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Team Performance in Simulated Anesthesia Inductions
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In the present study, we investigated how two team mental model properties (similarity vs. accuracy) and two
forms of monitoring behavior (team vs. systems) interacted to predict team performance in anesthesia. In
particular, we were interested in whether the relationship between monitoring behavior and team performance
was moderated by team mental model properties. Thirty-one two-person teams consisting of anesthesia
resident and anesthesia nurse were videotaped during a smulated anesthesia induction of general anesthesia.
Team mental models were assessed with a newly devel oped measurement tool based on the concept-mapping
technique. Monitoring behavior was coded by two organizational psychologists using a structured observation
system. Team performance was rated by two expert anesthetists using a performance-checklist. Moderated
multiple regression analysis revealed that team mental model similarity moderated the relationship between
team monitoring and performance; a higher level of team monitoring in the absence of a similar team mental
model had a negative effect on performance. Furthermore, team menta model similarity and accuracy
interacted to predict team performance. Our findings provide new ingghts on factors influencing the
relationship between team processes and team performance in hedth care. When investigating the effective-
ness of a specific team coordination behavior, team cognition has to be taken into account. This represents a
necessary and compelling extension of the popular process-outcome relationship on which previous teamwork
research in hedlth care has focused. Moreover, the current study adds further externa validity to the concept
of team mental models by highlighting its usefulness in hedlth care.
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The influence of team processes on human performance in
health care, and thus safe patient care, has recently become amajor
focus of research (Fletcher, McGeorge, Flin, Glavin, & Maran,
2002; Manser, 2009; Rall & Gaba, 2005; Risser et ., 1999). Team
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monitoring—observing the activities and performances of other
team members (Dickinson & Mclntyre, 1997)—is one of the team
processes considered crucial for effective teamwork (LePine, Pic-
colo, Jackson, Mathieu, & Saul, 2008; Marks, Mathieu, & Zaccaro,
2001; Rousseau, Aube, & Savoie, 2006; Saas, Sims, & Burke,
2005). Team monitoring is very relevant in dynamic health care
settings in which teams face unpredictable circumstances and have
to cope with unexpected events (Kolbe, Burtscher, Manser,
Kinzle, & Grote, 2011). However, empirica studies on the func-
tionality of team monitoring are sparse (Kolbe et a., 2010; Marks
& Panzer, 2004). This is particularly true regarding the question
whether the relationship between team monitoring and perfor-
mance is influenced by properties of the team menta model
(TMM); the organized understanding of relevant knowledge that is
shared across team members (Cannon-Bowers, Salas, & Converse,
1993; Klimoski & Mohammed, 1994). In other words: Does ef-
fective team monitoring require that team members have a shared
understanding of their common task? The current work aims to fill
this gap. We investigated the relationship between team monitor-
ing and performance in anesthesia teams focusing on the potential
moderating role of TMM. Thereby, we attempted to provide in-
sights on how team monitoring—a specific and trainable behav-
ior—was related to team performance and patient safety.

During the past decade, a series of studies have focused on the
role of teamwork for providing safe patient care. Researchers were
able to establish a link between team process characteristics and
outcome measures. For example, communication failures were
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shown to contribute to surgical injuries (Greenberg et a., 2007).
Additionally, studies on anesthesia teams have related coordina-
tion processes to clinical performance (Burtscher et al., 2011,
Burtscher, Wacker, Grote, & Manser, 2010; Manser, Harrison,
Gaba, & Howard, 2009). Similar results from intensive care,
neonatology, and surgery support the claim that teamwork is vita
for effective and safe patient treatment (Catchpole, Giddings, et
al., 2007; Reader, Flin, & Cuthbertson, 2007; Williams, Lasky,
Dannemiller, Andrei, & Thomas, 2010).

Teamwork in health care is often discussed in the context of
other high-risk industries, such as aviation, military, or the oil
industry (Catchpole, de Leval, et al., 2007; Hudson, 2003;
Thomas, Sexton, & Helmreich, 2004). These industries have rec-
ognized effective teamwork as a mgjor factor to reduce errors and
enhance safety (Shapiro et a., 2004; Wilson, Burke, Priest, &
Salas, 2005). Teams in high-risk industries have been classified as
action teams. teams of specialists performing tasks that require
much coordinative effort and that are repeated under different
conditions (Sundstrom, Mclintyre, Hafhill, & Richards, 2000). In
health care, anesthesia teams can be regarded as a classic example
of an action team; they consist of specialists from different pro-
fessions (physicians and nurses) who are often assembled ad hoc
and work under changing conditions where hazardous nonroutine
events are likely to occur at any time (Manser, 2009; Oken et al.,
2007; Weinger & Slagle, 2002). Furthermore, anesthesia teams
frequently engage in complex tasks that allow severa solutions,
which makes effective teamwork even more difficult.

In view of their similarities, it is not surprising that the transfer
of concepts and methods from other high-risk industries—most
notably from aviation— has helped to improve teamwork in health
care (Gaba, 2011; Gaba, Howard, Fish, Smith, & Sowb, 2001;
Salas, Rosen, & King, 2007; Thomas et a., 2004). In aviation,
team monitoring and TMM are two of the most prominent con-
cepts that have been successfully linked to team performance
(Marks & Panzer, 2004; Smith-Jentsch, Mathieu, & Kraiger,
2005). To increase our understanding of team effectiveness in
health care we used both concepts—team monitoring and TMM—
and investigated their relationship to the performance of anesthesia
teams.

