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ABSTRACT 
Objective, easy to use, easy to comprehend, high face-
validity assessment methods for measuring shared 
awareness in teams are hard to find. This paper describes an 
experiment where a new measure called Shared Priorities, 
which is based on ranking of self-generated strategic items, 
is tested. Trained teams were compared to non-trained 
teams in a dynamic problem-solving task in terms of 
performance and shared awareness. The shared priorities 
measure was used alongside other, well-documented 
measures of team awareness based on self-rating. The 
results show that the Shared Priorities measure correlate 
with performance and could also distinguish between 
trained and non-trained teams. However, the Shared 
Priorities measure did not correlate with the other team 
measures, suggesting that it captures a different quality of 
team work than the self-rating measures. Further, the shared 
priorities measure was found to be easily administered and 
gained a high user acceptance.  
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INTRODUCTION 
Teams are, in most organizations, the basic building blocks 
for achieving more complicated tasks and goals. Teams are 
defined as groups of people, whom all take certain roles and 
conduct specialized tasks aiming at reaching a common 
goal [36, 32]. Further, team member’s actions take place 
within the same time-frame and are interrelated and 
interdependent [6]. The way teams perform, and the 
underlying factors shaping that performance is an area that 
has gained ever increasing interest during the last decades, 
especially since the introduction of networked computing 
that enables team to jointly work on problems, both as co-
located and distributed teams [18, 1, 2, 24, 28, 22].  

Teams, and what make them effective, have become a 
major concern for practitioners and researchers. In many 
cases, findings from group research have been applied on 
teams [28, 14], but there is also a vast body of research on 
teams that have emerged (see for example [43, 32] for a 
comprehensive overview). A large part of this research has 

focused on investigating the importance of team 
“awareness” and/or “sharedness” or simply “team 
cognition”, especially in research focused on teams in 
dynamic control tasks. This is motivated by the idea that 
teams, just as individuals, must be able to sense, understand 
and act in order to remain in control of a situation (perform 
within an acceptable performance envelope, [21, 22]). What 
mostly is studied (measured) is the ”sense and understand” 
part, in many cases based on the concept of “situation 
awareness”. Situation awareness, as defined by Endsley 
[13], is a commonly used construct that, if we put it a bit 
simplistic, is based on the premise that a person who has a 
good understanding of a situation has a good basis for 
handling the same situation (this is not necessarily true, but 
many studies depart from this line of argumentation). The 
situation awareness concept, has since then been expanded 
to teams. However, this is not unproblematic. Team 
awareness or team sharedness comprise more than a mere 
understanding of what is going on in the surrounding world. 
Rather, it involves the team members’ understanding of the 
different roles in the team, the assumptions of others’ 
knowledge of other team members’ understanding of the 
situation and even interpersonal relationships. As pointed 
out by Salas & Cannon-Bowers [40], what’s and how’s of 
assessing team performance and awareness or other aspects 
of teamwork is diverse and lacks consensus. 

Wildman et al. [43] has written a comprehensive overview 
of existing approaches to measuring what could be called 
“shared awareness” in team. As pointed out by Wildman et 
al. [43]: “A vast, and often confusing, array of team 
cognition measurement approaches exist, ranging from 
simple to complex, from quick to time consuming, and 
covering a wide range of constructs.” (p.1). The 
methodological approaches used vary greatly, ranging from 
purely descriptive approaches, such as ethnographic studies, 
discourse analysis or video analysis, to experimental studies 
aiming at creating indicators of team performance with 
predictive power. Wildman et al. [43] (p. 6) have identified 
six primary data collection methods used in team research: 
“We have categorized the data collection sources used 
within the broader team cognition literature into six primary 
types: (1) interview transcripts, (2) communication 
transcripts, (3) video records of behavior, (4) direct 
observations of behavior, (5) self-reported perceptions of 

• License: The author(s) retain copyright, but ACM receives an 
exclusive publication license. 

