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33 EXPERIMENTAL TEAM TASK 

Thiss chapter describes the experimental team task that we used for the research described in this thesis. First, we 
describee the methodological considerations and requirements that are extracted from the literature. Subsequently, we 
describee a task analysis that provides insight in whether the task contains command and control tasks, team members 
havee specific roles and responsibilities, are interdependent, and to what extent tasks have to be performed in parallel. 
Finally,, an experiment is outlined testing the hypothesis that a team of two members performs the task better as 
comparedd to a single person. 

3.11 Introductio n 

Thee understanding of team processes has improved greatly in recent years. There is a need, however, to 
gainn a better understanding of how these processes are affected by various factors (Salas, Bowers, & 
Cannon-Bowers,, 1995). Team assessment methodology in the past has largely focused on observable 
behavior.. Although observational studies yield insight in the composite set of factors, they provide less 
insightt as to what extent particular factors affect the team performance. Therefore, we developed an 
experimentall  task for teams in the form of a low-fidelity simulator to investigate various factors 
systematically.. With the help of this task, we attempt to develop an understanding of how these factors 
affectt team processes, so as to be able to improve team performance. The purpose of this chapter is to 
givee a description of the task that is used for the research described in this thesis. Furthermore, we 
describee on what grounds the task is developed and what lessons we learned from developing this 
experimentall  team task. 

Thee use of an experimental task in the laboratory has particular advantages in the evaluation of theories 
off  team performance, because it allows researchers to exercise more strict control over extraneous 
variabless than is possible in the field (Driskell & Salas, 1992a). There are several advantages in using 
low-fidelityy simulations for the investigation of team performance (see also Bowers, Salas, Prince, & 
Brannick,, 1992). First, the technology is available at relatively low cost. Second, low-fidelity 
simulationss possess the characteristics needed to investigate teams. Third, low-fidelity simulations give 
experimentall  control of independent variables. Finally, people can be relatively easily trained to perform 
aa low-fidelity simulation. Consequently, it is possible to invite unpracticed participants instead of fully 
trainedd persons that are often difficult to recruit. 

Onee complicating factor in studying teams using a laboratory task is that it can be argued that the 
generalisabilityy to real-world environments is limited. This critique is based on the misconception that 
thee goal of laboratory research is to predict real-world behavior. Instead, we believe that the goal of 
mostt research in the laboratory is to test a theory (Driskell & Salas, 1992a). It is the theory that is 
appliedd to the real world, not the task. In order to test a theory, it is important that an experimental task 
containss an environment in which theoretically relevant phenomena can be investigated. In our case, the 
experimentall  task must provide an environment in which team processes such as communication and 
coordinationn are elicited and can be investigated in relation to shared mental models and performance. 
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Thiss chapter describes the requirements for such an environment. In order to find out whether this 
environmentt indeed elicits the team processes we are interested in, we performed a cognitive team task 
analysiss which is described in chapter 4. 

Inn this chapter, we also want to demonstrate that a task analysis based on a generic command and 
controll  model supports the development of an experimental team task. A task analysis method is used 
thatt provides not only a task hierarchy, but also describes the information dependency among tasks and 
thee sequence of tasks for each team member. Based on this analysis, the different roles of the team 
memberss and the information dependency between them are specified. In addition, by showing that the 
specifiedd tasks have to be performed in parallel, we demonstrated that the experimental task is a task for 
twoo team members, which cannot be performed well enough individually. This is also demonstrated by 
ann experiment in which teams are compared with individuals. With the use of the task analysis method, 
wee attempted to develop an environment in which the theoretically relevant team processes can be 
investigatedd under experimentally controlled conditions. 

Thee development of an experimental team task was an iterative design process. We ended up with three 
differentt versions. Version 1 was developed based on methodological considerations and requirements 
extractedd from the literature (Schraagen, 1995). Although Version 1 fulfilled these considerations and 
requirements,, we felt that not all relevant command and control tasks were addressed, and we doubted 
too what extent team members were dependent on each other's information, and to what extent the task 
allowedd us to investigate the teamwork we were interested in. Therefore, we conducted a task analysis 
thatt supported the development of Version 2. Finally, a third version was developed that improved 
Versionn 2 in such a way that it refined the performance measurements, and allowed us to conduct an 
experimentall  session in a shorter period of time. 

Inn the next section, the requirements considered for the development of the experimental team task are 
outlined.. This is followed by a description of Version 1 of the task and the lessons learned from the first 
twoo experiments described in chapter 5 (Schraagen & Rasker, 1995, 1996). Subsequently, a task 
analysiss of the task is presented, followed by a description of Version 2 of the task. Version 2 of the task 
iss used for Experiment 4 and 5 described in chapter 7 (Post, Rasker, & Schraagen, 1997; Rasker et al., 
2000a).. Next, the changes for Version 3 are described. Version 3 is used for Experiment 3, 6, and 7 
describedd in chapter 6, 8, and 9 respectively (Rasker, Schraagen, & Stroomer, 2000b; Rasker, 
Schraagen,, & Van der Kleij , 2000c). This chapter ends with a description of an experiment testing the 
hypothesiss that the task is a team task. 

3.1.11 Requirements for an experimental team task 

Thee teams of interest in this thesis perform command and control tasks in time-pressured and dynamic 
situations.. Therefore, an experimental task requires at least two people that work together towards a 
commonn goal who have been assigned to specific roles and tasks and who are dependent of each other 
forr the completion of the goal (Dyer, 1984; Salas et al., 1992). The notion that an experimental task 
mustt provide a condition in which team members are required to interact in an interdependent manner is 
viewedd as one of the most important requirements (Bowers et al., 1992; Weaver, Bowers, Salas, & 
Cannon-Bowers,, 1995). The reason is that interdependency requires team members to engage in 
teamworkk such as communication and implicit coordination. 

Interdependencyy between team members is required not only to investigate team processes such as 
communicationn and coordination, it is also an important characteristic of real world command and 
controll  tasks. When teams perform command and control tasks, each team member is assigned to one or 
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moree tasks. Furthermore, there is a dependency of information between these tasks. That is, the 
completionn of one task results in information that is needed for the completion of the next task. For a 
successfull  completion of the tasks, team members must exchange this information in a coordinated 
manner.. This means that, apart from information content, team members should also consider the 
momentt when information needs to be exchanged. Because tasks in command and control situations 
mustt often be completed before a deadline, it is important that team members offer each other relevant 
informationn in time. 

