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Abstract 

 

There is an ongoing debate regarding the construct of team workload and a central point in 

that debate is team workload’s relation to individual workload. This study set out to 

investigate this relationship. To assess the participants workload a microworld called C3Fire 

was used to simulate a complex control situation in which teams had to cooperate to complete 

the task of fighting a forest fire. Twelve teams that consisted of four members in each team 

were recruited. In the microworld each member of the team took on one out of four separate 

roles and completed three different scenarios with varying degree of difficulty in C3Fire. 

After each scenario, a number of questionnaires aimed at gauging different aspects of the 

teams’ experience in the microworld was administered. The questionnaire in focus of the 

current study was the DATMA questionnaire, which was used to measure individual 

workload and team workload. To assert the relationship between the two constructs a multiple 

linear regression was conducted. The results provided showed that individual workload could 

be used as a significant predictor for modeling team workload. The study therefore concludes 

that there is evidence for a relationship in which each team members individual workload 

could be the parts of the total sum of team workload.  

Key words; Team workload, Individual Workload, Microworld  
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1. Introduction 

In today’s work environments, more often than not, teams are a crucial part of the day to day 

operations of a workplace, whether this be design teams working on a project, construction 

crews or executive personnel groups teams often saturate the work environment. It has 

therefore become an interest to study the construct of teams and its implications for human 

behavior partially to better understand human behavior but also to better understand the 

dynamics of group behavior. This in relation to the task focused environments of the 

workplace in which teams operate has steered the conversation towards how a team affects 

the performance of task as well as how a task may be performed differently in a team. 

Teams are viewed as dynamic groups of several individuals with distinct roles, each fulfilling 

a purpose in the strive for completing a predefined goal. The relationship between individual 

aspects and team aspects are therefore inherently interesting for defining team phenomenon 

and for identifying the differences between cognition at the individual level and team level. 

To study such phenomenon, it is vital to view teams operating in their working environments 

to study their behavior in action. A good method for doing this is to utilize simulated task 

environments also known as microworlds (see chapter 2.1). Microworlds allow researchers to 

simulate task environments in which team cognition may be studied under similar conditions 

to the real world, but without the complications of conducting a field study and without the 

restrictive nature of a laboratory study. One such microworld is C3Fire (Granlund, 2002). 

C3Fire is an established microworld designed to simulate a scenario in which a team of 

varying size is tasked with extinguishing a forest fire. Each member of the team adopts a role 

vital to completing the task e.g. firefighter commander, logistics commander etc. and the team 

must then cooperate using their roles to extinguish the fire. It is a suitable environment for 

studying team phenomena and has in previous years been used to study team cognition, 

communication, shared priorities and team situational awareness, to name a few. 

1.1. Purpose 

The purpose of this study is to investigate individual workloads effect on team workload in a 

microworld environment. It is important to get a better understanding on how the individual 

workload of a team member is associated with the overall workload of the team, and how this 

may affect performance in complex control situations. Individual workload is an area that has 

been extensively researched as it is a vital tool for understanding and predicting human 



2 
 

 

performance. The development of distributed and situated views on cognition together with 

the perspective of macrocognition has shifted the focus from an individual focus to a focus on 

the cognitive system, including all the individuals working within the system. In several cases 

these systems are built on teams working together to control the different parts of what 

constitutes the system. Therefore, it has also become relevant to understand the concept of 

team workload as the next level of study in the pursuit to better understand human 

performance in systems.    

1.2. Research question 

Two main research questions have been identified for assessing individual workloads relation 

to team workload and its effect on both individual and team performance. 

1. Is there are relationship between individually reported workload and team workload? 

2. Is there correlation between performance in a simulated complex control situation and 

team workload? 

2.1. Is there a correlation between individual performance and experienced individual 

workload? 

2.2. Does measured team performance differ between the three C3Fire scenarios used? 

1.3. Delimitations 

Due to time limitations, the participants were only able to engage in one training session. 

Also, training was conducted in the same session as the experiment. This could have 

influenced the results since the teams were not used to cooperating with each other.  
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2. Theory 

Here the theoretical background for this study will be accounted for. 

2.1. Mental Workload 

According to Rasmussen, load refers to the demand puts on the operating resources of a 

system (Rasmussen, 1977). Just as a physical task puts a load on our physical resources e.g. 

muscles, attending to mental tasks also demand resources. Mental workload focuses on the 

demand a task puts on the limited information processing capacity of the human operator 

(Neville, 1977; Wickens, 1977; Hollands et al, 2013).  Moray (1977) proclaims that the 

central concept of mental workload is the rate of which information is processed and in 

essence therefore the rate of which decisions can be made by the human operator. A simpler 

definition is that mental workload represents the subjective experience of mental effort 

(Hollnagel & Woods, 2005).  

The degree to which a task loads the human operator is decided in part by the task’s 

complexity. Complexity stems from the characteristics of the task e.g. the task might involve 

multiple separate tasks. The heavier the task, the more tasks that require resources, the bigger 

demand is put on the information processing capacity of the human operator. When demand 

surpasses supply, performance drops due to overloading the mental resources available 

(Hollands et al., 2013). This is supported by Wickens (1977) who argues that one way to 

measure mental workload is to use a secondary task to manipulate the resource load. If there 

is a finite pool of resources the addition of a secondary task would affect the performance in 

the primary task as resources would have to be relocated (Wickens, 1977). 

 

Figure 1. Example model of operator performance connection to input load, illustrated 

from Johannsen (1977) 
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As a construct for accurately predicting human-performance in complex system mental 

workload is widely used (Bedwell, Salas, Funke, & Knott, 2014; Parasuraman, Sheridan, & 

Wickens, 2008). 

Some critiques against workload have been delivered by Hollnagel and Dekker (2004) who 

argued that constructs such as workload as susceptible to overgeneralization into areas they 

are not relevant. They also claim that workload lack supporting empirical evidence causing it 

to be immune to falsification. 

In their article Parasuraman, Sheridan and Wickens (2008) answers this critique that mental 

workload and similar constructs are in part to be considered constructs built on folk-

psychology, lacking any real empirical basis. Parasuraman and co-authors (2008) provide an 

overview of empirical evidence of mental workload’s relevance for predicting human 

operator-performance in complex systems. It is concluded that mental workload can be 

operationalized by psychological, subjective and behavioral measures to provide a empirically 

valid measure of human-system performance (Parasuraman et al., 2008). 

2.2. Individual Workload and Team Workload 

As the names would suggest individual workload refers to the workload experienced by the 

individual and team workload refers to the workload experienced by the team. Individual 

workload is largely based on the general description of mental workload above. Funke et al. 

(2012) describes it as a construct which mediates task difficulty, operator skill and observed 

task performance. 

