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The authors examined how leader briefings and team-interaction training influence team members' 
knowledge structures concerning processes related to effective performance in both routine and novel 
environments. Two-hundred thirty-seven undergraduates from a large mid-Atlantic university formed 79 
three-member tank platoon teams and participated in a low-fidelity tank simulation. Team-interaction 
training, leader briefings, and novelty of performance environment were manipulated. Findings indicated 
that both leader briefings and team-interaction training affected the development of mental models, which 
in turn positively influenced team communication processes and team performance. Mental models and 
communication processes predicted performance more strongly in novel than in routine environments. 
Implications for the role of team-interaction training, leader briefings, and mental models as mechanisms 
for team adaptation are discussed. 

The continued dependence of the U.S. workforce on teamwork 
necessitates an understanding of the impact of environmental 
features on team effectiveness. One type of team that interacts 
frequently with its surrounding environment is the action team. 

Several authors have referred to effective action teams as having 
information and expertise distributed among members, as well as 
the ability to dynamically adapt to changing performance environ- 
ments (Kozlowski, Gully, McHugh, Salas, & Cannon-Bowers, 
1996; Sundstrom, de Meuse, & Futrell, 1990). Moreover, we 
propose that more so than other types of teams, action teams both 
respond to and influence the environments within which they 
operate. In this sense, action teams are more proactive and have a 
much more fluid boundary between themselves and their environ- 
ments than do most other types of teams. For example, emergency 
medical teams and nuclear power plant control teams are consid- 
ered action teams by this definition, whereas many decision- 
making teams are not. 
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Action teams often perform in novel environments in which 
their responsibilities take them into domains that differ from their 
explicit training or previous experience. By novel environments, 
we mean unfamiliar and unexpected performance situations that, 
although they have the same core objectives as more familiar 
environments do, differ in terms of their specific performance 
requirements and strategic approach. Because of the unpredictable 
nature of contextual factors, it is often impractical or impossible to 
train these teams specifically for every situation that they may 
encounter. Action teams must be prepared to adjust spontaneously 
to rapidly changing performance conditions for success. Coovert, 
Craiger, and Cannon-Bowers (1996) argued that effective teams 
are both adaptive and dynamic and that their behavior is deter- 
mined both by team goals and by the need to adapt to environ- 
mental conditions. However, there is very little research on how 
teams adapt to novel environments. 

This study integrates previous theory and research from the 
areas of team leadership, team training, and team cognition. We 
present an empirical illustration of how leader briefings and team 
interaction training create and influence the members '  knowledge 
structures (mental models), which, in turn, are linked to effective 
team processes and performance. We also examine how these 
various processes unfold when teams perform in familiar versus 
more novel environments. 

N o v e l  P e r f o r m a n c e  E n v i r o n m e n t s  

A central question of interest is the role of environmental 
novelty as a moderator of the effects on team processes and 
outcomes (Salas, Dickinson, Converse, & Tannenbaum, 1992). We 
view environmental novelty as a continuum, ranging from envi- 
ronments that are very familiar to environments that are corn- 
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pletely unfamiliar. A central premise of this study is that the nature 
of the performance environments within which teams are embed- 
ded has important implications regarding how the teams can be 
effective (Ancona & Caldwell, 1992; Gladstein, 1984). The pri- 
mary question raised here, then, is "What determines a team's 
ability to sustain effective performance when confronted with 
novel elements in a performance environment?" In other words, 
how do teams adapt to new situations? 

We advance a framework of the processes through which teams 
adapt to their external task environments. By adaptation, we mean 
that teams are able to derive and use new strategies and techniques 
for confronting novel elements in their environment. This concep- 
tion draws from research on organizational adaptation, which 
suggests that organizations respond to their environments by scan- 
ning, interpreting, and then responding to them over time, which in 
turn modifies their environments and subsequent organizational 
behavior (Boeker & Goodstein, 1991; Dutton & Dukerich, 1991). 
On the team level, an underlying theme of this article is our belief 
that teams respond to their task environments by surveying them, 
interpreting their meanings with regard to the team goal, deciding 
on a strategy for action, and then executing such actions. In this 
way, teams respond actively to the affordances and constraints of 
the environment, which in turn alters the environment and subse- 
quent team member cognition and action. 

Figure 1 illustrates the relationships among manipulations and 
variables that are examined in this study and depicts how this 
effort represents a specific empirical test of major elements of the 
processes outlined in traditional input-process-outcome (I-P-O) 
models (Guzzo & Shea, 1992; Tannenbaum, Beard, & Salas, 
1992). We purport that the underlying nature of the effects antic- 
ipated is uniform across environments that vary in their familiarity 
to teams. We believe that environmental novelty places a premium 
on these relationships, such that the nature of the effects we 
hypothesize is more pronounced (i.e., stronger and therefore ex- 
hibits steeper slopes) when teams are confronted with novel chal- 
lenges. Accordingly, each hypothesis we advance has a secondary 
version that suggests that the effects are stronger in novel 
environments. 

T e a m  Communica t ion  Processes  

Many research studies have focused on the relationship between 
team processes and outcomes (Campion, Medsker, & Higgs, 1993; 
Campion, Papper, & Medsker, 1996; Gladstein, 1984; J. R. Hack- 
man, 1983). Recent integrative efforts (e.g., A. Prince, Brannick, 
Prince, & Salas, 1997; Fleishman & Zaccaro, 1992) have at- 
tempted to delineate the team processes required for effective 
action-team performance and have placed a premium on effective 
communication as the vehicle for accomplishing these processes. 
Team members work together toward a common goal, and com- 
munication is the primary mechanism for interaction. Communi- 
cation on a macro level serves as a conduit through which infor- 
mation gets exchanged, especially for teams that do not work face 
to face. Stout's (1994) review of previous work concluded that 
team communication-performance relationships have been equiv- 
ocal, and she suggested that this might be attributable to the 
inconsistent ways communications have been categorized. Many 
studies have focused on the link between communication fre- 
quency and team performance. We believe that the quality rather 
than the quantity of communication processes is more critical to 
effective performance for action teams. It is not just how much 
members say that is important but how valuable their communi- 

cations are in providing coordination mechanisms that enable the 
team to deal with changing environmental circumstances. Accord- 
ingly, we hypothesize that the quality of team communication 
processes is positively associated with coordinated team perfor- 
mance in all environments (Hypothesis la) and that this relation- 
ship is most pronounced in novel environments (Hypothesis lb). 

Mental  Mode l s  

Recent literature has advanced the concept of shared mental 
models among team members as an underlying mechanism of 
effective team processes and performance (Cannon-Bowers, Salas, 
& Converse, 1993; Klimoski & Mohammed, 1994). This concept 
has emerged from the literature on individual mental models, 
which are organized knowledge structures that allow individuals to 
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Figure 1. Team's external performance environment. 
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understand and form expectations about how a system operates 
(Rouse, Cannon-Bowers, & Salas, 1992; Rouse & Morris, 1986). 
It has been suggested that team members have different mental 
models of such topics as the team task, equipment, the members, 
and team member interaction. In this article, we refer to mental 
models as the content and organization of team-interaction knowl- 
edge held by team members within a performance setting. These 
team-interaction models contain knowledge about how team mem- 
bers should work together within a given task domain (Cannon- 
Bowers et al., 1993). 