Team monitoring—also termed mutual performance monitor-
ing— comprises teammates assessing each other’s work behaviors
(Rousseau et al., 2006). Thereby, team members can ensure that
procedures are being followed correctly and that everything is
running as expected (Mclntyre & Salas, 1995). Team monitoring
has been considered particularly relevant for teams engaging in
highly interdependent tasks in dynamic work environments (Marks
& Panzer, 2004; Rousseau et a., 2006). Marks and Panzer’s work
(2004) supports this claim by linking team monitoring to the
performance of simulated flight combat teams. Team monitoring is
an example of a team coordination behavior. More specificaly,
team monitoring is a mechanism of implicit team coordination; it
allows for anticipation of actions and needs of other team members
and the subsequent adjustment of one's own behavior (Kolbeetal.,
2011; Rico, Sanchez-Manzanares, Gil, & Gibson, 2008). In anes-
thesia, for example, team monitoring includes watching a team-
mate while he or she is inserting the respiratory tube into the
patient’s trachea. Team members who engage in team monitoring
are more likely to identify mistakes in other members’ actions and

can react properly—for example, by providing backup (Marks et
al., 2001; Salas et a., 2005).

Team members can also gain performance-relevant information
through systems monitoring. Systems monitoring includes track-
ing team resources and environmental conditions as they are
related to task accomplishment (Marks et a., 2001). Systems
monitoring can help teams to more quickly identify nonroutine
events, and thus, prevent them from turning into critical situations.
In anesthesia, for example, systems monitoring includes keeping
track of patients' vital signsto detect deviations (e.g., sudden drop
in heart rate).

The relevance of monitoring behaviors has been highlighted for
teams in dynamic domains of health care (Burke, Salas, Wilson-
Donnelly, & Priest, 2004; Fernandez, Kozlowski, Shapiro, & Sa-
las, 2008; Wilson et al., 2005). In an interview study with Ad-
vanced Life Support instructors, team monitoring was identified as
amajor nontechnical skill to improve team performance in multi-
professional cardiac arrest teams (Andersen, Jensen, Lippert, &
Ostergaard, 2010). Moreover, teams in anesthesia were found to
spend a significant amount of time on monitoring behaviors—
especially during performance critical phases of the task (Manser,
Howard, & Gaba, 2008). However, empirical evidence on the
effectiveness of team monitoring in health care is still limited. In
an observational study, team monitoring could not be directly
related to the performance of anesthesiateams (Kolbe et a., 2010).
However, higher-performing teams were found to exhibit different
behaviors immediately after team monitoring than lower perform-
ing teams; for example, they were more likely to provide assis-
tance to their teammates. One likely explanation is that they were
able to do so because they had a similar mental model of their task
allowing them to draw the right conclusions and react accordingly.
For that reason, it appears that effective team monitoring is not
simply achieved by watching teammates doing their work. To
understand the meaning of team members actions, to pace one's
own task performance and to effectively provide others with
support, a shared understanding of the joint task execution is
needed; that is, teams need to have similar mental models of their
task (Salas et al., 2005).

The following example illustrates how the interplay between
TMM similarity and team monitoring can affect team performance
in anesthesia. If team members agree on the order in which certain
tasks are to be carried out, team monitoring helps coordinating
their joint task execution. If one member notices her teammate
looking about, she can conclude that he is looking for tape to fix
the tube because this is the next procedural step according to her
mental model. If both have a shared understanding of their task—
that is, they agree on which subtask should be carried out next—
her teammate will be happy to be handed the tape. If he has a
different task model, he will disapprove of her action. His disap-
proval would possibly require further clarification and thus, inter-
rupt the workflow. Hence, one should consider TMM when inves-
tigating the effectiveness of monitoring behaviors.

The important role of TMM for effective teamwork is empha-
sized in current theoretical team performance models (Burkeet al.,
2006; Sdlas et a., 2005). TMM similarity is considered to be
positively related to team performance; that is, the greater the
degree of similarity among team members, the better the team
performance. This relationship can be mediated by team processes,
such as communication (Marks, Zaccaro, & Mathieu, 2000), and
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coordination (Marks, Sabella, Burke, & Zaccaro, 2002). Addition-
ally, TMM have been shown to moderate the relationship between
team processes and outcomes (Bonito, 2004).

In the literature, two distinct properties of TMM are discussed:
similarity and accuracy (Mohammed, Ferzandi, & Hamilton,
2010). Smilarity refers to the degree of sharedness between team
members’ mental models; accuracy can be defined as the average
degree of sharedness between the team members' mental models
and the mental model of an expert in the respective area. The
existence of these two properties reflects the fact that having team
members with a shared understanding of their work does not
necessarily result in improved performance. To improve perfor-
mance, a mental model should not only be shared but also has to
be correct (Smith-Jentsch, 2009). Indeed, both properties inter-
acted to predict team performance in a flight simulator task (Ma-
thieu, Heffner, Goodwin, Cannon-Bowers, & Salas, 2005).