Team workload is currently largely based on individual workload research, and there are no 

truly independent models that can explain team workload like there are models explaining 

individual workload (Funke et al., 2012). Most models in one way or another, either use 

individual workload measurements, or use it as a conceptual basis for understanding 

workload. Funke et al (2012) considers this the biggest flaw of most current models for 

explaining team workload. This is due to the theorized complexity of team workload and the 

lack of research in the field of team workload.  

Even though current models share the abovementioned flaw they also differ in several other 

ways. One of the main differences is the view on the relationship between individual aspects 

and team aspects, particularly if this relationship should be considered additive or non-

additive. Funke et al (2012) argues that team workload describes the relationship between the 

finite performance capacities of a team and the task-work and teamwork demands put on a 
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team by its performance environment. A non-additive approach, in regard to the definition 

above, argues that individual workload and team workload should be considered separate 

entities. Whilst an additive approach argues that they cannot be separated and that individual 

workload must be considered when conceptualizing team workload (Funke et al., 2012). 

Bedwell et al. (2014) argues that although team workload and individual workload may be 

connected it would be too simple to view team workload as a total of the resources brought by 

each team member.  

There is a third approach that argues that the relationship, additive or non-additive, might be 

dependent on the level of interdependency required between team members for performing 

the task at hand. If the required interdependency is low then an additive approach might be 

better suited but if it is high then a non-additive approach is required (Funke et al., 2012). 

There is no, one, standardized approach for looking at team workload, which is in large part 

due to the lack of research in the field according to Funke et al. (2012). Therefore, studies 

such as this one are important in the search for a better understanding of team workload 

through the relation between individual workload and team workload. 

2.3. Teams 

As shown above, coupling the term of teams with workload is a complicated and multifaceted 

problem with several possible approaches to it. To better understand the concept of team 

workload and why it is so complicated, it is important to understand what teams are.  

A team is defined as a set of two or more individuals who are interacting dynamically, 

interdependently and adaptively towards the completion of a common goal. Each member of 

the team has a specific role or function to fulfill. Membership to a team of this definition also 

has a limited life-span (Salas & Swezey, 1992).  

What makes this definition relevant for team workload is its focus on that task completion is a 

dynamic activity that requires a constant sharing of information, resource management, an 

inherent structure of members and task goal adjustments (Salas & Swezey, 1992). Making 

team task completion a complex multifaceted activity. This correlates well with the notion of 

team workload. 
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2.4. Microworlds 

Due to the addition of perspectives such as macrocognition and the idea of studying cognition 

in the wild, cognitive science has made a push to move studies outside of the strictly 

controlled lab and into the “real world” (Cooke & Gorman, 2013). Therefore, a heavy 

emphasis has been put on studying cognition in its natural environment through naturalistic 

observations. This has led to a divide separating psychological researches into two camps, one 

arguing the strengths of laboratory studies and the other arguing the strengths of field studies 

(Brehmer & Dörner, 1993). Studies conducted in a laboratory allows the researcher to control 

the environment, develop precise measurements and therefore draw precise and empirical 

conclusions that can be generalized. These studies however, allow for limited complexity and 

ecological validity. Field studies allow researchers to achieve this ecological validity, but 

unfortunately often at the cost of control and ability to draw generalizable conclusions, due to 

a too high level of complexity (Brehmer & Dörner, 1993).  A compromise had to be made 

since only relying on observations in the field robbed scientists of powerful experimental 

tools, and only relying on laboratory studies made it impossible to ensure ecological validity.  

This compromise led to the development of a tool meant to tackle these challenges, the 

microworld environment; a computer generated, task-oriented world, made to run synthetic 

real-time scenarios (Antunes, Sapateiro, & Ferreira, 2010; Brehmer & Dörner, 1993). The 

goal of microworlds are to provide the researcher access to different levels of experimental 

control and measurements through configurations and logging capabilities in the microworld, 

whilst still keeping the ecological validity by being true to the natural environment and 

representing real world cognitive tasks (Cooke & Gorman, 2013; Granlund, Johansson, & 

Persson, 2001).  

However, simply conducting an experiment in a microworld does not ensure ecological 

validity. When designing the experiment and configuring the microworld there are certain 

aspects that need to be attuned, this to best simulate the natural environment of the relevant 

task and to ensure cognitive fidelity. Allowing for multiple courses of action, real-time 

interdependencies between team members, realistic environmental dynamics and having no 

correct paths or solutions are typical examples of such factors. It is up to the experimenter to 

strike a proper balance between experimental control, cognitive fidelity and ecological 

validity (Cooke & Gorman, 2013).  
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What constitutes the ecological validity of a microworld is the microworlds definition as 

being a complex, dynamic and opaque environment (Brehmer & Dörner, 1993; Gonzalez et 

al, 2005). 

• Microworlds are dynamic in the sense that the state of the world depends on the 

previous choices and actions made by the player. This results in an environment where 

the state of the world is changing in real-time, making the environment seemingly 

unpredictable (Brehmer & Dörner, 1993). 

• A microworld is complex since it requires the player to adhere to multiple aspects 

present in the microworld. Like contradicting goals that provoke the player to 

prioritize and make trade-offs. Microworlds also allow for multiple courses of actions 

at one time forcing the player to choose, leaving no obvious correct path (Brehmer & 

Dörner, 1993). 

• Opaqueness refers to the invisible aspects of the microworld that requires the player to 

engage in the construction and testing of hypotheses about the environment, due to the 

player not having access to all information at all times (Brehmer & Dörner, 1993; 

Gonzalez et al., 2005). 

These criteria are based on the notion of macrocognition’s view on how decision making is 

conducted in naturalistic settings in which information often is limited and there are no clear 

paths (Klein et al., 2003).  

2.5. The Validity of Microworlds 

Several investigations have been made into the validity and reliability of measurements in 

microworlds and issues has been raised. Most issues pertains to the lack of correlations 

between IQ test scores and performance measures from microworlds (Rigas, Carling, & 

Brehmer, 2002). It is however shown in (Rigas et al., 2002) that there is a correlation between 

the two and that the lack of correlation in previous studies was the result of methodological 

issues.  

Microworlds ability to allow for complex, dynamic and opaque environments support mental 

processes similar to those active in real-life. It is therefore assumed that ecological validity is 

high in microworlds, as they are deemed to preserve the natural structure of the simulated 

environment and an individual’s behavior when interacting with it (Gonzalez et al., 2005; 

Rigas et al., 2002). 
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2.6. Subjective measures of workload 

The approach to measuring workload is as varied as the concept itself, as it is a 

multidimensional construct the approach to measuring workload would need to be 

multidimensional as well. Workload in its broader sense may involve subjective measures, 

physiological measures, performance measures as well as behavioral measures (Rasmussen et 

al., 1977).  However, subjective measures of effort is deemed as the most reliable by 

Johannsen (1977), the relevance of measuring the subjective experience is that if the operator 

feels that he or she is experiencing workload then he or she is loaded (Rasmussen et al., 

1977). According to Williges and Wierwille (1979) there seems to be no single superior 

measure when it comes to workload but from the reviewed work in the study, subjective 

measures are the most frequently used when assessing workload. It was also concluded that 

subjective measures showed the most promise due to workloads multidimensional nature 

(Williges & Wierwille, 1979).  

