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Abstract 

Background  How ambulance clinicians (ACs) handle a mass casualty incident (MCI) is essential for the suffered, 
but the training and learning for the ACs are sparse and they don’t have the possibility to learn without realistic simu-
lation training. In addition, it is unclear what type of dilemmas ACs process in their clinical reasoning during an MCI. 
With virtual reality (VR) simulation, the ACs clinical reasoning can be explored in a systematic way. Therefore, 
the objective was to explore ambulance clinicians’ clinical reasoning when simulating a mass casualty incident using 
virtual reality.

Methods  This study was conducted as an explorative interview study design using chart- stimulated recall technique 
for data collection. A qualitative content analysis was done, using the clinical reasoning cycle as a deductive matrix. 
A high-fidelity VR simulation with MCI scenarios was used and participants eligible for inclusion were 11 senior ACs.

Results/conclusion  All phases of the clinical reasoning cycle were found to be reflected upon by the participants 
during the interviews, however with a varying richness of analytic reflectivity. Non-analytic reasoning predominated 
when work tasks followed specific clinical guidelines, but analytical reasoning appeared when the guidelines were 
unclear or non-existent. Using VR simulation led to training and reflection on action in a safe and systematic way 
and increased self-awareness amongst the ACs regarding their preparedness for MCIs. This study increases knowledge 
both regarding ACs clinical reasoning in MCIs, and insights regarding the use of VR for simulation training.

Keywords  Ambulance services, Chart-stimulated recall technique, Clinical reasoning, Disaster preparedness, High-
fidelity simulation, Mass casualty incident, Virtual reality

Background
Preparedness for mass casualty incidents (MCI) is 
increasingly in focus for healthcare professionals follow-
ing conflicts and terrorist threats worldwide. One of the 
healthcare organisations that must be prepared is the 
ambulance service, which arrives early at the scene of an 
incident. Around the world, ambulances are staffed by 
ambulance clinicians (ACs) of diverse educational back-
grounds [1, 2]. No matter what experience or educational 
background, working as an AC requires being prepared to 
act in an MCI [3]. ACs’ duties in an MCI include different 
kinds of decision-making, triage, assessments, and treat-
ment of the injured. The work in an MCI also includes 
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problem-solving and acting on safety and security mat-
ters. ACs need to be prepared but must also be flexible 
and open-minded when caring for the injured and are 
expected to maintain control and be efficient [3]. A way 
to achieve and cultivate the necessary abilities to act in an 
MCI is through learning by experience and reflection on 
action [4]. This can be performed as a four-phase spiral of 
learning, where the first phase is a concrete experience, 
followed by observation of and reflection on the experi-
ence, then drawing a conclusion based upon the reflec-
tions, and last, testing and repeating as Kolb described 
[4]. However, even if all four phases are included in a 
learning activity, the ability to use the gained experiences 
is not granted. The learner can end up being strength-
ened but relatively unchanged, or the learner can change 
and become transformed by the learning experience [5]. 
A well-developed reflection on action allows learners to 
reflect on experiences and enables them to abstract and 
transfer their learning into new contexts [6]. Becoming 
aware of undesired behaviours and thereby being able to 
correct them is an important reason to perform reflec-
tion on action [7].

One way to learn by experience that provides an eas-
ily accessible reflection on action is high-fidelity virtual 
reality (VR) simulations, which is an increasingly popu-
lar technique and is trending in learning environments 

worldwide [8–10]. VR simulation, where the ACs can 
repeatedly step into a virtual world and interact and 
be exposed to realistic and stressful situations, has the 
potential to develop knowledge, skills, and experience 
[9]. Simulating an MCI using VR is a way to use experi-
ential learning for knowledge development [4]. There is a 
concrete experience when performing the VR simulation, 
and it is possible to observe the experience afterward by 
looking at the video record of the simulation and reflect-
ing on it. Conclusions can be made from those reflec-
tions, and the experience can be tested and repeated by 
redoing the VR simulation, which ideally will lead to a 
change in behaviour [5].

VR simulation allows research on subjects with little 
or no accessibility in clinical environments, as it allows 
the possibility to repeat and record scenarios while 
not exposing patients to harm. A subject that is vital to 
study is how ACs practice clinical reasoning in an MCI 
situation. Clinical reasoning is a process where clini-
cians consider the situation, collect information, process 
the information, identify problems, establish goals, take 
actions, evaluate outcomes, and reflect on the process 
and new learning [11] (Fig. 1).

