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ABSTRACT

First responders such as firefighters are trained to manage dangerous situa-
tions. However, less is known about how danger and complexity affect their
approach to challenging fire and rescue missions. Using qualitative interviews,
the aim of the present study is to gain in-depth knowledge about demanding
operational situations that are difficult to solve for experienced firefighters.
Nine trained Norwegian firefighters were interviewed about complex problem
solving in naturalistic settings. Analysis of the interviews identified three main
categories: 1. Unforeseen Events elaborating on the impact of external/contex-
tual factors as well as internal experiences along the unpredictable nature of
their work, 2. Processing and Communication of Information, addressing the
importance of cognitive capacity and common understanding of the situation
and finally 3. Decision Dilemmas illustrating the kind of difficult, life-or-death
decisions that firefighters must make. The results are discussed in light of the
impact of dynamic risk factors, theories explaining decision making in realistic
scenarios as well as human cognitive phenomena and capacity. Possible impli-
cations and future perspectives are discussed.

ARTICLE HISTORY Received 12 September 2024; Revised 31 January 2025; Accepted 11
April 2025

KEYWORDS Firefighters; complex problem-solving; unforeseen events; working memory
capacity; decision dilemmas

1. Introduction

Firefighters serve an essential role in providing safety and protection to
their communities. They are highly trained and resilient, they share a
strong professional commitment and pride (Lantz et al., 2023). Firefighters
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are exposed to extreme danger and hazards such as toxic substances,
injuries, and emotional stress (Fraess-Phillips et al., 2017; Orr et al.,, 2019).
A core aspect of working as a firefighter is the emotionally charged nature
of their work. When the alarm sounds, it could be a false alarm, a mere
routine event, or a highly charged, complex, and dynamic situation where
lives are at stake. The increased dependency on technology and infra-
structure, changed the building environment and the operational context
of emergency response. For example, a small fire starting in a peripherical
building can escalate into a toxic cloud disrupting a transportation cross-
road, and even localised incidents can trigger cascading effects and sec-
ondary crises, challenging dynamically how resources should be prioritised
and creating new needs for cognitive capacity building (Miller &
Pescaroli, 2018).

It is well known that acute stress causes activation of biological stress
response systems and that strong emotional stress reactions can influence
decision-making and problem solving (Pham, 2007). Firefighters must judge
and make decisions when faced with unforeseen high-risk situations and
extreme stress. However, few studies have explored what kind of situations
experienced first responders consider most demanding.

Classical decision research assumes that humans are guided by stable
preferences that serves to optimise the expected utility of the outcomes
(Levine, Chan, & Satterfield, 2015). In a series of laboratory studies
Kahneman and co-workers challenged the assumption of ‘rational choice’
inherent in the classical theories based on their observations that humans
made decisions based on heuristics and biases (see Kahneman 2003 for
an overview). Kahneman'’s research and the proposed dichotomy of think-
ing seen as intuitive, fast, and inaccurate versus analytical, slow, and
accurate (Kahneman, 2003, 2011; Stanovich & West, 2000) underscored
the significance of cognitive factors in decision processes. Still, a frequent
objective and critic of both the classical studies and the studies of
Kahneman (2003, 2011), has been that these studies primarily apply to
a narrow and well-controlled context (Hoffrage & Marewski, 2015;
Kruglanski & Gigerenzer, 2011). While laboratory studies of well-defined
decision problems that allow solutions to be pre-defined and static in
terms of right or wrong answers, this is rarely the case in naturalistic
settings where decisions must be reached between domains of uncertain
risk. Decision problems in naturalistic settings such as fire and rescue
missions are often ambiguous and ill-defined or can be framed as com-
plex decision dilemmas without pre-defined solutions to the problems
(Findlater et al., 2019; Goel, 2010; Jonassen, 2000). Fire and rescue situ-
ations require complex coordination of resources and dynamic problem
solving where the context may change rapidly and unexpectedly (Dérner
& Funke 2017; Klein, Calderwood & Clinton-Cirocco, 2010). As demon-
strated by Butler et al. (2023) and Cohen-Hatton et al. (2015) operational
decision-making processes are complex, even for highly resilient
firefighters
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Decision research has in general been criticised for being too preoccu-
pied with the individual (Wilkinson, 2010) and for not taking into account
how social, cultural, professional, or interpersonal relations will influence
decisions. In highly critical situations decisions are made in groups con-
sisting of people from different fields and with different expertise (Wilkinson
et al. 2022). Another frequent criticism has been the focus on calculation
of probabilities. Typically, participants are presented with a narrative and
asked to estimate the likelihood of a certain outcome. Kay and King (2020)
have argued that when participants are asked to assess the outcome of
such narratives, they will interpret the outcome considering a broader
context. Research has shown that people use their memory, schema as
well as values and beliefs when they judge and make decisions (Green
et al., 2020; Zhao et al., 2022).