Hart and Staveland (1988) agrees with Rasmussen et al (1977), stating that subjective ratings 

are important as they allow the experimenter to capture the phenomenological experience of 

the operator. The importance of this lies in that objective task demands do not always 

correlate with the experienced workload of the operator. Although objective task demands are 

considered to be low an operator could still experience high workload, and therefore adopt 

strategies and behaviors suitable for high workload situations which lead to complications. 

With subjective measurements of workload you could therefore study the subjective effect of 

task demands on the operator (Annett, 2002; Hart & Staveland, 1988). By utilizing 

unidimensional rating scales, only studying one factor, and multidimensional rating scales, 

studying several factors, the experimenter may decide which factors of workload that should 

be judged (Hart & Staveland, 1988). Examples of multidimensional models are the NASA-

TLX (Hart & Staveland, 1988), SWAT (Reid & Nygren, 1988) and DATMA (MacMillan et 

al, 2004) which is largely based on the NASA-TLX. 

An inherent issue with asking subjects to judge their personal experience of workload is that 

the rating is likely to be a victim of the subject’s own limited human capabilities. Quantifying 

and expressing experienced workload can only be based on information the subject is able to 

recall from the study. Information that is relevant for the final assessment might only be 

present in a certain moment before being replaced by new information relevant to the current 

situation. Therefore an experimenter cannot ensure that all relevant information is reflected in 

the ratings (Hart & Staveland, 1988). However, imposing a formal agreement tends to make 



9 
 

 

subjects more careful and thorough in their assessment according to Hart and Staveland 

(1988). 

2.7. Hypothesis 

In regards to the research questions of this study (see below) and the theoretical framework 

presented above, the initial expectations of the results will be reviewed here. 

1. Is there a relationship between individually reported workload and team workload? 

2. Is there correlation between performance in a simulated complex control situation and 

team workload? 

2.1. Is there a correlation between individual performance and experienced individual 

workload? 

2.2. Does measured team performance differ between the three C3Fire scenarios used? 

In regards to research question 1, the expectations of this paper were that a relationship 

between the constructs would be identified and that it would be similar in nature to the 

additive approach discussed in section 2.2. It was also expected that a positive correlation 

would be found in regards to research question 2. This based on the notion of workloads 

relation to performance as seen in section 2.1, figure 1. As team workload increases, so does 

performance until eventually a tipping point is reached and the team becomes overloaded and 

performance decreases. It should be noted that the potential tipping point phenomenon is not 

the focus of this study and therefore will not be analyzed. Similarly, the study expected a 

positive correlation for research question 2.1, based on the same reasons as for research 

question 2. Lastly for research question 2.2, the results were expected to indicate significant 

differences in team performance depending on the scenario used. As each scenario had a 

unique difficulty setting, if this difference in difficulty was high enough between the scenarios 

the teams were theorized to perform differently in each of the scenarios. A significant 

difference in performance for these scenarios would therefore confirm that the difficulty 

settings used were appropriate as well as support a result where workload affects 

performance. 
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3. Method 

For this study twelve groups participated in a two hour C3Fire session during which each 

team completed five different scenarios, two training scenarios and three live scenarios. A 

scenario in this study refers to a set of maps, configurations and events which differed 

between each scenario. Each scenario consisted of four roles, each role was occupied by one 

of the four members in the team and each scenario was situated in the same environment in 

which the team had to cooperate to extinguish a forest fire. This was done to investigate 

individual workloads relation to team workload, data was gathered through a DATMA 

questionnaire and through C3Fire logfiles. 

3.1. Participants 

52 participants were recruited for this study whereby 22 (M(age) =24, SD = 4.55) were male 

and 26 (M (age) = 29, SD = 19.19) were female. 33 participants were students at university 

level and 15 participants were employed. 48 participants were used for the data collection. 

One team of four participants took part in the first pilot test and due to changes made after the 

pilot test these four had to be discarded from the data collection. 

Each participant was recruited via email. A recruitment email was sent out via a Linköping 

University email list which contained a calendar created in the web-based calendar program 

Doodle™. In this calendar participants could mark which time they were available. Some 

participants were recruited by a more hands-on method, for example if there was one 

participant missing from an experiment session, we would simply contact as many people as 

possible individually until someone was available for that session. After an individual had 

been recruited they were also asked if they could spread the word of our study and therefore 

some participants were recruited through a snowball method. 

Participants were mainly recruited per their availability rather than sex, gender, occupation 

etc. No exclusion criteria existed except that the participants had to be over 18 years of age or 

older.  

As for creating the groups, no special grouping criteria were considered, participants were 

mainly grouped together per their availability. Therefore, there were differences in how well 

participants in each group knew each other. Participants were therefore asked to assess their 

familiarity to their team mates on a scale of 1 to 7, with 1 being “Never met” and 7 being 

“close friend”. The maximum familiarity with a team was rated as 21 (with each participant 

being rated as a close friends) and the minimum being 3 (with each participant being 
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unknown). By this model, each participant reported a mean familiarity score of 11.77 (SD = 

4.935). Participants were also asked to assess their experience with using computers on a 

similar scale of 1 to 7, with 1 being “minimum experience” and 7 being “high experience”. 

The reported mean for experience with computers was 5.38 (SD = 1.362). Military experience 

was considered as a possible advantage and therefore participants who had engaged in 

military service were asked to report the length of their service. A total of five participants 

had military experience with a mean military service length of 9.9 months (SD = 4.4385). No 

participants reported any previous experience with the C3Fire microworld. 

Each participant was compensated with a gift card of 100 SEK for their participation. 

3.2. Ethics 

Participation in the study was anonymous and the collected data cannot be traced back to the 

individual. Each participant gave their written consent on a consent form that informed them 

about the purpose of the study and how their data would be used. Each participant was 

informed about their right to cancel their participation at any time and have the collected data 

related to them removed from the study. This study was conducted in accordance to the 

ethical guidelines of the Swedish Research Council (Vetenskapsrådet, 2011) 

3.3. Pilot study 

To ensure that the design of the experiment and C3Fire configurations were appropriate for 

the study a pilot test was conducted. Due to insights gained during the initial pilot test changes 

were made and a second pilot test had to be conducted to ensure that the changes had a 

suitable effect. 