Clinical reasoning is an important competence in an 
MCI, as it enhances the capacity to differentiate between 
a clinical problem that needs urgent attention and one 

Fig. 1  The clinical reasoning cycle [11]
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that is less urgent [11, 12]. Tanner [13] defines clini-
cal reasoning as the process of making clinical decisions 
by selecting from alternatives, weighing evidence, using 
intuition, and pattern recognition. The cognitive think-
ing strategies used in decision-making and clinical rea-
soning have not been extensively studied, yet differences 
between novices and seniors are described [14]. Seniors 
tend to collect more cues from a broader range than nov-
ices and are generally better at predicting what may hap-
pen next in a way that seems automatic or instinctive [14, 
15]. In contrast, novices tend to be more reactive, search-
ing for cues after already identifying a problem [14]. This 
could lead to patient safety issues in MCIs if novices 
detect problems later than seniors. Another aspect is that 
seniors tend to use non-analytic reasoning as they are in 
a position where they do not need to reason because they 
rely on their intuition [15]. However, more analytical rea-
soning can be achieved if a conscious effort is made to 
carefully consider all evidence available before generating 
a hypothesis [15]. Structured use of the clinical reason-
ing process in teaching is appropriate when training and 
learning to manage complex clinical situations and has 
an impact on clinical practice [11]. The optimal form of 
clinical reasoning is a model in which both analytic and 
non-analytic processes play a role [15].

ACs need to be prepared to handle an MCI, and they 
need training and learning, which can be achieved with 
high-fidelity VR simulation. Clinical reasoning is an 
important competence and vital for decision-making but 
there is a lack of knowledge on how ACs’ clinical reason-
ing is performed in MCIs. With VR simulation, the ACs’ 
clinical reasoning can be explored in a systematic way. 
Therefore, the objective of this study was to describe ACs’ 
clinical reasoning when simulating an MCI using VR.

Methods
This study used an explorative interview design using the 
chart-stimulated recall technique [16] for data collection. 
Data were analysed using deductive qualitative content 
analysis following Elo Kyngäs [17]. The study was con-
ducted and reported in accordance with the consolidated 
criteria for reporting qualitative research (COREQ) [18] 
(Online appendix 1).

Settings
Data were collected in Stockholm, Sweden, from March 
2021 to December 2021. A high-fidelity VR simulation 
with MCI scenarios, named GoSaveThem® [19] was 
used. GoSaveThem® was invented by a local AC with an 
interest in MCIs, VR, and education. This software was 
selected because it was the only known available appli-
cation adjusted to Swedish conditions, and we wanted 
the setup to be as true to the real life-world for the 

participants as possible. In the VR simulation, the partici-
pants were directed to perform primary triage, a system 
to initially sort out whom to help first, intending to save 
as many injured as possible [20, 21].

The VR simulation was performed with a VR system 
from HTC VIVE®. The glasses enabled a fully immersive 
head-mounted display making it possible for the partici-
pants to walk around in the virtual world and interact 
with the suffering and injured. The handheld controllers 
gave vibrational feedback, when the participant pressed 
the artery of an avatar patient in the VR scenario, mak-
ing it feel like assessing the pulse of a real patient. Other 
actions available with the handheld controllers were 
walking, applying tourniquets, using a torch, looking at 
a watch, viewing the primary triage guidelines whenever 
needed, and deciding the level of primary triage. The par-
ticipants could also listen to the sound of breathing when 
holding their head close to the avatar patient’s chest, ena-
bling them to assess the respiratory rate in a realistic way.

Scenario
The VR simulation took place at the workplace of the 
participants, with a researcher and the participant pre-
sent in the room. First, the participants familiarised 
themselves with the VR technique, which generally took 
about 5–10  min. Then they received information about 
the ambulance assignment and were asked how they 
wanted to prepare themselves on the way to an MCI. 
When starting the MCI scenario, the participants found 
themselves located outside their ambulance on the street 
next to a subway station entrance. They could see several 
people running away, and some injured patients standing 
on the pavement. A police officer was telling the partici-
pant that it was safe enough to enter the subway station. 
The scene that faced the participants was a chaotic site 
after an explosion. Down the stairs to the subway station, 
there was a train standing by the platform and a lot of 
bricks and dust on the ground. Injured people, crying and 
screaming for help, were lying everywhere. In the farthest 
train carriage, the light was out, but on searching through 
the carriage the participant could find an open bag with 
unexploded explosives. The MCI scenario ended either 
when the participant decided to evacuate after finding 
explosives, or after all the injured were assessed and had 
received their primary triage. The time spent on the sce-
nario before ending the simulation was 6:54–23:53 min 
(m = 16.5/md = 17).

Data collection
Directly after the VR simulation, the participant filled in 
a demographic questionnaire with questions on age; gen-
der; professional title; years of employment in the ambu-
lance services; previous experience of primary triage; 
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previous experience with MCIs; and previous experience 
using VR.