TMM research has been carried out in many domains, particu-
larly in high-risk industries such as military and aviation (Lim &
Klein, 2006; Marks et ., 2002; Smith-Jentsch, Cannon-Bowers,
Tannenbaum, & Salas, 2008; Smith-Jentsch et al., 2005). Several
authors have strongly advocated considering TMM when investi-
gating teamwork in health care (Catchpole et al., 2006; Flin &
Maran, 2004; Hedey, Undre, & Vincent, 2004; Undre, Healey,
Darzi, & Vincent, 2006). So far, however, no empirical study on
TMM in headlth care has been published (DeChurch & Mesmer-
Magnus, 2010; Mohammed, Ferzandi, & Hamilton, 2010). One of
the main reasons for thislack of empirical studies might be the fact
that TMM measurement is a difficult matter, especially in complex
dynamic settings (Ellwart, Biemann, & Rack, 2011).

We addressed these research gaps by investigating the interac-
tion of TMM and monitoring behaviors in predicting the perfor-
mance of teams of anesthesia professionals during a simulated
induction of general anesthesia. Thereby, we aim to provide new
insights into the preconditions of effective teamwork in health care
action teams. This would improve our understanding of how these
teams deal with their ad hoc composition and dynamic work
environment, potentially offering new directions for team design
and team training.

The Present Study

We were interested in how the two properties of TMM (simi-
larity vs. accuracy) and the two forms of monitoring (team vs.
systems) would interact to predict team performance. Based on the
research outlined above, we formulated four hypotheses. TMM
similarity would moderate the relationship between team monitor-
ing and team performance (H1), as efficient team monitoring
requires team members to have a shared understanding of their
common task (Salas et al., 2005). We & so hypothesized that TMM
accuracy would moderate the relationship between systems mon-
itoring and team performance (H2), as successful detection of
irregularities requires a precise picture of the task; particularly, in
terms of which environmental conditions are related to task ac-
complishment. Furthermore, we hypothesized that both TMM
properties would interact to predict team performance (H3)—as
was shown in comparable high-risk settings (Mathieu et a., 2005).
Finally, we hypothesized that team monitoring and systems mon-
itoring would interact with each other to predict team performance

(H4), as they were both thought to be crucial for action teams in
dynamic environments (Rousseau et a., 2006).

Method

The study was approved by the local ethics committee (KEK-
StV-Nr. 09/05) and registered at ClinicalTrial.gov
(NCT00706108). Written consent was obtained from all partici-
pants before data collection. All participants were explicitly in-
formed that they could withdraw from the simulation at any time.
One team withdrew after the simulation, so the fina sample
included 31 teams.

Participants

Participants were a convenience sample comprising 31 anesthe-
siaresidents and 31 anesthesia nurses from a large Swiss teaching
hospital working in teams of two. Residents (14 women) were
between the ages of 26 and 37 years (M = 30.35, SD = 2.11); their
professional experience ranged between 3 months and 5 years
(M = 210, SO = 1.28). Nurses (23 women) were between the
ages of 26 and 55 years (M = 33.4, SD = 8.13); their professional
experience ranged between 4 months and 20 years (M = 3.61,
D = 5.12). All participants had been working in the hospital’s
department of anesthesiology for at least 3 months guaranteeing
sufficient acquaintance with equipment and procedures. We en-
sured that teams were assembled ad hoc—participants did not
know beforehand with whom they were to form a team.

Apparatus

Simulations were conducted in a genuine operating room to
provide a representative research setting. Moreover, the hospital’s
regular anesthesia equipment including syringes, stethoscope, and
standard airway devices was provided. We used a simulator man-
nequin for advanced life support training (Laerdal mannequin
allowing mask ventilation, intubation, and rhythm simulation us-
ing Megacode heart rhythm simulator), which was in al cases
operated by the same experienced anesthesia attending.

Participants were videotaped during the entire scenario using
two cameras. one positioned to give a full view; one to focus on
the work area of the anesthesia team during induction. Audio was
recorded using a ceiling microphone. Additionally, we recorded
data from the vital signs monitor (e.g., heart-rate) and the venti-
lator (e.g., airway pressures). All data channels were synchronized
via a master-slave recording system to assure simultaneity during
playback.

Task

The current study focuses on anesthesia induction—the first
stage of general anesthesia. During this stage, certain drugs are
administered to the patient to ensure unconsciousness, analgesia
(pain suppression), and muscle relaxation. Furthermore, an endo-
tracheal tube is inserted to enable mechanical ventilation.

Anesthesia induction with tracheal intubation was chosen for
three reasons. First, it requires a high level of teamwork and
coordination making it more suitable to investigate team processes
(Phipps, Meakin, Beatty, Nsoedo, & Parker, 2008). Second, during
induction of anesthesia, teams operate for the most part with little
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interference from outside. By contrast, during other periods, teams
have to cooperate closely with surgeons that complicates the
investigation of genuine anesthesia team processes, that is, distin-
guishing intrateam from interteam-coordination (Helmreich &
Schaefer, 1994). Finaly, intubation can be regarded as a highly
representative task in anesthesia and emergency medicine enhanc-
ing the potential generalizability of the current study’s findings.

