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Introduction

What do we mean by the wisdom of collectives? This is best illustrated
by examining the trend toward discussing emergence within teams
(Kozlowski & Klein, 2000) and other social systems (Chu, Strand, & Fjel-
land, 2003; Streufert, 1997). Emergence is characterized by the creation
of “novel and coherent structures, patterns and properties during the
process of self-organization in complex systems” (Goldstein, 1999, p. 49).
Emergent properties are the result of the interaction of the components
of the system from which these emergent properties arise but cannot be
reduced to or described wholly in terms of the elementary components
of the system considered in isolation. The whole truly is greater than (or
at least different from) the sum of its parts. In this way some teams are
able to synergistically combine the attributes of its members to produce
outcomes well beyond the capacity of any one individual member or of
the pooled or summated output of all its members (Cannon-Bowers, Salas,
& Converse, 1993; Salas, Cannon-Bowers, & Johnston, 1997; Salas, Rosen,
Burke, Goodwin, & Fiore, 2006). This is what we refer to with the phrase
the wisdom of collectives: the increased capacity for performance of various
types afforded by the interactions of team members.

It is the purpose of this chapter to document what is known about the
mechanisms of teamwork interaction that enable the development of the
wisdom of collectives. Surely all collectives are not equal. Not all teams are
able to leverage their team member expertise effectively (e.g., Hirschfeld,
Jordan, Feild, Giles, & Armenakis, 2006). So what separates exceptional
from a“/erage and poorer performing teams? Understanding the processes
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of teamwork is key to understanding the wisdom of collectives, the means
by which teams successfully interact to produce superior team outcomes.
This issue has been studied from many different vantage points, and a
complete review of these efforts is well beyond the scope of any one chap-
ter. Therefore, the intent of this chapter is to both retrospectively and pro-
spectively chart the course of the study of teams by demarcating where
we've been, where we are, and where we should be headed as a field of
inquiry. To this end, we set out to meet the following goals. First, we pro-
vide an overview of teamwork by reviewing the current scientific under-
standing of teams and recent developments in the field. Second, we further
delineate teamwork by updating the teamwork competencies—the knowl-
edge, skills, and attitudes (KSAs) necessary for effective teamwork—pro-
posed more than a decade ago by Cannon-Bowers, Tannenbaum, Salas,
and Volpe (1995). Third, we present a research agenda for furthering our
understanding of the wisdom of collectives in organizations.

What Are the Mechanisms of Teamwork?

In this section we provide an up-to-date global view of teamwork by
reviewing recent developments in the science of teams. To discuss team-
work appropriately requires the definition of a small constellation of
related terms. The interdisciplinary nature of team research has led to
great theoretical and practical advances in knowledge, but the ontological
drift of terminology between research communities continues to be an
issue that impedes understanding and further advancement. Therefore,
we begin our discussion of teamwork with a set of definitions on which
we anchor the remainder of our discussion.

Definitions

First, a team is defined as a set of two or more individuals that adaptively
and dynamically interacts through specified roles as they work toward
shared and valued goals (Dyer, 1984; Salas, Dickinson, Converse, & Tan-
nenbaum, 1992). Team member interdependency is a critical feature of
defining the essence of a team (Saavedra, Earley, & Van Dyne, 1993). In
addition to this, teams can often be characterized as having heteroge-
neous and distributed expertise (Salas, Stagl, Burke, & Goodwin, 2007);
that is, team members often have different specializations in knowledge
and skills. In fact, it is this diversity of expertise that creates the poten-
tial for teams to complete work outside the scope of any one individual’s
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capabilities. The social dynamics of effective teamwork are necessary to
realize this potential.

Teamwork is the “dynamic, simultaneous and recursive enactment of
process mechanisms which inhibit or contribute to team performance and
performance outcomes” (Salas, Stagl, Burke & Goodwin, 2007, p. 190). To
clarify this definition, it is useful to think of competencies within a team
as belonging to one of two types: teamwork and taskwork (McIntyre &
Salas, 1998; Morgan, Glickman, Woodard, Blaiwes, & Salas, 1986). Task-
work competencies are the knowledge, skills, attitudes, and other char-
acteristics (KSAOs) used to accomplish individual task performance; the
application of these skills does not require interdependent interaction
within the team. Teamwork competencies are the KSAOs necessary for
members to function within an interdependent team. Therefore, team
members must possess not only individual-level expertise relevant to the
technical performance of their own individual tasks but also expertise in
the social dynamics of teamwork (Salas et al., 2006). Teamwork is the pro-
cess of enacting these teamwork competencies. Much of the remainder of
this chapter is devoted to the description of these teamwork processes.

Team performance is a multilevel process arising as team members enact
both their individual taskwork performance processes and individual-
and team-level teamwork processes (Kozlowski & Klein, 2000; Salas et
al,, 2007). This can be contrasted with the definition of teamwork already
provided, which focuses on the enactment of teamwork processes alone.
Therefore, teamwork is nested within team performance in that team per-
formance is the combination of both individual performance and team-
work processes. This definition is consistent with the conceptualization of
performance as a process and not an outcome (Campbell, 1990).