When the questionnaire was completed, the partici-
pant was seated in front of the computer with the video 
recording of the VR simulation and was interviewed by 
the first author while watching the video. The time pass-
ing between the VR simulation and the start of the inter-
view was between 4 and 11  min. The chart-stimulated 
recall technique [16] was used during the interview, as 
the technique helps participants to describe their clini-
cal reasoning; the participants were asked to pause the 
video recording of their VR simulation when identify-
ing themselves taking decisions and were encouraged 
to think aloud when describing their clinical reasoning. 
Video playback was paused by the participants for clini-
cal reasoning reflections between 14 and 23 times. The 
researcher used a semi-structured interview technique, 
to help the participant to articulate their clinical reason-
ing and decision-making. Questions used were: What 
did you see, think, and feel? What made you make this 
decision and why? Can you describe what happened? 
What did you expect to happen? What are your thoughts 
regarding this? Can you explain more? Can you give 
examples? Is there anything you wished you had done dif-
ferently? and What do you think could have happened if 
you had taken another decision? The interviews (n = 11) 
were audio-recorded with a smartphone on flight mode 
and transcribed verbatim. After the transcription, the 
audio records were placed in a secure location, only avail-
able to the researchers. The interviews lasted between 28 
and 57 min (m = 39.7/md = 40).

Participants
Convenience sampling strategies were used. Informa-
tional posters and emails with information on the study 
were distributed to invite all employed ACs (n = 42) who 
worked in special ambulance units, which are targeted to 
support and command major incidents, such as MCIs. 
These ACs were easy to access as the special ambulance 
units were on standby for a substantial time during their 
working hours and were thereby available for simulation 
and interview on duty.

Participants eligible for inclusion were 11 ACs, and 
all were given an individually scheduled time for the VR 
simulation and interview. There were no dropouts. The 
same type of clinical reasoning appeared after about 
eight interviews, and as the data seemed to be satu-
rated, we stopped the efforts to reach more participants 
than those already accepted to participate. The ACs in 
these special ambulance units are supposed to be senior 
and have theoretical and practical education to lead the 
work at major incidents and are supposed to help other 
ambulances with structure and organisation in MCI 

situations. Nine of the ACs were master’s degree nurses 
and two were emergency medical technicians (EMTs). 
Their length of experience as ACs ranged between 6 and 
18  years (m = 10,1/md = 9), and all the nurses also had 
clinical working experience before starting as ACs. The 
ages of the participants ranged between 33 and 56 years 
(m = 41.2/md = 40) and the majority were male (n = 7).

Data analysis
Data were analysed using deductive qualitative content 
analysis [17]. The theoretical framework and conceptual 
model that was used in the analysis, was a clinical rea-
soning cycle with eight phases, in accordance with Lev-
ett-Jones’ description [11]. The data analysis started by 
transcribing the interviews and then all interviews were 
read through to get a sense of the whole. Meaning units 
relevant to the study aim were identified, condensed, and 
coded. A structured categorisation matrix of the eight 
phases of the clinical reasoning process as categories 
were developed [11]. The condensed meaning units were 
gathered and allocated by clinical reasoning content to 
each category. Then, the data with similar content were 
grouped, abstracted, and interpreted to form the result. 
During the analysis process, comparisons with the origi-
nal transcribed interviews were performed and discussed 
among the authors to agree on the final results.

Ethical considerations
The study was conducted aiming for good ethical prac-
tice with transparency, accuracy, and avoidance of pla-
giarism [22] and aligned with the Declaration of Helsinki 
statement of ethical principles for medical research [23]. 
All participants signed a consent form and were willing 
to contribute to this study without any coercion. The par-
ticipants had the right to withdraw from the study at any 
time and were informed that participation/refusing to 
participate was completely voluntary and would have no 
effect on their employment. Ethical approval was sent to 
the Swedish Ethical Review Authority before conducting 
the study, and they answered with an advisory opinion 
that Swedish law does not require a formal ethics review 
for this kind of study (dnr: 2019-00697).

Results
All phases of the clinical reasoning cycle were found to be 
reflected upon by the participants during the interviews, 
showing a variation between analytic and non-analytic 
reasoning. The clinical reasoning among the participants 
almost never appeared as an ideal cyclical process about 
one patient or situation; instead, several processes were 
ongoing at the same time, and the clinical reasoning cycle 
was often cut short and repeated during the interviews 
(Fig. 2). The result below is presented in the order of the 
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clinical reasoning cycle, not according to the VR simula-
tion timeline.

