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Crew Resource Management (CRM) is a simulation-based team training that strives to
reduce human errors in emergencies and to increase patient safety by improving nontechnical skills. This qualitative study examines the current implementation and
effectiveness of medical CRM training in German-speaking countries (Germany and
Switzerland). Data was collected through interviews with 20 experts who conduct CRM
training in various disciplines and application contexts. The material was analyzed first,
using qualitative content analysis, and second, a frequency analysis was conducted. In
order to ensure inter-rater reliability, Cohen's kappa was calculated. The results are
consistent with research and showed that CRM in German-speaking countries is mainly
based on the same principles, and training is conducted similarly. However, CRM is not
widespread yet and requires consistent standards. Improvement in behavior in everyday
professional life after training sessions have been observed, but no clear evidence of
effectiveness on the outcome of the training has been provided to this point. Utilizing this
study, German-speaking CRM applicants can compare their training implementation with
that of the presented sample. This study is the first to assess the current implementation
and effectiveness of CRM in German-speaking countries from the perspective of different
disciplines and professions in the medical sector.
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1. INTRODUCTION

difficulty of transferring the learned technical skills under the
intense pressure of everyday practice [7]. These non-technical
skills are conceptualized as task management, team working,
situational awareness, and decision making [9]. According to
Fletcher and colleagues [9], communication is not explicitly
represented in this system since it is assumed that
communication is essential for each category.
During the training, CRM participants simulate a critical
situation or an incident with, e.g., the help of a simulation
puppet, thereby improving their non-technical skills [10].
CRM training is divided into three sections: briefing,
simulation, and debriefing. The briefing includes an
introduction to CRM, familiarizing CRM participants with the
simulator and the simulation environment as well as defining
the objectives [11]. Directly after the simulation, a debriefing
takes place where the simulated situation is reflected with a
videotaped analysis [12]. Debriefing is considered as the most
critical part of the training because it determines the learning
effects [13]. Besides, there is also empirical evidence
revealing that debriefings can increase team performance by
25% [14]. In terms of training duration, large differences from
ninety minutes until one and a half days can be detected, which
indicates no distinct regulations [15, 16]. According to a
recommendation, the training should be repeated at least once
a year with the entire team [17]. In order to make it easier to
implement non-technical skills, some tools, such as the 15
guidelines developed by Rall and Gaba [18], address all nontechnical skills, including communication. One guideline
contains the application of the 10-seconds-for-10-minutes
principle (so-called 10-for-10 principle), which means that

Since the publication of the report To err is human: Building
a safer health system [1] medical errors and human factors
have gained importance. Such remarkable statistics were
noticed in Germany as well and show that 1.499 medical errors
and risk education deficiencies are responsible for the health
damage suffered by patients in 2018 [2]. Moreover, according
to a member survey of the German Society for Orthopaedics
and Trauma Surgery, 65% of the participants admitted that
they perceive their own mistakes at least once a week, which
are mainly due to time pressure, inadequate communication,
lack of personnel and stress [3]. Between 70% and 80% of all
errors are due to human factors, and 80% of these are
potentially preventable [4]. Human factors influence
performance and safety, especially in complex situations [5].
Further, the more people work together, and the more work
steps required, the higher the probability of medical errors [6].
The exploration of ways to reduce human errors and improve
safety culture is therefore essential and can decide over life
and death for every patient.
1.1 Execution of Crew Resource Management
Crew Resource Management is a team training that is
applied in high-risk sectors and primarily deals with an
emphasis on human error reduction [7] by improving
coordination and performance in the team [8]. CRM is
focusing on the so-called non-technical skills since most errors
do not result from a lack of technical skills, but rather from the
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every team member should take a short break, collect the
thoughts, and reconsider the decision. A further guideline
addresses the use of checklists to ensure that all essential steps
are followed in the right order. Another tool for improving
communication is closed-loop communication, which
supports effective communication between the sender and
receiver through ensuring that the message has been correctly
understood and interpreted [19].
So far, only a few clinics in German-speaking countries
have conducted medical CRM training. There are hardly any
mandatory CRM courses in medicine [4, 17], and legal
regulations for emergency and simulator team training in
everyday work [20]. The lack of obligation for hospitals to
implement CRM is also reflected in a lack of financial support
[17]. Therefore, the data situation is insufficient regarding the
current application of CRM training in German-speaking
countries. Since medical journals and studies usually view the
training from the perspective of a particular discipline, no
cross-disciplinary studies are available so far. From this, the
first and third research questions are derived, which will be
addressed below. In the following, based on the previously
described state of research, studies that evaluate the
effectiveness of CRM training are reported.

