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Abstract

This paper is comparing methods for assessing team shared situational awareness in dynamic situations. Seven teams participated in a study where subjective assessments of individual situational awareness, shared situational awareness, individual performance, and team performance, as well as system recordings of team performance were collected in the C3Fire microworld. The results indicate that shared situational awareness contributes to team performance, that individual situational awareness and shared situational awareness are correlated, and that shared situational awareness as degree of agreement is tapping into different aspects of shared situational awareness than when subjectively assessed. The findings in this study support earlier models of how situational awareness is related to performance.
1.0
ASSESSING SHARED SITUATIONAL AWARENESS IN DYNAMIC SITUATIONS
Shared situational awareness is one perspective of how teams share an operational picture. A shared operational picture is a prerequisite for adaptability, and situational awareness is a precursor of performance [1]. If the team members do not possess a shared understanding of the situation it is difficult to coordinate and adapt to a dynamically changing situation.

This paper is comparing methods for assessing team’s shared situational awareness in dynamic situations.

Shared situational awareness is a critical aspect in many decision-making systems. Assessing shared situational awareness is multi-facetted and various methods have been used [2, 3] in various domains. In the present study, shared situational awareness was assessed by means of various forms of subjective ratings and degree of agreement. Also, performance was assessed, for reasons of comparison.
2.0
Subjective ratings of shared situational awareness

When teams are collaborating to achieve a common goal, a shared understanding enhances team effectiveness. Coordination, information-sharing, support, and communication are all part of the team processes that enables for team decision-making. Another important aspect of team decision-making is shared situational awareness. Shared situational awareness (SSA) is about sharing an understanding of what is going on.
Shared situational awareness can be assessed in a number of ways, both subjectively and objectively. Here the choice was to assess shared situational awareness by subjective assessment and by ranking of events important to the situation (degree of agreement). By assessing shared situational awareness in several manners, we receive an indication of reliability between the assessment measures. Also, not less important, the use of several assessment measures of various types, helps us better understand various aspects of the concept of shared situational awareness reflecting on systematic decadences between the measures. Also, the theoretical development of the concept of shared situational awareness is potentially aided by various empirical assessments, by better understanding aspects of the concept.
Measures that are addressed in this paper are: individually assessed situational awareness, individually assessed shared situational awareness, and degree of agreement on task priority. Also, individually assessed performance and individually assessed team performance were collected, as well as objective performance.
2.1
C3Fire

To provide the participants with a complex simulation environment and a clear team task the C3Fire microworld environment was used. The environment is mainly used in command, control and communication research and in training of team decision making [4]. In C3Fire it is possible to record everything that is happening, and to create scenarios that develop according to scripts with time-initiated events.

Microworlds, especially C3Fire, have been used in several studies [5-8]. A microworld is, according to Svenmarck [7], a “simplified task where the complexity can be manipulated and yet maintain the essential characteristics of the real-world task of interest” (p.7). Brehmer and Dörner [9] characterize microworlds as dynamic, complex, and opaque. From the decision-making perspective a microworld is something that provides a dynamic situation that calls for team work such as collaborative efforts, communication, and coordination. The C3Fire [4]  is a microworld that was developed to allow for studies of command and control in a simulation mimicking forest fires.

3.0
Method

Participants

Seven teams are included in the analysis for this paper. Each team consisted of three members. Each team participated in four conditions ranging from seeing all information to only seeing information regarding the operator’s own concerns. Each participant also rated their shared situational awareness and ranked the important events three times for each condition. This gives an N of 3 (team members in each team) x 7 (teams) x 3 (assessment occasions) x 4 (conditions) = 252.
The three participants controlled either water trucks, fire fighting trucks, or re-fuelling trucks.
Design

A within group design was used. 

To generate different levels of shared situational awareness the experiment manipulated the conditions on a scale from that the participants could share all information (could see the other participants information on the own situational display) to only see information that concerned their own role. Four conditions were used to present different levels of situational awareness. The conditions are presented in Figure 1. 