Consider the situation
To consider the situation, the participants expressed the 
need to form a general impression of the scene. They 
described the lack of overview they wanted of the sce-
nario initially and how they repeatedly re-evaluated their 
impression of the chaotic situation as the scenario went 
on. To think aloud about the situation was said to be a 
strategy for keeping control. They reminded themselves 
of what equipment to use, the rules of leadership, and the 
guidelines to follow. They considered the explosion in the 
subway station to be a possible act of terrorism which 
raised their awareness of other threats in the area.

When interpreting the scenario as an MCI, they started 
to prepare themselves for the types of typical injuries to 
expect patients to suffer when there has been an explo-
sion. They expressed a need to estimate whether the 
available resources were enough to handle the situation.

I thought that, in the alarm call, this was a sus-
pected special event and that there would be many 
injured at the scene. That we would probably need 
many resources. I also thought, what has exploded, 
are there possibly any dangerous substances here? 
(participant #9)

Collect information
Collecting information and assessing the scenario was 
described to be challenging as it was difficult to sepa-
rate relevant information in the large flow of impres-
sions and feelings. The participants expressed intentions 
to be active in collecting information when visualising 
the scene to identify safety and security issues. They 
described how they identified potential threats of addi-
tional explosions, collapsing walls/roofs, and poisonous 
smoke. They expressed a desire to collect further infor-
mation to be able to proceed and, searched for collabora-
tion partners. To re-evaluate the situation constantly was 
said to be of importance and they described how they 
recalled previous knowledge to make sure their assess-
ments of the scenario were plausible.

I looked around. I see victims, one, two, three, one 
lying outside the subway barriers, I look up at the 
ceiling to see if there is anything dangerous hanging 
there. (participant #5)

The participants expressed the intention only to collect 
information about the patients to enable primary triage 
because conducting excessively rigorous assessments 
made them focus too much on one patient. However, 
expressions of uncertainty about their own assessments 
were found, as when they described difficulties in evalu-
ating vital signs, especially in children.

Fig. 2  The clinical reasoning cycle of a participant with several processes ongoing at the same time. Nr 1–10 is showing the actual order of clinical 
reasoning quotes, according to the timeline in the interview (participant #10)
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Process information
The participants tried to process and discriminate what 
contextual information was important in the large flow 
of impressions. They described how they used their 
previous knowledge, tried to group information to 
anticipate potential outcomes, and questioned whether 
the information they had collected was reliable. Both 
subjective and objective cues were taken into consider-
ation when they described recalling their intuition and 
past experiences.

When processing information about the patients, 
they mainly interpreted vital signs and typical inju-
ries after explosions. These interpretations were often 
brief and were performed in a non-analytical way. The 
decision on primary triage levels was based on a more 
analytical reasoning process, as they discussed whether 
they should deviate from the primary triage guidelines 
and base their clinical decision on intuition or types 
of injuries instead. They reasoned about the essence 
of intuition and referred to previous experiences and 
theoretical knowledge. Generally, they preferred to give 
higher priority levels than lower ones, after they had 
processed the collected information about the injured.

The child couldn’t walk but screamed, so I thought 
that it wasn’t that bad. It was very difficult to hear 
the respiratory rate because she was screaming, so 
I decided to skip the breathing and check the pulse, 
which I found to be normal. (participant #3)

Identify problems
When the participants described identifying problems in 
the context, they drew conclusions about collaboration, 
safety and security issues, communication, and organisa-
tion. The participants tended to be quick in identifying 
what the patient may be suffering from. However, when 
they described conclusions made about primary triage 
the reasoning became more expanded.

It is actually wrong, but I based my assessment on 
the type of injury even though it wasn’t a primary 
triage parameter, and I classified her as red [highest 
priority] because she could soon get worse. (partici-
pant #3)

Establish goals
When establishing goals for strategies of how to work, 
the goals were often task-oriented. The goals established 
were about mental strategies and own actions. The par-
ticipants described goals for patient care and time con-
sumption but not for individual patient outcomes. 
However, when describing setting goals for more than 
one patient, goals for the outcome existed, for example, 

to save as many as possible. They also reasoned about 
goals connected to primary triage guidelines and clarified 
how they personally planned to act upon them.

I have a strategy. First, check that it is safe, and then 
I will proceed in a certain order; otherwise, I will 
lose track of whom I have attended to. (participant 
#2)

Take action
At the beginning of the scenario, actions were frequently 
described as actionable grabbing bags with different 
kinds of equipment, but there were also decisions taken 
to bring only what was needed for their pre-decided 
tasks, as it is easier to move more quickly if there is not 
too much to carry.