Team effectiveness is an evaluation of the outcomes of team performance
processes relative to some set of criteria. It is a judgment of how well the
results of performance meet some set of relatively objective (e.g,, metrics of
productivity) or subjective (e.g,, supervisor or observer ratings) standards.
These standards are ideally aligned with the goals of the team and organi-
zation. Hackman (1987) proposed three dimensions of team effectiveness.
First, the relevant stakeholders judge whether the team is meeting stan-
dards of quality and quantity. Second, group members evaluate whether
they are satisfied with their team participation. Third, the degree to which
the team’s interaction has maintained, weakened, or strengthened the work
group’s capacity to continue to work together should be assessed.

The increasing interest in teams has led to a proliferation of theoretical
models and frameworks of teamwork, team performance, and team effec-
tiveness. A recent review identified 138 attempts from various disciplines
that model or frame aspects of team performance or team effectiveness
(Salas et al,, 2007). This abundance of theories, models, and frameworks is
indicative of a “golden age” of interest in teams. Unfortunately, this large
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number of models, which are often context or domain specific in nature,
also complicates the process of translating the current understanding of
teams into actionable and practical guidance for organizations. However,
there have been several recent and notable efforts in the area of integrating
these models and frameworks of teamwork, team performance, and team
effectiveness. The following section discusses several of these efforts.

What Is Teamwork?

Teamwork is the means by which individual task expertise is translated,
magnified, and synergistically combined to yield superior performance
outcomes, the wisdom of the collectives. This section briefly summarizes
the current state of the science regarding teamwork. Our review here is
necessarily selective and focuses primarily on work seeking to charac-
terize teamwork in a global and generalizable manner. First, we review
a recently advanced model of teamwork (Salas, Sims, & Burke, 2005)
because it represents a broad cross-section of the literature. Second, we
turn toward other recently advanced frameworks for organizing and
understanding teamwork behaviors. Third, we discuss some of the newly
developed extensions to the traditional Input-Process-Output (IPO)
method of describing teamwork.

A Model of Teamwork

Salas and colleagues (2005) proposed the idea that there might be a “big
five” in teamwork; that is, across, for example, domains, team goals, and
tasks, there are five core components of teamwork: (1) team leadership;
(2) adaptability; (3) mutual performance monitoring; (4) backup behavior;
and (5) team orientation. The importance of each component may vary
in degree across contexts, but each of the five teamwork components in
some form is essential for any type of teamwork. In addition to the five
components of teamwork, three coordinating mechanisms are identified:
(1) shared mental models; (2) closed-loop communication; and (3) mutual
trust. These coordinating mechanisms facilitate the enactment of the five
factors of teamwork. Each of the coordinating mechanisms and core com-
ponents of teamwork are briefly discussed in the following sections.

The Five Core Components of Teamwork

Team leadership has substantial ramifications for the effectiveness of teams
and organizations at large. The functional approach to leadership, which
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has emerged as a dominant perspective (e.g., Fleishman et al., 1991; Hack-
man, 2002; Zaccaro, Rittman, & Marks, 2001), characterizes leadership as
“social problem solving that promotes coordinated, adaptive team per-
formance by facilitating goal definition and attainment” (Salas, Burke, &
Stagl, 2004, p. 343). Leaders solve social problems through four general
types of actions: (1) the search for and structuring of information; (2) the
use of information in problem solving; (3) the management of personnel
resources; and (4) the management of material resources.

To meet the demands of increasingly dynamic task environments, the
concept of shared leadership has been explored. Shared leadership is.the
“transference of the leadership function among team meiibers to take
advantage of member strengths (e.g., knowledge, skills, attitudes, per-
spectives, contacts, and time available) as dictated by either environmen-
tal demands or the development stage of the team” (Burke, Fiore, & Salas,
2004, p. 105). This can allow the team to be more responsive to changing
environmental conditions and to more optimally leverage the heteroge-
neous individual level expertise of team members. There is preliminary
research showing that shared leadership is more effective than traditional
leadership structures (Pearce & Sims, 2002).

Adaptability within teams underlies many team functions and behaviors
(Burke, Stagl, Salas, Pierce, & Kendall, 2006) and can be characterized as
the team’s aéility to change team performance processes in response to
cues from the environment in a manner that results in functional team
outcomes (Burke et al,, 2006; Entin & Serfaty, 1999). Adaptability is an
essential component of teamwork, especially for teams operating under
dynamic conditions. Until recently, there has been only a small amount
of research dealing with temporal aspects of team processes and perfor-
mance (Dyer, 1984). This void is beginning to be addressed (e.g., Gersick,
1988; Morgan, Salas, & Glickman, 2001). For example, Burke and colleagues
(2006) proposed a model of team adaptation. At the center of this model is
adaptive team performance, defined as “an emergent phenomenon which
compiles over time from the unfolding of a recursive cycle whereby one or
more team members utilize their resources to functionally change current
cognitive or behavioral goal directed action or structures to meet expected
or unexpected demands” (ibid., p. 1192). Adaptive team performance is
achieved as the team passes through four phases. The first phase con-
sists of situation assessment, a process by which team members recognize
cue patterns in the environment and build a coherent understanding of
their present circumstances. The second phase is plan formulation, where
the team generates and decides on a course of action appropriate for the
current situation. The third phase is plan execution, which is achieved
via team coordination mechanisms. The fourth and final phase is team
learning, wherein the team evaluates the effectiveness of its performance.
The results of this evaluation will feed into future performance episodes



