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~ ABSTRACT
- From a groups-as-information-processors perspective, the notion of shared cogni-
- tion is crucial to the understanding of team performance. This approach is used to
~ comprehend the effectiveness of sports teams. Typically, sports teams are placed in
- a dynamic environment in which tasks are highly interdependent. Individual actions
~ have to be coordinated with regard to the team objectives and with regard to the
 opponent team’s actions. Although sports are considered behavioral fasks by their
" nature, performance may be strongly affected by cognitive processes. We review
- studies and give examples that demonstrate that the degree to which cognitions are
- shared and coordinated among the members of such teams influences the extent
. fo which the individual actions are coordinated. The sharing and coordinating of
- cognitions pertain fo the attention, information-processing, and action phases of
* the decision making and behavior process. We also discuss how feedback and
© coaching can affect information processing in teams such that coordination of ac-
"~ tions is more likely to arise.
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[The Greek team was] ... more than the sum of their individual parts. Time
and again they were confronted by superior feams ... [buf] ground their
opponents into submission.

George Caulkin on Greece's victory in the European soccer tourna-

ment EuroCup 2004, times online, July 06, 2004.

In a series of matches during the summer of 2004, Greece won the European soccer
championship. Considering that Greece had never won a single international tourna-
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ment game before, this was one of the biggest surprises in soccer history (le Parisien,
France, 2004, July 5, as cited in Demetriou, 2004). The Greek team was composed of
individuals who had almost no international reputation, some of whom only served as
substitutes on their local teams in the Greek national league. So how did this Greek team
manage to pull off one of the most sensational achievements in soccer history {Gazzetta
dello Sport, ltaly, 2004, July 5, as cited in Demetriou, 2004)2 Sports analysts provided
several explanations. For example, the success of the Greeks has been credited to the
discipline of the team, their outstanding coach, and perhaps most consistently, to their
team spirit. According to one of the offensive players, Mihalis Kapsis, the key to success
was that the players were really united—a team. “No one put himself above the team”
{Ayiomamitis, 2004).

In this paper, we try to further the understanding of what it means to be a “united”
team by considering the possible cognitive factors that might lead a collection of individ-
uals to develop into a coordinated team. More specifically, we offer a groups-as-infor-
mation-processors perspective by applying a general model of information processing
to sports teams (Hinsz, Tindale, & Vollrath, 1997). We use this general approach and
model to highlight a number of issues related to the cognitive influences on team sports.
In particular, we will consider shared mental models as ways in which team members
organize their views of their sport, their opponents, their tasks, and their interactions
with teammates. We contribute to previous approaches by considering how members
of teams coordinate their cognitions during an event, and also incorporate the influence
of feedback and coaching to the recent perspective of teams as information-processing
units. [n our discussion of cognitive processes in sports feams, we also provide a limited
review of relevant research that highlights the topics we consider—including research on
information processing by expert athletes.

INFORMATION PROCESSING IN SPORTS TEAMS

Traditional approaches to studying sports teams, and teams in general, focus on per-
formance on some task, often physical in nature {Starkes & Ericsson, 2003; Steiner,
1972). However, it is generally acknowledged that team performance often relies on the
cognitive processes of the team members (Starkes & Ericsson, 2003). The ways that the
team members think about their fasks, their teammates, their opponents, and even the
sport itself will influence individual and interpersonal behaviors and interactions. There
is ample evidence to suggest that team performance is dependent on the cognition of
its members (Thompson, Levine, & Messick, 1999). For example, members’ self-efficacy
regarding their capability to perform the requisite tasks during a sporting event does
influence how well team members perform (Feltz & Lirgg, 1998}. In this paper, we further
explore the ways that cognitive processes influence the performance of sport teams.