When it comes to safety critical decisions in high-risk situations an
approach to study risky choice has been to frame narratives in terms of
gains and losses and then asked which of two alternatives they favour,
such as in the Asian disease experiment (Tversky & Kahneman, 1981). The
results from this study revealed that when participants read the words
‘lives saved’ their choices were more risk averse, while their choices were
more risk seeking when they read the words ‘lives lost’ The use of pre-de-
fined alternatives together with precise probability has also been criticised
by Huber (2012, 2017). For instance, Huber (2012) argues that in realistic
scenarios people are not interested in a precise probability. Instead, they
are interested in whether an outcome is possible, or whether it will occur
with certainty. According to Huber (2012) the decision maker will try to
identify or imagine many different alternatives, including the possibly worst
outcome from each alternative, and then choose the alternative with
relatively best worse outcome. Further he emphasises that people always
will strive to search for a risk-defusing operator (RDO), that is additional
actions that can eliminate the risk from happening. Thus, in addition to
considering existing alternatives a decision maker has at hand, the decision
maker will act to reduce the risk. This is a more likely decision strategy for
operators in high-risk occupations, such as the fire and rescue services.

Huber (2017) further assumes that people in non-routine situations
will construct mental representations of possible outcomes or alternative
actions. Mental simulation is therefore considered to be an important
component in decision making (Klein, 1993). From research on experts
(i.e. fire-fighters) dealing with complex problem solving and risky situ-
ations, Klein et al., (2010) developed a model called the recogni-
tion-primed decision (RPD-model). The model describes how experts,
such as experienced firefighters, can react very fast based on salient
cues or patterns in the situation, choose a course of action they consider
as good or appropriate, and further evaluate this action by mental
simulation using mental models that are developed through training or
experience. Thus, the planned operation is assessed in relation to pre-
vious knowledge about effective solutions (Klein, 1993, pp. 138-147).
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In other words - Klein is talking about the power of intuition (Klein,
2004) - in the form of knowing without knowing (Kahneman, 2011, pp.
237). This assumption is confirmed in a recent systematic literature
review (Reale et al., 2023) demonstrating that when people make deci-
sions in high-risk situations (dynamic decisional environments), they
make use of recognition-primed decision strategies. Experts such as
firefighters are selected and trained to handle extreme situations. They
are highly resilient and are expected to solve complex problems based
on their ability to judge and make appropriate decisions. However, an
important question is: What if they are faced with situations where they
have no previous experience, and recognition based on earlier experi-
ences is not possible? A long-established conundrum in decision-making
(e.g. Gardner, 1972) is that there are '’known knowns’ (what we know
we know), ‘known unknowns’ (what we know we do not know), and
‘unknown unknowns’ (what we do not know that we do not know). The
increased complexity and uncertainty of contemporary society implies
that crises and incidents are harder to predict, and situations with high
uncertainty and many unknown factors are becoming business as usual
in the operational reality of first responders. Training and exercises need
to include tools such as scenario building aimed at supporting the
flexibility of emergency response, but much is left to be understood in
the intersection between organisational and individual resilience
(Pescaroli et al.2023).

We do not know much about what trained firefighters find the most
challenging situations and how they handle these situations. Reale et al.
(2023) studied characterisation of skilled decision-making in difficult situ-
ations and argue that future research must focus on poor performance
as well as common pitfalls. More knowledge about situations trained
firefighters find difficult to solve will have important implications for further
research and future education and training programs. The overall objective
of the present study is therefore to gain in-depth knowledge about
demanding operational situations that are difficult to solve, even for expe-
rienced firefighters.

2. Methods
2.1. Research design

The present study applied a qualitative inductive design to explore com-
mon themes in demanding situations trained Norwegian firefighters have
experienced in the fire and rescue services (Lindsay, 2019). This oppor-
tunity to study operational situations that were difficult to handle pro-
vides a unique insight into so called ill-structured situations, complex
problem solving and dynamic decision-making including judgments, val-
ues, and professional experiences of fire and rescue workers (Ritchie
et al.,, 2014).
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To clarify researcher preconceptions a research protocol was developed
and shared between the researchers. The protocol assumed that both
individual factors (e.g. experience, preferences, values, and priorities) and
contextual factors (e.g. teamwork, technology, weather, and location) would
guide the way they approached and solved complex fire and rescue mis-
sions. Given the ever-changing nature and inherent dangers associated
with fire and rescue missions, we expected the study to provide in-depth
knowledge about demanding operational situations that are difficult to
solve, even for experienced firefighters. In the analytical process these
expectations were confronted and adjusted based on the qualitative data,
until agreement was reached of a new understanding of the phenomenon
(Malterud et al., 2021).

2.2. Participants

The Bergen Fire Brigade has about 188 first responders allocated at six
fire stations across the city. The study sample consisted of nine very
experienced male first responders in leadership positions. The first respond-
ers had on average 28years of service and had been in their roles as fire
commanders from 2 to 19years. These nine fire commanders had different
backgrounds and responsibilities in their current role, ranging from deputy
fire chief and incident commanders to station commander. Some of them
had the role of supreme fire officer on duty for a week at the time, some
were incident commanders in charge of the team on duty (minimum 37
members of staff, 24-hour shifts during the week, and 48 hours during
weekends), and others are station commanders.