44 Team Effectiveness in Complex Organizations

(e, passes through the adaptive cycle) as emergent affective and cogni-
tive states developed in previous performance episodes influence perfor-
mance in future episodes. Adaptability has been framed in other ways
as well, such as the self-regulation of processes relative to individual and
team goals (Deshon, Kozlowski, Schmidt, Milner, & Wiechmann, 2004)
and temporal entrainment (Harrison, Mohammed, McGrath, Florey, &
Vanderstoep, 2003).

Mutual performance monitoring is the ability to “keep track of fellow team
member’s work while carrying out their own ... to ensure that everything
is running as expected and ... to ensure that they are following procedures
correctly” (McIntyre & Salas, 1995, p. 23). This is an essential component
of teamwork, but it can also have negative effects on performance depend-
ing on the perceptions of performance monitoring by team members.
That is, if mutual performance monitoring is thought of as team members
attempting to “keep tabs” on one another for the purposes of avoiding
personal responsibility for errors, the negative affect generated by this
practice will likely outweigh its potential benefits. Therefore, a team must
develop an accepting culture of this practice and attitudes toward mutual
performance monitoring that frame it as a valuable means of elevating
levels of performance. Additionally, teams must develop shared mental
models for mutual performance monitoring to be successful. Team mem-
bers must understand normative aspects of the team, task, and equipment
to detect deviations from normal or expected conditions. Knowing what
should be happening is a necessary condition to obtaining useful informa-
tion from observations of what is happening at any one point in time.

Backup behavior (or supporting behavior) is “the discretionary provision
of resources and task-related effort to another ... [when] there is recogni-
tion by potential backup providers that there is a workload distribution
problem in their team” (Porter et al,, 2003, pp. 391-392). As implied already,
mutual performance monitoring is a necessary prerequisite for backup
behavior, and backup behavior is necessary to leverage mutual perfor-
mance monitoring into performance gains. Backup behavior can be either
physical or verbal (or other communicative) assistance. This supports
effective team performance in three key ways (Marks, Mathieu, & Zaccaro,
2001). First, this assistance allows team members to provide timely feed-
back to one another so that performance processes can be adjusted. Sec-
ond, backup behavior allows team members to provide assistance during
task performance. Third, backup behavior allows teams to dynamically
readjust their performance strategies and processes when a detrimental
imbalance in the workload distribution is detected. This affords the team
an adaptive capacity. Expert command and control teams exhibit two spe-
cific backup behaviors that enable consistently high levels of performance
(Smith-Jentsch, Johnston, & Payne, 1998; Smith-Jentsch, Zeisig, Acton, &
McPherson, 1998). First, team members correct the errors of other team
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members, a process that reduces the number of errors in the team’s per-
formance and helps to develop the skill levels of team members as they
receive feedback on poor performance. Second, team members provide
and request assistance and backup when it is needed.

Team orientation is more than an individual’s preference for working
within a team versus working in isolation as an individual. It is the pro-
pensity to coordinate, evaluate, and use the task inputs of fellow team-
mates (Driskell & Salas, 1992). These preferences and patterns of behavior
are essential for effective teamwork. For example, when teams experience
increasing levels of stress (e.g., time pressure), empirical studies show that
team members can succumb to attentional narrowing, in that they shift
their focus away from the team and focus on their individual taskwork
(Driskell & Salas, 1991; Kleinman & Serfaty, 1989). Team members under
stress become less likely to accept input or feedback from others on their
team. This loss of team perspective is associated with poor team perfor-
mance (Driskell, Salas, & Johnston, 1999).

Coordinating Mechanisms

These five core components of teamwork are made possible by three core
coordination mechanisms: shared mental models, closed-loop communi-
cation, and mutual trust. These coordination mechanisms facilitate the
enactment of the five teamwork components by ensuring that information
is distributed in an appropriate and timely manner. Each of these mecha-
nisms is discussed in more detail in this section.