3.3.1.  Pilot test l 

The first pilot study was conducted with the aim to ensure that the configurations for the 

C3Fire program (described in section 3.5) worked correctly and had reasonable level of 

difficulty. Some tests had been conducted before the pilot test but these were done by the two 

experiment leaders and therefore did not simulate an actual experiment session well enough. 

Four individuals were used to conduct the pilot test. The pilot test yielded some interesting 

results. It was noted that the scenarios initially used were too easy and predictable and that the 

test would take up to two and a half hours rather than the initially planned two hours. A 

problem with one of the roles, the Information Chief, was also noticed. It seemed that due to a 

warning system in C3Fire, that notified the players of when a new fire had started, the role of 
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Information Chief was rendered almost obsolete. As that role no longer had to scout the map 

for new fires, most of it functionality was wasted.  

The participants were also shortly interviewed about how useful they found the information 

brief in the begging of the session. Most though the information brief had been useful, but the 

participants also expressed that it lacked certain information that they felt was vital. A couple 

of bugs in the program which could lead to the program crashing in the middle of the session 

was also found. 

As substantial changes to the scenarios would have to be made, it was decided that another 

pilot test would need to be conducted to verify that the changes made had a desirable effect. 

3.3.2. Pilot test ll 

In response to the first pilot test, the difficulty of the scenarios was slightly enhanced by 

changing the times and locations in which new forest fires would spawn on the map. Only 

“shallow” changes to the configuration of the scenarios difficulty were made, as tampering 

with the more delicate configurations available in C3Fire could lead to the scenarios 

becoming too difficult. Also, the warning that before had gone out each time a new fire 

spawned was limited to only being sent out when the first fire spawned. This made it so the 

role of Information Chief felt on par with the other roles in terms of work tasks to be 

completed. No content changes were made regarding the information brief as the participants 

couldn’t be told too much about the purpose and goals of the scenarios as that could 

counteract the opaqueness of the microworld. 

Overall it was deemed that the changes made were good and had not made the scenarios too 

difficult but still seemingly harder than it had been in pilot test one. It is worth mentioning 

that the difficulty scale is judged at face value, as there was no time to do any thorough 

quantitative investigations as to how much the difficulty increased/decreased. 

3.4. Design 

This study utilized a within-group design since all groups completed all the scenarios. The 48 

participants were divided into 12 teams, with four participants in each team. Participants were 

divided into teams based on their availability. Each experiment session was divided into a 

training phase and an experiment phase. During the experiment phase, the participants were 

placed at separate locations in the room and were separated by screen walls to simulate that 

the participants were not co-located in the field. Illustrated in figure 2 below. 
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Figure 2 illustration of lab set-up with each participant seated at separate locations separated 

by screen walls. 

As an independent variable, the ignite time configuration in C3Fire was used. Ignite time 

controls the rate of which a fire spreads to adjacent areas and therefore in a way directly 

impacts the difficulty of the scenario. Using three scenarios the ignite time was different for 

each scenario, being ranked with slow, medium and fast. As dependent variables, the 

performance measures calculated in the program was used as well as the subjective 

measurements gathered from the DATMA questionnaire. Both dependent variables were 

chosen since it was deemed that these were going to be effected by changes in ignite time. 

Only one map was used for all three scenarios, so to minimize any potential learning effects, 

the map was rotated with each scenario making it look like a different map. 

No controls were conducted for possible effects from computer game experience on C3Fire 

performance. In a previous study by Baroutsi et al (2016) no significant effects could be 

observed when such a control had been made. Therefore, it was deemed safe to neglect this 

control for the current study. 

3.5. C3Fire 

The experiment uses a microworld environment called C3Fire. C3Fire is designed to simulate 

a Command, Control and Communication experimental situation situated in a forest fire 

scenario (Granlund et al., 2001). Members of a team must then take on one of the different 
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roles of a staff tasked with extinguishing a forest fire, the team must then collaborate to 

accomplish the goal (Granlund, 2002). 

The C3Fire microworld primarily consists of three simulation layers, each layer interacting 

with each other and constituting the environment the players will be presented with (Granlund 

et al., 2001). These layers are the geographical simulation layer, fire simulation layer and unit 

simulation layer. 

 The geographical simulation layer constitutes objects and vegetation in the environment, each 

intended to engage the players in a complex goal situation as each object on the map causes 

certain areas to differ in priority depending on what objects are present (Granlund et al., 

2001). 

The fire simulation layer consists of a cellular grid network according to the cellular automata 

model. Each cell can be in one of four different states; not burning, burning, burned out, and 

extinguished. The state is determined by the players actions, a non-burning cell may be 

ignited if a burning neighbor is left unchecked, causing the fire to spread. If a burning cell is 

left unattended too long it will burn out and not able to ignite again, but if a firefighter is 

placed upon the burning cell it will become extinguished and not able to ignite again 

(Granlund et al., 2001). 

Finally, the unit simulation layer consists of the player controlled objects. Each unit 

representing a certain type with a specified purpose. Units present in the scenario can be 

determined by the experimenter but the most basic version is the firefighter unit. Each unit 

can be in one of four states; inactive, mobilizing, demobilizing and a specific state depending 

on the purpose of the unit e.g. firefighting for a firefighter (Granlund et al., 2001). Each unit is 

controllable by the player but C3Fire also allows for computer simulated agents outside the 

players control (Granlund, 2002). For the present study four units were available to the 

different roles; firetrucks, rescue vehicles, supply trucks and a UAV (the specifics of the roles 

and their available units will be expanded upon in section 3.5 below).  

Collaboration is accomplished through text-based communication in an in-game email 

system. As previously mentioned each member of the team takes on a different role and must, 

due to interdependencies between the roles, collaborate to hinder the spread of the fire, save 

civilians and minimize property damage. The environment includes different types of terrain, 

varying vegetation  such as flat ground, pine and leaf forests as well as climate options and 

structures of different sorts (Granlund, 2002). The interface available to the players display a 
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map similar to a Geographical Information System on which the environment is displayed 

(Granlund et al., 2001). 

The interdependencies between the roles are grounded in the idea of a supply chain that must 

be maintained to successfully fight the fire (i.e. the firefighter command needs access to 

water, which is provided by the logistics trucks). C3Fire allows for investigation into team 

decision-making and team situation awareness (Johansson, Persson, Granlund, & Mattsson, 

2003). 

 

Figure 3 Picture of the C3Fire client from the perspective of the logistics role. 