2.3. Data collection

Individual semi-structured interviews were conducted in 2022 after all
restrictions from the COVID-19 pandemic had been lifted. The interviews
were conducted in the local Norwegian dialect in person at a fire station
in Bergen by a trained researcher. The informants were interviewed while
on duty. If a fire alarm occurred, the interview was postponed.

A semi structured interview guide was developed and shared between
the researchers involved (Kallio et al., 2016). The interview guide addressed
several aspects of operational issues in the fire and rescue services. In this
study we were particularly interested in complex problem solving. Examples
of questions:

« Could you give an example of a demanding operational situation
where it was uncertain whether you would be able to solve it?

« Do you have an example of a situation where missions have become
difficult to solve because of misunderstandings or problems with
coordinating effort?
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+ Is there anything else other than the things we have been through
that could make missions difficult to solve?

The interview progressed in accordance with the narrative of the infor-
mant. Follow-up questions were asked to clarify, elaborate, or when the
informants expressed something of interest which fell outside of the inter-
view guide. The interviews lasted between 35 and 60 minutes (50 min. on
average) and were conducted by the same researcher. The sound record-
ings were stored in an encrypted server according to institutional policy
and data management. To secure and protect the identity of the infor-
mants, each of them were given a code. Names and other personal iden-
tifiable or sensitive information were re-coded or removed from the
transcribed files before files were subject to analysis by the research team.

2.4. Ethical considerations

The study protocol was approved by the Norwegian Centre of Research
Data (NSD), which is the national centre and archive for research data in
Norway (Ref code: NSD-977619). Prior to each interview the informants
gave their verbal or written consent and were informed about their right
to withdraw from the study without any following consequences.
Established guidelines were observed to protect the anonymity of the
participants and to ensure safe storage and use of the data material.

2.5. Data analysis

The transcribed material was analysed in accordance with the four steps
in Systematic Text Condensation (STC), which is a strategy first described
by Giorgi (1985), and later modified by Malterud (2012). STC is an inductive,
iterative, and pragmatic method for analysing cross-sectional qualitative
data (Malterud, 2012). Table 1 provides a summary overview of the common
themes, sub-themes, and data examples associated with each sub-theme.

First, the transcribed material was read in entirety by all authors to
obtain an overview of the data. Then, preliminary themes were identified
and discussed by the researchers. Subsequently, the transcripts were thor-
oughly read to identify meaning units based on the preliminary themes.
Further, the content of the meaning units was condensed and clustered
into groups and sub-groups. This coding process was conducted by the
first, second and third authors. This process resulted in three common
themes. The first and second themes were further divided into two sub-
themes. At this stage, each code group was characterised by a condensate,
a quote summarising and representing the phenomenon that the sup-
group described (Malterud et al., 2021). Finally, the content of each code
group was synthesised and summarised to present a re-conceptualized
description of each code group. This analytical text was created to



SAFETY AND RELIABILITY 7

Table 1. An overview of themes, sub-themes, and data examples of complex prob-
lem-solving situations.

Themes Sub-themes Data examples

Unforeseen Factors « External and contextual Another example is lack of equipment, or the
factors (e.g. weather, wrong equipment, arriving at a house fire
equipment, context) and it turns out that our water pump on

+ Internal experience-based the car is not working, that’s a crisis. (ID 5)

unforeseen factors (e.g. ... there were probably poor preparations,
fatigue, lack of plans, lack as well as badly planned, they didn't
of experience and foresee the consequences in time to
competence, discrepancy realise they would need more help. It
between expectations and resulted in it escalating a whole lot and
actual situation) turning out as a much bigger fire than it

needed to (ID 8)

Another type of [difficult] incident are
incidents where the extent of the
situation is so big that we can't make a
plan on how to solve it. Planning is an
important part of how we handle
situations, but we are not capable of
managing all of them. If a plane crashes,
we aren't built for it, to put it like that.
We aren't trained to handle these
unpredictable incidents. (ID-2)

Processing and +  Cognitive capacity ... If I am giving one task to one person,
Communication for example to pass on the information
of Information I'm giving, he remembers maybe 70% of

what I'm saying. And when he is going
pass on that information to another
group, they may get 70% of the
information from the leaders. And if that
information is going to pass yet another
stage, the information gets less precise.
It depends on how complex the
situation is. (ID-4)

Common understanding And if he has more than one station out,
you kind of have one, every station has
their leader at the scene, which he has
to communicate with, and they have to
have the same understanding of the
situation, and have the same
understanding of what’s been decided,
what’s the plan, what are we supposed
to do? So, if you don't have this
communication, it doesn’t work, you
often have several stations that operate
with different targets, without it being
known to our effort manager. (ID-7)

+  Decision You know the human life part, if you

Dilemmas manage to save people if there are

people inside the house, it gets more
complicated. ... The working method
gets different because you have to, you
take more risks, which makes it more
complicated. There is a bigger
responsibility on the people on the
mission, because they are focused on
their particular part, and overlook the
complexity of the situation. (ID 3)
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elaborate and describe in more detail some of the nuances associated
with each condensate. The analytical text was validated by comparing it
with the codes and sub-groups and with the original transcribed inter-
views. From the analytical process, typical ‘golden quotes’ were identified
to represent the results of the study. The analytical text and ‘golden quotes'’
are presented in more detail in the result section. Table 2 gives an over-
view of the analytical process. In the analytical text, typical ‘golden quotes’
are used to represent the results of the study.