was observed, which could indicate that an improvement in
non-technical skills does not necessarily lead to an
improvement in treatment outcomes. Further studies also show
ambivalent treatment outcomes [15, 27]. In summary, the
current data situation in terms of outcomes of CRM is
characterized by its inconsistency, which suggests a difficulty
in the measurability of the construct.
Due to a lack of studies in this field, one focus of the present
work is to examine the effectiveness of medical CRM training
in German-speaking countries regarding the outcome level in
practice. Besides, the behavioral level will also be investigated.
These two levels were chosen because, on the one hand, they
reflect the long-term learning success in everyday professional
life and, on the other hand, they represent the final benefit of
the training program. That results in the second research
question, which will be presented in the next paragraph.
Based on the statements mentioned above, the following
three research questions were conducted:
(1) How is CRM currently implemented in the medical
sector in German-speaking countries?
(2) How effective is medical CRM training currently in
German-speaking countries?
(3) How will CRM develop in the future in Germanspeaking countries?

1.2 Effectiveness of Crew Resource Management
In order to structure research results regarding the
effectiveness of CRM, the Kirkpatrick and Kirkpatrick Model
[21] for the Evaluation of Training Programs is used. This
model evaluates a training program on four levels of reactions,
learning, behavior, and results.
On the level of reactions, two studies state that CRM
participants responded positively to the training [15, 22].
Regarding the level learning, the study of Chan and colleagues
[22] revealed that a single CRM training improved attitudes
towards team behavior and patient safety. In particular, CRM
participants increasingly recognized the importance of
addressing errors associated with the threat to patient wellbeing. In the meta-analysis of O'Dea and colleagues [15],
CRM training has little effect on the attitudes of CRM
participants, which suggests that the possible change in the
behavior of CRM participants may not be based on personal
beliefs of those participants. Whether the safety climate can be
changed sustainably through CRM is, therefore, still
questionable. Evidence for transfer of what has learned into
habitual behavior is provided by Fransen et al. [23] with their
multicenter, randomized, and controlled study from the field
of obstetrics. Six months after a CRM training, a positive
effect on team performance was measured. Another finding for
the successful transfer of learned skills into everyday life
found Morgan and colleagues [24]. According to the authors,
increased use of non-technical skills was observed in the
operation theatre of CRM participants. Another possibility to
prove the effectiveness of the training on the behavioral level
is to consider the application of CRM supporting tools in
everyday working life. The probability increases that safetyrelevant tools, such as checklists, will be used in the operating
theatre after a training session [25]. In terms of treatment
outcomes, one study demonstrated a reduction in complication
and mortality rates three years after the implementation of
CRM training in an intensive care unit [26]. However, other
results were found [24], which even reported an increase in the
complication rate in the operating theatre of CRM participants.
In the same study [24], an improvement in non-technical skills