3.6. Scenarios 

The first two scenarios were training scenarios designed to give the participants time to 

familiarize themselves with their respective roles. The first training scenario was a simple 

scenario with only one active fire and a slow ignite time. Its purpose was to allow the 

participants to get a handle on the basics of how each of their role functioned, how the map 

functioned, how movement functioned and how to communicate. The second training 

scenario was designed to be more hectic and utilized a slow ignite time but starts with three 

fires simultaneously. This scenario was meant to introduce the participants to the task of 

fighting several fires at once and further show the participants the importance of having a 

functioning supply chain and communication as well as division of labour. 
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The three experiment scenarios were all similar in function and game length, each scenario 

lasting for 15 minutes. The scenarios only differed in ignite time and map rotation. Each 

scenario was structured to have three fires ignite during the play time, with each fire starting 

at a different time. One fire started immediately as the scenario was started, the second fire 

started four minutes after that and the third fire starting another three minutes after that. As 

the map was rotated in each scenario the fires spawned at different coordinates for each 

scenario. 

3.6.1. Roles 

C3Fire allows for several roles to be used through different configurations. In this study four 

roles were utilized; the fire chief (FC), logistic chief (LC), search and rescue chief (SRC) and 

information chief (IC). 

• Fire chief (FC) 

The fire chief has control over five firefighter units but only has one objective; to fight the 

fires. The FC must communicate with the IC to find the fires. When a fire is located the FC 

must relocate an appropriate amount of firefighter units to the fire. To extinguish a fire the FC 

must move his units to the tile that is on fire. After a while the tile will change color to brown, 

indicating that the fire has been stopped. Extinguishing fires requires water and the FC 

therefore communicate with the LC to ensure that there is a supply of water ready. The FC 

must also keep in mind that fires can spread and start in several locations at once, so the FC 

must be strategic with the use of the available firefighter units. 

• Logistics chief (LC) 

The logistics chief has control of three supply truck units as well as two firefighter units. The 

main objective of this role is to supply the firefighter units with water but also to provide the 

search and rescue units with fuel. A logistics unit can only hold a limited amount of water, so 

as the logistic trucks support the other units the LC must track the amount of water available 

in each truck. Therefore, the LC must plan and strategize the use of logistic units as to ensure 

no fire truck depletes its water supply. If a logistics unit completely runs out of water the unit 

must move to a water station to resupply. The logistics units also carry fuel that the SRCs 

rescue units require to move around so the LC must coordinate with the SRC as well as the 

FC. 
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• Search and Rescue chief (SRC) 

The main objective of this role is to find and rescue civilians that are spread out around the 

map. These individuals can be positioned in the woods, in houses or at campsites. Each rescue 

unit can carry up to four individuals and each individual takes one second to retrieve. When a 

civilian is located the SRC must move a rescue unit to the location of the civilians and then 

allow them to embark the unit. When the rescue unit is at full capacity the SRC must move 

the rescue unit back to a hospital to disembark the civilians. A rescue unit does not need to be 

at full capacity to disembark civilians. The SR units require fuel to move around and therefore 

depend on the LC. The SRC also has access to three firefighting units to support the fire chief. 

• Information chief (IC) 

This role’s main objective is to provide the other roles with information about the state of the 

environment through scouting. Only one unit is available for this role, a UAV which can be 

used to scout the map for fires and civilians. The UAV has several options for patrolling and 

can engage in different patrol patterns, such as circling a certain location and moving between 

different points. The UAV is also faster compared to its ground unit counterparts and can 

therefore cover ground faster. As IC there is a choice between providing support to current 

events or scouting for new events. The IC is not dependent on any resource and therefore isn’t 

as dependent on the LC as the other roles.  

3.6.2. Resources 

The interdependencies of the roles are bound to the use of resources, water, fuel and 

information. Firefighter units need water to fight the fires and search and rescue units need 

fuel to be able to save civilians. All roles need information, firefighters need the locations of 

fires, search and rescue need the location of civilians and logistics need the location of the 

other roles units so it can provide the support needed (Granlund, 2002). The 

interdependencies are further displayed in figure 4 below. 
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Figure 4 Role structure with units and role dependencies indicated with arrows 

3.7. Procedure 

The experiment session was divided into two distinct parts, a training phase and an 

experiment phase. Firstly however, each member of the team had to sign a consent form to 

participate in the study, the consent form briefed the participants about their ethical rights see 

appendix 1. 

  

The training phase was designed to introduce the team to the experiment procedure, C3Fire 

and to introduce each team member to their specific role in C3Fire. Therefore, the participants 

were free to ask the experiment leaders questions during the training scenarios. This way it 

was ensured that the participants got the theoretical information they needed as well as being 

allowed to try it out in the field immediately. Before starting the training scenarios, the teams 

received a short verbal introduction to C3Fire, the elements present in the environment and 

the roles involved.  After the introduction, each member of the team got to choose which role 

they would prefer, if they could not decide amongst themselves the experiment leaders would 

assign them a role. They could either be Information chief, Fire Chief, Logistics Chief or 

Search and Rescue Chief.  

After having been assigned a role, each member was given ten minutes each to try out their 

role in C3Fire through the training scenarios mentioned in section 3.2. After this, the team 

was allowed to have a short discussion about what they thought was important to keep in 

mind when fighting the fire. After the discussion, the team got to practice for another ten 

minutes in the harder training scenario. Thereafter the team got to have one last team 
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discussion before moving on to the live scenarios. No data was collected during the training 

phase.  

 

Figure 5 Example of participant engaging in C3Fire 

 

Before moving on to the experiment phase the team were offered a coffee break. The 

participants were also informed that this would be a valuable time for further discussion 

regarding the experiment. 

The experiment phase was structured with a focus to be non-invasive, this would allow the 

teams to focus on the scenario. Therefore, there was no data collection or pop-ups during the 

scenario and all questionaries’ were administered after each scenario was completed. 

Each scenario lasted for 15 minutes. When the first scenario was finished, the experiment 

leader handed out the questionnaires, the first round of questionnaires took between 15 – 20 

minutes. After finishing the questionnaires, as the experiment leaders were setting up the next 

scenario the team was allowed a five-minute discussion where the team was encouraged to 

reflect on their current performance and to discuss improvements for the next scenario. The 

same pattern as above was repeated for the rest of the two scenarios with the only difference 

being that answering the questionnaires took about 10 – 15 minutes. 

After the final scenario, the teams were congratulated on completing the experiment and each 

member was given a gift card. Each experiment session took about two and a half hours to 

complete. 
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3.8. Material 

Data was collected during the experiment with three questionnaires, a background 

questionnaire, the DATMA questionnaires and a final questionnaire probing the motivation of 

the participants. All questionnaires were administered in paper form. A team performance 

measure was also calculated from the event logs of C3Fire. 

3.8.1. C3Fire Performance Measure 

To assess a team’s performance in C3Fire a set of measurements recorded by C3Fire were 

used to compile a total score of the team’s performance, a similar approach was used in by 

Baroutsi et al in (Baroutsi, Berggren, Nählinder, & Johansson, 2013). 