The simulation scenario included a 25-year old male “patient”
scheduled for right knee arthroscopy. He was described as being
healthy, his intubation anatomy looked normal, and his teeth were
normal. Participants were informed that, based on the preoperative
anesthesia meeting the evening before, a general anesthetic with
tracheal intubation using an intravenous technique had been
planned. The patient had aready been brought to the operating
room and drugs and equipment had been prepared by another nurse
who had her break now. Participants were asked to proceed
with the anesthetic as quickly as possible. This included anesthe-
tizing the patient and inserting an endotracheal tube in his airway.
During the scenario, several common nonroutine events—
deviations from optimal care (Weinger, Slagle, Jain, & Ordonez,
2003)—such as a sudden drop in the patient’ s blood pressure were
simulated. This was to reflect the daily practice of anesthesia and
to make the scenario more challenging. A staff anesthetist was
available on call.

M easures

Team mental models. As mentioned above, a variety of
different approaches have been used to measure TMM. To obtain
an overview of the settings and methods where TMM have been
assessed, we reviewed the relevant literature particularly focusing
on the TMM measurement procedures and the effects of TMM on
team performance (Cannon-Bowers & Salas, 2001; DeChurch &
Mesmer-Magnus, 2010; Mohammed et al., 2010; Mohammed,
Klimoski, & Rentsch, 2000).

Our goal was to identify a method that was meaningful to health
care practitioners, expeditious for the use in simulation-based
research, and met scientific standards for TMM assessment. We
discussed potential measurement methods with anesthetists, ex-
perts in medical simulation, and psychologists with experience in
TMM measurement. After thorough consideration, we decided to
use a concept-mapping approach. This technique has been suc-
cessfully used in previous experimental studies with action teams
(Ellis, 2006; Marks et al., 2002; Marks et al., 2000). It requires
participants to sort different concepts into a given structure (map),
for example, different subtasks of a process have to be brought in
the right chronological order. The resulting map represents the
participant’s mental model.

To identify relevant concepts (i.e., subtasks) for anesthesia
induction, we interviewed subject matter experts—five senior
anesthetists and five experienced anesthesia nurses—and reviewed
relevant protocols and guidelines. The resulting concepts were
then discussed with three other senior anesthetists. Finaly, we
agreed on 30 concepts relevant to the team task of induction of
genera anesthesia.

Each participant was given the 30 concepts printed on small
magnets and a magnet board with the map (see Figure 1). Then
they were asked to fill in the map with the subtasks thereby

indicating which team member should perform which task and
putting them in chronological order.

TMM similarity. To obtain a measure of similarity, individ-
ua maps were compared within each team. One point for similar-
ity was given if a concept was assigned to the same person; one
additional point was given if (a) concepts were placed in the same
position and (b) had the same previous concept (i.e., concept b was
placed after concept a regardless whether they had different abso-
lute positions).

TMM accuracy. To assess the accuracy of the TMM, we
asked two subject matter experts to do the mapping task. Partici-
pants’ maps were then compared with both experts’ models using
the scoring agorithm described above. The results of both com-
parisons were significantly correlated (r = .51, p = .003); we
collapsed them into a single rating.* These individual accuracy
ratings were in turn averaged within the team to obtain a team-
level measure of accuracy. Both measures’ possible range was
from 0 to 88 points with higher scores indicating larger degrees of
similarity and accuracy.

Monitoring behavior.  Team monitoring and systems moni-
toring were assessed on the basis of video observations using
Interact—a specialized software for behavioral observation (Man-
gold International GmbH, Arnstorf, Germany). Team monitoring
was coded each time a team member was observing the actions of
his or her teammate, that is, one team member watched what the
other team member was doing. Systems monitoring was coded
each time a team member watched the patient, the vital signs
monitor, or the display of the ventilator. Two trained observers—
graduate students with experience in behavioral coding—rated all
video recordings. To assess interrater reliability, three randomly
selected videos representing 10% of the data were coded by both
observers. Subsequent calculation of Cohen's Kappa reveaed
good to excellent agreement of .76 for team monitoring and of .88
for systems monitoring (Cohen, 1960; Landis & Koch, 1977).

Team and systems monitoring scores were calculated for both
team members. They were defined as the time spent on the
respective monitoring behavior in relation to the total duration of
the simulation. For example, if an anesthesia nurse spent 2 min of
a 20-min simulation on systems monitoring his or her systems
monitoring score was 10%. To allow for analyses at the team-
level, individual scores were aggregated for each team. For exam-
ple, if a nurse had a score of 10% and a resident one of 5%, the
team score was 15%. Because percentages are in fact nominal data,
we used arcsine transformation as has been done in similar studies
(Tschan et d., 2006).

Team performance. Two experienced staff anesthetists rated
team performance using a checklist comprising 83 items. The
checklist had been validated using Del phi-technique and was used
in a previous study (Burtscher et a., 2010). It constitutes an
institutional standard for performing an induction of general an-

1 Previous studies aggregated accuracy scores at higher levels of agree-
ment (e.g., between .70 and .80; Marks, Zaccaro, & Mathieu, 2000). These
studies, however, involved more artificia settings (e.g., computer simula-
tions, student participants) and less complex tasks. By contrast, the current
study uses medical professionals performing a realistic task in a represen-
tative environment. In view of these circumstances, we feel justified in
collapsing over the accuracy scores at a moderate level of agreement.
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Figure 1. Photo of a completed concept map. Please note that the concepts are labeled in German. Examples
include ventilate patient, adjust head position, hand intubation set, and announce drug administration. A
complete translation can be obtained from the first author.
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esthesia. In the current study, the checklist served as a measure
for the degree to which the teams were able to deal with the
simulated nonroutine events and meet a performance standard.
A perfect performance—resulting in a score of 100%—means
that the respective team conducted the induction perfectly ac-
cording to the standard despite the occurrence of several
nonroutine events. Again, to establish interrater reliability,
three randomly selected videotapes were coded by both raters.
Interrater reliability was subsequently calculated using the ICC
coefficient (Shrout & Fleiss, 1979), which was 0.98, indicating
high reliability.

