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Introduction to the topic 

Exploring and developing the characteristics of teams working in high risk environment 

(“HRE”) has been a major research field in applied psychology for decades. In order to 

minimize human errors, “HRE” teams work according to strict rules and highly standardized 

protocols. However, more and more criticism has been raised lately concerning the 

effectiveness of such rigid procedures in a dynamically changing, complex, non-routine task 

environment (Liao, Hildebrandt, 2013; Uitdewilligen et al., 2018). As a consequence, a large 

body of research focuses on those team level characteristics that may contribute to the flexibility 

of these teams to change their strategy according to the situational demands.  

On the other hand, scientific interest is mostly centered around investigating the characteristics 

of emergency medical teams, cockpit crews and nuclear power plant operators, compared to 

which the team work of firefighting teams are considered as a relatively neglected area of 

research. Consequently, the main goal of my doctoral research is to specifically investigate the 

communication patterns of firefighting teams, thus contributing to the understanding of team 

work in dynamics of high risk environment. 

Literature review 

High risk environment is traditionally considered as an environment in which there is a higher 

than normal likelihood of damaging the physical health (or life) of the team members or other 

individuals, and damaging the environmental or material property (Dietrich, Childress, 2004). 

In order to minimize human errors, there are many strict rules, protocols and procedures to 

follow in both routine and non-routine situations, including algorithm-like “if X, then Y” 

explicit decision mechanisms. These rather static procedures, however, may restrain the teams 

from taking an active role in a quickly escalating, dynamic, non-routine emergency events 

(Grote, Zala-Mező, 2004; Waller, 1999; Liao, Hildebrandt, 2013). As a result, many researchers 

have argued that in order to resolve the contradiction between the static procedures and a 

dynamic environment, one must understand the adaptation processes of these teams as well as 

the related cognitive procedures. 

The most comprehensive synthesis of team adaptation research has been developed by Travis 

Maynard and colleagues (2015), who applied an Input-Mediator-Outcome model (Ilgen et al., 

2005) to define team adaptation, depending on whether the focus is on the adaptability of the 

team (Input), the outcome of the adaptation (Outcome), or the team adaptation process itself 

(Mediator). In my doctoral thesis, team adaptation is considered as a Mediator, which can be 
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described as the sum of all the relevant changes in team processes that are performed as a 

response to a situational need. This situational need is described as a “trigger” that starts the 

process of adaptation. According to Maynard and his colleagues (2015), the process of team 

adaptation is largely dependent on the magnitude of changes the trigger necessitates during the 

task solution. They define this characteristic of the trigger as “trigger severity”, and based on 

the previous work of Marks et al. (2001), they categorize team adaptation processes into three 

major groups. If the trigger necessitates an adaptation that is related to the task itself, then team 

adaptation is considered as an “action-process” which focuses on directly solving task 

deficiencies. If the trigger indicates a problem within the team, team adaptation is considered 

as an “interpersonal process” which focuses on resolving problems and conflicts within the 

team. In these two occasions, trigger severity is lower, necessitating a smaller magnitude of 

team adaptation. However, as trigger severity increases, the team needs to modify or even 

rebuild its already existing strategy in order to lead the task process back to a standard, efficient 

and safe mode. Team adaptation is then defined as a “transition process” in which case, after 

the successful modification of the team strategy, task solution may continue as an action or 

interpersonal process. As a consequence, transition is hierarchically based above action and 

interpersonal processes, and therefore requires a different, presumably more complex cognitive 

activity from the team members. According to Maynard and colleagues (2015) one of the most 

important mediator of team adaptation as a process is team coordination. 