 



team cognition, and (6) self-reported individual 
knowledge”. Wildman et al. [43] discuss the pros and cons 
of the different methods in relation to what kind of 
conclusions that can be drawn from the different types of 
data that are collected. There is no doubt that video- or 
audio recordings will provide a very rich material and that 
such methods are possible to apply in a way that does not 
have to intrude or disturb participants in study. However, 
the drawback is that such data is very time-demanding to 
analyze. Only preparation for analysis, transcription, takes 
at least three to four times longer than the actual recording 
[43]. Direct observation suffers from the limitations of the 
observer, i.e. there is a risk that the observer misses 
important events, that the observer misinterpret what is 
going on, or that the observer simply is biased in his/her 
way of observing and taking notes. Direct observation also 
demands a certain level of domain knowledge, otherwise it 
will be difficult for the observer to make sense of what 
he/she is seeing [25, 12, 34]. Self-reported measures are 
very common in team research, both concerning 
perceptions of team performance and as individual 
measures. While possibly giving access to the “inner 
workings” of a team, they are perceptions, meaning that 
they do not necessarily represent a good account of what 
actually is happening.  

From a team perspective, self-reporting measures are 
founded on individual points-of-view, forcing the 
researcher to apply different kinds of statistical approaches 
to aggregate a “team measure”, usually in the form of 
average or median calculations of scale-rating replies. 
These challenges have been discussed by several authors 
[41, 39, 19]. Depending on the type of administration, such 
measures are also more or less intrusive [43]. Dynamic 
measures, which may be repeated several times during for 
example a training session, will most likely effect the way 
teams work and how they experience and think about the 
current situation. “In other words, by measuring team 
cognition, there is a strong possibility that team cognition is 
being changed.” [43] (p. 24) (cf. metacognition, [20]).  

Also, most quantitative measures, such as SAGAT [27], 
DATMA [31], CARS [33] etc., are explicitly based on 
theoretical constructs, meaning that a top-down perspective 
is applied rather than a data-driven such as in the case of the 
more qualitative approaches. Such models assume that there 
are some general phenomena that apply to all situations, or 
rather, unless the underlying model is relevant, the measure 
most likely lacks construct validity [9]. There are thus pros 
and cons related to all kinds of data collection methods. On 
the extremes, we have video recordings and the 
cumbersome data analysis that results from the method and 
on the other end simple self-report measures that are easily 
managed but reduces team interaction and complex 
situations to pin-pointed quantitative measures based on 
theoretical constructs.  

How should one then bridge the depth between the deep 
blue sea of purely data-driven methods (which describes 
team interaction and process in a detailed way) and self-
report measures (which may predict performance, but tells 
us little about team interaction and actual beliefs of team 
members)? Our view is that “team awareness” emerges 
from the interactions of the team (cf Cooke, et al. [10]) in 
relation to reality, and also as a consequence of team 
(group) formation [42]. From this point of view, there is no 
“shared situational awareness” in the sense that all team 
members have the same understanding of the current 
situation. Rather, each team member has his/her keyhole 
view of events, which is based on the individual’s 
competence, organization of work, technological 
constraints [22], as well as earlier perceptions [37]. From 
that point of view, the idea of “shared situational 
awareness” becomes less relevant as it actually would be 
contra-productive to strive towards a completely shared 
view of ongoing events. Instead, a well-functioning team 
will act as a joint system that serves the purpose of 
achieving a common goal, something that does not demand 
identical situation awareness on the individual level. What 
then should be of interest for a scientist wanting to 
understand if a team is functioning well is to ask whether 
the team members are striving towards the same goal (or 
goals)? This is similar to the concept of “Strategic 
Consensus” as described by for example Kellermans et al. 
[29].  

Strategic consensus has mostly been applied to top-level 
management in companies and there have been some 
difficulties in establishing a clear relation between the 
measure and performance, most likely because it has been 
administered on management teams with different levels of 
maturity and also in settings signified by low experimental 
control [29]. Strategic consensus is measured, either by 
asking participants about the about how much agreement 
there is within the organization, or by asking individuals to 
respond to questions regarding a specific strategic 
approach.  

What we suggest is a measure that can capture whether a 
team has a common view of goals in a given situation, 
which can be administered easily and analyzed without too 
much effort. Generally, the researcher aiming at 
investigating the relation between measures of team shared 
awareness and performance for teams involved in solving 
dynamic, complex tasks are faced with two problems: 
Firstly, the researcher must find a task that has a reasonable 
level of difficulty but at the same time can provide a 
performance measure that makes sense. Secondly, the 
researcher must be able to present a measure of team 
awareness/cognition that can be correlated with the 
performance measure. That measure should also be valid, 
reasonably easy to administer, and acceptable for the 
participants in that study, i.e. have face validity. Below, we 
will argue for a new measure called ”Shared Priorities”, 
which have some of these characteristics. We will also 



provide an empirical example where the Shared Priorities 
measure is compared to some well-established measures of 
team awareness. 