2. METHODOLOGY
For this study, semi-structured subject matter expert
interviews were conducted. To ensure that all relevant topics
are addressed during the interview, an interview guideline was
developed. Subject matter experts (in the following "experts")
are defined here as persons who have conducted a medical
CRM training course themselves at least once. First, potential
experts were contacted via e-mail and asked for their
participation. In a second step, after renewing some questions
based on a pretest, telephone interviews were held in October
and November 2018. Telephone interviews were conducted as
it was not possible to visit each interviewee personally due to
the physical distance. In order to evaluate and secure all
information, every interview was recorded. In total 20 medical
CRM training experts (men = 19), were included into the
analysis which were working in different fields of medicine:
anesthesia (n = 13), neonatology (n = 1), cardiology (n = 1),
internal medicine (n = 1), ambulance service (n = 2),
midwifery (n = 1) and one did not give any information. The
sample was composed interprofessional, for example, by
interviewing a doctor and a nurse from the field of anesthesia.
Most of the experts were working in Germany, and three
experts were working in Switzerland. On average, the experts
had 15 years of experience with CRM training.
Two different researchers conducted the interviews, which
took 46 minutes on average. After all interviews were
conducted, the gained material from 20 interviews was
analyzed with the help of qualitative content analysis [28]. The
goal of this qualitative analysis is to inductively build up a
category system that represents the collected data as accurate
and at the same time as short as possible. In order to ensure
better reliability, the reduction of the material was conducted
based on previously determined rules. The whole procedure is
defined by a step by step reduction of the data into categories,
whereas at the same time, those defined categories were
rechecked on the raw interview material. If necessary,
categories were changed for a better fit. This circular method
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was performed until the data was reduced into a reasonable
amount of representing categories. At the end of the analysis,
the material was represented by 28 categories. In order to
prove the inter-rater reliability for the two researchers who
coded the interviews, Cohen's kappa [29] was calculated. The
value was κ = 0.964, which is seen as almost perfect according
to the standards of Landis and Koch [30]. A frequency analysis
was also carried out, which allowed statements about
frequencies of the superordinate categories.

skills. Communication has improved most through the training.
Regarding the treatment results of patients, some experts
perceived an improvement in the treatment outcomes, but
could not name any concrete treatment results. Successful
procedures could be observed through previous CRM training
as well as a reduction of errors and adverse events. In the
interviews, it became clear that it is difficult to measure the
effects of the training on the treatment outcomes. The
construct treatment outcome is too multifactorial to allow clear
conclusions to be drawn. The third research question relates to
the future of CRM. It turns out that a mandatory establishment
of CRM training and a cost absorption by health insurance
companies, hospitals, or Diagnosis Related Groups (DRG) is
demanded. The experts also expressed their wish for early
integration of CRM in vocational training and medical studies
to build up knowledge of CRM principles at an early stage. For
the next five years, an increase in CRM offers is expected, but
no significant changes in terms of the legal situation and
associated mandatory implementation of CRM.
In Table 1, detailed results of the conducted qualitative
content analysis, structured according to the three research
questions, are presented. Due to the frequency analysis, it can
be presented precisely how many experts have made this
statement, which is shown by the percentages in brackets.

3. RESULTS
The results of the interviews on the first research question
show that the training is structured in the triad of briefing,
simulation, and debriefing in different professions and
disciplines and is conducted both interdisciplinary and
interprofessional. However, so far, there is no obligation to
carry out CRM in the German-speaking countries, and
resources are lacking to implement and disseminate the
training satisfactorily. Concerning the second research
question, it turns out that positives behavioral changes after
CRM training can be observed in everyday working life, as
well as an increased use of tools to improve non-technical

Table 1. Result overview
Current Implementation
of CRM

●
●
●
●
●
●
●
●
●
●
●
●

Effectiveness of CRM

●
●
●
●
●
●
●

Future of CRM
●
●
●
●
●
●
●

Results
Training includes a briefing (90%), simulation (100%) and debriefing (100%)
The number of CRM participants differ from two to twenty
No standardized guidelines for the frequency and duration of the training
The trainer has a central role in CRM training (95%) through setting focal points and moderating the
debriefing
Existing internal obligations for CRM training (20%)
Group composition mainly interdisciplinary and interprofessional (50%)
Medical CRM training is not carried out enough in German-speaking countries (65%)
Insufficient safety culture in German-speaking countries (20%)
Insufficient dissemination of CRM training (65%) due to resource bottlenecks (40%), e.g., financial,
personnel, spatial and time bottlenecks
General observation of an increased implementation over time (50%)
Patient safety modules increasingly integrated into study programs (40%), but not enough are carried
out in the entire German-speaking area
Steeper hierarchies in Germany than in Switzerland (10%) which make CRM implementation more
difficult (15%)
Positive behavioral changes in everyday working life (35%) through the increased use of non-technical
skills and related tools, e.g., 10-for-10 principle (65%), closed-loop communication (25%)
Improvement of non-technical skills in everyday working life: communication (85%), team working
and decision making (60%), situational awareness (55%) and task management (50%)
Perceived improvement of treatment outcomes (30%) in the execution of procedures (5%), reduction of
errors (10%) and undesired events (5%)
Little perceived efficacy effects on treatment outcomes (5%) and reinforcement of the awareness of
team culture (10%) through the integration of CRM in medical study programs
No observed improvement in duration of the procedure (5%) and mortality rate (5%)
No measurable improvements in treatment outcomes through CRM, because none of the experts
conducted a study on treatment outcomes on the patient
Reason for the difficulty of the measurement: very high study effort (20%), no financial support (5%)
Requirements of the experts
Absorption of costs (95%) through, e.g., health insurance companies, hospitals or by Diagnosis Related
Groups (DRG)
Patient safety modules in study programs (95%)
Mandatory and permanent establishment of CRM in the entire medical sector (85%)
Provision of necessary resources (40%)
Standardization (20%) and improved quality (25%) of the training
Experts' expectations for the next five years
Increase of CRM offer (55%)
No significant changes in the next five years (25%)
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4. DISCUSSION

