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Abstract
During firefighting operations, critical situations and accidents caused by human
errors or poor teamwork occur repeatedly. For making operations safer and less
stressful for firefighters, a target group specific team training based on scientific
standards was developed. The team training is specifically adapted to the target group
of trainees in the fire service and is divided into five modules: communication,
(shared) situational awareness & shared mental models, cooperation/support,
decision-making, and leadership. Team skills are trained through practical exercises
and case studies. The objective of this study was to evaluate the team training
regarding its effectiveness for the improvement of non-technical skills, exemplified
in this study by communication and situational awareness, as well as the participants’
assessment of the training outcomes and design. A non-technical skills rating system
was developed and applied in all groups to assess the behaviour, as well as self-report
questionnaires. A pre-post-control group-design was used with trainees in the fire
service (n = 97). Mixed ANOVAs showed no significant effects for situational
awareness and communication. Descriptive results partly supported the positive
development of situational awareness and communication from baseline to post in the
training group compared to the control group. In addition, results indicate that the
training is perceived as useful and understandable by the participants.
Introduction
In 2005, Tübingen, Germany was the scene of a devastating fire killing two members
of the fire service. During this operation, the attack squad went into the attic of a
burning building without informing the incident commander, breathing protection
monitoring, and other team members. In the further course, a Mayday situation
occurred because the attack squad’s air supply of the breathing apparatus was
exhausted. However, the support came too late, also due to the lack of information
about the exact location of the attack squad (Unfallkommission “Tübingen”, 2006).
The attack squad in this operation did not communicate according to the standards.
This meant that the rest of the team could not understand how they were proceeding
and where they were in the building.
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During a firefighting operation in 2016 in the United States, the first attack squad went
forward to locate, contain and extinguish a spreading fire in a residential building. A
second attack squad laid a hose line to the other side of the building at the same time.
While doing so, they observed a large amount of fire and smoke coming from inside
the building. The second attack squad informed the incident command of the situation.
It was decided that the second attack squad would direct water into the building from
their position to fight the fire. Several attempts were made to contact the first attack
squad, but without success. The second attack squad began adding water anyway,
without making sure that the first attack squad was informed of the plan and was in a
protected area. Due to the heat and water vapour generated by the second attack
squad’s water, the first attack squad eventually had to withdraw (Fire Near Miss,
2016). The second attack squad should have made sure that the first attack squad was
out of the building or at least in a protected area before they released their water. In
addition, the incident commander failed to ensure that all relevant persons were aware
of the plan before implementing such a change of operational tactics.
There were no technical difficulties in either operation, but the dangerous
development was due to human error. The fatal consequences in the first example and
the danger to the first attack squad in the second example might have been avoided if
the teamwork had worked better. Numerous studies have shown that the quality of
teamwork positively influences the work performance (for an overview, see e.g.
Rosen et al., 2018).
High Responsibility Teamwork
A team is defined as two or more people who, among other things, are jointly
responsible for certain results, have common goals and work in mutual dependence.
The members often have specialized roles and responsibilities and together they solve
tasks that they could not do alone (Cannon-Bowers & Bowers, 2011, Sundstrom et
al., 1990).
Baker et al. (2006) described how teamwork is critical for the delivery of health care
and the same applies for the fire service. Firefighters in firefighting operations have
the common goals to fight the fire, potentially rescue people and minimise the
property damage. For that each team member or squad has specialized responsibilities,