To provide a basis for our discussion, we first outline some conceptualizations of
how individuals and teams process information for task performance. The information-
processing approach to performance has been very useful for understanding the behav-
ior of individuals in sporis (Tenenbaum, 2003) and other domains (Wickens & Hollands,
1999). In particular, it has helped to highlight the systematic differences between sport

377




378

experts and novices in how attention is allocated, and how information from the environ-
ment is processed fo anticipate effects of potential actions {Ericsson, 2003; Tenenbaum,
2003; Wickens & Flach, 1988). Moreover, the information-processing approach of indi-
viduals can be also used as a foundation for conceptualizing the information processes
of teammates and, thus, this framework has also proved to be quite helpful in under-
standing the performance of groups on various tasks {Hinsz et al., 1997). Consequently,
we argue that our understanding of sports teams would also benefit from a consideration
of the teams as information processors.

In cognitive psychology, a variety of information-processing models have been con-
structed (Hinsz et al., 1997). Many assume that individuals interact with the environments
from which they acquire information. This information is then compared with information
that the individual has already stored in memory, allowing the person to anticipate the
potential effects of various possible actions. Consequently, the action itself aftects the
environment and situation, which provides the athlete with the opportunity to derive feed-
back (e.g., whether the acfion was successful). Within this representation of individual
information processing, an individual is an acfive agent in the environment who derives
information from the situation, as well as acts in that situation to attain some desirable
goals.

Information processing can be represented in a variety of ways [Massaro & Cowan,
1993). We use Figure 1 to display critical aspects of information processing that are
relevant for sporfs teams. The attenfion phase describes the information to which the
athlete directs his or her attention (Tenenbaum, 2003). This process is important in sports
because if the athlete fails to notice or attend fo relevant cues, this information cannot be
processed. During the selection phase, some pieces of information are further processed
and used to construct a mental representation of the relevant features of the environ-
ment. After the information is perceived and encoded, information is integrated with
existing knowledge structures, allowing the individual to consider the newly acquired
knowledge and to anticipate the potential consequences of various alternative courses
of action [anficipation phase). Once the individual is able to conceptualize the various
outcomes that might occur following the action alternatives that he or she is consider-
ing, a comparison between these choices is made. In the decision phase, the individual
evaluates the alternatives to select a course of action. After the decision to act is made,
the individual performs the action, receives feedback on this action from the environment
[e.g., teammates, opponents, coach), and considers this feedback information for subse-
quent decisions and behaviors. The athlete’s goals and roles are assumed to be crucial
influences on which features in the environment receive attention, the manner in which
information is processed, and which potential actions are considered.

The information-processing model emphasizes the phases that have been shown to
be particularly relevant to the domain of sperts {Tenenbaum, 2003). Before describing
the different phases of the framework in detail, we will initially discuss the task features
that sport teams frequently encounter. Our focus is on the prototypical team sports en-
vironment. Team sports are generally complex and highly interdependent, and require
coordination on various levels. To help us understand the cognitions that teammates hold
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Figure 1. A framework of information processing for team sports.

in team sports, we will consider shared mental models as useful constructs {Hinsz, 1995;
Rouse, Cannon-Bowers, & Salas, 1992}. Shared mental models aid our efforts to under-
stand how teams can coordinate their actions in highly dynamic environments. When
describing the different phases of the model, we will focus on how sharing cognitions
influences each of the phases of information processing, and how this in turn affects
coordination in teams. Both the benefits and costs that may arise when teammates share
mental models will be highlighted. Finally, we will discuss how feedback and coaching
may affect coordination in sports teams.

THE UNIQUE FEATURES OF TEAM SPORTS
Team sports may be described as dynamic, complex, and highly interdependent systems
that require coordination on various levels. Team sports are dynamic because they are
fast paced with a constantly changing environment. For example, to pursue a certain
goal, athletes must be able to adapt their strategies and behavior to the opponent’s be-
havior. They are complex because they involve different types of tasks. For example, an
athlete has to perform a certain behavior but must be also able to predict the opponent’s
actions. And they are interdependent because the effect of an action depends on the
actions of other actors. For all these reasons, coordination in team sports is critical.