Because of the high level of interdependence of team members working in high risk 

environment, the process of team coordination has long been the topic of scientific interest 

within this research field. According the simplest categorization, team coordination may either 

take an explicit or an implicit form (Espinoza et al., 2004). Explicit coordination is defined as 

a coordination form in which team members consciously spend resources on team coordination 

(Grote et al., 2010), therefore, explicit coordination necessarily manifests in team 

communication (Swain, Mills, 2003), along with an increased frequency of intrateam 

communication. In contrast, implicit coordination refers to the ability of team members to act 

in concert, anticipate and understand the requirements of the task and modify their behavior 

accordingly, without the need for overt communication (Rico et al., 2008). The most important 

cognitive background for implicit coordination is a mutually held and shared team mental 

model which decreases the need for conscious, overt communication (Espinoza et al., 2004), as 

team members are able to anticipate the information needs of other members (Swain, Mills, 

2003; Butchibau et al., 2016), thus saving important team resources. This “economic” form of 
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team coordination may be crucial in a non-routine event, as the team can decrease its 

communicational load in a highly stressful and cognitively complex situation, thus being able 

to save team resources that can be invested in solving the emergency event at hand. As a 

consequence, implicit coordination in the literature is associated with a lower frequency of 

intrateam communication (Hoeft et al., 2005). In a dynamically changing, complex 

environment, choosing the correct form of team coordination might be a critical factor in 

successful team work. Team coordination which takes these situational circumstances into 

consideration is often referred to as adaptive coordination (Entin, Serfaty, 1999). Adaptive 

coordination is defined as the ability of the team to change its coordination strategy based on 

the changes of situational requirements (Grote et al., 2010). One of the most frequently 

investigated situational requirements which influences adaptive coordination is the complexity 

of the task, in other words task load. However, empirical results are rather contradictory 

regarding the nature of adaptive coordination, namely, whether team effectiveness in a highly 

complex, stressful, non-routine situation is associated with an  explicit or an implicit team 

coordination type. As Espinoza et al. (2004) highlight, the majority of empirical research has 

investigated team coordination in geographically synchronous teams, therefore team 

coordination research of geographically asynchronous circumstances is relatively rare, which I 

consider as a major research gap regarding my doctoral research. As mentioned before, most of 

the empirical investigations focus on control room operators, cockpit crews and emergency 

medical teams, all of which are characterized by a geographically synchronous form of team 

work, in contrast to firefighting teams. Besides the above mentioned characteristic, fire brigades 

possess some additional traits that make their team work unique and that might impact the 

effective type of team coordination during emergency events: 

Physical demands: firefighting teams are exposed to a remarkably high level of physical load 

(Davis, Gallagher, 2014; Jouanne et al., 2017; Morris, Chander, 2018; Zare et al., 2018) which 

not only impacts their physiological conditions (von Heimburg et al., 2006; Richmond et al., 

2008), but their physical balance as well (Brown et al., 2019; Park et al., 2010), thus 

withdrawing important team resources from the task and from the team members’ capacity to 

focus on each other’s’ needs.  

Environmental factors: the team work of fire fighters is characterized by extreme 

environmental circumstances, as they are exposed to fire, extreme level of heat, noise and 

smoke (Aisbett et al., 2012; Neitzel et al., 2013). 
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Protective gear: team members of fire brigades must wear a personal equipment throughout 

deployment which covers their body, head and most of their faces (Quinn et al., 2021). The 

weight of this personal protective equipment is nearly 20 kilograms (Brown et al., 2019), which 

makes their verbal and non-verbal intrateam communication remarkably challenging. 

Team members’ motion: in contrast to the above mentioned three team types, members of fire 

brigades are in constant motion during deployment which again might have a serious negative 

impact on maintaining verbal and nonverbal intrateam communication. 

Geographical location of team members: members of firefighting teams are geographically 

dispersed, often working in three or four different locations simultaneously which might have 

an important influence on the shared mental model, the communication and the coordination of 

the team.  

Communication channels: as a result of geographically asynchronous team work, the team 

communication of fire brigades is based on two channels: face-to-face and radio 

communication. Information that is transmitted through the face-to-face communication 

channel is restricted to one location of the team, therefore, team members of other locations are 

necessarily excluded from it. In contrast, information via the radio communication channel is 

transmitted to everyone within the team, therefore it has a strong influence on maintaining a 

unified and up-to-date team mental model. In my doctoral thesis, therefore, face-to-face 

communication is labeled as “lateral”, while radio communication is labeled as “central” 

communication channel. 

Research aim 

Investigating firefighters’ team work, specifically firefighting teams’ intrateam communication 

is a relatively neglected though important research field which could contribute to the 

identification of human errors and therefore the general development of firefighters’ team work. 