e.g. setting up the water supply as water squad, which are interdependently connected.
The attack squad cannot fight the fire if the water squad hasn’t provided for adequate
water supply. The team members must coordinate their actions so that they can reach
their common goal safely. The basis for being able to carry out these actions is
taskwork. This means that the team members must have the position-related
knowledge of specific tasks to be done and be familiar with the tools, equipment and
procedures (Morgan et al., 1993). However, taskwork alone is not enough to meet the
requirements of a firefighting operation; teamwork is also necessary (Cannon-Bowers
& Salas, 1998). For teamwork, it is important that team members are able to anticipate
each other's needs, adapt to each other's actions and have a common understanding of
how a process should proceed (e.g. how to proceed with human rescue) (Baker et al.,
2006).
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Teams from medicine, police or, as in this study, the fire service, are named High
Responsibility Teams (HRTs; Weick & Sutcilff, 2003). Their working environment
is characterised by a high potential of risk and consequently the team members have
to act in a very reliable manner. HRTs are exposed to physical and psychological
stress at times during their work, bear responsibility for the lives of others and/or
themselves, and often experience external pressure from the public or the media. In
addition, activities they perform are usually not reversible and an interruption of the
work situation in the form of a break or a short pause is usually not possible. HRTs
also often work in changing team compositions and sometimes with people they do
not know (Hagemann, 2011). Despite these dynamic conditions, in which teams have
to act quickly and safely, smoothly functioning teamwork processes are particularly
important for successful cooperation (Badke-Schaub, 2012), because a mistake or a
misunderstood agreement can cause a lot of damage (Kluge et al., 2009). Marks et al.
(2001) divide the processes of teamwork into transition and action phases. These run
sequentially and can be further divided into single processes. Transition phases
involve processes like the specification of goals, while processes such as monitoring
progress towards the defined goals take place in action phases. Non-technical skills
help perform those processes successfully. Non-technical skills are, for example,
communication, coordination, decision-making, leadership, and development of a
shared mental model (Branlat et al., 2009; Cannon-Bowers et al., 1995; Omodei et al.,
2005; Salas et al., 2005).
In this study we focus on communication, which is defined as “the process by which
information is clearly and accurately exchanged between two or more team members”
(Cannon-Bowers et al., 1995, p. 345). Communication is positively associated with
performance in problem-solving tasks (Nieva et al., 1985) and is essential for
workplace efficiency and safety (Flin et al., 2008). In the medical context about half
of communication-related errors are preventable (Leape et al., 1993). Furthermore, in
the aviation sector, many accidents are partly due to communication problems
(Molesworth & Estival, 2015). Second, situational awareness (SA) is studied as
another non-technical skill. It consists of three components: perception of elements in
current situation, comprehension of current situation and projection of future
(Endsley, 1995a). Poor quality of situational awareness is the main cause of accidents
when it comes to human error in aviation (Endsley, 1995b). The overview of the
situation on site is particularly important for a successful operation (Wilke, 2006).
In order to lay the foundation for successful teamwork, specific team training is
needed (Cannon-Bowers & Salas, 1998; Flin et al., 2002). Training of the nontechnical skills described is expected to enhance teamwork processes so that the skills
acquired can be applied in stressful or new situations and the team can work
effectively (Cannon-Bowers et al., 1993). Crew Resource Management (CRM) is the
approach used as the basis for much of this type of training today. It is a training
approach that originated in aviation and represents a milestone in the development of
trainings as it focuses on teamwork competencies that help teams overcome
challenges that they would not be able to overcome individually (Salas et al., 1999b).
Meanwhile, CRM trainings or similar approaches are especially applied in medicine.
There has been considerable research on how to adapt concepts from aviation to the
needs of people working in medicine (e.g. Bohmann et al., 2021; Hagemann et al.,