To understand the complex nature of team sports, it is useful to consider a circum-

plex of group tasks [see McGrath, 1984}, McGrath’s (1984) task circumplex makes
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distinctions between four general processes that occur fo various exients depending on
the task requirements: generating (planning and creativity tasks}, choosing [decision-
making and infellective tasks), negofiating (cognitive conflict and mixed-motive tasks),
and executing [performance and competitive tasks). These four general processes de-
fine separate quadrants that may be arranged along two dimensions: Tasks are either
based on conflict [negotiate) or cooperation (generate}, and they are either concep-
tual {choose] or behavioral {execute). Using this classification scheme, team sports may
be characterized as complex systems comprised of qudlitatively different tasks. Team
sports are behavioral tasks because they require specific physical actions to be executed
and performed. However, team sports usually also involve the processes of generating,
choosing, and negotiating. As with individuals, white the requirements of the particular
sport dictate the degree fo which each of these processes is more or less emphasized,
teams at some point must consider each of these processes to function effectively.

In addition to the dynamic and complex nature of team sports, team sports may
be described as highly interdependent tasks that contain cooperative intra-team de-
mands as well as competitive inferteam demands. As a consequence, athletes must be
adept at anticipating the intentions and actions of their teammates and their opponents
{Tenenbaum, 2003). Interdependence may be conceptualized as the manner in which
actors influence each other’s thoughts, feelings, and behaviors during the course of their
interaction {Kelley & Thibaut, 1978).

Typically in sports, several types of interdependence exist. Interdependence can
occur for team member’s goals, outcomes, and behaviors {Gully, Incalcaterra, Joshi,
& Beaubien, 2002). Even though these types tap into a general interdependence fac-
tor {Gully et al., 2002), they affect coordination in different ways. Goal and outcome
interdependence may improve coordination by enhancing team members’ motivation to
coordinate their actions. If team members’ goals {e.g., winning a game) and outcomes
(e.g., incentives based on team performance) are inferdependent, team members may
be more inclined to coordinate their actions than in a situation in which the individuals’
personal goals and incentives are independent. In contrast, behavioral interdependence
increases coordination demands {Malone & Crowston, 1994). Coordination demands in
team sports are high because an athlete’s behavior directly affects his or her teammates’
behavioral options. In other words, an initial action may dictate the subsequent behav-
iors of others. Importantly, we also suggest that interdependence should be considered
at the inter-team level. This magnifies the coordination demands because team behavior
must be adapted to the opponent feam'’s actions, too.

Taken together, because of the dynamic nature of team sports, the complexity of the
tasks involved, and behavioral interdependence, coordination among team members is
central in team sports (Malone & Crowston, 1994). But how can team coordination be
enhanced? One effective means to coordinate actions is through direct communication.
Through effective speech, teammates can communicate their intentions and plan accord-
ingly. Since task-specific workload and time pressures vary, it is important that teams
adapt their time management fo the task demands by planning subsequent actions when
time pressure is low (McPherson, 2000). Thus, communication itself must be organized
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to improve coordination and effective actions when workload is high (Reimer, Neuser, &
Schmitt, 1997). If done improperly though, communication in high workload situations
can impair team performance (Johnston & Briggs, 1968).

Coordination might be improved by communication. However, most sports are fast
paced and teams do not have much time to discuss potential strategies or countermea-
sures. As a consequence, in sport environments, it is crucial to be able to implicitly co-
ordinate actions and to have access to an effective communication system that enables
team members to coordinate behaviors without extensive discussion. One critical factor
that can influence coordination in these situations is the sharedness of mental models
{Rouse et al., 1992;.Tannenbaum, Salas, & Cannon-Bowers, 1996). Shared mental mod-
els are believed to enable team members to form adequate expectations about their
teammates’ actions, and thus allow a team to implicitly coordinate actions and to adapt
quickly to changes and demands in the environment.

SHARED MENTAL MODELS

Mental models are knowledge structures or cognitive representations that people use to
organize information (Smith-Jentsch, Zeisig, Acton, & McPherson, 1998). Mental models
are used to describe, explain, and predict events (Rouse & Morris, 1986, and used to
guide social interactions. Because people have different histories and experiences, their
knowledge and opinions about some domain may differ {Hinsz, 1995; Rouse & Mor-
ris, 1986). Mental models are knowledge structures that help an individual understand
how a system operates as well as fo know what is expected from a system’s operation
{Hinsz, 1995). For our purpose, we can see that a sport is a system, so athletes could
have mental models about how a sport functions. Moreover, we can also see a team
as a system, so the members of the team would have mental models of how their team
operates (Hinsz, 1995).