Forr the type of teams under investigation in this thesis, it is important that team members execute 
relevantt command and control tasks such as situation assessment and resource allocation. For the 
completionn of these tasks team members need specific expertise and information sources that define 
theirr roles. In teams, tasks are often performed in parallel. Team members work simultaneously at their 
ownn set of tasks, which makes it impossible to perform all tasks by one individual. The command and 
controll  tasks comprise the individual taskwork. For an understanding of real-world team performance it 
iss also important to investigate teamwork among interdependent team members performing different 
typess of tasks (Bowers et al., 1992; Weaver et al., 1995). We expand on this view with the notion that 
teamm members perform tasks in parallel. 

Inn the preceding paragraphs, we discussed the requirements of an experimental team task in terms of the 
activitiess team members have to perform. The way these activities are executed is affected by the 
specificc situation in which teams perform (Orasanu & Connolly, 1993; Zsambok, 1997). The situation is 
oftenn characterized as dynamic in that it can change over time autonomously, because of a completed 
action,, or both. In dynamic situations, teams have to consider the dimension of time explicitly because 
theree is a deadline before a decision or action has to be made. It is not enough to know what should be 
done,, but also when it should be done (Brehmer, 1992; Kerstholt, 1996). Command and control 
situationss are also characterized as complex and rapidly changing and the situation often changes within 
thee period a decision or action is required (Orasanu & Connolly, 1993; Zsambok, 1997). In addition, 
teamss have to perceive and exchange a great amount of (ambiguous) information while there is limited 
timee available. The importance for a team task to contain such situation characteristics is that team 
processess such as implicit coordination are expected to be especially advantageous in such situations. 

Theree are also requirements from a methodological perspective. First, an experimental team task must 
measuree the performance of a team objectively. Such a measure must express the performance of a 
team,, its taskwork, as well as its teamwork tasks. Second, to collect as much data as possible, and to 
reducee the error variance, repeated measurements are favored. Third, the task must be designed in such 
wayy that it can be easily trained. 

Inn sum, an experimental team task for command and control situations must contain a dynamic and 
rapidlyy changing situation with limited time available, relevant command and control tasks, specific 
roless and tasks for at least two team members, and information dependency among team members. In 
addition,, it must be made possible to train participants easily, and measure objectively team 
performance. . 

3.1.22 Overview of experimental team tasks 

Givenn the preceding discussion, the question arises whether there are already tasks developed that 
answerr the formulated requirements. Weaver et al. (1995) provided an overview of experimental team 
taskss in a plea for the use of networked paradigms for investigating team performance. The first task 
describedd by Weaver et al. is the Team Performance Assessment Battery (TBAP). The TBAP consists of 
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aa monitoring task in which team members must monitor a simulated radar display and detect deviations 
fromm normal states and a resource management task in which team members are required to utilize 
informationn from their computer displays to coordinate resources and take countermeasures. The 
advantagess of TBAP are that team members have specific roles and tasks to perform and situational 
characteristicss such as uncertainty and workload can be employed easily. It is not clear, however, to 
whatt extent the team members are interdependent. 

Thee TANDEM task provides a low-fidelity simulation of a command and control environment similar to 
thatt of the TBAP, but with higher face validity to real-world combat information centers. The task was 
developedd to investigate factors such as task interdependence, time pressure, task load, and ambiguity 
andd could be performed by a maximum of three team members. Team members performing the 
TANDEMM task are required to make decisions regarding unknown targets represented on a simulated 
radarr display by consulting the targets and integrating pieces of information that are distributed over 
teamm members. Based on this decision, targets are either cleared or shot. The TANDEM system can be 
usedd to investigate situational factors such as ambiguity and time pressure as well as teamwork 
processess such as communication and coordination. The largest shortcoming of the TANDEM system is 
thatt the task is only moderately dynamic in that the information to be integrated remains constant 
throughoutt the scenario. 

Anotherr task described by Weaver et al. (1995) is the Team Interactive Decision Exercise for Teams 
IncorporatingIncorporating Distributed Expertise (TIDE2) developed by Hollenbeck, Sego, Ilgen, Major, Hedlund, 
andd Phillips (1991). TIDE2 was developed especially for the investigation of distributed decision 
makingg in complex, uncertain, and ambiguous situations. The task consists of a command and control 
scenarioo that requires four team members to query nine attributes in order to determine the threat of 
incomingg targets. This threat could be determined by five decision-making rules that describe how the 
attributess should be combined. Distinct roles and expertise is incorporated by giving each of the team 
memberss either the ability to measure target attributes, knowledge of rules, or opportunity to combine 
thee target attributes and the rules in order to determine the threat. The utility of TIDE2 can be found 
especiallyy in how structural factors such as the distribution of information or decision-making authority 
cann be manipulated. Nevertheless, TIDE2 is a rather static task and lacks several dynamic elements such 
ass a scenario that develops (in)dependently of the tasks of team members. 

Thee fourth task that is described by Weaver et al. (1995) is the C3 Interactive Task for Identifying 
EmergingEmerging Situations (CITIES) developed by Wellens and Ergener (1988) to investigate situations 
characterizedd by distributed information, ambiguity, and time pressure. In the CITIES task, two teams 
consistingg of two members perform either as police or as fire rescue teams in order to react upon 
emergencyy events in a computer-simulated city. Each of the teams has a number of resources that must 
bee allocated to the emergencies that vary in location and intensity. According to Weaver et al. (1995), 
thee CITIES task is the best task of the reviewed tasks for investigating teams in command and control 
situations.. It is possible to manipulate situational factors such as time pressure, severity, and ambiguity 
andd to use the CITIES task for the investigation of teamwork (including team-to-team communication). 
Nevertheless,, because of the technology used, the CITIES task might be more costly than the other tasks 
discussed. . 

Thee preceding discussion shows that several researchers have made an attempt to develop an 
experimentall  team task suitable for the investigation of command and control teams, thereby indicating 
thatt developing an experimental team task is not an easy job to perform. Although each task appears to 
bee (and also proved to be) useful to investigate teams, there are several shortcomings. Especially the 
dynamicc nature of real world command and control environments appears to be difficult to obtain. In 
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addition,, because of technology involved, not all tasks can be developed easily elsewhere than the place 
wheree the tasks were originated. In an attempt to overcome the mentioned shortcomings and to 
investigatee teams in our own laboratory, the fire-fighting task was developed. 