Shared mental models are organized knowledge structures that facilitate
execution of interdependent team processes (Klimoski & Mohammed,
1994). An individual-level mental model is a knowledge structure involved
in the process of integrating information and comprehending a phenom-
enon of interest (Johnson-Laird, 1983). Expanded to the team level, a men-
tal model that is shared is a knowledge structure or mental representation
that is partially shared and partially distributed throughout a team. This
“sharedness” or distribution allows team members to interpret incom-
ing information in a similar or compatible manner and thereby facilitates
effective coordination. Team members that share mental representations
are better able to develop similar causal explanations of the environment
as well as inferences about possible states of the environment in the near
future. This results in more effective and adaptive team performance and
higher-quality decision making in teams (Cannon-Bowers et al., 1993;
Mathieu, Heffner, Goodwin, Salas, & Cannon-Bowers, 2000; Stout, Can-
non-Bowers, & Salas, 1996). Similarly, shared mental models enable the
implicit communication that is characteristic of highly effective teams
(Mohammed & Dumville, 2001). However, the accuracy of mental mod-
els is more important to team performance than sharedness (Edwards,
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Day, Arthur, & Bell, 2006). Accuracy can be thought of as a prerequisite
to obtaining benefits from shared mental models since there is no perfor-
mance gain to be had from sharing inaccurate mental models.

Closed-loop communication is a specific pattern of communication that
enables effective teamwork. In general, communication is the “exchange
of information between a sender and a receiver” (McIntyre & Salas, 1995,
p. 25). The importance of communication as control and guidance in
social systems has been understood for many years (e.g., Wiener, 1954).
This point has been emphasized within team research by the informa-
tion-processing perspective of teams (Hinsz, Tindale, & Vollrath, 1997),
where teams must acquire information about the environment and dis-
tribute that information internally to perform actions (MacMillan, Entin, .
& Serfaty, 2004). Communication is the means by which teams translate
individual-level understanding into the team-level dynamic representa-
tions that guide coordinated action (Cooke, Salas, Kiekel, & Bell, 2004).
Effective teams are able to shift between implicit and explicit communi-
cation in response to changing environmental demands and task con-
straints (Entin & Serfaty, 1999; Espinosa, Lerch, & Kraut, 2004). When
effective teams engage in explicit communication, they use closed-loop
communication (Bowers, Jentsch, Salas, & Braun, 1998). Three character-
istics defined closed-loop communication: (1) a message being initiated
by the sender; (2) that message being received, interpreted, and acknowl-
edged by the intended receiver; and (3) a follow-up by the sender ensuring
that the message was received and appropriately interpreted (McIntyre &
Salas, 1995). This pattern of communication helps to ensure that all team
members are operating under the same goals, plans, and understanding
of the situation (Orasanu, 1990, 1994).

Additionally, Smith-Jentsch and colleagues (Smith-Jentsch, Zeisig, et al.
1998; Smith-Jentsch, Johnston, et al., 1998) identified four specific teamwork
behaviors contributing to good team communication. First, team members
should use the proper “phraseology.” Teams that speak with a specialized
communication terminology are able to pass large amounts of information
very quickly (Klein, Feltovich, Bradshaw, & Woods, 2005). Second, team
members should provide complete internal and external reports. Third,
team members should minimize unnecessary communications (e.g., chat-
ter). This minimizes the workload inherent in team communication and
coordination by focusing only on the essentials of interaction necessary
for team performance. Fourth, team members should make sure that their
communications are clear and audible. This minimizes the chance of mis-
interpretations of communications.

Mutual trust in the context of teams has been defined as “the shared
perception ... that individuals in the team will perform particular actions
important to its members and ... will recognize and protect the rights and
interests of all the team members engaged in their joint endeavor” (Webber,
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2002, p. 205). As discussed, trust is essential to effective teamwork factors
such as mutual performance monitoring and backup behavior. Without
mutual trust, resources of the team (e.g., attention, communication) may
be squandered on unnecessary checking up on team members to ensure
that they are performing adequately (Cooper & Sawaf, 1996). Mutual trust
also underlies team processes and outcomes such as the degree of team
member contributions and participation, outcome quality and retention
(Bandow, 2001; Jones & George, 1998).

The model of teamwork is a synthesis of theoretical models of teamwork
and illustrates an important point about teamwork that is best described
through a comparison of teamwork with the research literature concern-
ing individual expertise. The global view of individual expertise has come
to be understood as a “prototype” of various mechanisms (e.g., metacog-
nition, skilled memory, conceptual organization of knowledge; Hoffman,
Feltovich, & Ford, 1997; Holyoak, 1991; Sternberg, 1997). However, the rela-
tive importance of these mechanisms for expert performance in any one
task will be dictated by the constraints of that task. Therefore, expertise is
a process of psychological and physiological adaptation to the task (Eric-
sson & Lehmann, 1996). We argue that the same holds true for teams.
Teamwork can be delineated in a global sense as a prototype of what gen-
erally constitutes teamwork, but the importance of these teamwork pro-
cesses to superior performance will differ depending on the nature of the
specific team task. The following sections explore specific aspects of this
prototype of teamwork in more detail.