As a knowledge structure, a mental model reflects people’s beliefs about how some
system operates and functions. These beliefs relate one component of the system with
another component. For example, an elaborate mental model of baseball would lead the
second baseman to believe that if a ball were hit toward him, then the shoristop would
cover second base. Likewise, a runner on first base would believe that he has to run to
second base if a hit were a ground ball, but to hold up if it were a fly-ball. Experienced
athletes will have o host of related beliefs about the sport, as well as their team and team-
mates, which can be considered as mental models. These mental models do play vital roles
in athletes’ performance in individual and team sports. For example, think-aloud protocols
reveal that experts have more complex and refined mental representations than novices
(Ericsson & Lehmann, 1996) and are therefore faster and more accurate at recognizing
and recalling typical patterns of a play (Starkes, 1987; Williams & Davids, 1995).

In team sports, members’” mental models include beliefs, thoughis, and opinions
about various aspects of the actions and interactions they undertake while playing.
These beliefs might include a person’s knowledge and thoughts about how the sport
works and about their teammates, what will happen next, what are important cues in the
environment, and about their goals and roles [Hinsz et al., 1997). The team members’
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beliefs about the sports and the team are the elementary cognitions necessary for team
members to communicate and coordinate with each other.

One critical concern for sports teams is the degree to which team members’ beliefs
and cognitions are shared. A related concern is the extent to which team members are
able to understand and predict their teammates’ beliefs (Hinsz, 1995, 2004). Do dll
members of a team define the situation in the same way2 What portion of the team
agrees thai a change in strategy is demanded by the changes in the situation? Do team
members have adequate knowledge about their teammates? Another aspect of shared
cognitions o consider is how members of teams share their cognitions. That is, how do
different members of a team convey their cognitions to others? Shared cognitions reflect
both of these topics: agreement about the information and conveying the information
(Hinsz et al., 1997). Research suggests that this sharing of information is a eritical feature
of information processing in groups that can strongly affect the outcome and perfor-
mance of groups (Hinsz et al.,, 1997; Tindale & Kameda, 2000; Tindale, Meisenhelder,
Dykemo-Engblade, & Hogg, 2001).

Research on teams finds that effective performance in dynamic environments is
possible when members have a common and mutual understanding of the task, their
teammates’ roles and expertise, and the context in which they operate {Cannon-Bow-
ers, Salas, & Converse, 1993; Tannenbaum et al., 1996). The mutual understanding of
the task and situation allows teammates to develop adequate expectations regarding
their teammates’ actions and decisions, and enables feam members to adapt quickly
to changes and demands in the environment (Blickensderfer, Cannon-Bowers, & Salas,
2000; Rouse et al., 1992).

However, shared mental models will not always influence team interaction and
performance; nor will shared mental models always improve performance when they
do have an influence. Mathieu, Heffner, Goodwin, Salas, and Cannon-Bowers (2000)
proposed that under conditions that allow team members to freely communicate with one
another, shared mental models will not impact coordination and performance. When
teammates have the opportunity fo plan strategies and discuss their future actions, they
do not need fo rely on preexisting knowledge. When overt communication between
members is difficult, for example, because of excessive workloads, time pressures, or
the motive to conceal intentions from the opposing team, teammates are prevented from
engaging in explicit strategic planning. In these cases, shared mental models become
crucial fo successful team functioning because they allow members to predict the actions
and needs of their teammates, and allow members to adjust their behaviors accordingly
{Cannon-Bowers & Salas, 1998; Rouse et al.,, 1992). For effective performance, the
sharedness of mental models alone is generally not sufficient; it is also necessary that
mental models be appropriate and valid. If team members share an error-prone or inap-
propriate mental model, coordinated actions may occur but successful task performance
may be impeded (Hinsz, 1995; Reimer, Bornstein, & Opwis, 2005).