3.22 Outlin e of the fire-fightin g task 

3.2.11 The fire-fighting task: Version 1 

Wee used Version 1 of the fire-fighting task for Experiment 1 and 2 described in chapter 5. 

Thee experimental task is a low-fidelity simulation of a dispatch center representing a fire-fighting 
organizationn in a city. The fire-fighting team consists of an observer and a dispatcher. In order to keep 
thee number of casualties as low as possible, which is the goal of the task, the team is required to fight 
fires.fires. The system with which the team works consists of two linked computers. The observer and the 
dispatcherr each have their own graphical interface. By pointing and clicking with a mouse, team 
memberss can interact with the system. In order to accomplish the goal, the observer has to assess the 
situationn in the city and inform the dispatcher about the status of the buildings. The dispatcher has to 
assignn a number of resources (i.e., fire-fighting units) to the buildings to extinguish fires. Different types 
off  buildings in the city are associated with different numbers of potential casualties. The number of 
unitss needed to extinguish a fire is related to the type of building. Because the number of units (only six) 
iss limited, scenarios can be developed in which more units are needed than are available. Consequently, 
teamm members must prioritize and decide upon the buildings that need to be extinguished. Team 
memberss can exchange the necessary information by sending standardized electronic messages. 

Onn the display of the observer, a map of a city containing the buildings is presented. Figure 3.1 depicts 
thee screen display viewed by the observer. Fires are indicated by a flashing red contour, a green contour 
indicatess a fire is extinguished, and a black contour, with crossed black lines, indicates a building is 
burnedd down. A building can also be "in danger," which indicates a possible upcoming fire. By pointing 
andd clicking on buildings the observer can gather information concerning the identification (house, 
school,, etcetera), status (fire, extinguished, burned down, in danger), period in which the building wil l 
burnn when it is in danger, and number of units needed. The information that is displayed in the outbox 
window,, can be sent to the dispatcher by clicking the send button. At the same time, this information is 
displayedd in the message overview window. By clicking the present button (a question mark appears), 
thee observer requests the dispatcher how many units are present at a building. The observer receives this 
informationn from the dispatcher in the inbox window. This information can be forwarded to the message 
overvieww window by clicking the button to overview. 
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Figur ee 3.1: Screen display of the observer in the fire-fighting task 

Onn the display of the dispatcher, a message overview window is presented in which the dispatcher can 
addd or pull back units from buildings by manipulating the "+" or "-" buttons. Figure 3.2 shows the 
screenn display viewed by the dispatcher. When the dispatcher points at and clicks on a line in the 
messagee overview window, the information of this line is displayed in the outbox window and can be 
sentt to the observer by clicking the send button. By clicking the needed button (a question mark 
appears),, the dispatcher requests the observer how many units are needed at a building. The information 
thatt the dispatcher receives from the observer is displayed in the inbox window. This information can be 
forwardedd to the message overview window by clicking the button to overview. 

Thee dispatcher display also contains a fire station window in which the number of units available is 
listed.. The team plays several scenarios containing a number of periods in which different buildings are 
sett on fire. At the end of each period, the status of buildings can change from no fire to fire, in danger to 
fire,fire, or fire to saved or burned down. In addition, the number of units needed during the fire can change, 
dependingg on the match between the number of units needed and the number of units allocated. A clock 
iss displayed on the screen of each team member, showing the seconds left to play within the period. 
Afterr each period, the clock resets and starts to countdown automatically. Once a fire is started, it takes 
severall  periods before the fire is extinguished, depending on the number of units present and the period 
theyy arrived (and stayed) at a building. When a building burns down, a number of lives are lost. A house 
hass two potential casualties, an apartment ten, a school one hundred, a factory five hundred, and, finally, 
aa hospital, one thousand. To save the lives, units are needed. For a house, one unit suffices, an apartment 
needss two units, a school three, a factory four, and a hospital five. 
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Figuree 3.2: Screen display of the dispatcher in the fire-fighting task 

Thee events in scenarios (e.g., which building is set on fire in which period) are pre-programmed. Once a 
firefire is started, pre-programmed algorithms (so-called state transition diagrams) determine how the fire 
developss in reaction to the deployment of units by the team. The allocation of units takes some time. 
Thee allocation commands of the dispatcher become effective at the change of each period. Units 
allocatedd from the fire station to a building need one period to reach their destination. Since units always 
havee to come back to the fire station before they can be allocated to another building, it takes longer to 
allocatee units from one building to another than directly from the fire station. 

PerformancePerformance measurement 

Thee performance is measured by the ratio between the number of possible casualties threatened and the 
numberr of casualties saved. This ratio is expressed by the percentage of potential casualties saved. In 
orderr to obtain a high percentage of potential casualties saved, team members must perform accurately 
onn their taskwork, such as situation assessment and decision making. Because team members are 
dependentt on each other's information, it is important that team members perform accurately on their 
teamworkk that consists of the exchange of relevant information in a coordinated and timely manner. 

3.2.22 Lessons learned 

Thee fire-fighting task appeared to be a promising experimental task to investigate team performance 
(Schraagen,, 1995; Schraagen & Rasker, 1995). In the first two studies, the fire-fighting task was used to 
investigatee the effects of cross training on team performance (see chapter 5). We expected that team 
memberss that were cross-trained developed better mental models containing knowledge of their 
teammates'' roles and tasks, than team members that were not cross-trained. Because this allowed the 
cross-trainedd teams to anticipate on the informational needs of their teammates and coordinate their 
taskss implicitly, their performance should improve. The results of the first two studies, however, showed 
smallerr effects of cross training on team performance than expected. Although our expectations 
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regardingg the impact of cross training could be unjustified, it is also possible that the fire-fighting task 
didd not differentiate enough between good and poor performing teams. A thorough analysis of the fire-
fightingfighting task led to the following lessons learned. 

TimeTime pressure 

Whenn trying to obtain an effect of implicit coordination, it is important not only that team members are 
dependentt on each other's information, and therefore must interact with each other substantially, but 
alsoo that this must be accomplished under considerable time pressure. Being able to anticipate on each 
other'ss informational needs (because team members know which information to exchange and when that 
informationn should be exchanged) has more effect when time is limited, as time pressure precludes 
explicit,, that is, extensive, coordination. In the first experiment using the fire-fighting task, scenarios 
containedd several periods of 30 seconds each and the time between fires was relatively large. Looking 
back,, we think that there was not enough time pressure. Even when team members did not anticipate on 
eachh other's informational needs and did not provide each other with the necessary information in 
advancee of requests, there was still enough time to complete the task successfully. In the following 
experiments,, we shortened the periods in the scenarios from 30 to 15 seconds. In addition, the 
successivee fires were programmed in such a way, that team members should inform each other 
continuouslyy about the status and the number of units allocated. This way. we attempted to provide team 
memberss with such time pressure that the use of efficient coordination strategies would be beneficial. 