The participants acted to get a better view and under-
standing of the scenario. Actions were also described as 
connected to time as they intended to act quickly and 
efficiently to save as many as possible. Actions regard-
ing safety and security were constantly ongoing. They 
described, for instance how they were checking bags 
lying around, searching through subway carriages, and 
deciding to evacuate when detecting a severe security 
threat.

When taking action for patient care, there were 
descriptions of assessments or interventions carried out 
but also of decisions taken not to act. The interventions 
were mainly concerned with basic life support. Actions 
described to decide the priority level in the triage were 
performed according to guidelines but also depended on 
the types of injury and patient behaviour. Moreover, the 
participants repeatedly counted the number of patients 
and described how they acted to keep track of that num-
ber and how they lacked the possibility to record it with a 
pen and paper.

I went first to the one who was closest. (participant 
#2)

The participants made communication initiatives and 
described how they talked to patients, even if they did 
not get any answers. They also said they tried to collab-
orate with police officers in the scenario and simulated 
radio communication.

Evaluate action
Evaluations were described regarding how they acted 
when proceeding in the scenario, and how strategic deci-
sions were taken accordingly. Dissatisfaction with wasted 
time and not acting efficiently was expressed. There 
were also expressions of self-criticism regarding how 
they formed an opinion of the scenario, such as security 
awareness and their own safety behaviour.
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Something I could have done differently is to have a 
different scanning approach. I have to think in 3D; I 
can’t think in flat terms. (participant #1)

The participants evaluated the patient care briefly. 
They were partly self-critical regarding actions of care 
when it came to interventions, assessments, and how 
they decided to prioritise among the patients. They 
described evaluating the outcome when interventions 
were made but also when the decision was not to act. 
They emphasised how important communication was 
and pointed out things they communicated well but also 
when they wished to improve their own communica-
tion with patients and collaboration partners. They also 
evaluated their simulated communication on the radio as 
improvable.

Reflect on the process and new learning
Detailed reflections were described during this last phase 
of the clinical reasoning cycle. The participants criti-
cally reasoned about their systematic work strategies and 
declared that time frames and guidelines are supposed 
to be followed but they detected flaws in their own abil-
ity to follow them. There were descriptions of doubt and 
remorsefulness at how they decided on priorities based 
on the patient’s age, injuries, and uncertainty about vital 
signs. Even though primary triage guidelines were pre-
determined to be used, they critically reviewed how well 
these guidelines led to best practices. At the same time, 
they stressed the importance of having distinct instruc-
tions and guidelines that are easy to follow.

When reasoning about their patient care actions, they 
argued about the need to move on and be effective but 
at the same time, they accepted that it was important to 
recognise patient needs and to avoid making mistakes 
because of rushing. They described a negative emotional 
aspect of leaving patients behind when they had to pro-
ceed with other patients, especially when the patient 
they left was a child. They also concluded that MCIs are 
demanding, and not comparable to taking care of one 
patient at a time. They reasoned that they preferred triag-
ing with too high priority rather than too low, but ethi-
cal concerns were raised that this type of decision may 
increase morbidity and mortality. Furthermore, they 
reflected upon the allocation of resources and who was 
prioritised for transport to the hospital. They reasoned 
that the workload should decrease as soon as other per-
sonnel started to arrive at the scene.

When reflecting on communication they believed talk-
ing would have required a greater effort in a real-life 
scenario, no matter if it was with patients, collaboration 

partners, or on the radio. Training on how to communi-
cate better was described to be important, and they said 
that self-reflecting on this scenario taught them more 
about their personal way of communicating.

I would have liked to talk to everyone really, whether 
they can hear me or not, just to say that help is com-
ing soon, you will be taken care of. (participant #1)

The participants described lacking intuition when they 
were in the scenario and were convinced that repetitive 
training would lead to better intuitive actions. Increased 
awareness of how important it is to actively get a visual 
overview was mentioned, as this assisted in maintaining 
control and being able to make the right decision at the 
right time. When viewing the video recording, there were 
descriptions of having tunnel vision during the simula-
tion, with decreased peripheral vision and limited analyt-
ical thinking (Fig. 3). This led to reflections about real-life 
scenarios and how they now had identified some of their 
own behaviour regarding stress and tunnel vision, which 
was described as valuable learning. Managing stress by 
being systematic, disciplined, and calm, was believed to 
reduce the risk of losing control.

