependent
team behavior.
Other research has examined the effects of stressors on group decision
making (Driskell &. Salas, 1991; Johnston, Driskell, & Salas, 1997). Formal,
analytic decision-making approaches require the decision maker to carry
out an elaborate and exhaustive procedure characterized by a systematic,
organized information search, thorough consideration of all available alternatives, evaluation of each alternative, and reexamination and review of
data before a decision is made. Although this procedure is often taught as
the decision-making ideal, some researchers have argued that under high
task demands, decision makers do not have the luxury of adopting a timeconsuming analytic strategy. Moreover, encouraging the decision maker to
adopt an analytic model could undermine behavior that may more adequately
fit the requirements of the task situation. Johnston et al. (1997) found that
on a time-pressured, naturalistic task, individuals who had been trained to
use a less analytic or "hypervigilant" strategy performed more effectively
than those who used a formal, analytic decision strategy. These results
emphasize the importance of contextual factors, such as stress, in decision
making and suggest that any attempt to support team decision making must
consider the demands under which teams perform.
A Successful Application: Distance Learning
One area in which group support tools are currently very actively
researched and applied is the field of distributed or distance learning. Although
distance learning is typically not considered a traditional team setting,
distance learning environments allow student—teacher and student—student
interaction to occur at a distance, and software tools enable this collaboration. Certainly, one reason underlying the widespread acceptance and application of collaborative-support tools in distance learning has been the market
forces driving growth in this area in general. However, we believe that even
more important is the emphasis in the educational and training community
on a conditional approach to training—that is, the belief that contextual
influences are a critical determinant of training effectiveness. Thus, contextual influences are as highly emphasized in education and training applications as they are ignored in groupware applications. In the following
paragraphs, we provide a brief overview of the use of collaborative tools in
distance learning.
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Traditional classroom learning environments are synchronous (everyone meets at the same time) and localized (everyone meets at the same
place), with typically one instructor required per class. By contrast, distance
learning environments are technology enabled, orchestrated across classrooms or workplaces, and instruction is delivered "anytime and anywhere."
Two primary challenges that face the distance learning community are to
ensure that online instruction (a) is as pedagogically sound as traditional
instruction (so that online students do not learn less) and (b) is as appealing
to students as traditional instruction (so that online students do not drop
out at a disproportionately higher rate). To address these problems, training
researchers have identified several key facets of learning that are assumed
to be missing from online instruction, including collaboration or opportunities
for student interaction. Thus, the research literature has consistently issued
calls to increase collaborative support in distance learning. Collaborativesupport tools have included the use of e-mail, listservs, and discussion boards;
video conferencing; electronic bulletin boards; chat sessions; and collaborative discussions, debates, and projects.
Certainly, collaborative activities can lead to effective learning. However, there is also a clear understanding within the education and training
community that there are conditions of learning under which collaborative
learning activities may be most effective and conditions of learning under
which collaborative learning activities may be less effective. The conditionsof-learning approach to instructional design maintains that there are different
conditions of learning (i.e., different stages of learning in which similar
cognitive activities occur) and that there are different types of instruction
required to support learning for these conditions. Therefore, in determining
the requirements for collaborative support, many researchers view contextual
factors as critical. Gunawardena and Mclsaac (2004) asked, "What type
and level of interaction is essential for effective learning? Is interaction
more important for certain types of learners? Should patterns of interaction
change over time when designing a distance education course?" (p. 381).
Hartley (1999) noted that "We know that individual study of well-prepared
instructional materials can result in substantial learning . . . We need to
understand the situations in which particular forms of interaction and their
management are effective" (p. 14). Thus, in contrast to the unconditional
claim that tools to foster collaboration are effective for all learning environments, researchers have offered a more moderate view that some performances benefit from learning in a collaborative context and some do not
(see Anderson, Greeno, Reder, & Simon, 2000; Anderson, Reder, & Simon,
1997). Anderson et al. (1997) concluded that "Instruction need not take
place only in complex social situations. There is great value as well in ...
learning that occurs individually. The issue is when and where to use what
type of instruction" (p. 18).
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The examination of the relevant conditions of learning under which
collaborative activity is most effective has addressed several potential moderators, which we describe in the following sections.