DynamicDynamic scenarios 

Thee second lesson we learned is related to the use of dynamic scenarios. The advantage of using 
dynamicc scenarios is that it has high face validity with real-world dynamic situations. That is, scenarios 
developp over time autonomously (buildings are set on fire) and because of a completed action (allocated 
unitss extinguish fires). The disadvantage of using dynamic scenarios is that a minor mistake at the 
beginningg of a scenario may have serious consequences for the further progress of that scenario. For 
example,, when team members are one period too late with the withdrawal of units at the beginning of 
thee scenario, it is difficult to be on time during the remainder of the scenario. Even when team members 
performedd well during the remainder of the scenario, they would still be penalized for their mistake at 
thee beginning. The consequence is that effective and ineffective teams are not differentiated when using 
thosee types of scenarios. When using dynamic scenarios in that they develop as a result of a completed 
action,, they should be programmed in such a way that minor mistakes at the beginning of a scenario do 
nott outweigh the results of effective performance on the remainder of the scenario. 

Bothh lessons learned were taken into account in the development of a new version of the fire-fighting 
task.. Nevertheless, besides the lessons learned, we were uncertain as to whether the requirements 
formulatedd previously are completely addressed. We had limited insight in whether the fire-fighting task 
addressedd relevant command and control tasks. The roles and expertise team members had, and how 
theyy were dependent on each other were also unclear. Finally, we had limited insight in whether tasks 
hadd to be performed in parallel. To ensure that Version 2 of the fire-fighting task fulfilled the formulated 
requirements,, we performed a task analysis of the fire-fighting task, based on a generic command and 
controll  model. 
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3.33 Task analysi s of the fire-fightin g task 

Too ensure that Version 2 of the fire-fighting task would contain command and control tasks, the fire-
fightingfighting task was further developed based on a generic command and control model. The model 
presentedd in Figure 3.3 is adapted from Passenier and Van Delft (1997) and is centered on four generic 
commandd and control tasks at two levels of information processing (see also Adams, 1995). 

Diagnosing g 
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1 ^ ^ ¥ ¥ 
ff ^ 
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Situation n 
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» » 
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Goal l 
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Planningg & 
Decision n 
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^ \ \ 
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-J J 
Execution n 

--
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Figuree 3.3: Model of generic command and control tasks to be performed by teams 

Thee primary level represents a direct response to a monitored event. At this level, the situation is 
directlyy recognized and action is taken by applying a pre-defined rule. When the identity of detected 
objectss is not directly clear, and their intentions must be investigated in more detail, then the secondary 
levell  of information transfer is invoked. At this level, plans are developed in the light of the goal that 
mustt be accomplished. The current situation is the input for the command and control process. Situation 
assessmentassessment consists of assembling and maintaining a picture of the actual situation, which results in a 
descriptionn of that situation. In terms of Endsley (1995), the objective of this task is "developing an 
awarenesss of the elements of the situation within a volume of time and space" (p. 36). When the 
situationn is recognized, a team can respond by executing a pre-defined plan. At the secondary level, 
diagnosingdiagnosing of the situation takes place when a situation is encountered that is not directly clear. It 
concernss what Endsley (1995) calls "a comprehension of the meaning of the perceived elements in the 
environment,, and the projection of their status in the near future" (p. 36) Planning and decision making 
encompassess the initiation of tasks in order to achieve the desired goal. At the secondary level, higher-
orderr objectives, determined by the goal, and the type of tasks, are translated by the planning and 
decision-makingg task into plans or rules for executing the task at the primary level. At this level, 
executionexecution takes account of the accomplishment of tasks. 
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Whenn applying the generic command and control model to the fire-fighting task, we noticed that 
Versionn 1 misses several important command and control tasks. In particular, tasks that are concerned 
withh the secondary level seemed to be missing. Because the situation was directly clear (e.g., there is a 
firefire or not), there was no need for team members to diagnose. The scenario presented offered no 
possibilitiess to comprehend the meaning of the perceived elements and project their status on the near 
future.. In order to remedy this, a situation was developed that was not directly clear and in which team 
memberss had to conduct a diagnosis. In the following section, this situation is outlined, followed by the 
descriptionn of the adjusted displays and the command and control tasks that are specified for the fire-
fightingfighting task. 

3.3.11 The fire-fighting task: Version 2 

Wee used Version 2 of the fire-fighting task for Experiment 4 and 5 described in chapter 6. 

Situation Situation 

Ass with Version 1, the fire-fighting task is situated in a city where different buildings are set on fire. 
Thiss time, the city consists of 76 buildings that are located in one of the four sectors. To have different 
sectors,, the map was divided into four quadrants (sector I to IV). The scenarios that are developed for 
Versionn 2 are based on a prototypical scenario that consists of 12 periods of 15 seconds each (three 
minutess real time). In this scenario, first a house catches fire, next a school, then two apartments and a 
house,, and finally a factory. Table 3.1 shows how a scenario develops over time. 

Tablee 3.1: A prototypical scenario of 12 periods representing the situation that has to be dealt with 

Period d 

Buildingg (74) 

Sectorr (4) 

Potentiall  casualties 

Unitss needed 

1 1 2 2 3 3 4 4 

housee school 

111 III 

22 100 
1 1 3 3 

5 5 

ap. . 
building g 

IV V 
10 0 
2 2 

6 6 

ap. . 
building g 

IV V 

10 0 

2 2 

7 7 8 8 9 9 

house e 

IV V 
2 2 

1 1 

10 0 11 1 12 2 

factory y 

I I 

500 0 

5 5 

Thee scenario in Table 3.1 shows that the most important building to save is the factory. This fire can be 
preventedd when sufficient units are located at the factory at the beginning of the fire. Each scenario 
containss a series of fires in small buildings that can be used to predict the sector and the type of a large 
buildingg that will catch fire later in the scenario. When three small buildings in one sector catch fire (in 
thee example scenario, two apartment buildings and a house in sector IV), a large building will catch fire 
inn the opposite sector three periods later (in this scenario, a factory in sector I). When teams are able to 
comprehendd this pattern in the series of fires and make a prediction of the expected large fire, a team 
cann allocate units in time. Since the large building has proportionally the highest number of potential 
casualtiess within a scenario, this is crucial for a good performance. Predicting the building type and the 
sectorr helps to search the large building more closely. That is, instead of a random search across the 
mapp and clicking 32 buildings, the search can be directed to four buildings in one of the four sectors. 
Timee is limited. The units need one period for transportation between the fire-fighting station and a 
particularr building. Thus, to allocate sufficient units in Period 10, a team must have sufficient units 
availablee in Period 8. 