Shared priorities 
The Shared Priorities measure is based on the idea that team 
members rank order items that are directly related to their 
current work situation. Typically, five items are used. A 
team member can usually perform this task within 2 
minutes. The researcher then calculates Kendall’s measure 
of concordance [30], i.e. to what degree the team members 
have ranked the items in a similar way. The way to generate 
items has varied between different studies. Berggren et al. 
[5] used predefined items in a study on battle tank officers’ 
perception of what was important for the tank crew to 
perform. In that study, all team members showed the same 
appreciation of the situation regardless of performance. 
Later, Berggren and Johansson [4] tested a different 
approach where the team members generated the items to 
be ordered. This simplified and improved the shared 
priorities measure since the items were generated faster, 
were more closely related to the situation, had higher face-
validity, and also needed less preparation time. This study 
showed a significant effect of the shared priorities measure. 
Prytz et al. [38] carried out a follow-up study with teams 
using students as participants and team member generated 
items. This design showed no main effect of shared 
priorities. That the shared priorities results from study [38] 
differ from the former study [4] is probably explained by 
the fact that student teams were less cohesive than the 
professional teams since they had no former experience of 
each other and the task. In the study reported in this paper, 
this drawback has been eliminated by training half of the 
participating teams for a longer period (see below). Also, in 
order to gain an understanding of the validity of the shared 
priorities measure, we compare the outcome of shared 
priorities with the commonly used CARS and DATMA 
measures by means of correlation to performance.  

The C3 Fire Microworld 
In order to have a controllable, but yet relevant 
environment, we have chosen to utilize a microworld called 
C3Fire in this study. Microworlds have been used for 
several decades and typically present the participants in a 
study with a situation that is complex, dynamic and opaque 
[7, 11,8, 23, 35, 15, 26]. At the same time, all conditions in 
the microworld can be controlled by the researcher and a 
number of quantifiable performance measures can be 
retrieved. The microworld thus offer a setting that is 
experienced as dynamic and complex by the participants in 
the study, but yet offers a controllable and tractable tool for 
the researcher.  

C3Fire is a microworld that can be used by either an 
individual or a group of people collaborating with the goal 
to extinguish a simulated forest fire [16, 17]. The 
collaboration can be supported by different means of 

communication and it is possible to configure the 
simulation so that a dependency is created between the 
different members. The participants in a C3Fire run 
typically take the roles of chiefs over a number of vehicles, 
such as fire engines, water trucks or fuel trucks. They must 
then coordinate their efforts in order to fight the forest fire 
as efficiently as possible. The fire engines must fight the 
forest fire, but they depend on the water trucks to provide 
them with water for extinguishing the fire. Both fire engines 
and water trucks depend on the fuel trucks to keep moving. 
The interactions with the simulated, sub-ordinate units are 
conducted through a geographical information system, 
which is an interactive electronic map (see Figure 1).  

C3Fire is highly configurable, making it possible for the 
experimental leader to design the flow of information from 
units in the simulation to different roles in the fire-fighting 
organization (the experiment participants), as well as 
information flow between the participants in the 
experiment.  

 

Figure 1. Fire user interface. Black areas are burned down, 
red areas are burning and brown represent areas where the 
fire has been successfully extinguished.  

PURPOSE/HYPOTHESIS 
The main hypotheses tested in this experiment was if 1.) the 
shared priorities measure can be correlated with 
performance, if 2.) the shared priorities measure correlates 
with other, well-established measures of “team awareness”, 
and 3.) if the shared priorities measure could distinguish 
between trained and non-trained teams. The first two 
hypothesizes aim to test if the shared priorities measure as a 
construct is connected to the outcome of the team process, 
and if it somehow is related to other measures that 
previously have been connected to performance. The last 
hypothesis is based on the idea that only “mature” teams are 
able to understand their own activity in relation to the 
ongoing events in the environment and their respective 
roles in the team. Non-trained teams should reasonably be 
poor at this, while experienced teams should be able to do 
so. Also, self-rating scores such as CARS and DATMA 
(see below), should not necessarily be able to catch this, as 
the underlying construct in those measures never intended 
to do so.  