As mentioned in the C3Fire section above, while running a scenario C3Fire records the events 

of the scenario by producing several event logs. The event logs capture all the events that 

transpired during the scenario e.g. when and where fires start, number of cells that burn out, 

number of cells that are saved and number of objects that burn out or are saved e.g. houses, 

people and trees. 

In this study, a number of these events were selected to represent the performance of the team. 

For example, the number of houses lost, people lost and in general the amount of terrain lost. 

During the introductory phase of each experiment session the participants was informed that 

they would lose points depending on what sort of object was lost. Participants were not told 

the scoring for each object but were told that certain objects would cause a bigger loss of 

points than others if they burned down. A teams’ score was only decided based on what object 

or cell was lost during the session, saved objects or cells had no effect. In the present study, 

the objects used were people, houses, campsites and the cells that were used was cells with 

trees and cells that represented regular ground. See table 1 below for the specific scoring for 

each object and cell. 

Table 1 Scoring system 

Object Score Object Score Object Score Object Score Object Score 

Person 

Lost 

-100 House 

Lost 

-50 Campsite 

Lost 

-15 Trees 

Lost 

-5 Empty 

Terrain 

Lost 

-1 

The team’s score was calculated by comparing their point loss to a baseline worst-case 

scenario. This baseline was recorded by letting each scenario run unchecked for the full 

session duration of 15 minutes. The resulting score from the baseline scenario simulated what 
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score players would receive if they did absolutely nothing during the test. Each scenario’s 

worst-case baseline score can be seen in table 2 below. 

Table 2 baseline scores for each C3Fire scenario used in the experiment 

D3-100 (easy) D1-80 (Medium) D2-60 (Hard) 

-1264 -2227 -4222 

To calculate the performance score for each team the number of lost object or cell was 

multiplied by its respective point loss e.g. number of burned houses * -50, then all the factors 

were added together for a total performance score. Each performance score was then divided 

by the baseline score relevant to the scenario played. Finally, this number was subtracted from 

1 to get a more intuitive 1 to 0 ratio, where teams with a score closer to 1 did better than 

teams closer to 0. The final calculation looked like this 1 −
𝑇𝑒𝑎𝑚 𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒 𝑠𝑐𝑜𝑟𝑒
𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑠𝑐𝑜𝑟𝑒

𝑓𝑜𝑟 𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜

. 

3.8.2. DATMA  

As a subjective performance measure for each participant, the Distributed Assessment of 

Team Distributed Awareness questionnaire (MacMillan et al., 2004) was used. DATMA 

utilizes three questionnaires measuring Taskwork Awareness, Workload Awareness and 

Teamwork awareness, each a different facet of measuring the team’s mutual awareness. The 

workload facet of the DATMA questionnaire is partially based of NASA-TLX (Hart & 

Staveland, 1988) which makes it a suitable measurement for subjective workload (MacMillan 

et al., 2004). DATMA has several advantages for example, it is a non-intrusive measurement 

as it is administered post-trail (Berggren, 2016) and it requires little to no training to be used 

properly (Baroutsi et al, 2013). 

A Swedish version of the DATMA questionnaire was adapted from Baroutsi et al (2013), 

certain changes were made to align the questionnaire with the specifics of C3Fire but the 

overall structure was not altered. See appendix 2. 

3.8.3. Background and motivation questionnaires 

Each team was at the end of their first live scenario asked to fill-out a background 

questionnaire before the rest of the questionnaires. The purpose of the background 

questionnaire was partially to gather simple information about the participant such as gender 

and age. The questionnaire also gauged the participants computer usage to access the 

participants experience with using a computer. Other factors that could be imagined 
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influencing a participants’ skill in C3Fire were also gauged e.g. military experience and 

firefighting experience. The team members relationship was also gauged by letting each 

participant judge the closeness of their relationship to each member in their team. 

After the final scenario, the participants answered a final questionnaire that was based on 

gauging the participants experience of the experiment. Each participant rated their experience 

on how fun they had, how motivated they felt throughout the experiment and how involved 

they felt in the scenarios. See appendix 3 and 4. 

3.8.4. Other questionnaires used 

Apart from the C3Fire performance measures and questionnaires mentioned above, 

participants were asked to answer three other questionnaires. These questionnaires were the 

Crew Awareness Rating Scale questionnaire (CARS), a Shared Priorities questionnaire (SP), 

and a Transactive Memory System questionnaire (TMS). All three questionnaires were used 

as they are relevant for team research. However, as they were not used in the final analysis for 

the current study they will not be mentioned further. 

3.9. Apparatus 

C3Fire version 3.2.12.06 was used. The experiment was set up on four identical player 

laptops (Lenovo ThinkPad, Intel Core i7-6500U CPU @ 2.50GHz, 8 GB RAM, Microsoft 

Windows 10 (64-bit)), with an attached computer mouse of the model Logitech M90. Each 

player laptop was connected to one server laptop (Lenovoa Ideapad Y700, Intel Core i7-

6700HQ CPU @ 2.60GHz, 16 GB RAM, Microsoft Windows 10 (64-bit)) that was used for 

running the C3Fire scenario. The computers were connected via LAN. 

3.10. Analysis 

Data was compiled in excel before being put into SPSS for further analysis. To assess if 

individual workload could be used to predict the overall team workload two multiple linear 

regression tests were used, one for individual workload and one for individual team workload. 

A bivariate correlation test was conducted to detect a possible relationship between team 

workload and objective performance. Another bivariate correlation test was conducted to 

view if there was any relationship between individual workload and self-assessed individual 

performance. 
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Lastly, four ANOVA variance tests were applied to investigate any differences between total 

team workload, subjective team performance, individual workload, individual performance 

based on the three scenario’s used. 
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4. Results 

The results of the statistical analysis will be presented here. Firstly, the main analysis of the 

predictive ability of individual workload and individual team workload regarding team 

workload will be presented. Secondly, the correlations will be presented and lastly the 

variance analyses. 

4.1. Multiple linear regression 

The descriptive statistics for the multiple linear regression can be viewed in table 3 below. 

Table 3 Descriptive statistics variables used in the multiple linear regression 

 Mean Std. Deviation N 

Total Team workload 96.50 10.73 36 

Individual workload for LC 80.07 18.98 36 

Individual workload for SRC 93.79 20.59 36 

Individual workload for IC 87.52 33.07 36 

Individual workload for FC 102.52 25.92 36 

 

A multiple linear regression was conducted to predict total team workload based on each 

roles’ reported individual workload. A significant regression was found (F (4, 31) =20.606, 

p< = .000 with an 𝑅2 of .727. Each independent variable was a significant predictor for total 

team workload. Each score of subjective individual workload led to an increase of total team 

workload. All four roles reported subjective individual workload were significant predictors 

of total team workload. All assumptions for the model were met, with a recorded Durbin-

Watson of 1.669 and no VIF below 1.0 or greater than 10 was recorded and a skewness not 

greater than +- 0 indicated normally distributed data. See table 4 below. 