Theree are also scenarios in which the pattern in a series of small fires follows different rules than usual. 
Inn routine scenarios, the pattern in a series of small fires always predicted the large fire in the way team 
memberss would expect based on the pattern they learned in their training. In novel scenarios, however, 
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thee large building is set on fire in another sector, building, or both, than team members would expect 
basedd on the pattern they learned in their training. If, for instance, a hospital was expected in the 
diagonallyy opposite sector, a factory would in fact be in danger next to the diagonally opposite sector. 
Scenarioss are developed with different patterns in a series of fires. However, all scenarios can be 
consideredd as variations on the same theme. 

Inn conclusion, the situation of the fire-fighting task corresponds to the situational characteristics of real-
worldd command and control teams. The situation is rapidly changing and team members have to 
performm under time pressure. Furthermore, the scenarios represent a dynamic situation in that decisions 
madee by the team (i.e., the allocation of units to buildings) influence the way scenarios develop. The 
scenarioss of Version 2 are shortened and programmed in such a way that they are under higher 
experimentall  control than in Version 1. This way, minor mistakes of team members at the beginning of 
aa scenario have less influence on performance during the remainder of the scenario. 

CommandCommand and control tasks 

Basedd on the command and control model, fire fighting is decomposed into a task hierarchy presented in 
Figuree 3.4. 
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Figuree 3.4: Hierarchy of tasks used in the fire-fighting task 

Thee task hierarchy presented in Figure 3.4 shows that the fire-fighting task contains command and 
controll  tasks. Besides a decomposition of the command and control tasks, it is also important to describe 
thee information needed to perform the tasks and the information dependency among tasks. This is 
important,, because when tasks are assigned to team members, we can determine whether team members 
dependd on each other's information. In the following paragraphs, the tasks of fire fighting are modeled 
inn such a way that it gives a description of the information dependency between tasks. A more detailed 
descriptionn of the modeling approach used can be found in Essens, Post, and Rasker (2000). The 
representationn language and graphics used in the models consist of a restricted set of descriptors with a 
consistentt form and a consistent meaning. An arrow means data dependency, a small circle with a line 
representss a part-of relationship, a rounded box represents a task, and a square box represents an 
informationn entity. 
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SituationSituation assessment 

Thee first phase in fire fighting is to build an accurate and up-to-date situation picture. Figure 3.5 gives a 
modell  of the tasks and information used during situation assessment in the fire-fighting task. 
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Figur ee 3.5: Model of the tasks and information used during situation assessment in the fire-fighting task 

FireFire detection uses information of the city and takes place by perceiving the colored contour that 
appearss around a building. Fire identification describes the detected fire in terms of sector, type of 
buildingg (whether it is a house, a hospital, etcetera) and units needed. Fire identification is performed by 
pointingg and clicking on the buildings, which results in information about an identified fire that is 
displayedd in the message overview window. Fire watching is performed in the same manner as fire 
detection.. This task uses the identified fire information in order to determine whether a building is still 
onn fire, burned down, or extinguished. A burning building needs to be watched each period to find out 
whetherr there are more or less units needed. Expected fire search takes place by searching for a 
potentiall  fire in a hospital or factory based on the information concerning the expected features (i.e., the 
expectedd sector and building type). In Period 7, in which the last building of the pattern in a series of 
firesfires starts to burn, the four buildings in danger have to be checked out by pointing and clicking on the 
buildingss on the map. When the expected fire is found, a building message appears in the inbox 
window,, indicating "danger," the period in which the building wil l catch fire, and the number of units 
needed.. Altogether, the information concerning the identified fires, the status of these fires, and the 
expectedd fire, specifies the situation description. 

Diagnosing Diagnosing 

Inn Version 2 of the fire-fighting task, it is important to determine the pattern in a series of small 
buildingss in order to detect the large building in danger (i.e., hospital or factory) that is going to be set 
onn fire later in the scenario. Figure 3.6 gives a model of the tasks and information used during 
diagnosingg in the fire-fighting task. 
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Figuree 3.6: Model of the tasks and information used during diagnosing in the fire-fighting task 

PredictPredict building type describes whether the large building in danger is a hospital or factory. This task is 
performedd by perceiving the pattern in a series of fires, from which the large building in danger can be 
derived.. Predict sector describes in which sector the large building in danger is going to be set on fire. 
Thiss task is performed by perceiving the sector in which the pattern of a series of fires takes place, from 
whichh the sector can be derived. Together, the information concerning the expected sector and the 
expectedd building type form the expected features that are used to search the expected fire during 
situationn assessment. Predict expected time of fire describes at which period the large building in danger 
iss going to be set on fire. This can be derived from the period at which the last building of a series 
completess the pattern. Altogether, the information concerning the predicted sector, building, and the 
expectedd time of fire comprise the diagnosis. 

PlanningPlanning & decision making 

Becausee there are not enough units available to extinguish all fires, team members must decide to which 
buildingss the units should be allocated to achieve the goal (i.e., save as many potential casualties as 
possible).. Figure 3.7 gives a model of the tasks and information used during planning and decision 
makingg in the fire-fighting task. 