Mental model similarity refers to the extent that mental models 
are shared among team members. Cannon-Bowers and Salas 
(1997) suggested that the manner in which shared mental models 
operate is related to task demands. Specifically, they argued that 
under normal circumstances that allow members to freely commu- 
nicate with one another, to strategize, and so forth, shared mental 
models are not very important. However, when faced with unusual 
situations, teams may not have the luxury to plan deliberately and 
must rely on real-time interpretations of information and coordi- 
nation of activities, It is this ability to adapt quickly that enables 
teams in dynamic environments to be successful. We suggest that 
to the extent that members share a common mental model, they 
will be able to better achieve this synthesis. Accordingly, we 
hypothesize that mental model similarity is positively associated 
with team communication processes (Hypothesis 2a) and perfor- 
mance (Hypothesis 3a) in all environments and is even more 
pronounced (i.e., stronger) in novel environments (Hypotheses 2b 
and 3b, respectively). 

The emphasis of empirical work on team mental models to date 
has focused primarily on the similarity of members' models as an 
antecedent of team coordination and adaptation processes. Several 
researchers have suggested that the accuracy of members' knowl- 
edge structures is also important for team success (Hall, Volpe, & 
Cannon-Bowers, 1992; Stout, 1994), although few empirical stud- 
ies have explicitly examined this point. We refer to mental model 
accuracy as the correctness of the knowledge structures maintained 
by team members. This raises the question of whether team mem- 
bers simply need to have convergent knowledge structures (i.e., 
being mentally ' in sync') or whether it is also important that these 
convergent ideas be accurate representations of the team perfor- 
mance environment. The notion is that just because teammates 
share a similar vision of their task environment does not ensure 
that this shared vision is beneficial to their processes and perfor- 
mance (Mathieu, Salas, Cannon-Bowers, Heffner, & Goodwin, 
1999). Following this logic, we hypothesize that mental model 
accuracy is positively associated with team communication pro- 
cesses (Hypothesis 4a) and performance (Hypothesis 5a) in all 
environments and, in particular, in novel settings (Hypotheses 4b 
and 5b, respectively). Moreover, mental model similarity and 
accuracy may well interact as related to team processes and per- 
formance. That is, if members share a common mental model that 
accurately captures their performance requirements for a given 
environment, it will best enable them to respond effectively. Al- 
ternatively, should a highly shared model turn out to be inaccurate, 
it could prove quite detrimental for the team. Therefore, we hy- 
pothesize that members' mental model similarity and accuracy 
show a multiplicative relationship with team communication pro- 
cesses (Hypothesis 6a) and performance (Hypothesis 7a) and that 
these findings are most pronounced in novel circumstances (Hy- 

potheses 6b and 7b, respectively). We anticipated that the form of 
these interactions would be disordinal, with the most effective 
processes and performance following from high similarity-high 
accuracy combinations and the least effective consequences stem- 
ming from high similarity-low accuracy instances. 

Leader  Communica t i on  Through Premiss ion Brief ings 

One variable that may influence mental model development is 
the information that leaders convey to teams about their task 
environment. Recent theoretical work has begun to specify the role 
of leadership in aiding team regulatory processes and fostering 
effective team performance (Kozlowski et al., 1996; Marks & 
Zaccaro, 1997; Zaccaro & Marks, 1999). A crucial factor sug- 
gested by this work is the leader's ability to communicate infor- 
mation to team members and to provide them with knowledge 
structures that will help the team adapt to changing task demands. 
Research on leader briefings has illustrated that it is the quality 
(i.e., content), not the quantity or length, of the briefings that has 
significant effects on team performance (Ginnette, 1993; Klein, 
1993). 

In their taxonomy of leader behaviors, Fleishman et al. (1991) 
cited leader communication as one of 13 critical leader behaviors. 
They defined leader communication as "transmitting, exchanging, 
reporting, or passing on information in the form of words, mes- 
sages, emotions, ideas, or signals by any means such as speaking, 
writing, facial expression, gestures, automatic data processing, or 
any combinations of these either to individuals or to groups" (p. 
260). This aspect of leadership is particularly important in a 
sense-making context (e.g., a novel environment that has unfamil- 
iar elements), in which members look to leaders for help in 
interpreting and organizing new information (Fleishman et al., 
1991). For this reason, we expect that leader communication is a 
critical factor in the formation of teammates' mental models, 
especially in novel environments. In contrast, other leader behav- 
iors such as monitoring material resources or boundary spanning 
are less critical in this environment. 

Briefings constitute a vehicle through which leader communi- 
cation takes place (Hackman & Walton, 1986; Klein, 1993; 
Orasanu, 1990). Klein (1993) has provided evidence that effective 
leader communication during premission briefings gives teams the 
necessary flexibility to adapt to evolving performance situations. 
In novel environments, the ability of teams to continue to perform 
effectively may hinge on their capability to improvise and adapt to 
dynamic environmental conditions and situations. Orasanu (1990) 
found that during nonroutine performance situations, team perfor- 
mance improved when leaders increased the quality of information 
they provided before performance. In this study, we manipulate the 
richness of a leader briefing and track its influence on members' 
mental models and team processes and performance. Following the 
themes of Klein (1993) and Orasanu (1990), we advance the 
following hypotheses: We expected that teams who receive en- 
riched leader briefings (i.e., that include knowledge about the 
importance of various elements in the task environment) will 
develop more similar (Hypothesis 8a) and accurate (Hypothe- 
sis 9a) mental models, as compared with control teams (i.e., those 
who receive standard informational leader briefings). Moreover, 
we expect that these influences will be stronger when teams 
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confront  novel,  as compared  with familiar, environments  (Hypoth- 

eses 8b and 9b, respectively). 

T e a m - I n t e r a c t i o n  T r a i n i n g  

Teamwork  training is another e lement  that we expect  to play an 
important role in the development  o f  t eam-member  mental  models.  

Salas et al. (1992) suggested that team training should focus on 

teaching members  how to integrate teamwork and task-work skills. 
Team-interaction training is def ined as the training of  task infor- 

mation embedded  in the necessary teamwork skills for effective 
team task execution. The content  o f  this training refers to how to 

work better as a team, not how to perform the task requirements 
better per se. The need for team interaction training is especially 
critical in unfamiliar and dynamic task environments  (Stout, Salas, 

& Fowlkes,  1997). As environmental  novelty increases, an effort 

adjustment  by members  (i.e., s imply putting forth more  physical  
effort  and persistence) will not likely be sufficient for success.  The 

development  of  new strategies, adjustments in coordinat ion meth-  
ods, alterations in patterns o f  communicat ion,  and role reassign- 

ments  are necessary to tailor team functioning to new situational 
demands.  Furthermore,  in contrast with traditional methods  of  

training that at tempt to expose trainees to the myriad of  contexts  

that they might confront,  team-interaction training adopts a more  
metacognit ive focus and teaches people  how to approach, diag- 

nose, and then execute actions in response to unanticipated envi- 
ronmental  challenges.  Because this method of  training specifically 
targets participants '  knowledge  organization, we believe that it 

serves to enhance teams '  mental  models  and better enables them to 
respond effectively to novel circumstances.  Therefore,  we hypoth- 
esize that teams who receive team-interaction training develop 

more  similar (Hypothesis  10a) and accurate (Hypothesis  l la) 

mental  models  than do teams that receive no team-interaction 
training (i.e., controls) in all environments  and that these effects 

are particularly acute in novel  environments  (Hypotheses 10b 
and 1 lb, respectively). 

In summary,  then, as Figure l illustrates, our hypotheses  fit 

within the traditional I-P-O f ramework  and suggest  that team- 
interaction training and leader briefings have immediate  effects on 

the similarity and accuracy of  team members '  mental  models.  In 
turn, we predict that teammates '  mental  model  similarity and 

accuracy influence coordinated team performance both directly 
and as mediated by team communicat ion  processes.  Finally, we 

believe all o f  these effects are more pronounced in familiar envi-  
ronments  than in novel ones. 