3. Results

The analysis identified three overarching themes labelled 1. Unforeseen
Factors, which was further divided into two sub-themes: 1a) External and
Contextual Factors and 1b) Internal Experience-Based Factors, 2. Processing
and Communication of Information, divided into two other sub-themes:
2a) Cognitive Capacity and 2b) Common Understanding and 3. Decision
Dilemmas (see Figure 1). In the following, each of these main themes will
be further elaborated and illustrated by quotes from the interviews.

3.1. Unforeseen factors

The fire and rescue workers must be prepared to respond to several types
of different situations, ranging from false alarms to severe situations. Thus,

Table 2. Overview of the analytical process in the study.

Step 3: common

Step 2: Meaning units themes
Step 1: Overall
impression Code® Source® References® Overarching themes
The informants + Unforeseen and 8 25 1. Unforeseen events
talked about how unknown events 2. Processing and
unpredictable +  Processing and 8 16 communication of
events, processing communication of information
and information 3. Decision dilemmas
communication of « Decision 4 10
information, and dilemmas
decision dilemmas
were experienced
as the most
demanding Sub-themes
situations. 1a. External and
contextual factors
1b. Internal
experience-based
factors
2a. Cognitive capacity
2b. Common

understanding

2Code: Identified meaning units.

bSource: Number of informants talking about the code (N=9).

‘References: Number of code related citations. The coding and counting of the quotes were done
manually.
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Figure 1. Overview of the overarching themes and sub-themes from the
interviews.

the unforeseen nature of their work was frequently emphasised in the
interviews. Quite often they could be called out to what turned out to
be a false alarm or a minor incident. In other situations, the fire could
have spread with residents trapped in the building. Based on the analysis
of the interviews, external factors were experienced as demanding aspects
of their operations. Moreover, these unforeseen aspects of their work could
elicit inner experiences or responses, and sometimes emotional states such
as fatigue, which added an extra burden to the situation. Such internal
responses to external events were labelled as internal experience-based
unforseen factors.

3.1.1. Unforeseen contextual factors

Frequently reported challenges were the need to be prepared to tackle
a wide variety of contextual factors ranging from strong winds to freezing
cold, or heat. Forest fires pose different challenges compared to fires in
urban areas where wooden structures and narrow streets (typical in
Bergen) would cause additional problems for the crews making it difficult
to use fire trucks and equipment:

The weather is important, especially in areas we define as ‘fire spread zones’
in the city, such as areas with lots of woodwork. In these zones, with narrow
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streets, it can be hard to spot the fire from the outside. The wind is another
external factor, the wind can make vacuum and pressure, and this is typical
for fire spread zones, and it can often feel like the weather is working against
us. This is a definitely a challenge. (ID-6)

Adding to the (external) challenges, is the worry about equipment mal-
function or breakdown during missions. Technical malfunctions could
present a threat to life and health of the firefighters and to the public.
Attending to maintenance and proper care for trucks, tools and personal
protective equipment is therefore a high priority:

Yes, well, it happens sometimes that there is a fault in our gear. But we
have our daily routines, so we check all our gear in the morning, everyone
who comes to work are checking all our smoke diving gear, cars and all its
contents. (ID-2)

Operations always presented a risk that could escalate and become even
more critical. Confined spaces like a tunnel fire, where visibility is reduced,
and escape routes are obstructed presented a significant challenge too.
One of the incident commanders emphasised the risks associated with
tunnel fires:

[In tunnels] with lanes in both directions, situations may occur, for example
missing personnel or cars that have collided. [The fire and rescue workers]
went into the smoke, and suddenly they heard car sounds, without knowing
where they came from. Suddenly a car on its way out of the tunnel drove
by extremely quickly, and this creates a high risk. (ID-2)

3.1.2. Unforeseen internal factors

A prolonged trajectory of complex fire and rescue situations would pose
additional challenges. In some cases, such as forest fires, it could take
several days to extinguish and control the situation. In these situations,
basic human needs such as rest and sleep become important factors to
control to avoid fatigue and maintain a resilient response. In one situation
a fire in a storage facility lasted several days:

| think [the silo fire] is the craziest experience I've ever had because there
were so many unknown factors ... we took material from the factory and
did some tests while the fire was going ... because we couldn’t use water
to put out the fire, and | needed an answer to why we couldn’t use water.
Yes, we did research while the fire was going. So, there were a lot of parallels
going on at the same time, it was an exhausting session, | was really tired,
it went on too long. (ID-1)