DetermineDetermine allocation building describes to which building a unit should be allocated or withdrawn 
from.. This task uses situation information concerning the identified and expected fires and is performed 
byy considering the importance of buildings in terms of the number of potential casualties. Determine 
allocationallocation amount is performed by deciding how many units should be allocated or withdrawn. This 
taskk uses situation information concerning the fire status that specifies the number of units needed. 
DetermineDetermine allocation time is performed by deciding on the period a unit should be allocated or 
withdrawn.. Altogether, the information concerning the allocation building, number, and time, specifies 
thee decision. The decision that is made can be effected by pointing and clicking on the function buttons 
onn the screen display of the dispatcher. This contains a messages overview window in which the number 
off  units can be allocated to the buildings by manipulating "+" or "-" buttons. The screen display of the 
dispatcherr also contains a fire station window in which the number of units available is listed. 
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Figuree 3.7: Model of the tasks and information used during planning and decision making in the fire-
fightingg task 

Execution Execution 

Thee decision is executed in order to achieve the goal. Figure 3.8 gives a model of the tasks and 
informationn used during execution in the fire-fighting task. 
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Figur ee 3.8: Model of the tasks and information used during execution in the fire-fighting task 

TransportTransport is performed when a unit is allocated and on the road. Extinction is performed when a unit is 
presentt at a building. Both tasks use decision information that specify the building, number of units, and 
timee to allocate, and situation information that specify the identified and expected building, and status. 
Thee information concerning the transported units and the fire extinction are part of the information that 
specifiess the situation. 



ChapterChapter 3: Experimental team task 57 

TeamTeam member roles 

Inn the fire-fighting task, the tasks are assigned to two team members (an observer role and a dispatcher 
role)) and the system. The observer takes account of fire detection and identification of the buildings in 
thee situation. Information on buildings must be provided to the dispatcher, who determines the type of 
building,, number, and time of the allocation of units. Subsequently, the system takes care of the 
transportt of units and the extinction of fires. When a building is on fire, the observer watches the 
buildingg for possible status changes. When a series of fires in small buildings takes place, both the 
dispatcherr and the observer wil l attempt to predict the building type (whether it is a hospital or factory) 
andd the sector. This generates information of the expected features of the large building that is in danger. 
Basedd on that information, the observer wil l perform a search for the expected fire. In the meantime, the 
dispatcherr predicts the time of the expected fire and determines the number of units needed. When the 
largee building in danger is found, the observer must exchange this information to the dispatcher. Along 
withh this information, the dispatcher transfers the decision to the units. 

InformationInformation dependency 

Ass described above, we determined for each task, the information input, output, and the information 
dependencyy among tasks. When the tasks are assigned to the team members, we can specify the 
informationn dependency of team members. Therefore, we developed a so-called Team Operational 
SequenceSequence Diagram (TOSD). A TOSD is a diagram that represents the flow of tasks performed 
successivelyy and in parallel by the team members as a response to an external event (such as a fire). 
TOSDss are also employed by Schaafstal and Van Berlo (2000) and Van Berlo (1998), and their 
representationall  format is similar to the event sequence diagrams (Essens et al., 2000) and the sequence 
andd timing (SAT) diagrams (Beevis, Bost, Doling, Nord0, Oberman, Papin, Schuffel, & Streets, 1992). 
Withh the help of a TOSD, the information interdependency between team members can be determined 
normatively.. Figure 3.9 shows a sample of a TOSD of Period 2 to 4 of the prototypical scenario. 

Basedd on TOSD that we made for the entire scenario, we determined that the observer must inform the 
dispatcherr about the new fires, the changes in the number of units needed, and the large building in 
danger.. Without this information, the dispatcher cannot allocate units and save potential casualties when 
aa building is on fire. The dispatcher must provide information about the allocation decision. The 
observerr uses this information to watch the buildings. For a successful completion of the fire-fighting 
task,, this is the necessary information exchange. Although additional information exchange may be 
beneficial,, the TOSD shows that it is not necessarily needed to complete the tasks. The necessary 
informationn can be exchanged by the standardized electronic messages. 
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Figur ee 3.9: Sample of a TOSD; the diagram shows the flow of tasks team members perform as a 
responsee to a fire in Period 2 to 4 of the scenario 

ScreenScreen displays 

Withh respect to Version 1, the displays of the observer and the dispatcher are adjusted in Version 2 of 
thee fire-fighting task. The display of the observer and the dispatcher are elaborated with two panels: one 
withh four fields denoting the sectors and one with four fields denoting the large buildings. The panels 
forr the dispatcher are button panels. When the dispatcher pushes a button in one of the two panels, the 
correspondingg field is highlighted on the panel at the screen display of the observer. This way, the 
dispatcherr is able to help the observer in predicting the sector and the building type of the large building 
inn danger. The highlighted sector and building type represents the dispatcher's prediction. Figure 3.10 
showss the panels placed on the screen display of the observer and the dispatcher. 
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Figuree 3.10: Panels placed on the screen display of the observer and the dispatcher in Version 2 of the 
fire-fightingfire-fighting task 

TaskTask parallelism 

Thee TOSD shows that team members must perform tasks in parallel. This is especially true for Period 7 
too 9. In these periods, task performance is most critical. Team members must obtain the pattern in a 
seriess of fires, exchange the electronic message of the large building in danger, withdraw and allocate 
unitss within the limited time frame of three periods. Diagnosing the threat and finding the large building 
inn danger too late delays (re)allocation of the units, which has serious consequences for being in time to 
rescuee the large building. For these periods a time-line analysis is performed. With this analysis, we 
attemptt to demonstrate that the tasks have to be performed in parallel by two team members. In addition, 
thee timeline analysis demonstrates that team members are able to exchange critical information in time 
withh the use of the standardized electronic messages. Figure 3.11 and 3.12 present the time-line analysis 
forr two different conditions. In the first condition, a single person carries out fire fighting, while in the 
secondd condition two team members carry out fire fighting. 
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Figuree 3.11: Timeline analysis of the critical periods in the fire-fighting task when tasks have to be 
performedd by a single person (top row: observer tasks; middle row: dispatcher tasks; bottom row: 
systemm tasks) 

Inn the first condition, the person starts, at the beginning of Period 7, with a situation assessment task 
(denotedd by "SA"). He or she detects a building on fire and identifies the building type. Knowing what 
thee previous buildings were, the person diagnoses a pattern in a series of buildings (denoted by "DI") , 
andd is now able to predict the building type and the sector of the fire that is expected to start in Period 
10.. Next, the person starts to determine how many units need to be sent to the fire, and, if not enough 
aree directly available in the fire station, from which buildings they need to be withdrawn (denoted by 
"DM,""  meaning decision making). Now, the search for the expected fire begins. After the expected fire 
hass been found, the building is transferred from one screen to the other (denoted with "C," meaning 
communication).. Finally, the available units can be allocated and transported. 