M e t h o d  

Participants 

Two-hundred thirty-seven undergraduates from a large mid-Atlantic 
university played a personal-computer-based tank war-game simulation. 
There were 79 three-person teams made up of 145 men and 92 women: 21 
teams were composed of 3 male members, 33 teams consisted of 1 female 
and 2 male members, 16 teams had 1 male and 2 female members, and the 
remaining 9 teams had 3 female members. Participants' ages ranged 
from 18 to 46 years, with an average of 19.83 years. The participants were 
randomly assigned to teams and to roles within teams. 

Design 

A 2 (leader briefing: enhanced vs. control) × 2 (team-interaction train- 
ing vs. control) × 3 (novelty of performance environment: one routine and 
two novel environments) mixed factorial design was used, in which the 
between-subjects (i.e., team) independent variables were leader briefings 
and team-interaction training and the within-subject variable was novehy 
of performance environment. Measured variables included mental model 
features (similarity and accuracy), expert ratings of team communication 
quality, and team performance. 

Tank War-Game Simulation 

Teams played a 3-person low-fidelity tank battle simulation called Team 
Wargame Interaction Simulation Training (TWIST; Cheshire, 1993; Min- 
ionis, 1994; Zaccaro et al., 1997) over a local area computer network. Each 
individual operated a single tank and was part of a three-tank platoon. 
Players controlled their tank's movement and additional capabilities such 
as shooting, relocating targets, and building shields using standard key- 
boards. Team members could not operate other members' tanks, although 
they were able to assist each other by providing verbal suggestions through 
microphone-equipped headphones. 

The teams' mission was to shoot 10 enemy targets, or pillboxes, on the 
simulated battlefield and then relocate these targets to "friendly" territory, 
where they would then function as allied weapons. The three tanks were 
assigned different capabilities. For example, only two of the three tanks 
(team members) could shoot at targets, and only one tank was able to 
relocate targets and build shields. Thus, the team members could not 
succeed at the mission by working independently. Successful performance 
on this task depended on the ability of the team members to develop 
strategies for operating in a complex and dynamic environment, coordinate 
actions, and carry out various mission-related functions. For example, 
teams made strategic decisions about their route (e.g., whether to and how 
to travel through swamps, grassland, over water, through forests; each had 
risks and advantages) as well as their mode of enemy pillbox attack (e.g., 
by ambush, by constructing and hiding behind barriers, from the water). 

Manipulations 

Team-interaction training. The team-interaction training was deliv- 
ered using a videotape that instructed participants how to interact effec- 
tively as a team. Specifically, teams were instructed on task-related inter- 
action skills for concerted movement and battle techniques, such as the 
formation for traveling together, joint attacks, and collective movement of 
a captured enemy pillbox to a different location. Teams in the control 
condition watched a videotape that highlighted all the task information that 
was present in the team-interaction training video but did not reference 
team-interaction methods. Both the team-interaction training and the con- 
trol videotapes lasted approximately 10 rain. Although all teams received 
identical information about how to play the game, those receiving the 
team-interaction training received instruction on how to best coordinate 
their actions. A test that assessed equipment and task knowledge in the 
TWIST environment was used to confirm that only knowledge of team- 
interaction strategies was varied by the team-interaction training manipu- 
lation. This 20-item multiple-choice test was administered to participants 
after all equipment, task, and team-interaction training (or the control 
condition) was completed. Independent t tests comparing the mean task and 
equipment knowledge test scores of individuals receiving team-interaction 
training versus those in the control condition revealed no significant 
differences ( M t r a i n i n g  = 7.93, SD = 1.43 v s .  M c o n t r o  I = 7.78, SD = 1.58), 
t(235) = 0.79, p = .428. 

Leader briefings. Prior to each performance episode, teams were in- 
formed that their leader, located on a neighboring battlefield, was about to 
brief them on their goals for the upcoming mission. All teams listened to 
a 5-rain audiocassette briefing recorded by a confederate posing as the 
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team leader. All briefings included information about the mission goals. 
Only the enriched briefing included the following features of commander's 
intent (Klein, 1993), as related to the upcoming engagement: (a) identifi- 
cation of significant risks (e.g., swamps, rivers) and how they should be 
dealt with, (b) identification of opportunities on the battlefield (such as 
areas in which to hide before attacks), and (c) prioritization of actions. 
Teams in both the enhanced briefing condition and the control condition 
received identical maps of the battlefields for use during the leader brief- 
ing. Here again, although all teams had access to the same battlefield 
information, the enhanced briefing highlighted the importance of various 
elements in the battlefield, whereas the control condition's briefing did not. 

Novelty of  performance environments. Teams performed three 20-min 
performance episodes, each with identical mission objectives. All teams 
performed in the routine environment first; in this environment, they 
confronted a situation that paralleled the critical battlefield elements that 
were present during training. They then performed in two novel environ- 
ments that were physically different from the training and routine envi- 
ronments and that required different performance strategies for success. 
For example, the routine environment was set in grasslands and required 
tank platoons to build barriers for defense and to hide before attacks. One 
novel environment resembled an archipelago and required movement by 
boat and attacks from sea, whereas the other novel environment resembled 
a jungle and required bridges for movement and the use of trees for 
defense. All teams were trained on the skills required to succeed in each 
type of mission but were most familiar with the layout of the routine 
environment, because of prior experience obtained during practice 
sessions. 

Extensive effort was devoted to piloting alternative novel environments 
to create two equally novel experiences. Subject-matter experts (SMEs) 
agreed that these two environments were comparable and that both were 
different from the routine environment in terms of novelty. Our experi- 
mental teams in this study scored significantly lower, t(78) = 14.36, p < 
.01, on the jungle scenario (M = 8.61, SD = 5.33) than they did on the 
archipelago (M = 12.96, SD = 7.34) scenario. To further understand the 
differences between the two novel environments, we reconvened a panel of 
six SMEs and had them make a number of different assessments of the two 
novel task environmentsJ The results of this analysis indicate that the two 
novel environments differed on eight factors (e.g., consistency of terrain, 
ease of mobility, primary mode of transport) and that the particular con- 
stellation of situational factors in the jungle was more difficult than that in 
the archipelago. Therefore, rather than combine both novel environments, 
we employed two dummy codes, scaling the novel environments 1 and the 
routine environment 0. We revisit the implications of this strategy in the 
Discussion section. 

The presentation of the novel environments was counterbalanced such 
that half of the teams performed the jungle environment as their second 
mission and the archipelago as their third, whereas the other half performed 
them in the opposite order. This was done to offset any potential learning 
or practice effects that might have occurred. Subsequent analyses revealed 
no significant differences (p > .05) on the basis of  order, so it is ignored 
in the remainder of this study. 

M e a s u r e s  

The slow progress of empirical work on shared mental models can be 
attributed in part to the lack of measurement tools. Some studies that have 
assessed overlap in mental models have used a measurement technique 
called concept mapping (Marks et al., 1997; Minionis, 1994). Novak 
(1990) argued that all knowledge domains (e.g., procedural and declarative 
knowledge) can be measured by linking concepts in a hierarchical struc- 
ture. Previous studies that used concept-map measures of team member 
mental models (Marks et al., 1997; Minionis, 1994; Zaccaro et al., 1997) 
asked participants to choose from a variety of prelabeled concepts and 
place them in a prespecified hierarchical structure representing team 

knowledge. Overlap in team member concept maps was assessed by the 
amount of shared concepts accurately placed on the concept map. 