In response to the many challenging aspects of fire and rescue, the
experienced incident commanders emphasised the value of experience and
training. In addition to basic training, familiarisation with tools and personal
protective equipment was essential. Taking part in missions provided an
opportunity to learn by example and practice fire drills and routines. Since
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each day at the fire and rescue service could be quite different from the
other and difficult to predict, training mostly focuses on generic skills that
can be applied to different situations. This general approach to training
and development provides invaluable when responding to specific incidents.
When the alarm sounds, the incident commander will immediately start
to plan and prepare based on the initial available information about the
situation. While the dispatcher at the alarm central will continue to feed
information forward to the incident commander, s/he will begin to develop
a plan and inform the crew as they transit to the location of the incident.
Still, it is not until they arrive at the scene that they can fully assess the
situation at hand. It was frequently reported that it was challenging when
they realised that they didn't have the required competence, experience,
and their plan did not work or their plan was not good enough. In such
cases they had to make new plans during the mission. These challenges
can be exemplified by the following quotes, respectively:

Well, lack of seat competence can form the basis for missions to be chal-
lenging to solve... (ID-5)

I had such an incident ... yes, about 2 %> years ago ... 2 years ago, at xx,
with a fire in a silo. And | don't have a lot of experience with fires in silos.
The starting point was that | didn’t know a lot about this...(ID-1)

We had to think of how to handle the situation, make a tactical plan and
understanding the goal of what we were doing, ... and then we had to
consider the risks, and think of worst-case scenarios. (ID-6)

Overall, a mismatch between what they expected, and the actual scene
was seen as quite common by our informants. Like one of them also
emphasised:

Yes, [a challenge] could be if you arrive, and the picture you've made in
your head, is not the same as the reality, you always make a picture in your
head on your way to a fire- or injury-site. And if it then doesn’t match with
the one in your head, you will most likely use some time to readjust your
thoughts, to how you should tackle the situation, and how you decide to
use your resources. (ID-8)

3.2. Processing and communication of information

Several of the firefighters emphasised that the ability to process and
understand information could be difficult during operations and in par-
ticular to bring information forward. Moreover, it was frequently reported
that a common understanding of the situation was important. However
as different services and agencies are working together and they all have
their own agenda, this could sometimes be a challenge. Thus, maintaining
cognitive capacity and securing a common understanding of the situation
emerged as two important sub-themes:
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3.2.1. Cognitive capacity

Although it would have been ideal to have a good understanding of the
situation with specific and correct information about the situation before
arriving at the scene, this is seldom the case. The incident scenario may
appear different than first expected - and in the initial stage of a response
there are many things going on simultaneously. Uncertainty and incorrect
information add to the complexity there are lots of different elements to
process and sort in order to solve the problems at hand and respond to
the situation:

Thus, as one of our interviewees reported:

The first message can contain a lot of information, which you then have to
narrow down to what you actually have use for. What part of the information
is useful for the mission? What part of the information is not useful? For
example: big industrial building, what is the building’s...? What dangers are
there? What is the wind like? | may get all this information before even
getting out the garage. | think it is more difficult the bigger the situation.
Unclarity. ... When all the information comes pouring in, what do you pick
up? What is useful, and what is not? And then you are supposed to drive
a car at the same time, get to the place of the situation, it is quite a
demanding task, and sometimes you have to prioritize; should | drive the
car, or should | concentrate about all the information, because sometimes
it is too much to handle. (ID-1)

Moreover, it was also reported that it could be a challenge to effectively
respond and communicate or pass on important information:

Yes, disturbing noises on the radio, definitely, there’s a lot of information
going through, you often don't catch everything.... It has probably solved
a lot, but there is a challenge if you're not good at giving status updates
frequently, share all the information you've received from your department,
and then pass it on to the task manager or the mission leaders. It's import-
ant, and | can tell we need to get a lot better at this. (ID-6)

If I am giving one task to one person, for example to pass on the informa-
tion I'm giving, he remembers maybe 70% of what I'm saying. And when
he is going pass on that information to another group, they may get 70%
of the information from the leaders. And if that information is going to pass
yet another stage, the information gets diluted It depends on how complex
the situation is..." (ID-4).

3.2.2. Common Understanding

Information management was seen as a crucial aspect of incident com-
mand in all stages of fire and rescue operations. Processing, sorting, and
identifying significant information contributed to establish, adapt, and
maintain much needed situational awareness. The incident commanders
became the focal information point in disseminating and updating infor-
mation back to the fire central and in coordinating their resources. Recent
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advances in information communication technology such as the use of
drones and remote sensors have improved internal communication and
coordination substantially:

| think communication is important, but it can be hard to create a picture
together, like a common understanding in the crew when we are going
out on a mission, right? Some of them may remain at the main fire station,
and are working with the next steps in The seven step-model, sending
out more people, gear, food, and clothing to the mission, right? It isn't
always easy for them to understand our point of view. We have developed
in a positive direction when it comes to this, with for example drones and
streaming, cameras, and such, to make it easier for the crew at the station
to understand and see the situation from our point of view. (ID-4)