182

Heinemann, Aust, Holtz, Peifer, & Hagemann

2015; Paige et al., 2009). The Anesthesia Crisis Resource Management (ACRM) has
been the main tool in this context (e.g. Gaba et al., 2001). In the fire service, CRM
approaches, referred to as Team Resource Management (TRM) trainings, are rarely
used. And research on how existing concepts can be adapted to the working context
of the fire service is sparse (Hagemann, 2011; Hagemann & Kluge, 2013).
Application to the fire service
For teams to be effective and successful in firefighting operations, they need training
in both technical (taskwork) and non-technical (teamwork) skills (McIntyre & Salas,
1995). The current apprenticeship in the fire service concentrates mostly on technical
skills, e.g. in the sections ‘vehicle knowledge’, ‘equipment knowledge’, and
‘operational theory’. However, the apprenticeship does not yet include content that
addresses non-technical skills. Of course, the trainees work together in teams in the
operational exercises which are part of the apprenticeship. But the focus there is still
on the technical skills. The non-technical skills are neither discussed in detail nor
trained specifically. But team trainings which are based on CRM, have been and are
successfully used in aviation (e.g. Flin et al., 2002; Salas et al., 2006) and the medical
field (e.g. Bohmann et al., 2021; Gaba et al., 2001; Paige et al., 2009). For the success
of those trainings it is important not to simply adopt an existing concept from aviation
or medicine, but to adapt it specifically for the application context, in this case the fire
service, to explicitly address the specific needs and work requirements of the
firefighters (Hunt & Callaghan, 2008). This enables the application of the newly
learned skills in their specific work area (Hagemann, 2011). Thus, for this study,
training modules were newly developed with the specific target group of trainees in
the fire service in mind and evaluated through realistic field research.
Training development for teams in the fire service
There is little empirical evidence for how to structure team training concepts for the
fire service successfully. So, in order to identify the work context and target group
specific non-technical skills for firefighting operations, a qualitative and quantitative
requirements analysis was conducted in advance. For the qualitative part, 27
interviews were conducted with experienced firefighters from professional fire
departments, volunteer fire departments, and plant fire departments. They were
questioned about their firefighting operations and the positive and negative aspects of
teamwork they experienced. In addition, operational reports from the web portals
firefighternearmiss1, atemschutzunfälle.eu2 and FUK CIRS3 were analysed regarding
critical situations or accidents which were caused by failures in teamwork. From the
interviews and the operational reports, a system of categories was developed into
which the non-technical skills identified were classified. Based on this, an online
questionnaire on positive and negative aspects of teamwork in firefighting operations
was developed, which was filled in by over 700 firefighters throughout Germany
between January and May 2021. The results showed which aspects of teamwork are
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experienced frequently and/or intensively in a positive and in a negative way in
firefighting operations. Based on the most frequent and most intense aspects, learning
objectives for the team training were derived. Based on the learning objectives the
most appropriate methods and tools were deduced. The resulting training modules
communication, (shared) situational awareness & shared mental model,
cooperation/support, decision making, and leadership were developed according to
the learning objectives.
Hypotheses
The authors are not aware of any literature regarding the development of a team
training for non-technical skills especially for trainees in the fire service. Since the
newly developed team training is designed to train non-technical skills and literature
confirms the positive effect of team trainings for HRTs (e.g. Hagemann et al., 2017;
Salas et al., 1999a), it is expected that these non-technical skills improve in the
training group after participating in the team training. Therefore, the development of
these skills from before to after the training is examined in the control and training
group. In Hypothesis 1, situational awareness and communication, which were
assessed through self-reports immediately after an operational exercise, are used as an
example of successful teamwork.
Hypothesis 1) Subjectively experienced situational awareness and communication
improve in the training group compared to the control group from baseline to post.
In addition, observations were used to substantiate the self-reports with more
objective data. For Research Question 1, communication and situational awareness
are used as examples for successful teamwork.
Research Question 1) How do participants’ communication and situational awareness,
assessed by external raters, develop over the course of the study?
It is important for the success of a training that the participants evaluate it positively.
Learning success is increased, for example, by the fact that participants enjoy the
training and perceive it as useful. Among other things, training design also correlates
with a higher subjective knowledge gain (Ritzmann et al., 2014). Research Question
2 therefore looks at how the participants themselves evaluate the training in relation
to two dimensions.
Research Question 2) How did participants evaluate the team training in relation to
the outcome dimensions and the training design?
Materials and Methods
Sample
A total of 97 trainees in the fire service (4 women) from professional fire departments
of two German cities participated in this study. Their mean age was M = 27.30 (SD =
4.79). 67 participants (1 woman) belonged to the control group (CG), 30 participants
(3 women) to the training group (TG). The mean age in the control group was M =
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27.53 (SD = 5.10) and in the training group M = 26.81 (SD = 4.11). The training group
is smaller than the control group, because the trainings are currently still running and
not all groups could be trained and evaluated yet.
Procedure
A pre-post-control group design was used. Each of the two measurement points
consisted of an operational exercise, which was evaluated by external observers with
regard to non-technical skills. Directly after the operational exercise the participants
filled in a questionnaire in which the general work in the team during the operational
exercise was queried. The measurement points were approximately one week apart.
In the meantime, the participants continued with their regular schedule, which
consisted mostly of operational exercises during that phase. In the training group a
two-day team training took place between the two measurement points (for an
overview see Figure 1).
All participants completed the questionnaire at the first measurement point (baseline)
and at the second measurement point (post, 1 week later, with (TG) or without (CG)
training). In total, 97 participants, divided into 13 teams, took part in the operational
exercise at both measurement times (9 teams in the control group). The teams
consisted of 6 - 8 persons. There were a few changes in the team composition due to
illness or absence. Otherwise, the composition of the teams including the positions in
the operational exercise was kept constant. For the observation during the operational
exercises, each team was divided into two sub teams. One sub team (2-3 persons)
belonged to the attack squad and is referred to as “inner team” as it mainly works
inside the training building. The “outer team” (3-5 persons) consisted of the water
squad, machinist, and hose squad (if present). They mainly work outside the training
building. 30 trainees completed the team training.