Advantages of this form of concept mapping include (a) graphic repre- 
sentation of how concepts are linked, (b) the development of concept maps 
is grounded in the literature on knowledge assessment (Ruiz-Primo & 
Shavelson, 1995), (c) ease of administration and scoring as compared with 
interviewing approaches (Novak, 1990) and extensive pairwise compari- 
sons, and (d) the success of concept-map measures in predicting team 
coordination and team performance (Minionis, 1994; Marks et al., 1997). 
Disadvantages of this approach as it is typically used, however, include the 
fact that respondents are provided a priori with a fixed map and a limited 
set of nodes or concepts, so the only parameter left to vary is the order in 
which nodes are placed on the map. Furthermore, respondents' maps are 
usually compared against a single "right" or expert model, which precludes 
the possibility that there may be different yet equally accurate models of 
the task environment. Traditional concept maps depict a linear ordering or 
sequencing of events and do not include a way to illustrate the ordering of 
events across various branches of the map. In this study, mental models 
were measured using a new measurement technique developed by us to 
address some of these shortcomings; we refer to the measure as team- 
interaction concept maps. 2 

One difference between this concept-map measure of mental models and 
those used in previous studies (Minionis, 1994; Zaccaro et al., 1997) is that 
there is no single accurate response. There are multiple correct solutions, as 
well as multiple incorrect solutions. This procedure allows a similarity 
score to be computed independently from an accuracy score. Another 
difference is that the team-interaction concept map asks not only for 
sequential task information by role but also for simultaneous team member 
action steps. Unlike past concept-map measures that have assumed simul- 
taneity, in this measure, respondents were specifically asked to consider 
not only what each team member must do to accomplish the mission but 
also what teammates are doing at the same time. 

Participants were presented with a map of the upcoming performance 
environment and a large number of concepts that represent different 
aspects of the task domain. Each member completed a map by selecting 24 
prelabeled concepts they believed best represented the actions necessary to 
complete the team mission. More specifically, members picked 8 concepts 
(actions) that best represented the actions of each team member during 
mission accomplishment and placed them in the appropriate rows on the 
concept map (see Figure 2). Each row represents the respondent's view of 
the action sequence for a particular team member. In other words, the 
respondent specified a sequence of actions for himself or herself, as well as 
for both other team members. Columns represent a cross-section of what 
all 3 team members should be doing at once. 

Similarity index. A measure of the degree of team mental model 
similarity was calculated by assessing the overlap in concepts selected by 
each of the team members. The scoring algorithm for mental-model sim- 
ilarity is as follows. One point was given for each linked set of concepts 
(A ~ B) that was shared between 2 team members' mental models. 
When all 3 members mentioned a certain pairing of concepts, 3 points were 
earned toward the overall similarity score. Three linked concepts 
(A --* B ~ C) that appeared in 2 members'  concept maps counted as 2 
points, and three linked concepts that appeared in all 3 team members'  
maps would add 6 points to the overall score. The same logic applies to 
shared linkages that were composed of four or more concepts. Similarity 
scores could range from 0 (no similarity among any of the three member 
concept maps) to I 11 (three identical concept maps). Thus, similarity 

SME novel environment assessment data are available from Michelle 
A. Marks. 

2 Further information about the concept-map scoring protocol is avail- 
able from Michelle A, Marks. 
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scores reflected both the content and structural overlap among team mem- 
ber concept maps. 

Accuracy index. Accuracy of mental models was assessed by judges 
who were doctoral candidates in an industrial-organizational Ph.D. pro- 
gram, as well as by SMEs at the tank war game. Two judges who were 
selected randomly from a pool of four experts rated each team member's  
concept map on a Likert-type scale of structural accuracy that ranged 
from 1 (inaccurate) to 7 (highly accurate). Overall accuracy of the models 
was judged, with attention paid to the following features: (a) the critical 
mission functions, (b) appropriate role assignments for each member, and 
(c) a reasonable sequence of actions for mission execution that included a 
correct and appropriate order of both sequential and simultaneous team 
member actions. Judges were unaware of the manipulations and the role of 
the respondents. Correlations between pairs of raters' judgments across the 
three performance missions were .78, .75, and .76 (all ps < .01), indicating 
a reasonable level of interrater reliability. Team accuracy scores were 
formed by averaging judges' accuracy ratings for individual mental models 
and then taking the mean of all members' accuracy scores. 

Team communication processes. Team communication during each of 
the three 20-min performance episodes was audiotaped and rated by highly 
trained graduate student SMEs. Because of some technical difficulties with 
the recording equipment, these tapes were available only for a subset of 59 
teams. Therefore, analyses involving team communication processes have 
an N of 59, or 177 observations. These judges (different from those who 
rated mental-model accuracy) rated the quality of team communication on 
six dimensions that were adapted from C. Prince, Salas, and Franz (1990) 
using Likert-type scales ranging from 1 (extremely poor) to 7 (extremely 
good). These dimensions included assertiveness, decision making and 
mission analysis, adaptability and flexibility, situational awareness, lead- 
ership, and communication. Brannick and colleagues (Brannick, Prince, 
Prince, & Salas, 1992) found evidence that judges (undergraduate psychol- 
ogy majors and industrial-organizational psychology graduate students) 
could reliably classify team coordination behaviors into these six catego- 
ries and agree on quality ratings for each of the dimensions. 

Although interrater reliabilities for each dimension were consistently 
high (mid .70s to mid .80s), the interdimensional correlations were also 
high (mean r = .70, p < .01). This could have been attributable to the 
raters' inability to fully distinguish among taxonomy dimensions (i.e., a 
halo bias) or to the fact that the effectiveness of team processes was fairly 
universal (i.e., those that exhibited effective processes on one dimension 
were also consistently effective on others, akin to a "true halo" phenom- 
enon). In either case, the high covariance among these dimensions pre- 
cluded using them separately in later analyses. A recent study that also used 
C. Prince et al.'s (1990) taxonomy dimensions as a measure of rated team 
process found similar levels of covariation among the six dimensions 
(Heffner, 1997) and elected to form an overall process composite by 
averaging dimension scores. We adopted this strategy and formed a single 
communication process composite for each mission by averaging the six 
dimension ratings (mean a = .84). 

Team performance. Team performance was operationalized as the 
number of enemy pillboxes destroyed and rebuilt in friendly territory. 
Teams received 3 points for each of I0 pillboxes successfully rebuilt in 
friendly territory; thus, a score of 30 indicated a maximally successful 
mission. One point was given to teams that captured pillboxes successfully 
without transporting them to or rebuilding them in friendly territory. 

Procedure  

Participants first completed informed consent forms, a background in- 
formation questionnaire, and a timed test of spatial orientation. The par- 
ticipants were randomly assigned to roles within teams, and teams were 
assigned to conditions using a counterbalanced design. All members re- 
ceived 1.5 hr of basic skills training from the experimenter. They were 
provided with an extensive checklist of team tasks that had to be completed 

successfully before they could advance to the next phase of the experiment. 
Although team performance was clearly not honed to the point of autom- 
atization, all teams reached a fairly high level of task proficiency before 
receiving the manipulations. Extensive pilot testing conducted during and 
after the development of the TWIST training program indicates that after 
completing training, teams performed a test mission, on average, approx- 
imately 70% as well as expert teams did. 