	 
	Can see all vehicles
	Can only see own vehicles

	Can see whole map and fire
	I
	II

	Can not see map and fire (only see around vehicles)
	III
	IV


Figure 1. The experimental conditions

The experiment was balanced so that there was no expected effect of order of the conditions.

Dependent and independent measures

The subjectively assessed measures were rated on a 7-graded scale; individually assessed situational awareness, individually assessed shared situational awareness, individually assessed performance, and individually assessed team performance. Degree of agreement was measured by ranking events important to the situation.
Material

The C3Fire microworld was used. Questionnaires were developed to measure situational awareness, shared situational awareness and degree of agreement.
The scenario was created to generate dynamic situations, with stress, dynamically changing responsibilities, time constraints, changing conditions, unclear solutions to problems – calling for team coordination.

The scenario called for coordination of actions among the participants. The participants had to collaborate to understand where the fire was, to reach the fire, and to fight the fire. The same scenario was used for all four conditions, except that the map was turned 90 degrees between every scenario so that the participants would not know where to expect the fires. Communication between participants was enabled via a text message chat.

Procedure

The participants were first instructed about the experiment and the purpose. Subsequently they participated in a training session. After that, the experiment started. As soon as one scenario was finished and the questionnaires answered, the next scenario with the next condition started. Every scenario was paused after 7, 14, and 20 minutes so that the participants could answer a questionnaire. The duration of the experiment was approximately 150 minutes.

Scoring

The system team performance measure (System TP) was calculated using a point system were every new square that started to burn added a point. If the participants managed to extinguish the fire they got fewer points than if it burned until it stopped. If it was a house in the square they achieved extra points. The lower the score, the better the performance was. The participants were informed of the performance criteria prior to the simulation.
Shared situational awareness was operationalized as degree of agreement between the team members and as subjectively assessed shared situational awareness (Participant SSA). Degree of agreement was calculated in two ways – squared discrepancy and rank order correlation. The calculation of degree of agreement was based on how similar the ranking of the most important events were between team members. A value was, for example, calculated for subject A, for each event, by adding the absolute values of the discrepancies between the ranked values for subject A vs. subject B and subject A vs. subject C. Then, the values for subject B and the values for subject C was calculated accordingly. That is, if the subjects, for instance, ranked the events exactly in the same way, the result would be no discrepancies. At the most the discrepancies could reach the value 6, if one subject ranked an event first (1) and another subject ranked the event last (7). A detailed description of the calculations of rankings for calculation of degree of agreement is described in [10]. Using squared discrepancies have been purposed [11]. That is, each of the discrepancies between two subjects is squared and then added up.

Rank order correlations were also calculated, using Spearman rho [12]. That is, for each target participant, the rank order correlations (rho) were calculated for each of their team members. That is, each target generated two rank order correlations (rhoa-b, rhoa-c). Target A’s rhoa was then computed as the average of rhoa-b and rhoa-c. The same procedure was then applied, using the other two team members as targets. Those three rank order correlations were then calculated into a team average rank order correlation.

The higher the squared discrepancy value the less the degree of agreement and the lower the rank order correlation, the less the degree of agreement.

4.0
Results

The results can be seen in table 3. Participant SSA is the participant’s assessment of the team’s shared situational awareness.
Table 3. Presentation of shared situational awareness and performance measures 
	Concept
	Correlation

	Participant SSA
	DoA Squared discrepancy
	r = -0.25, (p<0.05)

	Participant SSA
	DoA Rank order correlation 
	r = 0.25, (p<0.05)

	DoA Squared discrepancy
	System TP
	r = 0.20, (ns)

	DoA Rank order correlation 
	System TP
	r = -0.20, (ns)

	SA
	Participant SSA
	r = 0.49, (p<0.05)

	Individual performance
	System TP
	r = -0.64, (p<0.05)

	Team performance
	System TP
	r = -0.57, (p<0.05)

	Participant SSA
	System TP
	r = -0.39, (p<0.05)

	SA
	System TP
	r = -0.29, (p<0.05)

	Individual performance
	Team performance
	r = 0.81, (p<0.05)

	Participant SSA
	Team performance
	r = 0.71, (p<0.05)

	SA
	Individual performance
	r = 0.43, (p<0.05)

	Participant SSA
	Individual performance
	r = 0.50, (p<0.05)

	Scenario difficulty
	System TP
	r = 0.30, (p<0.05)


System TP reflects the system recordings measure of team performance. Every square that had a new fire increased the value on System TP, that is, the lower the System TP score, the better performance. All measures except System TP were based on subjective assessments.