And if you get to practice more, then you can see if 
you perceive things differently, do things differently. 
That would be great. Because you get to test yourself; 
I have already found things I need to work on. (par-
ticipant #2)

When reasoning about risk assessments, the partici-
pants believed they would have put more emphasis on 
personal safety and security in a real-life scenario. They 
critically reviewed the kinds of risks one is willing to 
take on the duty, and the importance of reflecting on this 
matter beforehand to become more prepared. To be able 
to rely on the security assessments made by collabora-
tion partners, like fire brigades and police officers, was 
found to be crucial. At the same time, they expressed the 
importance of being somehow sceptical, and aware that 
collaboration partners could have missed something due 
to a heavy workload. Furthermore, they also reflected on 
what roles one has in comparison to different types of 
collaboration partners and the importance of cooperat-
ing and helping each other, as a team.

The participants said that they wanted to find strate-
gies to work more analytically in the future, using reflec-
tion to alter self-image, awareness, and behaviour. Even 
after completing this VR scenario, they said they were 
not completely confident about how they would react 
in a real-life scenario and expressed a desire to become 
more prepared through more training and learning. 
They declared that they would be troubled if they could 
not meet their own expectations in a real-life MCI and 
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made high demands on themselves to act rationally, no 
matter the surroundings. Reflections about themselves 
also included their personal responsibility to act as a pro-
fessional and human being and the importance of being 
mentally prepared.

Discussion
In accordance with the theoretical framework [11], the 
participating ACs in the study described their clinical 
reasoning when handling an MCI during a VR scenario. 
The participants tended to use non-analytic reasoning 
regarding the work tasks included in the guidelines, such 
as performing patient assessments and giving first aid to 
the patients. Acting on these kinds of tasks seemed to be 
almost automatic, and the reason for this could be related 
to the fact that all participants in this study were seniors 
in their profession and knew what to do and how to do it 
[15]. However, when the tasks involved decision-making 
with no clear guidelines, the reasoning was more analytic, 
and they gathered information from a broader range, as 
can be expected when understanding clinical reasoning 
theories [14, 15]. One example of such complex reason-
ing was about safety and security matters. Their reason-
ing showed that even if they mostly detected the same 
safety and security threats and described similar mental 
strategies, they had several different approaches to acting 
upon them. However, they agreed that it was important 

to have thought through and decided upon safety and 
security strategies in advance and described this as more 
important than uniformity in action. To further under-
stand this phenomenon could be a subject for further 
research.

The level of analytic reasoning depended on the phase 
in the clinical reasoning process. The first two phases, 
consider the situation and collect cues, are by nature non-
analytic [15]. However, the phase identify problems was 
the briefest, which can be explained by the specific MCI 
scenario. As the participants’ assignment was to perform 
a primary triage and perform first aid for the injured, they 
did not prioritise taking time and effort to identify and 
reflect on information to form new conclusions but were 
focused on working efficiently to fulfill their mission. In 
an MCI setting, this behaviour could be a necessity. The 
last phase of the clinical reasoning cycle was naturally the 
widest ranging, as that phase is about looking back at the 
experience and reflecting on the process and new learn-
ing. The participants expressed appreciation for being 
able to take time to reflect, as they believed this would 
help them to become better prepared for the future. 
This insight suggests that educators might benefit from 
emphasizing reflective practices in training sessions, 
helping learners to develop more comprehensive clinical 
reasoning skills that balance both non-analytic and ana-
lytic approaches. Further research could explore how this 

Fig. 3  The clinical reasoning cycle [11]
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balance influences performance and outcomes in various 
clinical settings, thereby contributing to a broader under-
standing of clinical reasoning.

The participants emphatically spoke about their need 
for this type of training. All the experiences together 
became a learning activity, both the VR simulation itself 
and the interview afterward, when they were encouraged 
to verbalise their clinical reasoning and reflect on action 
[7]. The VR simulation of an MCI was described to be a 
suitable way to practice behaviours and to become better 
skilled and prepared for real-life MCIs, and the reflection 
afterward was valuable for obtaining better insight, self-
awareness, and apprehension. Encouraging reasoning 
and considering all information available before generat-
ing a conclusion could lead to more analytical reasoning 
for ACs, regardless of clinical experience [15]. This sug-
gests that integrating such reflective practices into train-
ing programs could enhance the overall quality of clinical 
decision-making. Further research could investigate how 
these training methodologies impact long-term compe-
tency and effectiveness in various clinical environments, 
contributing to a broader scientific understanding of 
optimal training practices in healthcare.

More knowledge is needed on whether experiential 
learning and reflection on action can be carried out in 
other ways with VR simulation. It is unclear whether ACs 
improve their management of MCIs after engaging in 
clinical reasoning after a VR simulation. There is a need 
for further research that can help ACs become better 
prepared to succeed in MCIs in the future.