Next, teams received both manipulations in the following order: team- 
interaction training or control condition (through a videotape and a practice 
session) and then the leader briefing. Individuals then completed team- 
interaction concept maps, followed by a 20-min team performance period. 
This cycle of leader briefs, mental model measurement, and team perfor- 
mance period was repeated three times. The only difference between the 
cycles was that the briefings and performance environment for each of the 
three missions was unique. At the close of the experiment, participants 
were debriefed on the general purposes of the study. 

Manipulat ion Checks  

Manipulation check items were collected for all three manipulations. We 
tested the validity of the manipulations using analyses of variance 
(ANOVAs) in the context of the complete 2 x 2 x 3 mixed model 
experimental design. The logic is that each manipulation should yield 
significant effects on its corresponding manipulation check and on no 
others. In this sense, the construct validity of each manipulation is scruti- 
nized more thoroughly both in terms of convergent validity (i.e., influenc- 
ing what it was intended to) and discriminant validity (i.e., not influencing 
what it was not supposed to; see Cook & Campbell, 1979, pp. 59-64,  for 
more about this logic). 

The team-interaction training manipulation check consisted of a three- 
item composite (~ = .92) that asked participants to agree with statements 
about members'  knowledge of teamwork strategies and concerted move- 
ment capabilities; ratings ranged from 1 (strongly disagree) to 5 (strongly 
agree). The ANOVA results showed a significant effective for team- 
interaction training versus the control condition, F(1,235) = 5.56, p < .05, 
but no significant effects for the leader briefing or environmental novelty 
manipulations, nor any two-way or three-way interactions. As we expected, 
those participants who received the interaction training reported greater 
knowledge of team interaction than did the controls. For the leader briefing 
manipulation check, participants reported on three items the extent to 
which they perceived the leader as providing strategies, risk warnings, and 
action sequencing about their upcoming missions (c~ = .91; ratings ranged 
from 1 = strongly disagree to 5 = strongly agree). The ANOVA results 
showed a significant effect in the intended direction for the enriched 
briefings versus the control condition, F(1,235) = 60.01, p < .01, but no 
significant main effects for team interaction training or environmental 
novelty, nor any interactions. Finally, after each mission, participants were 
asked to rate how similar the environment they just experienced was to the 
training environment; ratings ranged from 1 (completely new) to 5 (com- 
pletely familiar). The ANOVA revealed a significant effect for the envi- 
ronmental condition, F(2, 472) = 275.04, p < .01, with the routine 
environment seen as most similar to the participant's training environment 
(M = 3.95) and both of the novel environments as less similar (M~h j- 
p~l~go = 2.16; Mj,ng~e = 2.03). This analysis did not indicate any significant 
main effects for the training or briefing manipulations or any significant 
two- or three-way interaction effects. In summary, each manipulation 
significantly influenced only its corresponding facet in the intended direc- 
tion, and no confounding was evident. 

R e s u l t s  

Means ,  s tandard deviat ions,  and  key variable intercorrelat ions 
by pe r fo rmance  episode are reported in Table  1. Correla t ions  

be tween  background  var iables  and key s tudy  variables indicate 
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Table 1 
Summary Statistics for Team-Level Variables for Each of the Three Performance Missions 

Variable M SD N Reliability 1 2 3 4 

I. Mental model 
similarity 26.14 18.33 78 n/a - -  

28.18 16.3l 78 rda 
21.45 11.80 78 n/a 

2. Mental model 
accuracy 3.61 1.34 78 r = .78 b .653** 

3.67 1.18 78 r = .75 b .580** 
3.64 1.08 78 r = .76 b .679** 

3. Communication 
processes 3.02 0.62 59 a ICC c = .82 .443** .267* - -  

3.03 0.59 59 a ICC c = .81 .335* .253* - -  
2.88 0.58 59 a ICC c = .83 .231 .187 - -  

4. Coordinated team 
performance 13.26 7.26 78 n/a .134 .303** .076 

12.96 7.34 75 n/a .378** .255* .294* 
8.61 5.33 79 rda .300** .301"* .377** 

m 

m 

Note. Statistics appear in sets of three; the first set represents the routine mission, the second set represents the 
archipelago novel environment, and the third set represents the jungle novel environment, n/a = data were not 
applicable; ICC = intraclass correlation. 

N decreased substantially for coordination processes because of technical problems with audiotapes, h Zero- 
order correlation among two judges selected randomly from a pool of four trained judges to rate each concept 
map. c Average ICC among four judges selected randomly from a pool of five trained judges who rated 
communication. Rated process scores are a composite index of six independently rated communication dimen- 
sions. ICCs presented reflect the mean of the six component ICC values. 
*p <.05.  **p <.01.  

that team gender composition, average team age, computer expe- 
rience, computer game experience, tank game experience, strategy 
game experience, mean Stanford Achievement Test performance, 
college grade point average, average year in college, and mean 
spatial orientation were not significantly correlated with the key 
study variables. 

Hypotheses 1-7 

Repeated measures multiple regression (RMMR, Cohen & Co- 
hen, 1983; Gully, 1994; Hollenbeck, Colquitt, & Gully, 1998; 
Hollenbeck, Ilgen, & Sego, 1994) was used to test Hypotheses 
1-7. This procedure has not received widespread use but is a 
powerful tool for analyzing data gathered from repeated measures 
designs. RMMR has the same advantage as repeated measures 
ANOVA does, namely added statistical power because participant 
(i.e., team) differences are controlled. However, RMMR offers 
added flexibility over its ANOVA parallel, because continuous 
variables can be used as predictors (Gully, 1994). 

We used RMMR in a hierarchical fashion to test the simulta- 
neous and incremental influences of the experimental manipula- 
tions, mental models, and team communication processes on team 
performance. No hypotheses were advanced regarding the main 
effects of the environmental manipulation on team variables, but it 
is natural to assume that team processes and performance would be 
degraded in more complex settings. Accordingly, in all analyses, 
the environment dummy codes were entered as the first step in the 
hierarchical regression. This strategy also controls for any differ- 
ences in scenario difficulty, as such dummy codes capture all of 
the differences attributable to between-environments factors (Co- 
hen & Cohen, 1983). Team performance scores were significantly 

lower in the jungle environment (/3 = - .314 ,  p < .01) than in the 
routine environment. Within-environment correlations are reported 
in Table 1 but are not discussed further. 

Hypothesis 1 a predicted that team communication quality would 
relate positively to team performance. The results of the RMMR 
analysis reveal a significant linear effect for communication pro- 
cesses, such that teams with higher quality communication per- 
formed better, 2 R w i t h i n _ t e a  m = .128, /3 = .227, F(2, 117) = 23.48, 
p < .01. Furthermore, as we hypothesized (Hypothesis lb), a 
significant multiplicative relationship between environmental nov- 
elty and processes indicates that the relationship between commu- 
nication processes and team performance showed a more positive 
slope in the two novel environments than in the routine setting, 

2 

R w i t h i n . t e a m  = .239, F(2, 115) = 34.32, p < .01. These findings 
were plotted using Cohen and Cohen 's  (1983) procedures and 
appear in Figure 3. 