In addition to this internal coordination, more complex situations also
required extended coordination with other emergency services and agen-
cies. In complex situations, the secure communication network for emer-
gency services is an essential tool:

Every [service] have their own agenda, and that is challenging. The fire
department has their agenda, with extinguishing fires, and save lives, the
health department have their agenda, with saving lives, and the police
department are investigating, and have control over the site of the incident.
They manage the site of the incident. They must have control over what
the situation is, who have done what in addition to following the investi-
gation, everyone focuses on their own ‘task’ This cooperation has been
improved after we got our Tetra-system, which contains common commu-
nication-channels. (ID-4)

3.3. Decision dilemmas

On site, it is important to be aware of inherent risk and operational deci-
sions that could pose a threat to personnel or victims who may be trapped
in the incident. Several of the fire commanders emphasised that since the
main objective of the fire department is to save lives, some of the most
challenging experiences involved situations where crew were at risk of
dying because the situation was so dangerous. Some of our interviewees
had many different examples of such difficult decision dilemmas and how
challenging it was to judge in some situations. As one of our interviewees
emphasised:

We never give up, but some situations, a classic example is when you
approach a house fire with a ‘no go;, you have the option of sending smoke
divers into the fire, and they can do their work, search through the house
etc., to a certain point. [You need to] balance between the risk to your own
crews compared to the gain. A house fire that has developed too far in the
wrong direction creates a danger of the building, or building materials,
collapsing, and a high risk to your own crew. In situations like this it often
comes to a point where we are deciding to call it off. (ID-2)
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Other important examples of decision dilemmas were from a tunnel fire:

Where you have a long driving distance, and big fires with lots of energy,
where they often spread to other cars and with missing personnel inside,
that is extremely challenging, because your own crew is at risk. (ID2)

High temperature in the concrete roof of the tunnel creates a risk of falling
rocks, suddenly the probability of on one of your own team-members being
hit by a falling rock is another risk. In other words, there is a high risk in
sending in resources in these types of fires. (ID 2)

Also, another interviewee had several examples of how difficult it could
be to face decision dilemmas. One example was related to a situation
where people were taken by a landslide:

The landslide was also continuing, and we had to call of the rescuing right
there at the time, and | wouldn't say that it was the same as giving up
because we called it off in fear of losing our own people. It was a very
demanding decision. We had the choice to continue anyway, but that
would’ve been at our own risk. (ID 6)

Yet another example was related to a burning house with two people
inside and whether he should risk the lives of two smoke divers to rescue
these two people:

Should | as leader, send two smoke divers inside a burning house, when |
know there are two people inside? This is related to an actual incident at
XX, should | send them in, or not? As a leader you're supposed to be 100%
sure that it’s safe for your boys to go inside, but if | feel an ounce of uncer-
tainty, you're still supposed to attempt a rescue, how far are you supposed
to go, and do | have enough experience as leader to make this decision?
(ID-6)

It could also happen that they had to take risks due to wrong assumptions.
Yet another interviewee emphasised:

Yes, ... if we have a situation where we haven't been able to quality assure
those who are going to solve the mission, for example smoke divers - who
are going through a quality check once a year. If this checking is missed,
if we don't get to assure that the person involved are fitted for the mission,
and it takes a long time before it turns out he is not fitted for the task, a
fault in the system ... That never happens, the quality check may miss by
a couple of weeks, but not more. If that would’'ve been the reality, you risk
sending out smoke divers or firemen who are not able to handle the mission,
based on the assumptions given earlier. (ID5)

Although the incident commanders are highly experienced and trained,
they are constantly confronted with the risk of danger and potential of
mission failure. The incident commanders emphasised the importance of
planning and preparations to ensure a calm, professional approach to
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missions. Finally, the emotional relief when missions were successfully
completed was recognised:

We had to break the window, also the one in the door, and then | managed
to reach out, and he handed me the key to the door which had locks on
both sides, | managed to open the door and rescued him, it was a good
feeling. (ID-2)

Other data examples related to the different categories are presented in
Table 1.

4. Discussion

By using qualitative interviews, the aim of the present study was to gain
in-depth knowledge about demanding operational situations that are
difficult to solve for experienced firefighters. The study has identified and
described several examples of different ill-defined problems experienced
firefighters find difficult to handle. The current results indicate that situ-
ations could be difficult due to Unforeseen Contextual and Internal Factors.
Other difficult situations were Processing and Communication of
Information, which could be divided into Cognitive Capacity and Common
Understanding. Finally, we identified Decision Dilemmas as highly demand-
ing situations.