Consequently, the main goal of my doctoral research is to fill this research gap by exploring 

and understanding the characteristics of firefighters’ team communication and thus integrating 

this team type into the research field of team work in high risk environment. The physical 

demands and extreme environmental circumstances are important characteristics of firefighting 

teams that require a large amount of physical and cognitive capacity, leaving significantly less 

resources for the team members to anticipate each other’s needs in a complex, non-routine, 

emergency situation. Therefore, I argue that in their case, the implicit form of team 

coordination, information sharing without request and a decreased intrateam communication 
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will take place with a lower probability.  In addition, the protective gear that team members 

must wear during deployment covers their body, head and most of their faces, and therefore it 

might hinder the transmission of subtle, nonverbal communicational signs (e.g. eye contact, 

facial gestures) that would decrease the need for overt team communication. Nevertheless, 

members of fire brigades are not only geographically dispersed but they are also in constant 

motion. As a result, not only nonverbal communication might be impacted but also the mutually 

held and shared team mental model that would serve as the basis for implicit team coordination. 

Consequently, in my doctoral research I hypothesize the following: 

H0: Compared to a simple, routine task situation, firefighting teams in a complex non-routine 

situation show a higher frequency of intrateam communication on both the central and the 

lateral communication channels. 

As a consequence of the above mentioned research gap, I extend my hypothesis by four 

additional research questions that focus on the understanding of how firefighting teams’ 

adaptation manifests itself in team communication and how it is related to team performance: 

1, How does firefighting teams’ communication change in general when comparing a simple, 

routine and a complex, non-routine task situation? Are there different communication 

patterns that are specific to a routine or a non-routine situation? 

2, How does the best and the worst performing team’s communication differ from each other 

in a routine and a non-routine task situation? 

3, How does the best and the worst performing team’s communication differ from each other 

in a routine and a non-routine task situation in different phases of task accomplishment? 

4, How does team- and task-related communication of firefighting teams change in  face-to-

face and radio communication during routine and non-routine task situations? 

Research methods 

Research sample 

My research sample consisted of six nuclear fire brigades of a Hungarian power plant. Each of 

these teams consisted of seven members (incident commander, driver engineer, signalman and 

two pairs of firefighters). Participants were allocated to brigades based on their real team 

membership, thus, brigades have worked together during the experiment as they normally do 

in real life. 
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Research design 

My research aim was to explore how intrateam communication changes when firefighting teams 

face a complex, non-routine task situation (compared to a simple, routine task) in which 

standard team performance can only be maintained by modifying and recreating the already 

existing team strategy. To do so, the development of a “simple” and a “complex” simulated 

scenario was necessary. In order to create simulated scenarios that are realistic and compliant 

with professional standards of firefighting, an “expert team” consisting of three senior 

firefighters was involved in the development of the research design, who also evaluated team 

performance after the simulations.  In the simple scenario, the participating teams’ task was to 

extinguish a fire (approximately 30 square meters) that broke out in the equipment building of 

the fire station, with no life endangered and no explosive material involved in the  situation. 

The equipment room is a building which is well-known by the participating teams, with only a 

few furniture and large windows, thus ensuring a relatively good visibility and effective team 

communication during deployment. In contrast, in the complex scenario, the firefighting teams’ 

task was to extinguish a fire in one of the bunkers of the power plant. One person was assumed 

to be injured or in danger, as he entered the bunker in an attempt to extinguish the fire but has 

not returned since then. In addition, there was known to be a highly explosive gas bottle in the 

bunker which needed to be carried as soon as possible, before it exploded. During the complex 

scenario, firefighting teams realized that entering the building was hindered due to an iron bar 

blocking the entrance door. Later, during the deployment, the teams learned that the incident 

commander fell sick and was hospitalized, as well as they realize that the entrance they used 

during the deployment has crushed in and they needed to find the emergency exit as soon as 

possible. Compared to the simple scenario, fire brigades in this case worked in an unknown 

location which was not only larger, but had a more complex ground plan. In addition, as it was 

an underground building, visibility and team communication was hindered. Because of the 

injured person and the gas bottle, teams were exposed to a higher time pressure which was 

accompanied by the need to recreate their already existing strategy due to the unexpected events 

(incident commander and entrance of the bunker).  