Table 4 showing results of multiple linear regression done on individual workload of each 

member to predict total team workload 

 β SE β Sig 

Constant 32.65 7.71  

Individual workload for LC .14 .05 .02* 

Individual workload for SRC .33 .06 .00*** 

Individual workload for IC .13 .03 .00** 

Individual workload for FC .11 .05 .04* 

(p > .05), *p < .05 **p < .01, ***p<.001 
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4.2. Correlations 

Here the results for both correlation will be presented. 

4.2.1. Individual performance and Individual workload 

The correlation results between individual performance (N = 144, M = 87.17, SD = 29.26) 

and individual workload (N = 144, M = 90.95, SD = 26.31) showed that there was a 

significant relationship between individual performance and individual workload, r = .227, p 

= .006. 

4.2.2. C3Fire performance, Total team workload, subjective team performance 

The correlation results between total team workload (N = 36, M = 96.50, SD = 10.73), C3Fire 

performance (N = 36, M = .72, SD = .15) and subjective team performance (N = 36, M = 

97.61, SD = 14.10) can be seen in table 5 below. No significant relationship between either 

C3Fire performance, total team workload or subjective team performance could be found. 

Table 5 Correlation output of C3Fire performance correlation with total team workload and 

subjective team performance 

 C3Fire 

performance 

Total Team Workload Subjective team 

performance 

C3Fire performance 1 -.287 NS -.205 NS 

Total Team Workload -.287 NS 1 -.082 NS 

Subjective team performance -.205 NS -.082 NS 1 

NS = not significant (p > .05), *p < .05 **p < .01, ***p<.001 

4.3. ANOVAs 

The variance analysis on total team workload (N = 36, M = 96.50, SD = 10.73, Min = 70, 

Max = 119) for each of the three scenarios used yielded no significant results regarding any 

differences in total team workload between the three scenarios used in the experiment, F (2, 

33) = 3.2, p = .053. 

The variance analysis on total team performance (N = 36, M = 97.61, SD = 14.10, Min = 

72.50, Max = 137.75) for each of the three scenarios used yielded no significant results 

regarding any differences in total team performance between the three scenarios used in the 

experiment, F (2, 33) = .905, p = .414. 

The variance analysis on individual workload (N = 144, M = 90.95, SD = 26.31, Min = 23, 

Max = 153) for each of the three scenarios used yielded no significant results regarding any 

differences in individual workload between the three scenarios used in the experiment, F (2, 

141) = 2.19, p = .116. 
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The variance analysis on individual performance (N = 144, M = 87.17, SD = 29.26, Min = 

26, Max = 153) for each of the three scenarios used yielded no significant results regarding 

any differences in individual performance between the three scenarios used in the experiment, 

F (2, 141) = .99, p = .37 

5. Discussion 

In this section, the results will be discussed considering the theory provided in the theory 

section and in light the hypothesis. The methods used for this study will also be discussed. 

Lastly, a conclusion will be presented. 

5.1. Results 

Here the results presented in chapter 4 will be discussed in order of multiple linear regression 

first and then a joint discussion for the correlation and ANOVA results second. 

5.1.1. Multiple linear regression  

The regression that was done provided results that answers research question 1. The 

regression showed that the independent variable of individual workload for each team 

member could be used as a model total team workload. This indicates that there is a 

relationship between the two constructs.  

Regarding the nature of this relationship, and therein also the nature of team workload 

discussed in section 2.2, these results stand in favor of the explanation that individual 

workload’s relationship to team workload could be viewed as the sum of its parts. If each 

team members individual workload could be used to predict team workload then it is some 

proof that perhaps the construct of team workload is best considered using an additive 

approach. This study shows that there are grounds for at least assuming that there is a 

relationship between individual workload and team workload. Therefore, the two constructs 

should not be considered entirely separate constructs as argued by the non-additive approach. 

If the regression had yielded non-significant results there would have been grounds for 

considering a non-additive relation.  

The conclusion presented here requires further investigation, a first step should be to view its 

connection to team performance. The additive relationship found here resembles the idea of 

workload as a resource model in which when available resources are exceeded by task 

demand, performance drops as discussed in section 2.1. Therefore, it could be hypothesized 
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that if task demand exceeds the total available resources of the team, team performance would 

drop in a comparable way. 

Another central point in the discussion between whether or not team workload is additive or 

non-additive in nature is the level of complexity that is brought on by team interdependencies. 

As it has not been the focus of this study, it is not possible to weigh in on the possible aspects 

of how teams affect the experience of workload, nor the more precise behavior of how 

individual workload might propagate to the team level. Therefore, although there is evidence 

for an additive relationship between individual workload and team workload there might be 

aspects of team workload that cannot be considered additive in nature that this study has not 

investigated. 

5.1.2. Correlations and ANOVA 

In regards to research question 2 no significant correlations could be found at all for any of 

the measures of team performance used and team workload. No correlation between either 

team performance in C3Fire nor a team’s subjective performance and team workload could be 

found. The correlation that was identified was negative in nature which was the opposite of 

what was expected of the results, this might be because of several reasons but as the results 

were non-significant it would only be guesswork to argue for what these might be.  

In regards to research question 2.1, the correlation gave a result that aligns well with the 

research on workloads connection with performance. As individual workload increases so 

does performance. At first glance, this might be unintuitive but by referencing back to the 

model of workloads effect on performance displayed in figure 1 in section 2.1, an increase in 

workload is often associated with an increase in performance due to arousal. It is when 

workload passes a certain threshold and causes sensory overload that the opposite may come 

into effect. It is possible that this threshold was never achieved in the C3Fire experiment used 

in the current study. 

The ANOVAs conducted in this study were mainly done in regards to research question 2.2, 

in the hopes that they would confirm that the difficulty differences used for the scenarios were 

appropriate as well as add support to the idea that performance is affected by workload. 

However, as no ANOVAs yielded any significant results no conclusion can be drawn. Except 

perhaps that the difference in difficulty was not significant enough between the three 

scenarios to cause any significant variation in how loaded a team felt between the scenarios. 

This might however also be because the differences were so small that they were non-
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significant. It is possible that this is result is due to insufficient use of the C3Fire settings that 

affect difficulty, this will be discussed further in the method discussion below.  