management is often determined in advance by the education
and status of persons [33]. Thus, it is likely that the roles of
CRM participants are already established in most training
groups. Under these conditions, the training cannot contribute
to any substantial modification. While discussing situational
awareness, difficulties in practicing this skill, and its
dependence on a variety of factors were mentioned. Other
authors also classify situational awareness as very difficult to
observe and measure compared to other non-technical skills
[34]. However, it must be mentioned that differences between
non-technical skills are not very big in this study, and therefore,
the above interpretation should not be overestimated.
In order to examine the effects on a patient's outcome,
treatment results for patients were examined. In the present
study, in line with the current research situation [15, 27],
ambivalent treatment outcomes were perceived. Some of the
experts emphasized that they noticed an improvement in the
implementation of successful procedures, the reduction of
errors, and adverse events. No improvement was observed in
the duration of the procedure or the mortality rate. These
different findings can mainly be attributed to the difficulty of
measurability, which leads to a considerable lack of empirical
data in German-speaking countries. Again, the lack of
sufficient resources (e.g., financial resources) becomes crucial,
which is neither provided for the training nor its evaluation.
However, it is crucial to conduct high-quality studies in order
to convince critics and decision-makers. If this persuasion is
successful, decision-makers can promote nationwide
implementation and make the necessary resources available. A
limiting factor in this idea is that training effects take a certain
amount of time to become effective [21, 26, 31]. Without this
evidence, the necessary impulsion could be lacking.
The third research question focuses on how CRM training
will develop within the next five years. This question led to
much discussion; thus, we can conclude that there is a high
demand for change. Especially the need for integration of
CRM into the whole medical career path, starting at the time
of education, until obligatory training sessions for practicing
staff were claimed. Furthermore, there is a high demand for
distinct regulations of training sessions and the need for
financial support. The positive consequences of regulation for
CRM would be that time, space, personnel, and financial
resources have to be made available for CRM to enable an
implementation for every hospital. However, there is the risk
that people who are not convinced by CRM also have to
complete the training. The lack of motivation of those CRM
participants could lead to a lower training result due to poor
communication, cooperation, and coordination in the team
[19]. A further claim of the experts is an improved quality of
CRM training "...there needs to be a criterion of quality. Not
every simulator training is a good simulator training.". This
improvement could be achieved by standardizing the whole
training concept. Nevertheless, if the training will be
standardized in the future, a mixture of fixed guidelines and
individual freedom for training design is recommended.
Another aspect that was heavily criticized by the experts
was the missing widespread of the training. Considering CRM
to be a hallmark of a hospital and informing society about the
benefits of training, it might put hospital management under
pressure as it could be a factor in the competition between
hospitals. Falling case numbers could be the result of not
implementing CRM, as patients would be more likely to
choose the hospital that trains staff for human error.