Figure 1. Experimental design.
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Measures
The measurement instruments were a questionnaire answered directly by the trainees
and a non-technical skills rating system used by observers to evaluate the participants’
performance during an operational exercise.
Teamwork
A modified subscale of the Anti-Air Teamwork Observation Measure (Hagemann,
2011; Smith-Jentsch et al., 1998) was used to capture situational awareness. The
following four items were used (1) I used all available sources to gather information
during the operational exercise. (2) I identified potential or anticipated problems
during the operational exercise. (3) I identified deviations from normal conditions of
a situation and informed others. (4) When the situation called for it, I acted without
being prompted by my team members. Participants rated these items on a 6-pointLikert scale from 1 = never to 6 = always. The Cronbach's α for the scale is .81 at
baseline and .87 at post.
Modified subscales of the Anti-Air Teamwork Observation Measure (Hagemann,
2011; Smith-Jentsch et al., 1998) were also used to capture communication. The
following six items were used (1) I gave important information to the appropriate
persons at the right time before being asked. (2) I regularly gave information of the
situation to team members in order to maintain the overall picture. (3) I used proper
phraseology. (4) I avoided excess chatter. (5) I spoke clearly. (6) I reported fully with
all relevant information in the correct order. Participants rated these items on a 6point-Likert scale from 1 = never to 6 = always. The Cronbach's α for the scale is .77
at baseline and .82 at post.
Non-technical skills rating system
During the operational exercises, the firefighter trainees were evaluated by two trained
observers in the five categories communication, situational awareness, decisionmaking, cooperation, and leadership. In addition to the direct observation on site (one
observer per sub team (i.e. inner and outer)), video recordings made during the
operational exercises were used to evaluate the operational exercises. This made it
possible to evaluate the other sub team afterwards. For this paper, the categories
communication and situational awareness are evaluated. The communication
behaviour was observed on the basis of three subcategories (form of information
exchange, content of information exchange, building common understanding) as well
as situational awareness (gathering information, recognizing and understanding,
anticipating). Spearman’s ρ as an indicator of interrater reliability was .77, which can
be interpreted as a strong agreement (Cohen, 1988).
Evaluation of the training
The Training-Evaluation-Inventory (TEI; Ritzmann et al., 2014) was used to evaluate
the training. Based on 45 items (e.g., “Learning was fun”), the trainees rated both
different outcome variables (i.e., subjective enjoyment, perceived usefulness,
perceived difficulty, subjective knowledge gain, attitude towards training) and the
training design (i.e., problem-based learning, activation of prior knowledge,
demonstration of learning objectives and content, application of the contents in
training, integration of the contents into daily work routine). The items of the training
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design scale are based on Merrill (2002) who developed those as five first principles
of instruction. A 5-point-Likert scale was used for this purpose (1 = strongly disagree
to 5 = strongly agree). Cronbach’s α is between .75 and .94 for the different subscales.
Results
Self-evaluated teamwork
Two 2x2 mixed ANOVAs with within-factor Time (baseline, post) and betweenfactor Group (control, training) were conducted to analyse Hypothesis 1, which states
that the subjectively experienced situational awareness and communication improve
in the training group compared to the control group from baseline to post. The
requirements were checked and outliers were removed (SD > 2.5). SA was normally
distributed for all groups, as assessed by the Kolmogorov-Smirnov test (p > .05).
Communication was only partially normally distributed. Since visual inspection
suggests a normal distribution for all groups and the procedure is robust to violations
of this requirement, the procedure was continued. Regarding the ANOVA for SA,
there was a statistically significant effect of time (F(1, 93) = 8.46, p = .005, partial
η² = .08.). There was no statistically significant interaction between time and group
(F(1, 93) = 2.62, p = .109, partial η² = .03). For communication there was no
statistically significant effect of time (F(1, 93) = 2.35, p = .128, partial η² = .03) and
no statistically significant interaction effect between time and group (F(1, 93) = 0.00,
p = .968, partial η² = .00).
The graphical representations of the effects showed that the trend of the data for SA
developed in the direction we hypothesised (see Figure 2). For communication data
of both control and training group run parallel (see Figure 3).