Hypotheses 2, 4, and 6 focused on the relationships among 
mental model similarity and accuracy and the quality of team 
communication processes and were tested using a series of hier- 
archical moderated RMMR analyses. Communication quality was 
regressed onto performance environment, mental model similarity, 
accuracy, and the cross-products of these variables. In support of 
Hypothesis 2a, a significant linear effect was found for the influ- 
ence of mental model similarity on communication processes, 

R2ithin_team = .650, /3 = .349, F(1, 117) = 263.09, p < .01. 
Furthermore, when model similarity was entered into the equation 
after mental-model accuracy, it still accounted for significant in- 
cremental variance in communication processes, R 2 i t h i n _ t e a m  = 

.341, /3 = .326, F(I ,  116) = 139.74, p < .01. Although mental 
model accuracy predicted the quality of communication when it 
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Quality of Communication Processes 

Figure 3. The effects of communication processes and environment on team performance. Novel = novel 
environment. 

was entered before mental model similarity, REithi,.te~,n = .314, 
/3 = .238, F(1, 117) = 58.23, p < .01, accuracy did not account 
for significant variance in communication processes when the 
order of entry was reversed. Thus, although the overlapping vari- 
ance in similar and accurate mental models, as well as the unique 
variability in similar mental models, both predicted communica- 
tion, the linear effect of accuracy on communication processes 
(Hypothesis 4a) was not supported. 

The next step in these RMMR analyses confirmed the predicted 
multiplicative relationship (Hypothesis 6a) between similar 

and accurate mental models on team communication processes, 
2 gwithin_team -- .077, /3 = .534, F(1, 115) = 43.25, p < .01. Figure 

4 displays a graph of this finding and illustrates that although 
similar mental models enhanced communication processes regard- 
less of accuracy level, teams with less accurate mental models had 
the strongest relationships between similar mental models and 
processes. It appears that communication processes for those teams 
with inaccurate or less accurate perceptions of appropriate team 
strategies depended more strongly on members '  shared percep- 
tions of the mission at hand than did those of teams with more 
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Figure 4. The effects of mental model accuracy and environment on team performance. Novel = novel 
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accurate mental models. This effect was consistent across envi- 
ronments, as there were no significant two- or three-way multipli- 
cative relationships for mental-model similarity, accuracy, and 
environment. Therefore, Hypotheses 4b and 6b were not 
supported. 

Hypotheses 3, 5, and 7 predicted that mental model similarity 
and accuracy, and multiplicative relationship of the two, would 
significantly influence team performance. There were significant 
linear effects for mental model similarity when it was entered as 

Step 2 in the equation, R2within_team = . 1 5 8 ,  /3 = .255, F(1, 
155) = 40.66,p < .01, and for mental-model accuracy when it was 
entered as Step 3, R2i tb in_t  . . . .  = . 0 4 8 ,  13 = - .176,  F(I,  
154) = 13.23, p < .01. Reversing the order of entry yielded the 

same pattern of significance for accuracy as Step 2, R2i th in_ team = 

.176, /3 = .272, F(1, 155) = 46.53, p < .01, and similarity as 

Step 3, R2i th in_ team = . 0 3 0 ,  /3 = .129, F(I ,  154) = 8.36, p < .01. 
Thus, both Hypothesis 3a and Hypothesis 5a were supported, as 
mental model similarity and accuracy each had significant positive 
unique relationships with team performance. Adding the cross- 
product of similarity and accuracy (Hypothesis 7a) to the equation 
also produced a significant relationship, R 2 i t h i n _ t  . . . .  = .028,/3 = 
- .449,  F(1, 153) = 8.01, p < .01. The form of this relationship 
was as we expected, with the steepest slope between mental model 
similarity and team performance stemming from teams with less 
accurate mental models. In contrast, teams with more accurate 
mental models had a weaker (but still positive) relationship be- 
tween mental model similarity and performance. In other words, if 
teammates had good mental models, they did not all have to be in 
sync to perform well. However, if they did not have particularly 
good models, then being in sync with one another did result in 
higher team performance. 

Significant multiplicative relationships were observed both for 
similarity and the dummy coded environments, RZithi..team = .013, 
F(2, 151) = 4.98, p < .05, and for accuracy and the environments, 
R~ithi,-t ..... = .013, F(2, 149) = 5.26, p < .05, as related to team 
performance. Figure 5 presents the findings for the effects of 
similarity and environment on team performance. In support of 
Hypothesis 3b, the similarity-team performance slopes were 
steeper in both novel environments than in the routine environ- 
ment. Alternatively, the accuracy-team performance relationship 
(see Figure 6) indicates a different pattern, in that teams in routine 
environments had somewhat stronger relationships between accu- 
rate mental models and performance than did teams in both novel 
environments. Although a significant interaction was evident, 
these findings are inconsistent with those predicted by Hypothe- 
sis 5b. No support was found for Hypothesis 7b, which predicted 
that the multiplicative effect of similarity and accuracy on perfor- 
mance would be more pronounced in novel environments. 

We note that we also conducted some supplemental analyses 
regarding the preceding relationships. Mathieu, Heffner, Goodwin, 
Salas, and Cannon-Bowers (2000) found that team processes fully 
mediated the influence of mental model similarity on performance. 
Therefore, we performed a series of RMMR analyses following the 
procedures outlined by Baron and Kenny (1986) to test whether 
team processes mediated the influences of mental-model similarity 
and accuracy on performance. The results of these analyses re- 
vealed evidence for partial mediation, in that both mental model 
accuracy and similarity exhibited significant influences on team 
processes. Both mental model indices had significant direct influ- 

ences on team performance even after accounting for the signifi- 
cant effects of team processes. 3 

Hypotheses 8-11  

Hypotheses 8-11 dealt with the influences of the leader brief- 
ings and team-interaction training manipulations on team mem- 
bers' mental model similarity and accuracy. We expected both 
manipulations to contribute uniquely to the development of accu- 
rate and shared mental models, although we examined them jointly 
using a mixed ANOVA procedure that included the environmental 
novelty factor and interaction terms. 

Hypotheses 8a and 10a dealt with the impact of team-interaction 
training and leader briefing on mental model similarity. Both main 
effects were significant and in the anticipated directions, F(I,  
72) = 11.75, p < .01, rl 2 = .091, and F(1, 72) = 7.25, p < .01, 
~2 = .140, respectively. Those who received team-interaction 
training developed more similar mental models than did control 
participants, and teams that received enhanced leader briefings had 
more similar mental models than did control participants. A main 
effect for performance environment, F(2, 144) -- 6.68, p < .01, 
772 = .085, indicated that similarity scores were lower in the jungle 
environment than they were in either the routine or the archipelago 
scenarios. The means corresponding to these effects are pre- 
sented in Table 2. In addition, with no significant interaction 
effects between the training and leadership manipulations, F(1, 
74) = 2.81, p = .098, ns, r/2 = .038, it appears that both 
team-interaction training and leader briefings contributed inde- 
pendently to greater mental model similarity. Hypotheses 8b 
and 10b were not supported, in that there were no significant 
interactions between enhanced leader briefings or team-interaction 
training and environmental novelty. 

A second mixed ANOVA analysis was conducted to examine 
the effects of the manipulations on mental model accuracy (Hy- 
potheses 9a and l la). The corresponding cell means from this 
analysis are presented in Table 2. In support of both hypotheses, 
both team-interaction training, F(1, 74) = 24.42, p < .01; ~2 = 
.248, and leader briefings, F(I, 74) = 16.74, p < .01, ~2 = 18.4, had 
significant main effects on the development of accurate mental mod- 
els in the expected directions. There was no significant main effect for 
environment, F(2, 148) = 0.15, ns, rl 2 = .002. Although it was not 
predicted, a significant interaction between team-interaction training 
and leader briefings was obtained, F(2, 74) = 5.07, p < .01, vl 2 = 
.064. Post hoc interaction contrasts indicated that those who did not 
receive team-interaction training or an enhanced leader briefing had 
significantly less accurate models than participants in all of the other 
three conditions did. This suggests that either the team training or the 
enhanced briefings could significantly improve the accuracy of mem- 
bers' mental models but that the combination of the two did not yield 
added benefit beyond the solo effects. 