4.1. Unforeseen factors

Overall, the present study demonstrated that there was an agreement
among the interviewees that the most difficult problems were those that
could be classified as unfamiliar and unforeseen. These events are per-
ceived as impossible to foresee. In many ways the present results confirm
that the most challenging situations are situations with many unknown
factors, as also emphasised by Kay and King (2020). This was reported by
almost all our interviewees, and it was exemplified by external and con-
textual factors such as the weather including the wind, technical problems,
and other unforeseen factors. In all these cases unexpected events caused
escalations of dramatic and dangerous situations. These factors can be
regarded as dynamic risk factors — they are changing, and they are per-
ceived as unforeseen, being deemed to be impossible to describe and
predict in terms of probabilities — because the possible outcomes of these
factors are not well-defined (cf. Kay and King, 2020 p. 43), or pre-structured
(Huber, 2011). In naturalistic situations, risky decision-making is by defi-
nition subject to uncertain outcomes (Huber, 2011). New training strategies
need to integrate the understanding of which crisis drivers that could be
common in scenario triggered by different threats or hazards, to facilitate
pathways of decision making in something that has not been experienced
before (Pescaroli et al., 2023).
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Along with these external and contextual factors the present study also
identified internal experience-based factors such as fatigue, acknowledg-
ment of lack of competence and experiences, as well as a lack of good
planning. The results showed that it was frequently reported that it was
extremely challenging when there was a mismatch between expectations
(mental pictures) and reality (the actual scene). Kahneman and Klein dis-
agreed about many issues, but they agreed that skilled intuition is based
on experience (Kahneman & Klein, 2009). It takes a long time to develop
these skills, but when these skills are developed it is possible to solve
complex problems based on recognition (i.e. intuition). However, the pres-
ent study showed that in some cases it was not possible to solve problems
based on recognition, due to this mismatch between expectations and
actual scene. As the interviews demonstrated, some situations required
readjustment, new planning, and search for new solutions to a problem.

These results correspond with Huber’s (2011) model of risky decision
making. Huber is talking about mental representations of risky alternatives
and uncertain outcomes and argues that to solve risky decision problems
people are searching actively for alternatives and additional information.
These different alternatives and their outcomes are represented as a mental
causal model. Such mental simulation of causality in the form of imagining
alternatives to reality (counterfactuals) has been proposed to play an
important part in assessing the causal role of a prior event (Wells &
Gavanski, 1989). A mental causal model contains alternatives, outcomes
and a casual relation that produces the outcome when an action is per-
formed. Importantly, when there is time pressure and if one or different
alternatives have different uncertain outcomes, this may lead to capacity
overload on cognitive processes and mechanisms such as working memory
(Huber, 2011).

The results here on mental pictures compared to reality also match
existing knowledge on the creation of mental images (e.g. a mental casual
model) requiring involvement of the visual spatial sketchpad (VSSP) part
of the working memory (Baddeley et al., 2015). The VSSP has limited
capacity (i.e. 3-4 objects; Baddeley, 2003), and according to Logie (1995)
it can be divided into two components, the visual cache and the inner
scribe. The visual cache ensures storage of information (e.g. mental pic-
tures) in short term memory, while the inner scribe makes it possible to
spatially process information. This means that the visual cache makes it
possible to keep a picture of the different alternatives and possible out-
comes and their consequences in mind, simultaneously the inner scribe
makes it possible to take in and manipulate new information from the
environment.

Research has shown that the ability to create a novel picture in mind
can easily be disrupted by concurrent tasks (Pearson et al.,, 1999). Thus,
it is extremely sensitive to stress and if many different things are going
on at the same time, it may result in overload on the working memory
capacity. Working memory is one of the most important executive
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functions underlying planning and problem solving (Cowan, 2014), but
also decision-making (Furley & Memmert, 2012). Overload on the working
memory capacity may therefore have severe negative implications for
planning, problem solving and decision making.

4.2. Processing and communication of information

Moreover, the current results revealed that mismatch between expectations
and actual scene could be caused by misunderstanding due to poor pro-
cessing and communication of information. In some cases, there were so
many things going on simultaneously that it was very difficult to process
information. A classic example was that it was very difficult to focus on
driving a car (usually at high speed), in an otherwise noisy environment,
and simultaneously process verbal information about what was going on.
Driving a car and simultaneously processing verbal information puts high
demands on attentional processes and working memory.

Research has shown that stress such as background noise disturbs
concentration and performance on tasks that depend on working memory
(Alimohammadi et al., 2019). Speech-based information is handled by the
phonological loop of the working memory (Baddeley, 2003; Baddeley et al.,
2015). It consists of the phonological store, which makes it possible to
keep verbal information in the short-term memory for a few seconds, and
the articulatory control process, which makes it possible to maintain and
manipulate information in the store. Also, the phonological loop has limited
capacity, and since it is very important for perception of verbal information
(Baddeley et al., 2015), it has consequently, implications for further com-
munication of important information (cf. ‘If | am giving one task to one
person, for example to pass on the information I'm giving, he remembers
maybe 70% of what I'm saying. And when he is going pass on that information
to another group, they may get 70% of the information from the leaders. And
if that information is going to pass yet another stage, the information gets
diluted. It depends on how complex the situation is...ID-4; see Table 1). Due
to the limited capacity of the phonological loop, it may therefore be very
difficult to process all the information in an otherwise stressful and noisy
situation.