Situational Awareness
Mean (range from 1-6)

5.0
4.8
4.6
4.4
4.2
4.0
3.8
Baseline
Control group

Post
Training group

Figure 2. Mean subjective situation awareness in control group and training group before
and after training. Error bars reflect Standard Error.
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Communication
Mean (range from 1-6)

5.0
4.8
4.6
4.4
4.2
4.0
3.8
Baseline
Control group

Post
Training group

Figure 3. Mean subjective communication in control group and training group before and after
training. Error bars reflect Standard Error.

Summing up, regarding Hypothesis 1, there is no interaction effect between time and
group for SA as well as for communication. Power analysis showed that with the given
sample size an effect size of .34 could be found to be significant. It can therefore be
concluded that with the present sample size in this ongoing research project, no final
assessment can be made for Hypothesis 1.
Observed behavioural changes through the training
During the operational exercises, the trainees' behaviour in terms of communication
and situational awareness was observed and evaluated. The ratings of the two
independent raters were averaged so that each sub team received one score for each
exercise. Due to the small number of teams (n = 13) surveyed so far, the observational
data were only analysed descriptively. In relation to Research Question 1, which
looked at the development of participants’ communication and situational awareness
assessed by external raters, it could be seen that there were no differences between the
control and training groups for the teams as a whole, as the scores improved slightly
in both groups. However, when looking at the data separately for inner (i.e. attack
squad) and outer (i.e. water squad, machinist, and possibly hose squad) team, it could
be seen that the training group showed increases in communication and situational
awareness in the outer team from baseline to post, while the control group showed
constant ratings. These increases could not be confirmed to the same extent for the
inner team of the training group. Furthermore, the inner team of the control group also
showed an increase in communication. For an overview see Table 1.
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Table 1. Means (SD) of communication and SA.

Control group
Inner team
Outer team
Training group
Inner team
Outer team

Com BL
2.27 (0.31)
2.22 (0.37)
2.31 (0.26)
2.48 (0.44)
2.75 (0.44)
2.21 (0.25)

Com Post
2.46 (0.47)
2.61 (0.46)
2.31 (0.47)
2.79 (0.33)
2.75 (0.40)
2.83 (0.30)

SA BL
2.25 (0.35)
2.19 (0.39)
2.31 (0.31)
2.23 (0.36)
2.33 (0.45)
2.13 (0.25)

SA Post
2.43 (0.42)
2.54 (0.40)
2.31 (0.43)
2.75 (0.39)
2.79 (0.44)
2.71 (0.39)