Procedure

The study represents an observational study with two measure-
ment points (before and during the simulation). Teams were as-
sembled ad hoc based on individual availability. Upon arrival,
participants were told about the purpose and procedure of the study
and were handed the consent forms. They discussed questions and
potential concerns with one of the experimenters. After having
consented, participants were separated. They completed a personal
background questionnaire and the concept-mapping task used to
assess their mental models. Next, they were brought together again
and received a detailed technical briefing about the simulation
scenario and the features of the simulator mannequin. The simu-
lation started the moment the team entered the operating room.
After the simulation, participants received video-based de-briefing
on their teamwork and performance.

Results

The duration of the 31 cases ranged from 17.74 (17 min 44 sec)
to 33.09 (33 min 5 sec) minutes (M = 21.45, SD = 4.21). Table
1 contains descriptive statistics and correlations between all study
variables. Neither team monitoring nor systems monitoring was
related to team performance, nor were both measures significantly
correlated. Similarly, neither accuracy nor similarity of TMM was
directly related to team performance. However, both measures
were positively correlated. In addition, participants' professional
experience did not show a significant correlation with any of the
study variables.

We used moderated multiple regression analysis to test our
hypotheses (Cohen, Cohen, West, & Aiken, 2003). Variables were

Table 1
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mean centered before the interaction term was created to reduce
potential multicollinearity. Participants professional experience
was entered as a control variable. When we detected a significant
interaction, we further analyzed the pattern that caused this inter-
action. In particular, we performed simple slope analyses using an
online tool (Preacher, Curran, & Bauer, 2006).

H1: Team Monitoring and Team Mental Model
Similarity Interact to Predict Team Performance

To test this hypothesis, we regressed team performance on
both variables and added their interaction in a second step. The
regression yielded nonsignificant beta weights for both vari-
ables (see Table 2), whereas adding the interaction term pro-
duced a significant AR? = .13, p = .042. Furthermore, the full
regression model including all three predictors and the control
variable professional experience accounted for about 28% of
the variance in the performance rating (R*> = .28, p = .065).
Thus, hypothesis 1 was supported. The interaction between
team monitoring and TMM is depicted in Figure 2; values of 1
SD above and below the means were used to indicate high and
low values. As the plot shows, in the absence of a sufficiently
similar TMM of the common task, a higher level of team
monitoring had a negative effect on performance. Additional
simple slope analyses confirmed that when TMM similarity was
low (—1 SD), team monitoring was negatively related to team
performance (slope = —2.22), t(26) = —2.77, p = .010. By
contrast, when TMM similarity was high (1 SD), team moni-
toring had no effect on team performance (slope = 0.20),
t(26) = 0.23, p = .82. The region of significance for TMM
similarity ranges form —1.31 to 148.69, indicating that any
given slope outside this region is significant. Centered TMM
similarity ranges from —12.65 to 12.35. Therefore, we can
conclude that for teams with aless than average degree of TMM
similarity, team monitoring is negatively related to team per-
formance. For teams with an average or better degree of TMM
similarity, there was no relationship between both variables.
Even if a team had a perfectly similar TMM, it would not
benefit from team monitoring since the upper bound of 148.69
exceeds the possible range of the similarity rating.

Summary of Intercorrelations, Means, and SD for All Sudy Variables

Variables Professional experience TMM similarity TMM accuracy Team monitoring  Systems monitoring  Team performance
Professional experience 10
TMM similarity a7 1.0
TMM accuracy 24 .65 1.0
Team monitoring -.17 -.07 14 1.0
Systems monitoring —.08 —.02 22 .29 10
Team performance —.20 12 —.08 —-.27 .16 1.0
M 292 34.65 36.40 5.62 24.62 66.36
D 2.56 6.44 3.16 2.77 7.95 9.99

Note. N = 31 teams. All variables are at the team-level. Professional experience refers to the averaged experience in anesthesia per team measured in

years.
*p< 0L
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Table 2
Results of the Four Moderated Multiple Regression Analyses Predicting Team-Performance
Step 1 Step 2 Step 3
B p B p B P
Predictor
Professional experience -.20 .29 -.27 15 -.20 27
TMM similarity (centered) 14 43 14 42
Team monitoring (centered) -.31 .10 -.28 A1
Similarity X Team monitoring .36 .04
.04 15 28"
AR? A1 13"
Predictor
Professional experience -.20 .29 -.17 40 -.20 32
TMM accuracy (centered) —.08 .69 —.06 .76
Systems monitoring (centered) .16 41 .18 .36
Accuracy X Systems monitoring -.16 42
R? .04 .07 .09
AR? .03 02
Predictor
Professional experience -.20 .29 -.19 .32 -.18 .30
TMM accuracy (centered) -.23 .35 -19 41
TMM similarity (centered) .30 22 .20 37
Accuracy X Similarity 42 .02
R? .04 .09 26"
AR? .05 A7
Predictor
Professional experience -.20 .29 —.24 .18 -.20 25
Team monitoring (centered) -.38 .05 —.44 .02
Systems monitoring (centered) .25 .18 21 .23
Team X Systems monitoring —.36 .04
.04 19 31"
AR? A5 12
Note. N = 31 teams. All variables are at the team-level. Professional experience refers to the averaged experience in anesthesia per team measured in
years.
Tp<.0. *p< .05

H2: Systems Monitoring and Team Mental M odel
Accuracy Interact to Predict Team Performance

Our second hypothesis was not supported. The regression
yielded nonsignificant beta weights for both variables as well as
for their interaction (see Table 2). This indicates that, contrary to
our assumption, having versus not having an accurate mental
model of the common task does not influence the effectiveness of
systems monitoring.