Type of Learning Outcome
One potential moderator of the effectiveness of collaborative tools is
the type of learning outcome to be achieved. At a broad level of analysis,
there is some consensus among researchers regarding the distinction between
declarative knowledge (knowledge of facts and data), procedural knowledge
(knowledge about how to apply rules and procedures to specific cases), and
strategic knowledge (knowledge about problem solving and applying general
rules to novel cases; Anderson, 1982; Gist, 1997). Others have offered more
detailed classifications of learning objectives. The commonality among these
models is that they all represent a continuum of learning, from simple to
more complex, from fact to principle, from recall to application.
Ellis et al. (2003) argued that at the declarative stage of learning,
cognitive demands are high and the learner must devote a large amount of
attentional resources to the task. The addition of greater collaborative
demands may tax attentional capacity and may be detrimental to the learning
process. Thus, on the one hand, some have suggested that the benefits of
collaboration—exploring, elaborating, and challenging ideas—may be more
useful for advanced stages of learning. On the other hand, others have
argued that interest and motivation may be lower during the initial stages
of learning, and the motivational benefits of collaboration may be most
evident during this time.
Learner Characteristics
Ragoonaden and Bordeleau (2000) found that "For some students,
these collaborative assignments proved to be a frustrating and time consuming process that in no way enhanced their learning. Yet, for other students
. . . this collaborative process was a welcome addition" (p. 2). One truism
in education is that learning practices should be designed to fit the needs
and requirements of varying and diverse types of students. Learner characteristics that may affect requirements for collaboration include age, educational
level, learning style, gender, personality, and group composition. Some
researchers have argued that low-ability students may benefit more from
interacting with peers (a claim supported by Lou, Abrami, & d'Apollonia,
2001), others have suggested that increased collaboration may hinder lowability students if performance is dominated by higher ability students, and
still others have argued that both high- and low-ability learners may benefit
from collaborative activity for different reasons.
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Type of Task
Some researchers have argued that the value of enhanced collaborative
activities is dependent on the type of task that is being learned; suggesting
that all instruction should take place in a collaborative environment because
virtually all jobs are social in nature, and learning is closely associated
with its context. However, Anderson et al. (1997) argued that this case is
overstated, that many jobs involve individual tasks, and that it is not
necessary to train an individual task in a collaborative learning environment.
It is important to note that many of these questions have yet to be
answered satisfactorily. However, the fact that these questions are being
raised—that there are conditions under which enhanced collaborative support may be beneficial and conditions under which it may not—is encouraging. Moreover, this perspective contrasts sharply with the "one-size fits-all"
off-the-shelf approach that has characterized most groupware development.

CONCLUSION
Because of the complexity and scope of many modern-day tasks, there
has been a heightened realization over the past decade of the value of team
performance to business, industry, and the military. Furthermore, changes
in business practice and advances in telecommunications have led to the
increasing prevalence of distributed teams that interact over long distances.
It is clear that unprecedented opportunities exist for the development of
tools to support team collaboration.
We argue that, on the whole, groupware has failed to exploit these
opportunities. If groupware is intended to serve as a tool to support team
performance, then groupware development must specify the team activities
to be supported, the outcomes to be achieved, and the contextual factors
that determine groupware effectiveness. We have attempted to address some
of these group dynamics issues by posing a contextual model of groupware
development that emphasizes the specific functions or activities that teams
perform and the contextual factors that influence team interaction. Our
hope is that we have highlighted the complexities of supporting team performance and identified some of the variables that must be considered in
developing an effective team support tool.
In most cases, we have raised issues but certainly not fully answered
them. For example, consider a real world team such as a management team.
A training needs analysis is performed and identifies problems in team
management (e.g., resource management, planning, and goal setting). Ideally, groupware could be incorporated to provide support targeted to these
team functions. Moreover, our model suggests that the effectiveness of these
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support activities may be dependent on contextual factors such as the size
of the team, the nature of the team task, the experience of the team, and
other factors. If one objective is to enhance planning and goal setting, then
the researcher or developer must consider how planning and goal setting
may differ in large versus small groups, in groups that perform production
tasks versus groups that perform negotiation tasks, and so on. This is a
formidable task, but this contextual approach is needed to enhance the
development of groupware for real world team applications.
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