It was also reported that poor communications could cause a lack of
common understanding and awareness of the situation among the crew,
and the different services involved such as the police, health staff and
the firefighters. Successful solution of complex problems requires collab-
oration among people with different expertise and backgrounds.
Professionals at different levels and with different decision-making author-
ities must work together (Dorner & Funke, 2017; Wilkinson et al. 2020).
Thus, overall communication was an important factor and problems related
to the communications could be very challenging. This sub-theme confirms
the importance of shared mental models (Espevik et al., 2006), and the
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need to assure information sharing as a premise to tackle complex crisis
(Pescaroli et al., 2023).

4.3. Decision dilemmas

Finally, the interviews revealed that decisions concerning ‘saving lives’ were
extremely difficult, because the risk could be so high for the crew. So, if
there were one or two people inside a building, should two smoke divers
be sent into the building and risk their lives as well? In situations like this
the risk compared to the gain had to be considered, which is of course
a difficult decision dilemma. It was reported that sometimes they had to
decide “...to call it off..." (cf. ID-2, Result section page 13). However, it was
also clear from the interviews that they really don't give up. As one of
them reported "... you are still supposed to attempt a rescue...! (cf. 1D-6,
Result section page 14), and the interview gave examples of highly risky
situations where smoke divers went inside and managed to rescue people.
Whether mission leaders get risk averse or risk seeking in situations like
this is impossible to say based on the current study (cf. Tversky &
Kahneman, 1981). However, Pham (2007) has argued that when people
are exposed to words such as ‘saving people’ or ‘saving lives, these words
activate a particular value-laden schema, and saving people’s lives are
important regardless of how many.

There was an agreement among those interviewees who had been
forced to make decisions about the risk to their own crew compared to
the gain, that these decisions were the most difficult decision-situations.
In contrast to classical research about decisions related to saving lives
(e.g. Tversky & Kahneman, 1981), there might not be any right and wrong
answers to such complex problems, as in real life people can die, and in
real life decision makers become responsible for their decisions (Kay &
King, 2020). What kinds of risk-defusing actions the decision-maker finds
acceptable, in the heat of the moment, can be influenced by many dif-
ferent interacting factors (Huber 2011).

5. Limitations with the study and suggestions for further
research

The present study is a descriptive qualitative study with a limited, but still
very experienced (=28year) sample of fire commanders. Further, the inter-
pretations of the results are made by the authors of the paper, thus there
is a risk for biases. However, few studies have examined how firefighters
maintain their operational capacity when faced with unforeseen high-risk
decisions in their line of duty (Heino & Kalalahti, 2021; Klein et al., 2010),
and the present study offers unique examples of complex problem solving
in naturalistic settings. Thus, the study generates some important ideas
and guidelines for further research.
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Almost all the interviewees in this study reported that unforeseen events
were among the most difficult tasks to handle. However, another potential
limitation with the current study is that the firefighters were not asked
about how these events were appraised. According to Lazarus and Folkman
(1984) the appraisal of a critical, stressful, or threatening situation is import-
ant to understand the emotional, cognitive, and behavioural consequences
of an event. Thus, an issue to be examined in more detail in future studies
could be to investigate how firefighters react to unexpected events, where
routine is lacking, and mental simulation of the situation is not possible?

Professionals may perceive, appraise/interpret, and react to critical situ-
ations in different ways. Firefighters are selected and well trained to handle
highly critical situations, and it is well known that they solve complex
problems fast due to their expertise and intuition (Klein, 1993; Klein et al,,
2010). Less is known about the cognitive-affective processes and emotion
regulation strategies during complex problem-solving. More in-depth knowl-
edge about firefighters’ handling of critical situations is needed. This includes
more knowledge about their thoughts and beliefs about emotional responses
to unforeseen events, their choice of emotional regulation strategies, and
the effects of these strategies on psychophysiological arousal and working
memory. On a macro cognitive level, the present study calls for renewed
attention to effective strategies to support firefighters in managing uncer-
tainty, anticipating complexities, mentally simulating likely roadblocks and
leverage points. Developing strategies to increase working memory capacity
and higher order cognition in the form of planning, problem-solving and
decision making could be a viable way forward (Cowan, 2014; Furley &
Memmert, 2012). Thus, future research should combine in-depth interviews
about cognitive-affective processes, with experimental methods assessing
objective outcome variables such as psychophysiology and basic cognitive
mechanisms in support of practical interventions, simulation and training.

6. Concluding remarks

Briefly summarised the present study offers in-depth knowledge about
demanding operational situations that are difficult to solve, even for expe-
rienced firefighters. Unforeseen contextual and internal factors, information
processing and communication errors, and decision dilemmas were fre-
quently reported as highly demanding factors. Thus, the current study has
some important implications for practical interventions in education and
training. However, managing uncertainty will always be difficult, but the
current study provides guidance for future research in firefighters. More
in-depth knowledge about firefighters’ handling of critical situations is
needed. This includes more knowledge about internal cognitive-affective
processes and emotional regulation strategies, as well as objective data
on psychophysiological arousal, and working memory, as all these mech-
anisms influence operational decisions.
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