METHOD 
A split plot design was used, team type (trained teams vs 
non-trained teams) X sensor range (full view scenario vs 
limited view scenario). Scenario order was balanced over 
runs. Full view meant that the participants could see what 
other team members’ units were doing and how the fire was 
developing, regardless of distance to the participants units. 
Limited view meant that a participant could only see what 
was happening in cells adjacent to his/her units. This 
included both units and fire development. To see how a fire 
is spreading a participant need to have a unit next to it, 
demanding a more active use of the resources as recon 
units.  

Participants 
Twelve teams with three members in each team 
participated, six trained and six non-trained teams. There 
were 28 men and 8 women. The mean age of the 
participants was 28.9 years. There was no significant 
difference between trained and non-trained teams regarding 
age or gaming experience. The trained teams were trained 
for 10 session that included simulator runs and after action 
discussions. Each training session comprised of a 25 
minutes simulator run and about 35 minutes of after action 
discussion including answering a questionnaire. For details, 
see Baroutsi et al. [3]. The non-trained teams received a 
brief introduction including simulator runs and 
organizational structure (22 minutes). When acting in the 
scenario, each member of the team chose a role to play: Fire 
Chief, Water Chief, or Fuel Chief. Each role controlled 
multiple vehicles. Fire Chief controlled four regular fire 
trucks, and two fast moving fire trucks (with smaller water 
tanks). Water Chief controlled three water trucks and two 
regular fire trucks. Fuel Chief controlled three fuel trucks 
and two regular fire trucks. The configuration forces the 
participants to coordinate actions within the team. 

Equipment 
Four computers were used to run the C3 Fire microworld 
simulation, one for each participant in the team and one for 
administering the microworld.  

 

Figure 2. Physical organization of the experiment. 

The team members were placed in cubicles so that they 
would not be able to directly observe each other’s screens, 
thus forcing them to collaborate in order to keep track of 
each other’s activities see Figure 2. 

Measures 
Dependent variables were simulation performance, CARS 
[33], mutual awareness [31], and shared priorities.  

Performance in the simulation was calculated from the 
number of burned out cells in the C3 Fire microworld. 
Different cells had different values depending on the type 
of object in it. For example, houses were weighted higher 
than wooded areas, which in turn were weighted higher 
than grass fields. Each team’s score was divided with a 
baseline score and then subtracted from 1, resulting in a 
value between 0 and 1 where 0 indicated poor performance 
and 1 indicated perfect performance.  

The CARS-measure included eight questions. For every 
question the participant is asked to rate themselves on a 4-
point scale, adopted from Prytz et al. [38]. The CARS 
questionnaire was analyzed by calculating the mean for all 
CARS-questions for each team and scenario.  

The DATMA mutual awareness instrument consisted of 
three parts: team workload awareness, task awareness, and 
teamwork assessment. DATMA teamwork assessment is 
rated on a 7-graded scale and DATMA team workload 
awareness is rated on a 20-graded scale. The modified Task 
Awareness questionnaire [38], was altered reducing the 9 
categories to 7. This is because it is difficult to have 
opinions about someone else’s intentions. For this paper, 
only team level measures were used. That is, the team 
workload was calculated using the DATMA team workload 
awareness questions on team level, excluding the team 
performance question.  

For the shared priorities measure, all team members were 
asked to individually generate a list of five items that were 
important for the team to perform in the current situation 
(target lists). The next step was then to let the team 
members rank each other’s scrambled target lists. The three 
rank ordered sets of lists could then be analyzed using 
Kendall’s measure of concordance [30], giving a value 
between 0 and 1. An example of a generated target list is 
seen below. The list is ordered from first to fifth. 

1 Stop the fire from reaching houses and schools around 
AD55. 
2 Refill the units fighting the fire around V54. 
3 Close down the fire around C49 and P49. 
4 Refill units around Q49.  
5 Move the units to the middle of the map. 