H3: Team Mental Model Accuracy and Similarity
Interact to Predict Team Performance

Hypothesis 3 was supported. As expected, the interaction be-
tween TMM accuracy and similarity was significant (see Table 2),
it accounted for about 17% of the variance in the performance
rating. To further analyze this interaction we performed simple
slope analyses. When TMM accuracy was low (—1 SD), TMM
similarity was not related to team performance (slope = —0.004),
t(26) = —0.96, p = .34. By contrast, when TMM accuracy was
high (1 SD), TMM similarity was positively related to team per-
formance (slope = 0.01), t(26) = 2.08, p = .048. The region of
significance for TMM accuracy ranges form —9.58 to 3.03, indi-
cating that any given slope outside this region is significant. Given
that centered TMM accuracy ranges from —7.15 to 6.60, this

indicates that the effect of TMM similarity on team performanceis
significant only for relatively high values—almost 1 SD above the
mean—of TMM accuracy. Having a similar mental model of the
task is only beneficial if this model is aso accurate.

H4: Team Monitoring and Systems Monitoring
Interact to Predict Team Performance

In support of Hypothesis 4, we found a significant interaction
between both types of monitoring. Interestingly, team monitoring
was negatively related to team performance (see Table 2). The full
regression model including al three predictors and the control
variable professional experience accounted for nearly athird of the
variance in the performance rating (R = .31, p = .043). Figure 3
shows a plot of the interaction. Simple slope test revealed that
when team monitoring was low (—1 SD), systems monitoring was
positively related to team performance (slope = 0.79), t(26) =
2.56, p = .017; whereas for high team monitoring (1 SD) there was
no relationship between systems monitoring and team performance
(slope = —0.27), t(26) = —0.80, p = .43. The region of signifi-
cance for team monitoring ranges from —0.01 to 0.46, indicating
that any given slope outside this region is significant. Centered
team monitoring ranges from —0.04 to 0.08. In view of this
finding, it appears to have been more beneficial to focus only on
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Figure2. Team monitoring X Team mental model similarity interaction
as related to the performance of the anesthesia teams.

systems monitoring. In fact, teams that tried to capitalize on both
team monitoring and systems monitoring showed the worst per-
formance (see Figure 3).

Discussion

We investigated how TMM properties (similarity vs. accuracy)
and two forms of monitoring (team vs. systems) interacted to
predict the performance of anesthesia teams in a simulated induc-
tion of genera anesthesia. This study represents an important
contribution to research on action teams in hedth care as it
increases our understanding of how the relationship between team
coordination behaviors (i.e., monitoring) and performance is mod-
erated by team cognition. Three main findings emphasize the
significance of these interactions between team cognition and
observable team behaviors.

First, our findings suggest that a similar TMM is a prerequisite
for effective team monitoring. Without a shared understanding of
the task, more team monitoring disrupts performance. Team mem-
bers need to know in advance what to monitor; otherwise team
monitoring can be both misleading and a waste of resources. If
team members have a shared understanding of their common task,
team monitoring can facilitate coordinating the joint task execu-
tion. For example, if a team member recognizes that a teammate
has started a certain procedure, he or she can begin working on a
complementary task. In this case, team monitoring in combination
with a similar TMM substitutes more resource-intensive explicit
coordination mechanisms. Moreover, team monitoring may pro-
vide team members with an implicit update on whether their
teammates are still on track. If they do not seem to be on track, one
could provide assistance or instructions (Kolbe et a., 2010). Based
on this finding, we conclude that health care action teams will
benefit from establishing a TMM before performing as a team, for
example, during preoperational briefings (Einav et a., 2010).

Second, it is not sufficient to have a shared understanding of the
task. Our results confirm that to be effective, a mental model
should not only be shared but also hasto be correct (Mathieu et al.,
2005; Smith-Jentsch, 2009). Applying this finding to preopera-
tional briefings one may conclude that they would optimaly
involve subject matter experts (i.e., an attending anesthetist).
These experts could ensure the accuracy of the to-be-established
TMM.

Third, our findings suggest that teams should carefully balance
their teamwork behaviors. In our study, anesthesia teams showing
high levels of both team and systems monitoring had the lowest
performance scores. Whereas the effectiveness of systems moni-
toring was, unexpectedly, not influenced by having versus not
having an accurate TMM, it was influenced by team monitoring.
Only when team monitoring was low, was systems monitoring
positively related to team performance. One may conclude that
spending much time on both team and systems monitoring sub-
tracts too many resources (e.g., time) from the actual task. This
finding is in line with research on the appropriate amount of
backup behavior—another crucial teamwork behavior that in-
volves providing resources and task-related effort to struggling
teammates (Fernandez et al., 2008; Salas et a., 2005). Research
suggests that team members risk neglecting their own taskwork, if
they engage in too much backup behavior (Barnes et a., 2008;
Porter, Gogus, & Yu, 2010).