Other Organizations of Teamwork Behaviors

The model of teamwork presented in the previous sections is an attempt
to generate a parsimonious model, one that captures the essence of team-
work over as broad a range of teams, tasks, and contexts as possible, with
as few constructs as possible. The five components and three coordinating
mechanisms, however, are not the only aspects of teamwork identified
in the literature, and other synthesized models of teamwork have been
proposed for teamwork in general (e.g., Militello, Kyne, Klein, Getchell,
& Thordsen, 1999; Rasmussen & Jeppesen, 2006) as well as for specific
aspects of teamwork—such as distributed planning (Klein & Miller,
1999) and team coaching (Hackman & Wageman, 2005). Instead of mov-
ing toward a parsimonious model of teamwork (i.e.,, capturing the most
explanatory power of teamwork behaviors over the broadest spectrum
of contexts with the smallest number of explanatory mechanisms), some
researchers have attempted to organize the bulk of the literature concern-
ing teamwork behaviors, with the aim of inclusiveness and comprehen-

siveness instead of parsimony.
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Notably, Rousseau, Aube, and Savoie (2006) organized a significant por-
tion of the teamwork behavior literature (integrating 29 of the more than
100 extant frameworks of teamwork; for a complete listing of published
team related frameworks, see Salas et al.,, 2007) around the action regula-
tion theory of Frese and Zapf (1994). Action regulation theory asserts that
high performance is attained by individuals that engage in the sequential
application of regulation functions to task accomplishment. To success-
fully complete a task, individuals must do the following:

1. Orient themselves to the task and criteria for gauging success Ge.,
an orientation phase)

2. Perform and carry out tasks (i.e., an execution phase)
3. Monitor their progress toward their goals (i.e,, an evaluation phase)

4. Make adjustments as needed based on the results of performance
evaluation (i.e., an adjustment phase)

Within this action regulation theory framework, Rousseau and colleagues
(2006) hierarchically organized teamwork behaviors. They began with
two macrolevel categories: (1) regulation of team performance; and (2)
management of team maintenance. There are two categories of teamwork
subsumed under management of team maintenance: (1) psychological
support; and (2) integrative conflict management. There are four catego-
ries within the regulation of team performance category: (1) preparation
of work accomplishment (i.e., team mission analysis, goal specification,
and planning); (2) work assessment behaviors (i.e., performance moni-
toring, and systems monitoring); (3) task-related collaborative behaviors
(i.e., coordination, cooperation, and information exchange); and (4) team
adjustment behaviors (i.e., backing up behaviors, intrateam coaching, col-
laborative problem solving, and team practice innovation). By organizing
teamwork behaviors with a framework of regulation processes, Roussea
and colleagues introduced the element of time into their conceptual struc-
ture of teamwork behaviors. Different tteamwork behaviors are more likely
to occur during different phases of activity (e.g., mission analysis will
likely occur in a team’s preparation phase). This organization parallels the
temporal framework of team processes (Marks et al., 2001). The next sec-
tion discusses temporal issues in teamwork more directly. In doing so, we
shift from discussing the components to the structure of various models
of teamwork.

Evolution of the IPO Model: A Focus on Time in Teamwork

Teamwork is most often conceptualized using the IPO model structure
(e.g., Hackman, 1987; Salas et al., 1992). IPO models describe teamwork
through relationships between input variables (e.g., individual and team
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characteristics, task characteristics), process variables (e.g., mutual per-
formance monitoring, communication, coordination, leadership), and
outcome variables (e.g., performance outcomes, productivity, and satisfac-
tion). Although this has been a widely adopted perspective, it has come
to be criticized for representing teamwork as relatively “static” in nature
(e.g., Marks et al., 2001). This general criticism comes in two specific vari-
eties, each focused on a different time scale in the life of a team. These
issues, and research targeted at remedying the shortcomings of teamwork
research in relation to time, are discussed next.

First, IPO models are criticized for condensing and oversimplifying
how teams function during task performance. For instance, Marks et al.
(2001) provided a temporally based framework for team processes that
defines the level of analysis or interest in terms of performance episodes:
“distinguishable periods of time over which performance accrues and
feedback is given” (p. 359). These performance episodes are distinguished
in relation to goals and the team’s progress toward accomplishing them.
Because teams often pursue multiple goals concurrently (e.g., Deshon et
al., 2004), different performance episodes can co-occur and overlap, some-
thing not explicitly accounted for in the traditional IPO models. Addition-
ally, although most IPO models do incorporate a feedback loop, which
indicates that the team outcomes of performance are “recycled” as team
inputs for future performance episodes, IPOs have been criticized for
focusing on too broad of a time slice, such that the cycle of the IPO indi-
cates a large portion of the team’s development. Marks and colleagues
(2001) proposed that the IPO cycle should be associated with the perfor-
mance episode, indicating that team performance outcomes are recycled
into inputs frequently as teams accomplish goals and subgoals of their
tasks. When teamwork processes are collapsed or aggregated across mul-
tiple performance episodes, the picture of team performance becomes
static and summary in nature.