5.2. Method 

It should be noted that this study suffers from what the critics of the additive approach of team 

workload consider the main issue with the additive approach. The “flaw” is briefly mentioned 

in the theory section 2.2 about individual and team workload. This critique is that most 

measurements of team workload today are based of measurements and research on individual 

workload. The measurement used in this study is one of those, DATMA was used to measure 

both team workload and individual workload. As mentioned in the method section DATMA is 

based on the NASA-TLX tool, which is originally intended to measure individual workload. 

Therefore, there might be an inherent bias in the measurement towards the results provided in 

the regression. However, for this study it was important to use a well-established 

measurement tools as one of the main research question was to gauge the relationship 

between individual workload and team workload. It was not the focus of the study to define 

the construct of team workload. 

As mentioned in the procedure section there was a considerable time difference between the 

first time the questionnaires were answered and the second and third time. This could be 

because when answering the questionnaires, the first time, all participants were unfamiliar 

with the questionnaires. Since the same questionnaires were presented after each scenario by 

the second and third time, participants would have been more familiar with the questionnaires 

and therefore would have been able to answer them faster. A downside of using the same 

questionnaires several times in a row might be that the participants eventually lose focus of 

accurately answering the questionnaires and instead default to using same answers that was 

used in the previous questionnaires. There is of course no way to control this behavior except 

for motivating the participants to be as honest and precise as possible. As this was done 

hopefully this behavior was kept to a minimum. Another possible solution to this issue might 

have been to rearrange the question for each time the questionnaire was administered. This 

could have required the participant to refocus for each questionnaire in order to interpret the 

order of questions. However, due to time and resource limitations this could not be done for 

the present study. 

The issue raised above could in general be connected to the matters discussed in section 2.6 

regarding subjective measurements of workload. It might be hard to precisely assess workload 
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after each scenario since the participant might not be able to recall exactly how they felt 

during the scenario and how that experienced differed from the previous scenario. This may 

lead to the behavior of defaulting to known answers as mentioned above. It is a risk but it 

should be regarded as one of the downsides to using subjective measurements. It is in the 

opinion of this study that subjective measurements are viable and useful measures but it 

acknowledges its downsides. Therefore, it might be useful for future studies to consider using 

complementing measurements such as physiological measurements. 

It would however be important to hold such complementing measurements in contrast with 

the reason for using a microworld. Invasive measurements such as certain physiological 

measurements might jeopardize the participants immersion into the simulated situation. This 

is one of the upsides to using post-trail tests as done in this study, the participants get to be 

entirely focused on the task at hand which allows them to be more immersed. However, since 

the mean for both reported motivation and immersion was 6 out of 10 it could be concluded 

that participants were motivated and immersed but only slightly above average. 

As mentioned in the ANOVA discussion there are indications that the difference in difficulty 

might have been too narrow between the scenarios to cause any real difference. Therefore, for 

future studies it could be worth to look at more of the available options in C3Fire for 

increasing difficulty e.g. adding a wind factor, more intricate use of multiple fires and so on. 

Adding these would require more detailed testing of each options effect on the difficulty of 

the scenario. 

In the design of this study there was only time for two ten minute sessions of training before 

each team delved into the data collection. It could be, that a design with an extended training 

session could have been beneficial to this study. Especially in terms of simulating a team 

experience for the participants involved, the current design only allowed for brief 

introductions between participants before being assigned roles and workstations. This left 

little time for the participants to familiarize themselves with their teammates and the teams 

can therefore not be viewed as either veteran nor experienced. It is possible that this could 

have an effect on the perceived workload of the individual team member, as the dynamic 

relationship between team members as defined in section 2.5 may be inhibited due to their 

lack of experience as a team and due to the lack of experience in their respective roles. A 

design that allowed for more extensive training e.g. as used in Baroutsi et al. (2013), where 

each team participated in ten separate training sessions, would have been preferred. It is 

notable however, that Baroutsi et al. utilized teams of three, whereas this study utilized teams 
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of four. Therefore, the logistical aspects of organizing ten different sessions for twelve teams 

of four was deemed too demanding due to time limitations. Even though this would have most 

likely resulted in more experienced teams. 

5.3. Conclusions 

This study set out to investigate the relationship between individual workload and team 

workload. Four research questions were formed for this purpose and answers with varying 

degrees of success has been found for all. 

• Research question 1: Is there a relationship between individually reported workload 

and team workload? 

The results of this study support the claims made by the additive approach to team workload 

where team workload can be viewed as a construct that is constituted by the sum of its parts in 

terms of individual workload. 

• Research question 2: Is there correlation between performance in a simulated complex 

control situation and team workload? 

No results indicated any significant correlation between either C3Fire performance, subjective 

team performance, and team workload.  

•  Research question 2.1: Is there a correlation between individual performance and 

experienced individual workload? 

Yes, much in line with already established research in this area a positive correlation between 

individual performance and individual workload was found. It should however be noted that 

the eventual tipping point where workload causes an individual to become overloaded and 

therefore cause performance to decrease has not been investigated in this study. 

• Research question 2.2: Does measured team performance differ between the three 

C3Fire scenarios used? 

No results could be found that indicated any significant differences in team performance 

between the three scenarios used. This may be due to the study design-choice of only using 

one factor to vary the difficulty in C3Fire. The ignite time factor, although most likely 

important for the difficulty, may not alone cause enough difference in difficulty. 
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5.4. Future studies 

In the effort to investigate the relationship between team workload and individual workload 

there is certainly more work to be done. A good place to start would be to conduct a similar 

study using a different measure for either team workload, individual workload or both. As 

mentioned in the method discussion, there might be an inherent bias towards the results 

presented in this study. This due to team workload and individual workload being measured 

using the same tool. However, if a similar study using different measurements yielded 

comparable results the conclusions reached in this study would be strengthened. Also, further 

studies using the C3Fire environment and a similar study design to the current study, should 

put more focus on identifying better ways to increase/decrease the difficulty of a scenario. 

Beyond what has been discussed in the current study, future studies should focus on assessing 

the relationship of other constructs associated with teams with team workload. Assessing such 

relationships would be useful in further defining the construct of team workload. 
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6. Concluding thoughts 

It is the opinion of this study that team workload is at its core the sum of its parts, regarding 

individual workload, as evidence supporting this claim has been found in the study. However, 

simply claiming that team workload is the same as individual workload but on a team level is 

selling the complexity of the matter short. What has been measured in this study is only a part 

of what might constitute the construct of team workload. The findings of this study should 

therefore be complemented with studies on what effects a team has on the individually 

experienced workload, it is the opinion of this paper that this is what should define the 

construct of team workload. Further studies should also focus on finding more precise 

measurements to study such aspects. 
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Appendix 

Appendix 1 – Consent form (in Swedish) 
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Appendix 2 – DATMA questionnaire (in Swedish) 
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Appendix 3 – Background information questionnaire (in Swedish) 
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Appendix 4 – Final motivation questionnaire (in Swedish) 

 