In summary, our results provide new insights on factors influ-
encing the relationship between team processes and performance
in health care—a necessary and compelling extension of the pop-
ular process-outcome relationship on which previous research has
focused. Relying on the input-process-outcome model (Mathieu,
Maynard, Rapp, & Gilson, 2008; McGrath, 1984), researchers
were able to relate specific observable teamwork behaviors (e.g.,
information sharing) to outcome variables (e.g., occurrence of
errors or the duration of an operation) (Catchpole, Mishra, Handa,
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Figure 3. Team monitoring X Systems monitoring interaction as related
to the performance of the anesthesia teams.
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& McCulloch, 2008; Manser et al., 2009; Mazzocco €t al., 2009;
Williams et al., 2010). The implicit assumption of these studies
seems to be that exhibiting more of a specific behavior—for
example, more information sharing—would invariably lead to
better performance—for example, fewer errors. This linear rela
tionship may hold true for some settings. However, in dynamic
health care domains it is very likely that the relationship between
teamwork and performance is more complex and that performance
cannot always be improved by increasing the level of certain
behaviors (Kolbe et a., 2011; Rico et a., 2008). Our results
provide support for this claim. Team monitoring was not directly
related to team performance. Even more, in the absence of a
similar TMM, team monitoring disrupted performance.

The following situation immediately after intubation of the
patient exemplifies the relevance of a similar TMM for effective
team monitoring: A team member observes her teammate and
concludes that she is struggling with the fixation of the endotra-
cheal tube. Hence, she moves over and attempts to assist. The
teammate, however, is not struggling but is—while apparently
busy with the tube—expecting a comment regarding the appear-
ance of a CO, reading on the monitor, which is an important
evidence for correct tube placement in the trachea. Both members
have different mental models of the situation or the priorities, and
thus, different opinions of what should be done next. As a result,
the teammate may consider this assistance inappropriate. In con-
trast, a similar TMM in the example above would have prompted
an unsolicited confirmation of the CO, reading by the assisting
team member. In particular, if the intubating teammate is still busy
with details of tube fixation and—as it is often the case at this
stage—he or she has no direct view of the monitor while main-
taining the visua focus on the tube.

Without an appropriate TMM, explicit coordination (e.g., clar-
ifying questions) can compensate for the lack of a shared under-
standing by reducing uncertainty and getting everyone “on the
same page.” In fact, explicit coordination has shown to be an
effective strategy for teams treating a cardiac arrest (Marsch et al.,
2004). Moreover, it could be useful to establish a shared under-
standing of the task before the actual task execution. During
briefings, for example, explicit coordination can help to clarify
procedures (e.g., “before we fix the tube, we need to check
whether the tube has been placed correctly”). Postoperational
debriefings represent another possibility to enhance team mem-
bers' shared understanding. In this context, a constructive discus-
sion of errors and misunderstandings can foster the establishment
of a similar and accurate TMM.

This leads to a more general contribution of this study: an
enhanced understanding of the interplay between team cognition
and coordination behavior in action teams. Some researchers con-
sidered implicit coordination particularly effective in those teams
(Entin & Serfaty, 1999). By using implicit coordination behaviors,
such as team monitoring, teams would be able to function more
efficiently because this way of coordination is smoother and less
time consuming compared to explicit coordination. Implicit coor-
dination, however, can only be successful if team members hold a
similar and accurate TMM of their task (Kolbe et a., 2009; Rico
et a., 2008; Stout, Cannon-Bowers, Salas, & Milanovich, 1999).
The current work represents, to the best of our knowledge, the first

empirical study to identify a link between TMM, monitoring as
implicit coordination behavior, and team performance. Further-
more, this study adds further external validity to the concept of
TMM by transferring results from aviation—for example, on the
interaction of TMM properties (Mathieu et al., 2005)—to health
care. Our results also suggest, in line with previous research
(Cooke, Gorman, Duran, & Taylor, 2007), that the underlying
mechanisms of team cognition can be much better understood if
one considers associated team processes, such as team and systems
monitoring.

Our study also provides new insight into the functionality of
monitoring behavior. We assessed two forms of monitoring—team
and systems monitoring—simultaneously in an applied setting.
Our findings indicate that both forms have to be taken into account
when attempting to determine the importance of monitoring for
performance. The fact that team monitoring was not positively
related to team performance and that teams trying to focus on both
forms of monitoring had the lowest performance scores could also
be a peculiarity of the current setting. In a two-person team, one
team member concentrates on the primary manual task (eg.,
inserting the endotracheal tube) while the other engages in moni-
toring behaviors. This person has to decide whether to keep track
of his or her teemmate or to observe the work environment.
Intubation is a relatively standardized task and the nonroutine
events could be easier detected when focusing on the work envi-
ronment. Therefore, it is not surprising that systems monitoring
was more beneficial. Team monitoring may be more beneficial in
a less standardized team-working situation and with increasing
team size. Although our results suggest that trying to monitor both
the teammate and the environment exceeds the capacity of asingle
person, the same situation may be different for a three-person
team: one member could focus on team monitoring while the other
focuses on systems monitoring. Another reason for our inability to
detect a positive effect of team monitoring might be a potentially
nonlinear relationship between team monitoring and team perfor-
mance. As mentioned above, research on backup behavior sug-
gests that too much backup behavior may be dysfunctional (Barnes
et a., 2008). The same could be true for team monitoring; the
relationship to team performance could be curvilinear with both
too little and too much team monitoring having a negative effect
on team performance.