The second variety of criticism holds that IPO models tend to deem-
phasize the long-term development of teams. This is essentially the first
criticism extended in the opposite direction; instead of deemphasizing
short-term performance, IPOs are criticized for not addressing longer-term
team development. In the real world, teams learn, develop, and mature
over their lifetimes (Edmondson, 2002; Gersick, 1988, 1989; Morgan et al,
2001). Kozlowski and colleagues (1999) addressed this concern by propos-
ing a theory of incremental and continuous learning in teams (a theory
of compilation and performance across levels and time). Central to this
theory is the idea that teams continuously learn and adapt as they engage
in performance. This process is repeated as nested IPO cycles build team
knowledge and skills while team processes and outcomes are progres-
sively and incrementally enhanced.
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Ilgen and colleagues (2005) proposed a shift from the IPO framework
to what they describe as an Input-Mediator-Output-Input (IMO]) frame-
work. The exchange of the P (i.e., process) for M (i.e., mediator) indicates that
there are more factors than team processes that influence team outcomes
(e.g., emergent states). The addition of the extra I indicates an increased
emphasis on the cyclical nature of team performance wherein outputs
of one performance episode are translated into inputs for future perfor-
mance. This IMOI framework is consistent with the conceptualization of
team performance as nested IPO cycles (e.g., Burke et al., 2006; Koz_lowski
et al., 1999; Marks et al., 2001; Salas et al., in press). This focus on time is
expanded by researchers that take a dynamical systems perspective on
teams and small groups (e.g., Arrow, McGrath, & Berdahl, 2000; Cooke,
Gorman, & Rowe, Chapter 6 in this volume). Although this perspective
holds great promise for developing more robust understanding of how
teams function, it is in its infancy and represents a radical departure from
the current IPO frameworks of teams (as well as from some fundamental
notions in the behavioral sciences such as the nature of causation).

In sum, team researchers have made great progress on many fronts in
recent years. Although criticized to some degree, the IPO framework has
proven highly robust and adaptable. It has been scaled both up and down
in terms of temporal frames to better explain team performance. Models
and frameworks have been proposed that have great parsimony as well
as great inclusiveness. What is clear from this brief review is the impor-
tance of time in the study of teams. This recent growth in understand-
ing of teams and teamwork has led to a more robust understanding of
the building blocks of superior team performance, the competencies that
team members must possess to engage in effective teamwork. The follow-
ing section updates a previously proposed set of teamwork competencies
in light of the recent empirical and theoretical findings regarding teams.

The ABCs of Teamwork: The Competencies

The ABCs of teamwork refer to the attitudes, behaviors, and cognitions
(i.e., KSAOs) that constitute team competencies. In this context, attitudes
are the affective attributes necessary for effective team performance;
behaviors are the skills and procedures needed for teamwork; and cogni-
tions are the necessary elements of knowledge and experience necessary
for effective teamwork. An understanding of the ABCs of teamwork is
essential for designing tasks and equipment, for conducting training, for
evaluating performance, and for defining selection criteria. For the pur-
poses of training teams, it is necessary to diagnose differences between
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individual and team performance (i.e.,, between the presence or absence
of teamwork and taskwork competencies) to provide remediation and
corrective feedback of the appropriate type and at the appropriate level.
Feedback on individual level KSAOs can be useful in building individual-
level expertise, but feedback on teamwork is necessary to leverage that
expertise in expert teams by developing teamwork competencies.

Cannon-Bowers and colleagues (1995; Cannon-Bowers & Salas, 1997)
proposed a set of teamwork competencies more than a decade ago. Due to
the state of the literature at the time, the proposed competencies were pri-
marily based on theory; however, the building interest in team research
allows for a review and update of these proposed competencies with
respect to the substantial amount of empirical literature now available.
Table 3.1 provides an updated and revised list of team competencies, defi-
nitions, example markers of the presence or absence of these competen-
cies, as well as representative sources and a rating of the degree to which
the competency is supported by empirical evidence. These competencies
are briefly discussed in the following sections.