Thee person has to work with two deadlines. It is essential that decisions about withdrawing units (in 
Periodd 7) and about allocating units (in Period 8) are performed in time, that is, before the start of a new 
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period.. Otherwise, transport is delayed with a full period. The most critical task is the search of the 
expectedd fire (the second SA task in the figure). When the expected fire is not found in time, the units 
wil ll  arrive too late at the building, causing many casualties. Therefore, it is important to start this task as 
soonn as possible. The length of the expected fire search task represents the available time for searching. 
Howw much time this task takes, depends on the chance of finding the expected fire. The duration of the 
otherr tasks is always the same. 
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Figur ee 3.12: Timeline analysis of the critical periods in the fire-fighting task when tasks have to be 
performedd by two team members (top row: observer tasks, middle row: dispatcher tasks, bottom row: 
systemm tasks) 

Figuree 3.11 clearly shows that several tasks are carried out sequentially. One way to start earlier with the 
searchh for the expected fire is to carry out tasks in parallel. To do this, a second person is needed. Figure 
3.122 shows this condition. The observer starts with situation assessment. The last piece of the pattern in 
aa series of fires is communicated to the dispatcher, and the observer can continue directly with 
diagnosingg and searching for the expected fire, once the building type and sector is determined. In 
parallel,, the dispatcher diagnoses the expected building and withdraws units. 

PerformancePerformance measurements 

Inn Version 1 of the fire-fighting task, performance was expressed by the percentage of potential 
casualtiess saved. In Version 2 of the fire-fighting task, this measure was not suitable. The most 
importantt building to save in the scenario is the large building that is set on fire in Period 10, which is 
twoo periods before the scenario finishes. Even when team members perform well and are in time with 
sufficientt units, the state transition diagrams are programmed in such a way that a fire is not 
extinguishedd before the scenario ends, which results in a low percentage of potential casualties saved. 
Consequently,, this performance measure does not differentiate between well and poor performing 
teams.. In order to reconcile this, a new performance measure is defined. The most important building to 
savee is the large building in danger. Because this is crucial for accomplishing the goal (i.e., rescue as 
manyy lives as possible) of the task, having sufficient units allocated in Period 10 is defined as the new 
performancee measure for Version 2 of the fire-fighting task. 

3.3.22 The fire-fighting task: Version 3 

Wee used Version 3 of the fire-fighting task for Experiment 3, 6, and 7 described in chapter 5, 8, and 9. 

Inn Version 3 of the fire-fighting task, the state transition diagrams are adjusted in such a way that the 
percentagee of potential casualties saved differentiates well between good and poor performing teams. 
Whenn team members are in time with sufficient units, the fire in the large building is extinguished 
beforee the scenario ends. When team members are too late or have insufficient units, the fire in the large 
buildingg cannot be extinguished before the scenario ends. The advantage of using the percentage of 
potentiall  casualties saved when compared to the measurement of having sufficient units allocated is that 
itt takes into account the small fires extinguished at the beginning of the scenario. Therefore, it measures 
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moree accurately team members' performance on the complete scenario. In addition, the scenarios of 
Versionn 3 are shortened with one period (the first period of a scenario) in order to shorten the duration 
off  an experimental session. With respect to the prototypical scenario presented in Table 3.1, this means 
thatt all fires take place one period earlier (e.g., a large fire in Period 9 instead of Period 10). 

3.44 Testin g the fire-fightin g task 

Withh the help of the TOSD and the time-line analyses, we attempted to demonstrate that the fire-fighting 
taskk could be accurately performed only when more than one person executes the task. In order to test 
whetherr this is a valid assumption, an experiment is performed in which a single person condition is 
comparedd to a condition where two team members execute the fire-fighting task. Based on the task 
analysis,, it is hypothesized that two team members perform the fire-fighting task better than a single 
person. . 

3.4.11 Method 

Participants Participants 

Thee data were obtained from 33 students of Utrecht University. Eleven participants were assigned to the 
singlee person condition (seven males and five females) and 22 participants were assigned to the teams 
condition.. Each team consisted of two participants of the same sex (six male and five female teams). 
Participantss that formed the team were not acquainted to each other. The participants were paid Dfl . 60, 
== and were informed that they had a chance of receiving a bonus of Dfl. 40, = 

Design Design 

Betweenn teams. Two conditions were compared: a single person and a team condition. 

Withi nn teams. The presence of novel scenarios was a within team manipulation. Routine and novel 
scenarioss were equally present and were presented in a fixed order (i.e., first eight routine scenarios, 
followedd by eight novel scenarios). 

Task Task 

Inn this experiment, Version 2 of the fire-fighting task was used. 

Manipulation Manipulation 

Inn the single person condition, participants could control the features with the mouse on the observer as 
welll  as the dispatcher screen display with the help of specially designed software. By sending and 
receivingg the standardized electronic messages, participants could transfer the necessary information 
fromm one screen display to the other. In the team condition, team members were placed in the same 
roomm and communication was made possible face-to-face. In addition, team members could exchange 
thee necessary information by sending and receiving the standardized electronic messages. 

Scenarioo type was manipulated as follows. In the routine scenarios, the pattern in a series of small fires 
predictedd the large building in danger as learned during the training. For example, participants could 
predictt a fire in a hospital in sector IV when they recognized the pattern of small fires that consisted of 
"apartmentt building-house-apartment building" in sector I. In novel scenarios, the sector of the large 
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buildingg in danger was different than participants would expect based on the pattern learned during the 
training.. That is, instead of occurring in the diagonally opposite sector, the fire occurred in the sector 
underneathh or above the sector with the pattern. The prediction with regard to the building type (factory 
orr a hospital) remained intact. 

Measure Measure 

Performancee was measured by the number of scenarios in which team members allocated a sufficient 
numberr of units to the large building in danger in Period 10. 

Procedure Procedure 

Inn the team condition, participants were randomly assigned to the role of dispatcher and observer. In 
bothh conditions, participants were instructed to read the instruction manual supplied by the 
experimenter.. Subsequently, they trained with the fire-fighting task in two training sessions, consisting 
off  16 scenarios each. 

Thee instruction first explained the fire-fighting task in general, followed by specific instructions for the 
respectivee roles. The instruction contained a systematic explanation that described how to manipulate 
thee interface and the standardized electronic message facility. This was accompanied by small tasks that 
hadd to be carried out by the participants. Subsequently, there was a training session of 16 scenarios. 
Afterr the first training session, participants were asked to continue to read the instruction. In this 
instruction,, it was explained how they could predict, based on a pattern in a series of small fires, the 
sector,, type, and time of a large fire later in the scenario. These instructions were followed by another 
trainingg session of 16 scenarios that contained such a pattern in a series of fires. Participants were 
allowedd to ask questions at any point during reading. At the end of the break after the last training 
session,, participants were instructed on the experimental condition they were assigned to. 