To understand the influence of shared mental models on coordination, it is important
to consider the numerous arenas where cognitive agreement of the team members should
be examined. For example, teams may vary in the extent to which members share goals,
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task representations, knowledge about the distribution of roles and responsibilities, and
the evaluation of different tactics and strategies. Whereas diversity in knowledge, skills,
and abilities might enhance performance because the team members’ individual roles
require specific knowledge and skills, coordination is likely to be impaired if team mem-
bers do not share knowledge about how the team functions and how the responsibilities
are distributed in the team. Moreover, it is conceivable that sharing cognitions in one
domain influences information processing and coordination in unique ways relative fo
the other domains. For example, it teammates share the overall objective of winning,
cohesion may develop, but coordination of individual actions may additionally require
that team members share a mutual understanding of the various roles and responsibilities
of the team members.

We will next outline how the sharedness of mental models can affect coordination
by discussing the different phases of the information processing model depicted in Fig-
ure 1. Specifically, we will focus on team member goals and roles and on the attention,
selection, and anticipation phases. Although we believe that the decision phase is im-
portant fo team performance, this area has been discussed in previous work and reviews
le.g., Guzzo & Salas, 1995; Tindale, Kameda, & Hinsz, 2003) and therefore will receive
less attention in this article. Finally, we will discuss how feedback from one’s coach and
one’s own teammates might affect coordination.

GoALs
Goals are the aims, objectives, and outcomes that we hope result from our actions {Aus-
tin & Yancouver, 1996; Locke & Latham, 1990). Goals shape our attention in motivated
and selective ways. They impact how we process information. And goals influence what
potential actions we perform. Consequently, it is important that team members’ goals
are coordinated by complementing and matching each other. Ideally, team members
agree upon and share basic team goals. Moreover, teams hope their member goals will
complement each other and be congruent with the team goals. To achieve this, team
members need to have adequate representations of their teammates” individual goals.
Research on teams indicates that performance is generally influenced by the degree
team goals are shared {Swezey & Salas, 1992). Typically, sport teams have an over-
arching goal that is shared: winning. However, this goal can be construed in different
ways. For example, some team members may have the goal of winning more games in
a season relafive fo the last season, while other team members may share the goal of
winning a championship. If teammates do not agree on which goal they want to pursue,
then difficulties in coordination may occur. Consider a team that leads the league in
American football. Because this team is well ahead of other teams, they are guaranteed
home-field advantage during post-season playoffs, potentially giving them an edge 1o
win the championship (Bray, 1999). If the quarterback’s goal of winning the current
game is more salient than the goal of winning the championship, he may be more in-
clined to throw risky passes to his receivers. This would result in o lack of coordination
if his teammates assume such a pass will not be thrown, because the receiver would be
exposed to hits of defenders, making him vulnerable to injuries.
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In addition, because individuals have multiple goals, such as personal and team
goals, coordination losses may occur if there is a mismatch between the teammates” indi-
vidual goals and team goals. Typically, team members’ goals and outcomes are mutually
inferdependent {Gully et al., 2002). However, consider what might happen if this interde-
pendence is low. For example, consider a basketball player who gets paid o monetary
bonus for scoring a certain number of points in a season. If this player’s personal goal of
receiving this bonus dominates the team goal of winning the game, then this player may
be more inclined to shoot the ball in the hope of scoring. This could lead fo coordination
losses when teammates expect the player to do the more appropriate act of passing the
ball rather than shooting. This example illustrates the importance of operating on shared
goals, and importantly, on goals that are consistent with team goals.

Related to the notion of shared goals are shared efficacy beliefs, which have also
been shown to affect feam coordination and performance {Gully ef al.,, 2002). Col-
lective efficacy refers to the degree to which teammates share the belief that they can
win [Bandura, 1997; Feliz & Lirgg, 1998). Collective efficacy beliefs depict “the teams'’
shared confidence in its ability to generate collective action and complete a sport task
relative to a specific goal” {Magyar, Feltz, & Simpson, 2004, p. 136). Similarly, team-
efficacy influences what actions members choose to do as a team, how much effort
they exert during a fask, and their degree of persistence when collective efforts fail to
produce results {Bandura, 1997). A meta-analysis on the efficacy-performance relation
supports the assertion that efficacy impacts goal setting, effort, and persistence (Gully
et al., 2002). Even though perceived efficacy depends on prior team performance, it
may predict future team behavior beyond the influence of a team’s prior success. My-
ers, Feltz, and Short (2004) conducted a longitudinal study in which they included past
performance and found that perceptions of collective efficacy predicted subsequent of-
fensive performance of collegiate football teams across weeks and across teams.