Procedure 
After having received the desired amount of training (see 
above), an experiment session was performed. The 
participants could choose among themselves what role to 
operate: Fire Chief, Water Chief, or Fuel Chief. The 
participants were divided by screens for viewing obscurity 
reasons. The teams took part in two simulator runs in 
C3Fire, each taking 25 minutes. After each run was finished 
the participants responded to the Shared Priorities 



instrument, mutual awareness, and CARS. Log-files were 
automatically saved by the C3Fire simulation server.  

RESULTS 
All dependent measures were analyzed using a 2 (team 
type) x 2 (sensor range) ANOVA. The results are compiled 
in Table 1. There was a significant main effect of sensor 
range for all dependent measures except shared priorities. 
The teams performed better in the full view condition. Also, 
the teams rated themselves higher on CARS, experienced 
lower workload on the DATMA Team workload 
instrument, and scored higher on both DATMA Task 
awareness and Teamwork assessment in the full view 
condition. For the shared priorities measure there was no 
main effect of sensor range.  

For several of the dependent measures there was a main 
effect of team type (simulation performance, shared 
priorities, and DATMA Task Awareness), for workload 
p=0.073. Trained teams performed better than non-trained 
teams on simulation performance. Trained teams also rated 
themselves higher on CARS, experienced lower workload 
on the DATMA Team workload instrument, and scored 
higher on DATMA Teamwork assessment than non-trained 
teams  

All dependent measures were correlated over both 
conditions. The correlation matrix can be seen in Table 2. 
The shared priorities measure correlates significantly with 
simulation performance, and there is a significant negative 
correlation with workload. However, shared priorities does 
not correlate with CARS, nor with task awareness or 
teamwork assessment. CARS correlates significantly with 
simulation performance, task awareness, and teamwork 
assessment. There is also a significant negative correlation 
with workload.  

DISCUSSION 
Returning to the hypotheses proposed above; shared 
priorities measure correlates with performance (hypothesis 
1 not rejected). This means that shared priorities, which is 
not a self-rating measure or a subjective measure of overall 
team performance, is related to actual performance of the 
team. The shared priorities measure does not correlate with 
other, well-established measures (hypothesis 2 rejected). 
Since there is a correlation with performance, the shared 
priorities measure reflects other aspects of team cognition 
than do CARS and DATMA (except for DATMA team 
workload). Trained teams score better on shared priorities 
than non-trained teams (hypothesis 3 not rejected), while 
the other measures do. This suggests that the shared 
priorities measure captures other aspects of team 
“sharedness” than the other measures.  

Further, all the measures used in this study are more or less 
intrusive. However, shared priorities could be administered 
fairly quickly, is easy to analyze and relates directly to the 
situation in which the participants are at the moment. The 

other measures on the other hand tries to capture more 
general aspects of team/situation awareness, but they never 
demand the participants of the team to actually manifest 
any of their “cognition” in terms of their actual 
understanding of the team or the situation, i.e. there is no 
“objective” data regarding the sharedness of either 
understanding of what is happening, what will happen or 
what should be done currently or in the future. Shared 
priorities at least forces the participants to state what they 
believe are important to achieve in the current situation. A 
possible methodological problem is that using a tool like 
shared priorities may, in itself, alter the “team cognition” as 
it force/encourage the team members to reflect upon their 
own activity (cf. metacognition [20]). It should not, 
however, increase “sharedness” as the team members do 
not have the possibility to coordinate their ranking of the 
items. However, just seeing the items may have an impact 
on behavior. This could also be the case for the other 
measures, but perhaps not as directly as in the case of 
shared priorities.  

Another question that remains unanswered is how many 
members a team can have and still be examined with shared 
priorities? In theory, there is no upper limit, but the larger 
the team, the more unlikely it is that the ranking items will 
make sense to the participants as the members of a large 
team typically becomes more diverse in terms of roles, 
goals and views of the surrounding world (assuming that a 
team member typically has his/her “keyhole” perception of 
what is happening). Most methods approaching the measure 
of team SA suffer from this drawback, namely that they 
depart from either self-rating on different scales, or expert 
ratings of team members. The problem with this approach is 
that there is a risk that the ratings never actually reflect the 
actual team SA, but rather the feeling of cohesiveness or 
possibility of success in a team. The fact that such measures 
correlate with performance could stem from the fact that the 
participants in the study understands that they are 
performing well, which not necessarily must be an 
indication of “Crew Awareness” or “Mutual Awareness”. 
Also, such measures are constructed in such a way that a 
team may get fairly high scores on the tests even if the team 
process actually is suboptimal, while a measure such as 
Shared Priorities will be unmerciful towards team that 
actually are unable to achieve a basic level of sharedness in 
terms of their understanding of current goals. On the other 
hand, Shared Priorities will most likely not be applicable to 
immature teams, since it is unreasonable to think that such 
teams should be able to create a shared understanding. The 
amount of training a team needs in order to score in a 
decent way on the Shared Priorities measure is still an open 
question. 