Duringg the training, the two members of the team played the same scenarios at the same time. The 
dispatcherr played with a computer program that simulated observer behavior (e.g., sending messages 
andd so forth) and the observer played with a computer program that simulated dispatcher behavior. The 
programs,, or "agents" as they were called, displayed ideal observer and dispatcher behavior. That is, the 
agentss were always in time with the right information. The participants were informed of this. 
Participantss were also informed that in the experimental session they would play with their actual 
teammate.. The choice for this technique was made, to ensure an equal level of expertise at the end of the 
trainingg by controlling the teammate's behavior. 

Afterr this instruction, the experimental session of 16 scenarios started. Participants were allowed to use 
thee manual during the experimental session. 

3.4.22 Results and discussion 

Participantss could perform either sufficiently or insufficiently on the performance measure allocation. 
Thee scores can be found in Table 3.2. 

Wee fitted three log-linear models to the data. The first model included the general mean and the design 
(i.e.,, sufficiency, condition * scenario type). The second model included the general mean and the 
designn and the main effect of condition (i.e., sufficiency, condition * scenario type, 
conditionn * sufficiency). For both models Pearson's Chi2 was calculated. To test the main effect of 
condition,, the Chi2 of the first model minus the Chi2 of the second model was tested. The degrees of 
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freedomm for this test were the ones of the first model, minus the ones of the second model. The third 
modell  included the general mean and the design and the main effects of condition as well as scenario 
typee (i.e., sufficiency, condition * scenario type, condition * sufficiency, scenariotype * sufficiency). To 
testt the interaction effect of condition and scenario type, the Chi2 and the degrees of freedom of this 
modell  were tested. To test the differences between conditions on either the routine or novel scenarios, a 
Chi22 for each separate two-way table was calculated and tested. 

Tablee 3.2: Performance measure allocation; total number of scenarios in which participants had 
allocatedd a sufficient number of units during Period 10 for each condition and scenario type (N = 352) 

Condition n 

Singlee person 

Team m 

Scenario o 

Routine e 
Novel l 
Routine e 
Novel l 

type e Allocation n 

Sufficient t 
5 5 
16 6 
23 3 
28 8 

Insufficient t 
83 3 
72 2 
65 5 
60 0 

Thee comparison between the single person versus team condition yielded significant results. As can be 
seenn in Figure 3.13, teams perform better than single persons. The teams allocated sufficient units in 
moree scenarios (29%) than single persons (12%), y?(\, N = 352) = 13.38, p < .01. Teams also allocated 
sufficientt units in more routine scenarios (26%) than single persons (6%), %2(\, N = 176) = 13.76, p < 
.01,, and in more novel scenarios (32%) than single persons (18%), %2(\, N = 176) = 4.36, p < .05. There 
wass no interaction between condition and scenario type, %2(1, Af = 352) < 1. 
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Figuree 3.13: Performance measure allocation; percentage of scenarios in which participants had 
allocatedd a sufficient number of units during Period 10 for each condition and for the total number of 
scenarioss as well as for the routine and novel scenarios separately 

Basedd on this result we conclude that two team members perform the fire-fighting task better than a 
singlee person does. The task and the timeline analysis show that teams can perform tasks in parallel so 
thatt each team member has more time to perform the tasks accurately. We think that this explains the 
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performancee increase for teams. In other words, the present experiment demonstrated that the fire-
fightingfighting task needs the capacity of two team members. Although the fire-fighting task was better 
performedd by a team than a single person, we cannot conclude that the fire-fighting task is a team task. 
AA team task implies, among other things, that members perform teamwork such as communication and 
coordination.. In chapter 4, we describe a cognitive team task analysis that is performed to answer the 
questionn whether the fire-fighting task is actually a team task and not only a task that is better performed 
byy teams. 

3.55 Conclusion s 

Thee objective of this chapter was to give an outline of the task that is used throughout this thesis and to 
describee on what grounds the task is developed and what general lessons we learned. The development 
off  an experimental team task is a complex matter that took us several iterations before the design 
fulfille dd the requirements we extracted from the team literature. In order to investigate teamwork, a task 
mustt comprise at least two people that work together towards a common goal and who have been 
assignedd to specific roles and tasks. One of the most important requirements is that team members 
interactt interdependently. Interdependency requires team members to engage in teamwork behaviors 
suchh as communication and coordination which is of particular interest in our research. Furthermore, 
teamm members must perform relevant command and control tasks in a situation that is dynamic and 
rapidlyy changing with limited time available. 

AA task analysis based on a generic command and control model supported the development of the 
experimentall  team task to fulfi l the requirements. With the use of the described task analysis method, 
wee specified relevant command and control tasks, a dynamic situation, and the information needed to 
performm these tasks accurately. Furthermore, the sequence of tasks for each team member is determined 
inn a TOSD. Based on this, we specified the different roles and expertise of the team members and the 
informationn dependency between them. In addition, the task analysis showed that tasks have to be 
performedd in parallel, which demonstrates that the fire-fighting task is a team task for two members. An 
experimentt in which teams were compared with individuals showed that teams performed the task 
better,, indicating that fire fighting needs the capacity of two team members. 

Basedd on the task analysis we conclude that the fire-fighting task provides an environment in which 
teamm processes can be elicited and investigated. However, it is not clear to what extent team processes 
orr teamwork are present and what knowledge is needed to perform the teamwork. We determined that 
teamm members have specific roles and are interdependent. Although this means that team members need 
too interact, we have no clear picture of the importance to communicate efficiently and effectively or 
coordinatee implicitly . In other words, it is unclear to what extent communication in relation to the 
knowledgee team members have in their shared mental models can be investigated with the fire-fighting 
task.. With respect to our goal to test a theory, this means that we need a better understanding of whether 
suchh theoretically relevant aspects are present in the fire-fighting task. In the next chapter, a cognitive 
teamm task analysis is described that we performed to determine the teamwork and the knowledge needed 
too accomplish the fire-fighting task. With the help of this analysis we attempt to answer the question 
whetherr the fire-fighting task contains the theoretically relevant aspects to test the shared mental model 
theoryy empirically. 