Attitudes

An attitude is taken to be “an internal state that influences an individu-
al’s choices or decisions to act in a certain way under particular circum-
stances” (Cannon-Bowers et al.,, 1995, p. 352) and in the team context is
taken to be the internal states that are associated with the team and that
affect the team’s interaction processes. In their presentation of the original
proposed teamwork competencies, Cannon-Bowers and colleagues (1995)
commented on the lack of work linking team attitudes or affect to team
effectiveness and performance. Much has changed in the last decade. Team
affect and attitude have received much theoretical and empirical attention.
The original proposed team attitude competencies included team orien-
tation, collective efficacy, team cohesion, interpersonal relations, mutual
trust, and the belief in the importance of teamwork (ibid.). As can be seen
in Table 3.1, most of these constructs have born out more extensive empir-
ical investigation. Team/collective efficacy (e.g., Eby & Dobbins, 1997;
Jackson, Colquitt, Wesson, & Zapata-Phelan, 2006; Tasa, Taggar, & Seijts,
2007), team/collective orientation (e.g., Gibson, 2003; Katz-Navon & Erez,
2005; Watson, Chemers, & Preiser, 2001), team cohesion (e.g., Beal, Cohen,
Burke, & McLendon, 2003; Carless & De Paola, 2000), and mutual trust
(e.g., Aubert & Kelsey, 2003; Bandow, 2001; Webber, 2002) are original team
attitude competencies that have received extensive empirical support. In
addition to these, the increased focus on continuous development, learn-
ing and adaptation in teams over time has illuminated the importance
of several other team-level affects. Specifically, psychological safety (e.g.,
Edmondson, 1999), team-learning orientation (e.g., Bunderson & Sutcliffe,
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2003; Yazici, 2005), and team-goal commitment (e.g., Aubé & Rousseau,
2005; English, Griffith, & Steelman, 2004; Weldon & Weingart, 1993) are
necessary for teams to effectively learn and develop. Additionally, a team
reward attitude (e.g.,, Haines & Taggar, 2006; Shaw, Duffy, & Stark, 2001)
and team empowerment (e.g., Kirkman, Rosen, Tesluk, & Gibson, 2004;
Mathieu, Gilson, & Ruddy, 2006) have been linked to team effectiveness.

Behaviors

Cannon-Bowers and colleagues (1995) provided an extensive list of team-
work behaviors (or skills) including task organization, mutual performance
monitoring, shared problem-model development, flexibility, compensa-
tory behavior, information exchange, dynamic reallocation of functions,
and mission analysis, among many others. They noted that there had been
much more theoretical and empirical work devoted to delineating the
skills (or behaviors) of teamwork than either team attitudes or cognitions.
This is likely true today as well for the simple reason that team behaviors
are much more amenable to measurement than are team attitudes or cog-
nitions. Many of the original team behavior competencies remain, with
increased empirical support; however, some have been dropped or sub-
sumed within others. For example, task organization—"sequencing and
integrating task inputs according to team and task demands” (Cannon-
Bowers & Salas, 1997)—has not been attended to empirically, most likely
do to its similarity to coordination. As discussed in the big five model
of teamwork, mutual performance monitoring, adaptability, backup/sup-
portive behavior, and team leadership (in both the traditional hierarchical
sense and in shared or distributed configurations) are critical for effec-
tive teamwork. Additionally, closed-loop communication and informa-
tion exchange (e.g., Bowers et al,, 1998; Orasanu, 1990; Smith-Jentsch et
al., 1998) help to ensure that everyone on the team is operating under the
most up-to-date and accurate information. This, in turn, enables coordi-
nation within the team (e.g., Brannick, Prince, Prince, & Salas, 1992; Marks
et al., 2001; Smith-Jentsch et al., 1998); however, effective teams are able
to coordinate implicitly without this overt communication during high
workload performance episodes (e.g., Adelman, Miller, Henderson, &
Schoelles, 2003; Entin & Serfaty, 1999, MacMillan et al.,, 2004). Problem
detection and solving skills (e.g.,, Larson & Christensen, 1993; Moreland
& Levine, 1992) remain highly important, as well as task related asser-
tiveness (e.g., Pearsall & Ellis, 2006; Smith-Jentsch, Salas, & Baker, 1996).
Related to communication skills enacted during a performance episode,
intra-team feedback (e.g., Inzana, Driskell, Salas, & Johnston, 1996; Smith-
Jentsch, Zeisig, et al., 1998) concerning performance as well as conflict
resolution and management skills (e.g., De Dreu & Weingart, 2003; Jordan
& Troth, 2004; Simons & Peterson, 2000) are essential to increase a team’s
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performance levels. Additionally, there are several team behaviors that
generally occur before task performance such as mission analysis (e.g.
Marks et al., 2001; Mathieu & Schulze, 2006), planning (e.g., Klein & Miller,
1999; Mathieu & Schulze, 2006; Stout, Cannon-Bowers, Salas, & Milanov-
ich, 1999), and the motivation of fellow team members (e.g., Fleishman &
Zaccaro, 1992; Marks et al., 2001).