CONCLUSION 
In this paper, a microworld study was conducted to 
investigate if Shared Priorities could be correlated with 
performance, if it could be correlated with other, 



established measures of team situation awareness/mutual 
understanding and if trained teams would score better than 
non-trained teams on the Shared Priorities measure. Shared 
Priorities was found to correlate with performance. No 
correlation was found with the other measures used in the 
study. Trained teams did score higher on the Shared 
Priorities measure than non-trained teams. This suggests 
that the shared priorities measure captures other aspects of 
team “sharedness” than established measures. Specifically, 
it focuses on the agreement on objectives/goals rather than 
perceptions of the current situation. Implicitly, this relates 
to level three SA, which concerns “projection of future 
states”, but it goes beyond this as the items describe what is 
to be achieved rather than what is going to happen. Intent is 
thus an important aspect of the shared priorities measure 
compared to the definition of SA as defined by Endsley.  

A vast range of measures of “team cognition”, “team 
awareness”, “team situation awareness” and similar notions 
exist. In general, the methods associated with these measure 
either generate vast amounts of data such as field 
recordings (video, audio) or are based on theoretical 
constructs and are administered in the form of self-rating 
scales. The former, although being mostly non-intrusive, 
suffers from the fact that it is very cumbersome, and 
expertise-demanding to analyze. The latter often fails to 
capture team interactions, and, most importantly, does not 
capture “objective” manifestations of team sharedness. 
Some measures are based only on outcome parameters or 
specific tasks, but such measures must be tailored to the 
exact situation in which the participants work, thus 
demanding a lot or preparation and expertise.  

In comparison to other measures of team cognition, the 
Shared Priorities measure demand little preparation, 
demand no expertise in the domain in which the 
participants take part on part of the researcher and is fairly 
straight-forward to analyze.  
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Table 1. Table of ANOVAs performed including means for the different conditions. 

Dependent 
measure 

Main effect of 
sensor range 

Mean 
full view 

Mean 
limited view 

Main effect of 
team type 

Mean 
trained 
teams 

Mean 
non-
trained 
teams 

Interaction 
effect 

Simulation 
performance 

F(1,10)=29.63, 
p<0.001 

0.60 0.39 F(1,10)=15.38, 
p<0.005 

0.65 0.34 ns 

Shared 
priorities 

ns 0.55 0.43 F(1,10)=8.44, 
p<0.05 

0.58 0.40 ns 

CARS F(1,10)=38.20, 
p<0.001 

3.16 2.46 ns 2.94 2.68 F(1,10)=9.02, 
p<0.05 

DATMA Team 
Workload 

F(1,10)=13.81, 
p<0.005 

10.78 12.98 F(1,10)=4.02, 
p=0.073 

10.80 12.96 F(1,10)=3.57, 
p=0.088 

DATMA Task 
Awareness 

F(1,10)=10.65, 
p<0.01 

8.68 6.67 F(1,10)=5.28, 
p<0.05 

9.44 5.90 ns 

DATMA 
Teamwork 
Assessmen 

F(1,10)=27.82, 
p<0.001 

14.94 11.73 ns 14.33 12.34 F(1,10)=8.59, 
p<0.05 

 

Table 2. Correlation matrix for the different dependent measures. 

 Simulation 
performance 

Shared 
priorities 

CARS DATMA Team 
Workload 

DATMA Task 
Awareness 

Shared 
priorities ,496*     

CARS ,536** ,190    

DATMA Team 
Workload 

-,611** -,456* -,644**   

DATMA Task 
Awareness 

,618** ,335 ,457* -,729**  

DATMA 
Teamwork 
Assessment 

,661** ,199 ,908** -,577** ,373 

*. Correlation is significant at the 0.05 level (2-tailed), **. Correlation is significant at the 0.01 level (2-tailed). 
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