Note. Means, range from 1 = never to 4 = constantly, Com=communication, BL=baseline,
SA=situational awareness

Summing up, regarding Research Question 1, it can be stated that there are no
differences between the groups as a whole. When looking at the inner team, there is
an increase in communication in the control group but not in the training group. SA
increases in both groups in the inner team. In the outer team, there is an increase in
communication and situational awareness in the training group which cannot be seen
in the control group.
Evaluation of the training
Regarding Research Question 2, which looked at how participants rated the team
training in terms of the outcome dimensions and the training design, the evaluation
immediately after the training showed that participants rated the training positively in
relation to both the different outcome variables and the training design. All mean
scores were in the upper third of the scale (range from 1 to 5). The scores for the
outcome dimensions ranged between M = 3.82 and M = 4.58 (SD between 0.43 and
0.82) and for the training design between M = 3.59 and M = 4.44 (SD between 0.49
and 0.71). An overview is shown in Figures 4 and 5.

Figure 4. Means of the Outcome dimensions. Perceived difficulty was reverse coded so that
high scores indicate low difficulty.
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Figure 5. Means of the variables of Training design.

Summing up, regarding Research Question 2, it can be shown that the participants
enjoyed the team training in regard to subjective enjoyment. They also perceived it as
useful and not too difficult. Furthermore, the participants reported a gain in knowledge
regarding the contents of the team training and have a positive attitude towards it.
These results can be associated with learning success and positive attitudes towards
teamwork skills (Ritzmann et al, 2014).
Regarding the training design, the participants confirmed that the design principles
that promote learning according to Merrill (2002) were fulfilled. Meeting these
requirements for the training design supports learning and the transfer of what has
been learned into everyday work (Ritzmann et al., 2014).
Discussion
The present study aims to develop and evaluate a non-technical skills training
specifically adapted to the needs and working requirements of trainees in the fire
service. To date, to the authors’ knowledge, there is no non-technical skills team
training like that and accordingly no scientific literature evaluating a non-technical
skills team training for trainees in the fire service. Therefore, a qualitative and
quantitative requirements analysis was conducted which was then used to develop
learning objectives for the team training. Based on those, the team training was
developed, containing the modules communication, (shared) situational awareness &
shared mental model, cooperation/support, decision making, and leadership. The new
team training was evaluated with the help of operational exercises using pre-postcontrol group design with a questionnaire and external observations as measurements.
Regarding Hypothesis 1, which stated that situational awareness and communication
improve in the training group compared to the control group from baseline to post, no
significant results could be shown. The expected training effects can be visualised as
a trend regarding SA, which increases slightly more in the training group compared
to the control group from baseline to post. No effects could be demonstrated for
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communication. The fact that we have not yet been able to demonstrate positive
changes in the non-technical skills, as other studies from other sectors (medicine and
aviation) have (Hagemann et al., 2017; Salas et al., 1999a), may be due to the fact that
the presented study has not yet been completed. This means that the control group is
currently substantially larger than the training group. In addition, the overall sample
size is not yet sufficient to find even medium effect sizes. A trend could be seen in the
SA data, but the control group values were substantially higher from the beginning.
This could be due to the fact that the participants are newcomers to the profession who
cannot yet reliably assess their own performance, as they have not yet encountered
real challenges and missions. It is also possible that the training group evaluates itself
more critically than the control group, because only the training group has been made
aware of the issues. Briggs et al. (2015) described that SA is critical for performance
in HRTs and should be addressed in trainings. By improving SA, mistakes and
subsequently critical situations or accidents can be avoided and firefighting operations
can be performed successfully (Endsley, 1999b; Wilke, 2006). Improving
communication can have positive effects on the number of accidents (Molesworth &
Estival, 2015) and safety at the workplace (Flin et al., 2008).
The results of Research Question 1 show that the non-technical skills communication
and situational awareness, assessed by raters, tend to be partially better in the training
group compared to the control group after the team training. The improvement of
communication through team training is also consistent with findings in the literature
(e.g. Armour Forse et al., 2011; Salas, 1999a). The tendency to show better
communication and situational awareness in the training group compared to the
control group only occurs when looking at the outer team. The division into an inner