Methodological considerations
To our knowledge, this is the first study using the chart-
stimulated recall technique [16], when interviewing to 
explore clinical reasoning after a VR simulation of an 
MCI. One can argue that reflecting while looking at and 
pausing a motion picture video is not the same thing as 
reflecting on a patient chart [16]. However, the method 
was found to be usable when interviewing as it became 
integrated with reflection on action and with describing 
ACs’ clinical reasoning about an MCI and shows that the 
chart-stimulated recall technique can be applicable in 
diverse ways.

The findings from this study are limited in that they 
reflect the experiences and views of a small group of 
homogeneous ACs. The fact that all the participants in 
this study were considered senior ACs and were working 
in special ambulance units may have affected the rich-
ness of the results of their clinical reasoning both posi-
tively and negatively. Moreover, the transferability of the 
findings to other participants and settings may have been 

affected by local recruitment [24] but goals for the ambu-
lance service concerning how to handle an MCI are more 
or less equivalent worldwide. Regardless, this study has 
described how senior ACs conducted clinical reasoning 
when simulating an MCI with VR, which is an unstud-
ied research subject and may add knowledge to other 
settings.

Reflexivity
The first, second, and last authors had contextual pre-
understanding prior to conducting this study, as they 
have a background as ACs. This may have influenced the 
understanding of the data, as it helped them understand 
the nuances when analysing and interpreting results. 
The authors aimed to maintain a critical approach and a 
journal with field notes was written during the research 
process to keep notes of reflection on the process and the 
researchers’ role and influence [24, 25]. To avoid possi-
ble pre-understanding bias problems, the third author, 
with no experience working in the ambulance service, 
reviewed the data and results iteratively [25]. However, 
as this study is based on a learning activity, pre-under-
standing could be an advantage as it improves the under-
standing of who the learners are, their expectations and 
goals and is considered critically important in simulation 
design and distribution [26].

Conclusion
This study describes ACs’ clinical reasoning when simu-
lating an MCI using VR. The findings show clinical rea-
soning related to the work tasks of an MCI. Non-analytic 
reasoning predominated when work tasks followed spe-
cific clinical guidelines, but analytical reasoning appeared 
when the guidelines were unclear or non-existent. Using 
VR simulation led to training and reflection on action in 
a safe and systematic way and increased their experience 
of self-awareness among the ACs regarding their prepar-
edness for MCIs. Structured use of the clinical reasoning 
process in teaching and learning could be a useful routine 
to implement when learning to manage complex clinical 
situations, such as MCIs. Hence, simulation training with 
VR has the potential to be a tool for ACs to practice clini-
cal reasoning and could improve this important com-
petence, thereby having an impact on patient safety and 
outcome. This study both increases knowledge regarding 
ACs’ clinical reasoning in MCIs and provides insights 
regarding the trending use of VR for simulation training.

Abbreviations
MCI	� Mass casualty incident
AC	� Ambulance clinician
VR	� Virtual reality
EMT	� Emergency medical technicians



Page 10 of 10Heldring et al. Scand J Trauma Resusc Emerg Med           (2024) 32:90 

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13049-​024-​01255-5.

Supplementary Material 1.

Supplementary Material 2.

Acknowledgements
Authors thank AISAB, the Ambulance Services company in the Region of 
Stockholm, for facilitating and making the data collection for this article pos-
sible, and CrashCourse AB, for making the VR game GoSaveThem® available to 
us as freeware.

Author contributions
Sara Heldring: Conceptualization; methodology, analysis, investigation, writing 
original draft, review & editing; Maria Jirwe: conceptualization; methodology, 
analysis, and review; Veronica Lindström: conceptualization, methodology, 
analysis, and review; Jonas Wihlborg: Conceptualization; methodology, analy-
sis, review & editing: all authors approved the final manuscript.

Funding
Laerdal Foundation partly funded this research project by financing the VR 
setup (Grant No. 3555). The first author also received financial support from 
Sophiahemmet University & Falck Sweden A/S.

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
All participants signed a consent form and were willing to contribute to 
this study without any coercion. The participants had the right to withdraw 
from the study at any time and were informed that participation/refusing 
to participate was completely voluntary and would have no effect on their 
employment. Ethical approval was sent to the Swedish Ethical Review Author-
ity before conducting the study, and they answered with an advisory opinion 
that Swedish law does not require a formal ethics review for this kind of study 
(dnr: 2019-00697).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Received: 29 January 2024   Accepted: 22 August 2024

References
	1.	 Sanders M, Sanders Paramedic Textbook. 2018.
	2.	 Lindström V, Bohm K, Kurland M. Prehospital care in Sweden, From a 

transport organization to advanced healthcare. Notfall Rettungsmed. 
2015;18:107–9.