Besides the objective differences between the simple and the complex scenario, I found it 

important to make sure that the participating teams’ subjective experience of workload was also 

different in the two cases. Teams were therefore asked to fill the paper-pencil, Hungarian 

version of NASA TLX. Comparing the team-level subjective workload that was experienced 

during the simple and the complex scenario, the difference between the subjective complexity 
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of the two cases was statistically proven (simple scenario: (𝒙 ̅= 8,35 (SD= 3,056); complex 

scenario: 𝒙 ̅= 10,03 (SD= 3,728); Wilcoxon’s signed rank test: p= 0,02). 

Video recordings of the simulated scenarios 

To enable every single (sometimes simultaneously occurring) interaction taking place between 

team members during task execution to be captured, teams were video recorded from four 

camera setups. As a result, 48 videos (24 simple and 24 complex), approximately 16 hours of 

raw video material served as the basis for communication analysis. Since the time interval of 

task completion and the task phases were different for each team, a ratio number was used for 

analysis, dividing the frequency of each communication category by the length of each phase, 

thus making communication frequencies of the teams comparable to each other.  

Team coordination, as the measure of team performance 

Team coordination was evaluated by the same expert team who assisted in creating the 

simulated scenarios, in order to create a performance measure which is compliant with the 

professional standards of firefighting. During this process, experts were asked to watch the 

video recordings and evaluate team coordination on a 0-6 Likert scale in all of the task phases 

of both the simple and the complex scenario. They were asked to give 0 point if they believed 

that team coordination was not observable in that phase, 1 point if they believed that team 

coordination was not at all typical to the team and -by also using the points in between- 6 points 

if team coordination was very typical to the team. As the second step of the evaluation process, 

experts were asked to argue and reach a consensus regarding their individual ratings in cases 

where these differed from each other in any way.  

Creating communication scripts 

After the evaluation process of the expert team, communication scripts on both the central and 

lateral channels, as well as communication categories that served the basis of the 

communication analysis were created. Communication categories were developed based on the 

already existing empirical research of team communication in high risk environment (Jouanne 

et. al., 2017; Fukuda et al., 2003; Sexton, Helmreich, 2000; Krifka et al., 2004; Waller et. al., 

2004; Stachowski et al., 2009). As a result, altogether 20, mutually exclusive communication 

categories were defined and applied for further analysis (“Question to request information”; 

“Question of refinement”; “Asking for permission”; “Question to check status”; “Simple 

answer”; “Enriched answer”; “Closed-loop communication”; “Command”; “Information 
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without request”; “Clarification”; “Hesitation”; “Bespeaking”; “Warning”; “Call for attention”; 

“Identification”; “Correction”, “Anticipation”; “Suggestion”; “Opposition”; “Time-related 

communication”). Communication analysis was conducted by using the 6th version of 

ATLAS.ti software. In order to ensure the reliability of the coding, communication scripts were 

also coded by an independent psychologist (ҡ= 0.73). 

New scientific results 

Thesis point 1. 

 

 

 

I hypothesized that the unique characteristics of firefighting teams that are listed in the literature 

review (physical demands, environmental factors, protective gear, team members’ motion, 

geographical location and communication channels) have a negative impact on maintaining 

implicit team coordination, therefore, firefighting teams will increase their intrateam 

communication in the complex scenario. To test my hypothesis, I summarized the 

communication frequencies of all teams for both the simple and the complex scenarios. As a 

result, my hypothesis was partially supported. While on the lateral (face-to-face) channel there 

was in fact an increase in intrateam communication in the complex scenario, it decreased on 

the central (radio) communication channel. Based on this result I argue that in a complex, high 

workload situation, lateral communication channel will play a significant role by serving as the 

basis for team interaction. 

Thesis point 2. 