4.1 Discussion of key results
The present study is the first to evaluate the current
implementation and perceived effectiveness of medical CRM
training in German-speaking countries. These insights were
assessed by interviewing CRM experts from a variety of
disciplines and professions.
To answer the first research question, which deals with the
current implementation of CRM training, it can be stated that
training, as described in the literature [11, 12] almost always
begins with a briefing, followed by simulations and afterward
debriefings are carried out. Debriefing, which is regarded as
particularly important in the literature [13], is also an essential
component of the experts' point of view, as it discusses core
issues of CRM and reviews experiences from the simulation.
No differences could be identified between the disciplines and
professions regarding the fundamental training structure. Data
on the strongly varying training duration from one hour to two
days correspond with the results of the meta-analysis of O'Dea
and colleagues [15]. To date, there are no regulations
regarding an optimal training period.
However, it turns out that implementing CRM in the entire
German-speaking area is associated with many problems. Due
to financial, personnel, space, and time bottlenecks, it is not
possible to implement CRM training in many hospitals or
departments, which can be responsible for the low medical
safety culture. Therefore, it is not yet possible to speak of a
widespread training concept. An expert stated, "Mh (...) I
would say it is still not sufficiently widespread. The problem
is the financing, and if it is not the financing, then it is the
exemption of employees for courses". The small dissemination
of the training is also reflected in different internal guidelines
for the training. A positive finding is that patient safety
modules are increasingly being integrated into study programs.
Therefore, it can be assumed that younger generations will be
more familiar with human factors and non-technical skills.
Accordingly, increased implementation of CRM training can
be expected in the future, if this generation is committed to it.
It can be stated that the training is equally structured in
different professions and disciplines, but the implementation
and dissemination are not satisfactorily established nowadays.
The second research question focuses on the effectiveness
of medical CRM training in German-speaking countries. In
order to examine whether the behavior changed after CRM
training, experts refer to observations from participants in
everyday working lives. Improvement of behavior can be
shown in the sense of an increased application of non-technical
skills as an expert indicated, "Well, communication will
definitely be improved by CRM. I see that all the time if it is
trained, it will be improved in the end". Furthermore, applying
appropriate tools (see Table 1) among CRM participants in
different disciplines and professions can be observed. The use
of tools suggests that the concept of CRM is accessible to
CRM participants and can successfully be implemented in
their daily work. Improvement in communication is
particularly noticeable, as evidenced by Savage and colleagues
[31]. This improvement may be due to the use of closed-loop
communication, which provides better performance of tasks
within the team [32]. A closer look at other non-technical skills
reveals that an improvement in task management and situation
awareness could not be observed as frequently. Task
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4.2 Strengths and limitations

CRM training, can be simultaneously improved. In this way,
the entire system is aligned to improve patient safety. For
example, as in the study by Haerkens et al. [26], a CRM group
can be formed that will ensure an increasing spread of CRM
throughout the entire company by using various measures. The
anchoring of the training with other departments, such as Risk
Management, is another way to achieve this goal.
Future research should also examine process-related effects.
The advantage of this approach is that it evaluates
effectiveness; furthermore, it can account for possible causes
at events where no sufficient effects could be found. A
challenge for the following research consists in closing the gap
between the behavioral change and the actual benefit for
patients. For this purpose, enhanced research in the field of
treatment outcomes is fundamental and appropriate
parameters must be identified in advance to assess a strong
cause-effect relationship.

By evaluating the present study, it can be stated as a strength
that a generalization of the results to a broad application
context of medical CRM training is possible since experts
from different fields, workplaces, professions, and countries
were interviewed. The sample size of 20 experts is appropriate
in the context of a qualitative interview study. In particular,
CRM training in the medical sector is not standard and,
therefore, not widespread, which results in a small number of
available experts. With the help of an interview guideline,
which was pretested, the formulated research questions can be
answered. The duration of the interviews can also be
considered as a quality criterion. Due to the relatively long
interview duration (on average, 46 minutes), a high and
detailed exchange of information could occur. On the
interviewer's side, it was possible to ask further questions
about important topics or uncertainties. The almost perfect
value of the inter-rater reliability (κ = 0,964) shows a high
internal validity for the performance of the data analysis and
strengthens the quality of the investigation. Moreover, the
additional frequency analysis made the results quantifiable and,
therefore, more accessible. Accordingly, a mix of a qualitative
and quantitative method was created.
Nevertheless, the study also has limitations. Concerning the
sample, it should be noted that these results are more
representative for Germany than for Switzerland as most
experts practice in Germany. Furthermore, the effectiveness of
CRM was analyzed based on statements and observations of
experts. None of the interviewed experts conducted a longterm study on the effectiveness of CRM with the inclusion of
control variables. The reason for that is the lack of various
resources, as mentioned before. Besides, the interviewed
experts are generally convinced of the success and
effectiveness of the CRM concept as otherwise, they would
not conduct CRM training. Taken together, both facts, it might
be possible that the results of CRM training were
overestimated or biased.