Participant SSA is the shared situational awareness subjectively assessed by each participant individually. DoA is the degree of agreement concerning either squared discrepancy or rank order correlation. SA is the situational awareness subjectively assessed by each participant individually.
Individual Performance is the subjective individually assessed performance of one self. Team Performance is the subjective individually assessed performance of the team. Scenario difficulty is the experienced difficulty of the scenario assessed by each participant individually.

5.0
Discussion

Degree of agreement regarding either rank order correlation or squared discrepancy is correlated with participant SSA. This reflects that the degree of agreement is an aspect of the concept shared situational awareness. The results are the same, considering what the minus sign implicates, whichever one of the two calculations methods that were used for degree of agreement (i.e., squared discrepancy and rank order correlation). This was found for the correlation with participant shared situational awareness (r=-0.25 for squared discrepancy and r=0.25 for rank order correlation) as well as for the correlation with observer/system team performance (r=0.20 for squared discrepancy and r=-0.20 for rank order correlation). As mentioned above in the scoring section, a higher value on the squared discrepancy measure (or lower rank order correlation) indicates less agreement between the participants’ rankings.
It is interesting to notice that participant shared situational awareness and the degree of agreement calculated as squared discrepancy correlates negatively (r=-0.25). This indicates that degree of agreement could be a valid operationalization of shared situational awareness.

Shared situational awareness contributes to team performance. Shared situational awareness and participant team performance correlates positively (r=0.71). This further supports the notion of good reliability in the methods used.
The assessment of individual situational awareness and shared situational awareness are correlated (r=0.49). There are many ways to measure situational awareness and shared situational awareness, and they correlate (participant SSA and DoA Rank order correlation; participant SSA and SA). These results all explain part of the variance between individual situational awareness and shared situational awareness. This strengthens the idea that that there is a conceptual link between the two concepts. 

Both individual and team performance correlates strongly to System TP (team performance). If the participant has perceived his/her performance as better, the lower the number of fires that has started, reflecting the correlations between system TP and rated performance. The correlation between objective and subjective performance also indicates awareness from the participants on how they were performing, possibly reflecting one instance of situational awareness. That is, awareness of performance.

The relation between situational awareness (both individual and shared) and system performance further supports the idea that both shared and individual situational awareness is important for performance. This is also found in the subjective assessments of performance.
The subjectively assessed difficulty of the scenario correlates with system performance, that is, if the task is harder the performance is degraded.

In earlier studies [1, 13], it has been demonstrated that when the task is getting harder, mental workload increases, leading to a lower situational awareness, which in turn negatively affects performance. Although mental workload was not analyzed in this paper, this study supports this pattern.

6.0
Conclusion and future work
Shared situational awareness contributes to team performance under the studied circumstances.

The study supports the idea that individual situational awareness and shared situational awareness are correlated reflecting an inter-related nature of the concepts.
When using ranked data to capture shared situational awareness, one way of scoring is sufficient. The results also indicate that shared situational awareness as degree of agreement is tapping into different aspects of shared situational awareness than when subjectively assessed.
There are various methods of assessing shared situational awareness that are correlated, and thus consistent, although more research have to be conduced to further reveal more specific benefits and drawbacks with the studied methods.
The findings in this study support earlier models of how situational awareness is related to performance.
A natural next step would be to further explore how an equivalent situation develops over time in a dynamic setting. The material that this study is founded on supports these kinds of analyses.
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