Cognitions

Shared mental model theory was the impetus behind many of the origi-
nal knowledge competencies for teams (Cannon-Bowers et al., 1995). As
is apparent by the team cognition competencies listed in Table 3.1, this
remains an influential perspective. Team members must have accurate
and shared knowledge of the team’s mission, objectives, norms, and
resources (Graham, 2003; Marks et al., 2001). Additionally, team mem-
bers must share mental models about the task as well as team members’
roles, specialized knowledge, and skill (i.e., transactive memory; Austin,
2003; Lewis, 2004). As team members engage in performance, this shared
knowledge helps them to build accurate problem models, a critical step in
dynamic team performance. The team (or shared) problem model consists
of a “shared understanding of the situation, the nature of the problem,
the cause of the problem, the meaning of available cues, what is likely to
happen in the future, with or without action by the team members, shared
understanding of the goal or desired outcome, and a shared understand-
ing of the solution strategy” (Orasanu, 1994, p. 259). These problem mod-
els are emergent cognitive states in that they are formed dynamically as
the team members interact with the task environment and their fellow
team members. In fact, problem models can be thought of as a specific
instance of team situation awareness (SA; Artman, 2000; Salas, Prince,
Baker, & Shrestha, 1995) that is considered to be “built on a combination
of the degree of shared understanding within the team (i.e., shared mental
models) and each individual member’s SA (based on preexisting knowl-
edge bases and cue/pattern assessments)” (Salas, Cannon-Bowers, Fiore,
& Stout, 2001, p. 173). Problem models and team situation awareness more
generally form the basis of a team’s ability to apply cue-strategy associa-
tions or matching rules for applying specific team strategies to different
situations. This requires that team members have a repertoire of strategies
and associated cues (Stout, Cannon-Bowers, Salas, & Milanovich, 1999). In
addition to these knowledge competencies that do not differ much from
the originally proposed competencies, team members (especially team
leaders) must have knowledge of their relationship to the larger organi-
zational system (i.e., multiteam systems; MTS). Teams must understand
the interdependencies between multiple teams to effectively function in

larger units (Marks et al., 2005).
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As with all types of performance, reaching high levels of team perfor-
mance requires fitting the appropriate skills and strategies to the task
constrains. Characteristics of the work to be done will determine the effec-
tiveness of various teamwork and team performance processes. Table 3.2
provides a list of mechanisms of expert team performance. These mecha-
nisms are adaptations that mediate performance and allow teams to exhibit
reliably and consistently superior levels of performance outcomes.

Where Do We Go from Here?

There is no question that collective (whether teams, groups, units, or net-
works) wisdom has contributed to the welfare of industries, agencies, and
organizations at large. Recent reviews have clearly demonstrated this and
more. From this, a robust science of team performance and team effective-
ness has emerged. To paraphrase Levine and Moreland (1990), this sci-
ence is alive, well, energized, and multidisciplinary. But, of course, more
remains to be done. This section highlights three premises that will evolve
(we hope) our understanding of the wisdom of collectives.

First, we believe that shared cognition in teams needs a deeper look.
Though some progress has been made, the precise meaning and nature
of shared cognition remains elusive. There are a plethora of labels for this
construct, and we continue to struggle with the measurement of shared
cognition. So, no science will emerge here until we develop precise, reli-
able, valid, and diagnostic metrics of shared cognition. In the absence of
metrics, confusion on what share cognition is will remain. We need opera-
tional and measurable definitions of what shared cognition is and what
elements contribute to it. Recent work in this area (e.g., Burke, Burke, Laz-
zara, Smith-Jentsch, & Salas, 2007; Cooke et al., 2004; Gorman, Cooke, &
Winner, 2006; Letsky, Warner, Fiore, Rosen & Salas, 2007; Smith-Jentsch &
Scielzo, 2007) may shed some light on this issue.

Second, the wisdom of the collectives is dynamic. It comprises processes
that unfold over time and that operate on different time scales. And so
we cannot ignore the effect of time in teams. It seems that as a science
we continue to have theories, methods, studies, and findings that ignore
the dynamic nature of team performance. We must move toward making
time and its effects part of our routine team studies. While this is difficult,
it is not impossible. So, the call for more longitudinal or time-based stud-
ies goes out again.

Finally, wisdom cannot be solely extracted by looking at self-report data
or ratings of overall performance—the predominate methods used to col-
lect data in team research. Of course, we need better, richer, deeper, and
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TABLE 3.2
Mechanisms of Expert Team Performance

67

Expert Teams...
Hold Shared Mental Models
They have members who anticipate each other.
They can communicate without the need to communicate overtly.
They interpret environmental cues in a compatible or complementary manner.
They can reach an intuitive consensus on problem definition and course of action
selection.
They use concise communication and standardized terminology.
Optimize Resources by Learning and Adapting
They are self-correcting.
They compensate for each other.
They reallocate functions.
They engage in a deliberate process of maintaining and building expertise.
They adjust performance processes to meet changes in the task/environment.
They seek feedback from within and outside the team.

They discuss errors.
Have Clear Roles and Responsibilities

They manage expectations.
They have members who understand each others’ roles and how they fit together.
They ensure team member roles are clear but not overly rigid.
Have a Clear, Valued, and Shared Vision
They have a clear and common purpose.

They are guided by common values.
Engage in a Cycle or Discipline of Pre-brief > Performance - Debrief

They regularly provide feedback to each other, both individually and as a team.

They establish and revise team goals and plans.

They differentiate between higher and lower priorities.

They have mechanisms for anticipating and reviewing issues or problems of members.

They periodically diagnose team “effectiveness,” including its results, its processes, and

its vitality (morale, retention, energy).
They generate lessons learned from performance episodes.
They plan for performance by discussing performance strategies.
Have Strong Team Leadership

They are led by someone with good leadership skills and not just technical competence.

They have team members who believe the leaders care about them.

They have leaders that provide situation updates.

4
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