Research reveals that this efficacy-performance relation at the team level depends
on the extent to which the team members’ actions are interdependent (Ericsson, 2003).
Interdependence moderates the positive relationship between team-efficacy and perfor-
mance such that team-efficacy is more strongly related to performance when interde-
pendence is high (Ericsson 2003; Gully et al., 2002). Gully et al. {2002} suggest that
this may be because highly interdependent tasks and sports are likely to lead to-the
adoption of goals that facilitate cooperative strategies and coordination. Additionaily,
motivation to cooperate and assist one another should increase when personal goals
match the team goals and when outcomes are interdependent. Moreover, it is important
that group members have an adequate representation of their teammates’ individual
goals. This knowledge will allow team members to recognize situations when goals are
misaligned or incongruent. Knowledge about team goals and about the personal goals
of one’s teammates are central features of members’ mental models of the team and
team functioning.
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RoOLES

Roles within a team are similar to roles in a play. These positions are associated with a
specific constellation of behaviors that are assumed to be characteristic of persons occu-
pying the particular role (Biddle, 1979). Once cast in a role, group members tend to take
on specific responsibilities, and perform certain actions and interact with members in
particular ways. Therefore, roles structure and influence behavior by dictating the “part”
members take as they interact. A factor that might affect team members’ goals and might
strongly influence information processing and team coordination is role assignment. Ath-
letes” roles as offensive and defensive players on a soccer team will impact the specific
goals they adopt. While they may share the overarching goal of winning, they will have
different responsibilities that require different behaviors. Offensive players may have
salient infentions of passing and shooting the ball, while defensive players may be more
focused on clearing the ball and stopping the opposing offense.

Appropriate role assignment can improve team coordination and performance.
Because team sports consist of several different tasks (e.g., defense and offense), role
assignment may enhance coordination through the development and implementation of
a division-of-labor system. By assigning players to particular roles, coordination should
be facilitated because ambiguity concerning who should be doing what will be reduced.
If a player is assigned the role of a defender, she will know the responsibilities that
accompany her rale, and will not have to continually wonder whether her teammates
are expecting her to be doing something else. Ideally, the team members’ roles are
designed as a division of labor to complement each other and fit with the strategy the
team wants fo implement. Foremost, individual players must be able fo execute their indi-
vidual responsibilities. Thus, there should be a match between the individual’s skills and
role assignment. Moreover, the team structure should allow for the provision of backup
behavior and assistance. For coordination, it is important that team members have clear
and shared expeciations about what behaviors are expected from themselves, their
teammates, and o shared understanding of how players’ behaviors influence one an-
other. This sharedness can be achieved by undersianding roles and the responsibilities
that accompany these roles.

Coordination can be impaired if group members do not fully understand their own
roles and the roles of their teammates. Research indicates that team members do not
always have a clear understanding of their own roles. Role ambiguity is defined as
a lack of clear, consistent expectations associated with one’s own position. Several
studies demonstrate that team performance is negatively affected by role ambiguity
(Beauchamp, Bray, Eys, & Carron, 2002, 2003). Across different domains, ambiguity
has been shown to negatively affect perceived job satisfaction, increase anxiety and the
willingness to leave an organization, and to decrease commitment and involvement in
the workplace (Beard, 1999; Jackson & Schuler, 1985). In sports teams, role ambiguity
will not only influence these variables, but will also impact the ability of teammates to
correcily predict one’s actions. !f players do not have a clear understanding of what to
do and when, then their behavior will be variable and unpredictable to their teammates.
In highly interdependent situations, this will lead to an increase in miscommunication
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