	3.	 Sundström BW, Dahlberg K. Being prepared for the unprepared: a 
phenomenology field study of Swedish prehospital care. J Emerg Nurs. 
2012;38(6):571–7.

	4.	 Kolb D. Experiential learning: experience as the source of learning and 
development. 2nd ed. UK: Pearson FT Press; 2015. p. 416.

	5.	 Jarvis P. Adult education and lifelong learning: theory and practice. 4th 
ed. Milton Park: Routledge; 2010.

	6.	 Schön DA. The reflective practitioner: how professionals think in action. 
Aldershot: Ashgate; 2003.

	7.	 Schön D. Organizational learning: a theory of action perspective. Boston: 
Addison-Wesley Publishing Company; 1978.

	8.	 Yuan HB, et al. A systematic review of selected evidence on improving 
knowledge and skills through high-fidelity simulation. Nurse Educ Today. 
2012;32(3):294–8.

	9.	 Heldring S, Jirwe M, Wihlborg J, Berg L, Lindström V. Using high-fidelity 
virtual reality for mass-casualty incident training by first respond-
ers – a systematic review of the literature. Prehospital Disaster Med. 
2024;39(1):94–105. https://​doi.​org/​10.​1017/​S1049​023X2​40000​49.

	10.	 King D, et al. Virtual health education: scaling practice to transform 
student learning: using virtual reality learning environments in healthcare 
education to bridge the theory/practice gap and improve patient safety. 
Nurse Educ Today. 2018;71:7–9.

	11.	 Levett-Jones T, et al. The ‘five rights’ of clinical reasoning: an educational 
model to enhance nursing students’ ability to identify and manage clini-
cally ‘at risk’ patients. Nurse Educ Today. 2010;30(6):515–20.

	12.	 Banning M. Clinical reasoning and its application to nursing: concepts 
and research studies. Nurse Educ Pract. 2008;8(3):177–83.

	13.	 Tanner CA. Thinking like a nurse: a research-based model of clinical judg-
ment in nursing. J Nurs Educ. 2006;45(6):204–11.

	14.	 Hoffman KA, Aitken LM, Duffield C. A comparison of novice and expert 
nurses’ cue collection during clinical decision-making: verbal protocol 
analysis. Int J Nurs Stud. 2009;46(10):1335–44.

	15.	 Eva KW. What every teacher needs to know about clinical reasoning. Med 
Educ. 2005;39(1):98–106.

	16.	 Sinnott C, Kelly MA, Bradley CP. A scoping review of the potential for chart 
stimulated recall as a clinical research method. BMC Health Serv Res. 
2017;17(1):583.

	17.	 Elo S, Kyngäs H. The qualitative content analysis process. J Adv Nurs. 
2008;62(1):107–15.

	18.	 Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative 
research (COREQ): a 32-item checklist for interviews and focus groups. Int 
J Qual Health Care. 2007;19(6):349–57.

	19.	 GoSaveThem®. Crash Course AB. 2024. https://​www.​crash.​nu 
(2024–05–31)

	20.	 Elmqvist C, Almerud Österberg S. Akut omhändertagande av trauma: på 
skadeplats och akutmottagning. Lund: Studentlitteratur; 2014.

	21.	 Cone DC, Serra J, Kurland L. Comparison of the SALT and Smart triage 
systems using a virtual reality simulator with paramedic students. Eur J 
Emerg Med. 2011;18(6):314–21.

	22.	 Wager E, Wiffen PJ. Ethical issues in preparing and publishing systematic 
reviews. J Evid Based Med. 2011;4(2):130–4.

	23.	 WMA. World Medical Association-WMA Declaration of Helsinki – Ethical 
principles for medical research involving human subjects 2018 9 July 
2018; Adopted by the 18th WMA General Assembly, Helsinki, Finland, 
June 1964.

	24.	 Guba EG. Criteria for assessing the trustworthiness of naturalistic inquir-
ies. ECTJ. 1981;29:75–91.

	25.	 Frambach JM, van der Vleuten CP, Durning SJ. AM last page Quality crite-
ria in qualitative and quantitative research. Acad Med. 2013;88(4):552.

	26.	 Swain C. Exploring the concept of fidelity in trauma surgical simulation. 
https://​staff.​ki.​se/​sessi​ons-​neo-​atrium-​kis-​educa​tional-​congr​ess-​2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s13049-024-01255-5
https://doi.org/10.1186/s13049-024-01255-5
https://doi.org/10.1017/S1049023X24000049
https://www.crash.nu
https://staff.ki.se/sessions-neo-atrium-kis-educational-congress-2022