Another aspect worth mentioning concerns the relatively low
average values of both TMM similarity and accuracy. They can be
attributed to the peculiarities of the current setting. Teams were
assembled ad hoc and had no opportunity to discuss the scenario
before the start of the simulation. This situation, however, reflects
the actual working conditions in anesthesia. To some extent, the
relatively low similarity and accuracy values might be caused by
the different training settings of residents and nurses. Even though
their training focuses on the same practical procedures, differing
training priorities may still result in reduced TMM similarity.
Furthermore, compared to previous studies on TMM, teams had to
perform a relatively complex task; particularly, since we intro-
duced several unexpected events. As a result, severa correct
solutions were possible, which could explain the relatively low
accuracy scores. Interestingly, even under these circumstances,
both TMM similarity and accuracy affected team performance.
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Limitations of the Present Study

The limited sample size because of the inclusion of anesthesia
professionals prevented us from testing all interactions simultane-
ously—for example, the three-way interaction between team mon-
itoring and TMM similarity and TMM accuracy. While theoreti-
caly important to differentiate these two aspects of the TMM as
potential moderators, it was difficult to do in our study—even
more so as similarity and accuracy were correlated. In addition, we
did not use an experimental design, which precludes us from
drawing inferences about causal relationships. However, using
different measurement points and methods to assess key variables
in combination with regression analysis strongly suggests that
differences in TMM were a cause for the observed differences in
team performance. Another limitation concerns team composition.
In the current study, nurses were on average more experienced
than residents resulting in diverse teams with regard to profes-
sional experience. Although teams of more experienced nurses and
less experienced residents are very common, the overrepresenta-
tion of this team composition may limit the generalizability of our
findings. Finally, as mentioned above, teams in the current study
exhibited relatively low averages of accuracy and similarity. The
associated limited range of both indices may reduce the ability to
generaize our findings.

Future Research

In view of the limitations of the current study, alogical next step
would involve a systematic manipulation of TMM by training or
briefing procedures. Cross-training, for example, has been shown
to positively affect similarity and accuracy of team knowledge
(Cooke et al., 2003). An experimental manipulation would help to
clarify causal relationships between TMM, monitoring behavior,
and team performance. In addition, future studies should investi-
gate whether TMM also affect the influence of other implicit
coordination mechanisms—for example, talking to the room
(Kolbe et a., 2010; Tschan et al., 2009; Waller & Uitdewilligen,
2008)—on team performance. We would expect that TMM prop-
erties would also moderate this relationship. Another interesting
point concerns the role of backup behavior. Future studies should
investigate whether the influence of team monitoring on team
performance is mediated by backup behavior. Furthermore, differ-
ent task characteristics (e.g., standardization, interdependence) and
team characteristics (e.g., team member familiarity, team size)
might influence the effectiveness of monitoring behaviors. Inter-
estingly, our findings regarding the functionality of TMM similar-
ity for team monitoring point to a potential threshold level.
Whereas at low levels of similarity more team monitoring was
associated with poor performance, at high levels of similarity team
monitoring did not affect team performance. It might be the case
that in some situations, TMM would be more appropriately con-
ceptualized in terms of abinary construct; that is, ateam either has
or has not a sufficiently similar model. Finally, the developmental
aspect of monitoring and its relation to performance should be
studied in more detail. On the one hand, we would assume that
team monitoring varies as a function of other team characteristics.
For example, teams that— unlike those in the current study—work
together for a long time have the possibility to develop mutual
feelings of trust. High levels of trust were associated with low

levels of monitoring (Langfred, 2004). It would be interesting to
investigate the influence of team-level affective states, such as
feelings of mutual trust or group potency (Jung & Sosik, 2003), on
the level of team monitoring. On the other hand, it is worth
considering that the relationship between monitoring and team
performance is nonlinear. In this sense, detecting patterns of dif-
ferent team processes—instead of focusing on linear process-
outcome relations—should be a focus of future research.

Conclusions

Our findings highlight the importance of considering both TMM
and monitoring behavior when investigating the performance of
health care teams. In the absence of asimilar TMM, higher levels
of team monitoring were associated with lower levels of team
performance. Furthermore, both TMM similarity and TMM accu-
racy interacted to predict team performance. Because many teams
in health care are assembled ad hoc and exist only for a limited
time, they do not have the possibility to develop a similar TMM
during their work. Moreover, merely working together does not
necessarily result in a similar and accurate TMM (Mohammed et
al., 2000). Therefore, interventions that help teams of health care
professionals to develop a similar and accurate mental represen-
tation of their task might be beneficial for team performance. As
findings from other high-risk industries indicate, cross-training and
guided team self-correction can foster TMM development
(Cannon-Bowers, Sdlas, & Blickensderfer, 1998; Marks et al.,
2002; Smith-Jentsch et al., 2008).
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