(i.e. attack squad) and an outer (i.e. water squad, machinist, and possibly hose squad)
team is a peculiarity in firefighting groups. In the present observational data, only the
outer team in the training group shows an improvement between before and after the
training compared to the control group. During an operational exercise, the demands
on the inner team are noticeably higher than on the outer team. The inner team stays
mainly inside a training house in the operational exercises of the present study. There
it is confronted with external stressors such as darkness, smoke, and noise. These have
an aggravating effect on teamwork. The outer team works mainly in daylight and with
less noise. Under these conditions, it might be much easier for the outer team to try
out and successfully implement the learnings from team training in terms of
communication and situational awareness. This means that inner teams might need
more opportunities for exercising in order to be able to apply the newly learned skills.
In addition, it could be useful to create more opportunities for trainees in the fire
service to practice teamwork skills under challenging conditions. As there is also an
increase in situational awareness and communication from baseline to post in the
control group, these results must be viewed with caution. It is possible that the effects
also occur without training.
Descriptive data show that the training was positively evaluated by the trainees
(Research Question 2), which can be interpreted as a positive result for the
effectiveness of the training in terms of positive attitudes towards teamwork,
knowledge gain and transfer of the training contents (Hagemann & Kluge, 2013;
Ritzmann et al., 2014).
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Strengths & limitations
The training is evaluated through field research. This means that the study does not
take place in a simulator under completely standardised laboratory conditions with
students as test subjects, but that the training is evaluated with the real target group
during real operational exercises. Of course, there are difficulties with this procedure,
such as cancellations or postponements due to Corona-related restrictions or weatherrelated influences. However, the advantages are that the evaluation is extremely
practice-oriented and the training procedures are optimally adapted to the fire
department. The use of field research also improves external validity, as participants
are in their familiar environment (classrooms, training building), which facilitates the
transfer of the newly learned skills into their everyday (working) life. A disadvantage
for external validity is the possible effect of observation during pre-measurement.
Participants might be influenced to be more attentive during team training than
trainees would be who do not participate in a study. They know that they will be
observed again during an operational exercise after the team training and want to
perform well there.
Internal validity is somewhat limited, as the participants are not randomly assigned to
a group, but the starting date of their apprenticeship determines the assignment. It is
also not tested, e.g. through a knowledge test, how attentive each participant was
during team training and how much training content has stuck accordingly. But with
the modules being conducted in attendance and as interactively as possible, this should
be the best way to keep attention as high as possible.
In the control group presented here, the evaluation of self-assessed situational
awareness might show a ceiling effect, as they have a higher score in the baseline than
the training group. This could prevent a significant effect of time being found in the
control group as was found in the training group. However, the difference between
control and training group at baseline is not significant.
A key advantage of the study is the mixed-methods design. Self-reports and external
observation ratings were used so that two interdependent perspectives were
considered. Furthermore, two well-trained external observers rated interdependently
direct at the scene as well as retrospectively using videos.
Future perspectives and practical implications
In the further course of the study, more participants will be surveyed and there will be
a second post measurement point six months after the first post measurement. So
further relationships and effects, as for example a long-term behavioural change in the
training group, can be evaluated.
It may be necessary for people working in the inner team to have more than one
practice opportunity in order to successfully apply the content of the team training.
Therefore, future studies should provide participants with several practice
opportunities where they observe what changes occur within the inner team.
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The team training developed is designed to be very practice-oriented and should be
used as a standard in the apprenticeship in the fire service. The application in other
contexts, e.g., in the volunteer fire department, is also desirable and will be advanced
in the further course of the project.
Conclusion
This study shows mixed findings on whether the team training specifically developed
for fire service trainees helps improve the quality of non-technical skills. The
evaluation of the team training by the participants shows first indications of the
effectiveness of the training. The further course of the project with proceeding data
collection will show whether the initial trends can be verified.
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