No support was found for Hypotheses 9b or 1 lb, which pre- 
dicted a more pronounced effect of each of the manipulations, 
respectively, on mental model accuracy in novel environments. 
Contrary to our expectations, a significant Leader Briefing × 
Environmental Novelty interaction was found, F(2, 148) = 4.42, 
p < .05, ~2 = .056. Inspection of the corresponding means 
indicated that differences in accuracy scores in the leader briefings 

Details concerning these analyses are available from Michelle A. 
Marks. 
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conditions were significant (p < .05) in the routine and archipel- 
ago settings but not in the jungle environment. One interpretation 
for this finding is that enhanced leader briefings may prove valu- 
able for teams confronting routine or somewhat novel environ- 
ments but simply cannot offset the detrimental influences present 
in the more difficult novel setting (i.e., the jungle scenario). 
Finally, it is worth noting that supplemental analyses paralleling 
those described earlier were performed to investigate whether 
mental model similarity and accuracy mediated the relationship 
between the interventions and team communications and perfor- 

mance. No significant relationships were found between either 
leader briefings or team-interaction training on team communica- 
tion processes or performance. This negates a precondition for 
tests of mediation (see Baron & Kenny, 1986). 

Discuss ion 

This research examined the influence of team-interaction train- 
ing and enhanced leader briefings on mental model similarity and 
accuracy, communication processes, and performance in both rou- 
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Table 2 
Means for Mental Model Similarity and Accuracy by Training Condition, 
Leader Communication Condition, and Environment 

Routine environment 
Novel environment 1: Novel environment 2: 

archipelago jungle 

Leader briefing Control Training Control Training Control Training 

Mental model similarity 

Enhanced 15.00 30,45 16.11 29.25 13.00 25.9 
Control 27.33 31.90 32.32 34.65 20.63 26.47 

Mental model accuracy 

Enhanced 2.38 3.95 2.52 3.81 2.78 4.08 
Control 3.89 4.26 3.90 4.49 3.55 4.15 

Note. Team mental model similarity scores ranged from 1 to 82. Team mental model accuracy scores ranged 
from 1.16 to 6.67. 

tine and novel performance environments. As we expected, sup- 
port was found for the influence of enhanced leader briefings and 
team-interaction training on the development of similar and accu- 
rate mental models. Both team-interaction training and enhanced 
leader briefings prepared teams to confront both routine and novel 
environments by aiding team members in developing accurate and 
similar knowledge structures. They also influenced the flexibility 
of member mental models, such that effective teams were able to 
adjust their mental models accurately before entering into new 
performance environments. Qualitatively different mental models 
were required in each of the three environments, and both the 
enhanced leader briefing and the team-training interventions 
yielded significant main effects on mental model accuracy. Thus, 
we are able to conclude that the information contained in the 
manipulations enabled the participants to readily adapt their men- 
tal models as circumstances warranted. Teams without enhanced 
leader briefings or interaction training were not as able to adjust 
their mental models as accurately or in a coordinated fashion when 
confronted with novel circumstances. Mental models were also 
associated with communication processes and team performance. 
The relationship between similar mental models and team perfor- 
mance was stronger in novel environments than in the routine 
environment. 

The relationships between mental models and team performance 
obtained here were partially mediated by communication pro- 
cesses. The well-established link between team communication 
processes and performance was found to be even stronger in novel 
environments. Team members relied heavily on an effective verbal 
exchange of information and thought processes to overcome the 
challenges brought on by novel elements in the environment. 

The Role of Mental Models in Team Adaptation 

Mental models provide teams with a common framework from 
which to perceive, interpret, and respond to novel environments. 
Although similarity and accuracy were reasonably correlated in the 
present study, our findings suggest that similarity was more im- 
portant than accuracy for performance, especially within novel 
performance environments. Whether similar knowledge structures 
were developed through enhanced leader briefings or through 

team-interaction training did not seem to matter. It may be that 
action teams performing in familiar environments excel when they 
have both a similar and an accurate understanding of how to 
complete the task. When teams perform in novel or unfamiliar 
environments, as long as members are in sync with their team- 
mates (i.e., share a common framework on how to perform), they 
do not have to depend on having an a priori accurate depiction of 
strategies effective in a novel domain. We suspect that once the 
teams were immersed within novel environments, those with sim- 
ilar mental models eventually formed accurate ones, as well. We 
note that this effect may be limited to relatively novice teams in the 
early stages of development, as were the teams examined here. 
This remains a question for future research. 

Research on individual decision-making processes and expert- 
novice differences has long recognized the role of mental models 
as information-processing structures that play a central role in the 
interpretation as well as the translation of new information. Team 
research is starting to accumulate a knowledge base that views 
mental models as collective information-processing systems and is 
examining how these knowledge structures affect collective func- 
tioning. In predictable environments that emphasize consistency of 
actions, standard training interventions and practice will likely 
promote team effectiveness. However, in ill-defined and rapidly 
changing environments, there is a need for cognitive structures that 
allow for immediate and synergistic reactions for teams to adap- 
tively respond to their environment in pursuit of their goals. 
Indeed, the failure to do so can have dire consequences for even 
the personal survival of team members. Weick (1993) described a 
team of smoke jumpers who died in a rescue attempt when they 
encountered a novel situation and were unable to make sense of 
their environment. He called this disaster at Mann Gulch a "col- 
lapse of sensemaking and structure" (p. 634) and described an 
incident in which team members could not replace old thought 
patterns with new adaptive ones. 

A key characteristic of adaptive mental models appears to be 
flexibility, such that teams that are able to shift knowledge struc- 
tures accurately and in similar ways are likely to be successful in 
novel contexts. Social entrainment theory (McGrath & Kelly, 
1986) advocates that behavior patterns do not change when teams 
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confront novel performance situations. Cognitive entrainment may 
be a more appropriate description of cognitive stability, or the 
inflexibility of knowledge structures that causes teams to lose 
structure and sense-making capabilities in novel environments. 

The Role of Leaders in Team Adaptation 

Logically, the next question is, "How can we instill flexible 
knowledge structures in teams that perform in novel environ- 
ments?" The role of the action-team leader deserves more exten- 
sive investigation. Leader briefings that contain contextual infor- 
mation may help members orient themselves to new surroundings 
(Lanzetta & Roby, 1960) by providing environmental cues to 
action teams (i.e., an awareness of terrain changes) that signal 
necessary changes in knowledge structures. In this way, leader 
communication of knowledge about the environment might influ- 
ence team member mental model development and change by the 
provision of cue-strategy associations (Stout, Cannon-Bowers, & 
Salas, 1994) that show members how to recognize when certain 
interaction strategies are appropriate. 

However, through leader briefings, we were only able to capture 
one aspect of leader communication, one-way transmission of 
information to team members. We should consider what might 
happen if an active leader were present, enabling two-way com- 
munication. We hope that this research will spark additional in- 
vestigation of the leader's role of sense giving (Hill & Leven- 
hagen, 1995). In complex and unpredictable situations, the leader 
not only acts as a boundary spanner with sources external to the 
group but also must effectively make sense of the surrounding 
context and communicate this mental model to team members. 