 

 

 

 

 

According to the results of my first research question, in the simple scenario central 

communication channel, while in the complex case, lateral channel plays an important role in 

In case of firefighting teams, the amount of intrateam communication increases on the 

lateral (face-to face) communication channel, but decreases on the central (radio) 

communication channel in the complex scenario.  

Central communication channel plays an important role in a simple scenario, while 

lateral communication channel plays an important role in a complex scenario. In the 

complex scenario, the frequency of communication categories that contribute to 

maintaining contact between team members will increase on the central channel, while 

the frequency of communication categories that are related to task execution will 

increase on the lateral channel. 
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team interaction. Based on the result of my hypothesis and my first research question, I argue 

that the two communication channels have different functions and are significant in different 

situations. The increase in the role of the lateral channel in the complex scenario may be 

explained by the unexpected events that necessitate the modification of the already existing 

team strategy. In addition, the difference in the role of the two communication channels seems 

to increase in the complex scenario: while the central channel contributes to maintaining contact 

between team members, the lateral channel contributes to task execution. According to my 

results, both of the implicit and explicit team coordination forms are crucial in a high workload, 

complex situation, however, on different communication channels. 

Thesis point 3.  

 

 

 

 

 

 

My second research question aimed at exploring the communication categories based on which 

the worst and the best performing teams can be differentiated from each other. To do so, a team 

of experts were first asked to rate the six teams’ performance in both the simple and the complex 

scenarios. Based on their ratings, the best and the worst performing teams have been identified 

and exclusively focused on in this phase of the analysis. Based on my results, the best 

performing team differed from the worst performing team in using the communication category 

of “Anticipation” on both channels and in both scenarios, while the worst performing team used 

the communication categories of “Hesitation” and “Clarification” with a remarkably higher 

frequency. Analyzing the simple scenario specifically, my results suggest that the best 

performing team communicated significantly less on both communication channels than the 

worst performing team. In contrast, in the complex scenario, the best performing team showed 

a significantly higher amount of intrateam communication than the worst performing team on 

both channels. Based on my results I argue that in case of firefighting teams the basis for 

effective team coordination is a relatively low amount of intrateam communication in a simple, 

protocoled task situation, while it is an increased amount of intrateam communication in a 

complex, stressful, high workload task situation. 

The best and the worst performing firefighting teams differ from each other in their 

usage of the communication categories of “Anticipation”, “Hesitation” and 

“Clarification”. Compared to the worst performing team, in the simple scenario, the 

best performing team shows a lower amount of intrateam communication on both the 

central and the lateral channels, while, in the complex scenario it shows a higher 

amount of intrateam communication on both communication channels. 
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Thesis point 4. 

 

 

As the next step, I analyzed team communication patterns of the best and the worst performing 

team by phases, with the aim of exploring whether there are communicational characteristics 

of the different task phases that contribute or hinder team coordination. According to my results, 

it is important how teams utilize the different task phases from a communication point of view. 

In both the simple and the complex cases, it seems to be crucial for effective teams to use task 

phases in which team members are geographically co-located for lateral communication, 

specifically, for strategy building and task delegation, thus decreasing the need for further and 

unnecessary clarification later during deployment. In these phases, the worst performing team 

focused on communication on the central channel, thus missing the opportunity to lay the 

foundations of a smooth and coordinated teamwork. The worst performing team is further 

characterized by a remarkable decrease in intrateam communication in task phases of the 

complex scenario that contain unexpected events.  

Thesis point 5. 

 

 

 

As the last step, by recategorizing the communication categories, I aimed at exploring how 

team- and task-related communication can be observed in both scenarios. According to my 

results, team-related communication categories are overrepresented on the central channel in 

both the simple and the complex scenarios, while task-related communication categories were 

more related to lateral channel in both scenarios, These results further support my 

argumentation according to which the two communication channels differ from each other in 

function and purpose. While the central channel’s most important function is to assist team 

members in updating information about their teammates’ status and location, the lateral channel 

serves as the tool for transmitting task-related information throughout the task execution. 

  

From a communicational point of view, the worst performing team is less effective in 

utilizing the different phases of the simple and the complex scenario. 

Central and lateral communication channels serve different functions. While the 

central channels serves maintaining contact between members, the lateral channel is 

related to task execution. 
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