5. CONCLUSION
The present study aimed to present and examine the current
state of medical CRM training in the German-speaking area in
various disciplines and professions. Furthermore, the current
implementation of CRM and the effectiveness of the training
were investigated. To conclude, an outlook on the future
development of the topic was given based on the assessment
of medical CRM experts. In order to answer the three research
questions, an empirical study was conducted with the help of
expert interviews and was then evaluated and interpreted
according to the qualitative content analysis by Mayring [28].
When examining the current state of the training, it was
observed that the classical training structure consisting of
briefing, simulation, and debriefing is implemented in every
application context. The observation described in the literature
that the group size and the training frequency are very uneven
could be confirmed. Furthermore, according to the experts, the
German-speaking countries' safety culture is not yet perceived
as sufficiently developed. The present study made it possible
to observe the effectiveness of CRM training in terms of a
positive change in the participants' behavior in their everyday
work. The behavioral patterns concerning non-technical skills
are increasingly adapted, and CRM specific tools are applied.
Of all non-technical skills, communication develops best after
training, while task management and situation awareness
develop worst. These distinct findings are contrasted by the
inconsistent observations regarding the outcome of the
intervention. This finding is in line with current research,
which is also determined by a lack of empirical studies,
problems of measurability, and definition of suitable
parameters. Therefore, future research in this field is
indispensable to convince critics to establish CRM throughout
the German-speaking countries through methodologically
high-quality studies. Besides, CRM training should be
considered in context and interaction with the entire system of
its application.
This qualitative study was able to show that implementing
CRM in hospitals is worthwhile. It can contribute to more
patient safety, as evidenced by the observed behavioral
changes and the partially perceived improvements in treatment
outcomes. Nevertheless, it became clear that there is still
potential for improvement. The implementation of CRM must
be supported by the hospital management to overcome
personnel, financial, spatial, and time bottlenecks. Once this

4.3 Implications for Crew Resource Management
Based on the findings of the present study and technical
literature, recommendations can be made for the future design
of CRM training. It turns out that how CRM training is
currently implemented in German-speaking countries
achieves positive behavioral changes. For this reason, the
implementation of training in the classical triad (briefing,
simulation, and debriefing), as well as the interdisciplinary and
interprofessional formation of the participant group, should be
maintained. That includes the usage of tools such as the 10for-10 principle and closed-loop communication. The present
paper shows that the non-technical skills situational awareness
and task management showed the least improvement.
Therefore, increased focus on these two aspects of the training
curriculum could contribute to an improvement in the
effectiveness of the training. Since the availability of resources
also matters, supportive teaching methods, such as e-learning
courses, could be used to prepare for simulations. That can be
carried out from any desired location and reduces time and
costs. Also, an intensive implementation phase is
recommended to integrate CRM into the whole company. In
this respect, additional analysis of the work context can be
carried out in terms of work processes [31]. That has the
advantage that existing arrangements, in combination with
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barrier is passed, the training will probably expand
automatically. Besides, it is necessary to standardize the
training to guarantee quality and increase patient safety,
regardless of hospital or geographical location. Finally, it is
necessary to prove a cause-effect relationship with suitable
parameters through long-term studies to make the effect of
CRM on treatment outcomes of patients measurable.
Therefore, CRM as an intervention should be implemented for
the benefit of all patients. Neither efforts nor costs should be
saved at this point.
It needs to be highlighted that the present study is the first
to assess the current implementation and perceived
effectiveness of medical CRM in German-speaking countries
with experts from a variety of disciplines and professions.
Based on the provided overview, CRM users have the
opportunity to compare their implementation of the training.
Interested people are hopefully inspired to integrate CRM into
their working environment. For those who are interested, this
article might help and simplify the start of the implementation
phase. An increased offer might improve patient safety in
medicine.
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