The Role of Team-Interaction Training in Team 
Adaptation 

The success of team-interaction training in improving the qual- 
ity of team member mental models may be due to its ability to 
teach orientation and mapping functions to team members (Lan- 
zetta & Roby, 1960). Orientation refers to the process by which 
the team becomes aware of the factors impinging on the task 
environment and how team members perceive these. Mapping is 
the process by which the group learns the action-outcome contin- 
gencies that exist under various task conditions. Stout et al. (1994) 
argued that the association of cues in the environment to appro- 
priate coordination strategies (called cue-strategy association) is 
of paramount importance to team performance. Even in the ab- 
sence of familiar cues that recall particular strategies for action, 
teams that can orient themselves and map an appropriate strategy 
in novel domains may be successful. To be effective, team mem- 
bers must recognize the task and environmental cues that trigger 
specific strategy changes. They must learn to recognize when 
particular interaction processes are appropriate and how they must 
be implemented. 

Our findings are consistent with recent advances in the training 
literature that have focused on the generalizability of training 
rather than overly emphasizing point-to-point correspondence 
(Baldwin & Ford, 1988; Tesluk, Farr, Mathieu, & Vance, 1995). 
Because it is impossible to train teams firsthand on all of the 
potential combinations of environmental events that they may 
some day confront, recent training programs have been reoriented 

to focus more on teaching underlying metacognitive skills 
(Kraiger, Ford, & Salas, 1993). The idea is to provide the team 
with the capability to diagnose, interpret, and respond effectively 
to challenges that they have never before faced. Both the enhanced 
leader briefing and the team-interaction training interventions in- 
troduced here appear to have achieved this end by facilitating team 
responses to less familiar task environments. 

Limitations and Future Directions 

This research was conducted in an experimental laboratory 
using a low-fidelity tank war-game simulator. Although laboratory 
experiments are capable of making large contributions to the study 
of teams (Driskell & Salas, 1992; Weaver, Bowers, Salas, & 
Cannon-Bowers, 1995), the external validity of the research find- 
ings is questionable and must be tested in applied settings. Fur- 
thermore, this research used ad hoc teams that had a total lifespan 
of 5 hr, 3 of which were spent actually performing the simulation. 
The major concern here is that these teams were temporary and 
were not representative of teams that have a long history together 
(J. K. Hackman & Morris, 1975). This study is likely to be more 
reflective of team behavior in the early stages of performance in a 
fairly complex task environment. In this sense, our results may 
generalize quite well to teams that operate as crews (i.e., are 
formed on a moment's notice). A related concern is that teams in 
the early stages of performance would react even more strongly to 
the presence of novel situations, because they have not yet devel- 
oped automatized coordinated behavior, possibly making our find- 
ings an overestimate of the impact of the independent variables on 
the observed variables. 

Unfortunately, opportunities for controlled research on team 
processes are difficult to obtain in applied settings. The majority of 
recent comprehensive team research (Barry & Stewart, 1997; 
Hollenbeck, Ilgen, Tuttle, & Sego, 1995; Hollenbeck, Ilgen, Sego, 
et al., 1995; LePine, Hollenbeck, Ilgen, & Hedlund, 1997) has used 
experimental teams performing contrived tasks, because of the 
ability to control the team environment to measure complex rela- 
tionships. We believe that the complex environments offered by 
the TWIST war-game simulation allowed us to design a challeng- 
ing, interdependent environment appropriate for the controlled 
study of action teams. Simulated environments in a controlled 
research laboratory have provided a valuable alternative to brain- 
storming and problem-solving tasks (e.g., desert survival task) for 
examining complex team functioning (see Hollenbeck, Ilgen, 
Tuttle, & Sego, 1995; Hollenbeck, Ilgen, Sego, et al., 1995; LePine 
et al., 1997 for examples of team research using a simulation test 
bed). 

Until future research is conducted using intact action teams, 
external validity will not be known. Follow-up examinations and 
extensions of this research, especially those using samples of 
enduring action teams, will provide the strongest tests of external 
validity. Teams that have been in existence for longer periods of 
time might have previously developed mental models that are less 
malleable and less flexible, thus not allowing such rapid adjust- 
ments for novel circumstances. 

Our decision to separately code the two novel environments 
versus the routine one deserves mention. Initially, we attempted to 
develop two different but parallel versions of novel performance 
environments. By the conclusion of our study, it became evident 
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that the two novel environments were significantly less familiar to 
team members than the routine one was but were also significantly 
different from each other in difficulty level. Rather.than consid- 
ering them parallel and aggregating their data, we kept the two 
environments separate for analyses and interpretation (although 
results only differed in the case of one hypothesis: the mental 
model accuracy/performance relationship moderated by environ- 
mental novelty). Evidence supports difficulty differences between 
the two novel environments, though the SMEs' contextual analysis 
further indicated that the environments differed on several factors 
(e.g., primary mode of attack, ease of mobility), resulting in 
changes in their difficulty level. These differences in difficulty 
could be due to a constellation of factors or a single factor in the 
environment. We were able to statistically control for these dif- 
ferences in this study, but we suggest that future investigators build 
more advanced conceptualizations of performance environment 
characteristics into their research designs. When one manipulates 
a performance situation, especially to create novelty, it is chal- 
lenging to do so by altering only a single factor within the envi- 
ronment. Team task environments likely differ on multiple dimen- 
sions, including facets of novelty, difficulty, and dynamism. In 
short, we are in need of a strong theory of situations to better 
understand team adaptation. 

Future research should explore additional determinants of team 
member mental models, This study explored the influences of 
premission leader communication of knowledge about the envi- 
ronment and team-interaction training. How do individual (e.g., 
personality, diversity), team (e.g., leader influences, task charac- 
teristics, team structure, common experiences such as successes 
and failures), organizational (culture, reward systems), and envi- 
ronmental (risks, obstacles, survival factors) factors influence 
mental model development? These factors will likely grow in 
importance as team tenure increases. 

Studies that investigate team regulatory mechanisms and team 
performance should continue to examine how leadership influ- 
ences these relationships. Clearly, there are many ways that a 
leader can interact with a team, ranging from preperformance 
instruction to real-time exchanges with members during active 
performance. This study limited the leader's interaction in several 
ways. Confederate leaders only communicated very briefly by 
radio with teams before the performance episodes, and teams had 
no opportunity to communicate with leaders. It is important to note 
that this kind of leader-team interaction is fairly common in many 
military and other settings. Leader b6efings frequently occur by 
radio, and team members must act on these orders without the 
opportunity to question the leader. Still, this study explored only 
one dimension of a leader's influence on a team, and findings must 
be viewed within these boundaries. We believe that "real" leaders 
who are present throughout all performance episodes likely exert 
much more powerful effects than were illustrated by the manipu- 
lated premission briefings used here. This supposition, however, 
clearly awaits future tests. 

Finally, researchers have often attributed the slow progress of 
empirical studies of team cognitive structures to measurement 
limitations (e.g., Kraiger & Wenzel, 1997). This study offers a new 
assessment tool for measuring mental models. On the basis of 
traditional concept-map techniques, this measure allows increased 
flexibility in structure and collection of mental model data where 
accuracy and similarity can he scored independently. Both 

concept-map accuracy and similarity demonstrated relationships 
with team processes and performance, indicating preliminary cri- 
teria related validity. Future studies should probe further into the 
validation of this new measure of mental models, as well as 
considering alternative conceptualizations such as complimentary 
mental models. Additionally, research is needed to examine the 
convergence and divergence of different measures of mental 
models. 

This study has provided us with a preliminary look at how teams 
perform in adverse performance environments. Most team re- 
searchers agree that team effectiveness extends to nonroutine, 
challenging, complex performance situations, yet there has been a 
dearth of studies investigating how to prepare teams for these 
experiences. Understanding the cognitive influences and behav- 
ioral actions that affect team performance is critical. However, the 
true benefit of team research will be empowering organizations 
with the knowledge of how to govern team formation, training, and 
development so teams may perform to their highest potential. 
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