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ABSTRACT

Crew resource management (CRM) is a training concept for optimising the use of all available resources
(e.g. human, technology, organisation) within high-risk operations. It has its origins in aviation, but the
principles and methods of CRM are already used in many other industries, like medicine or fire service.
In order to raise the reliability of teams working in these industries, it is important to train them in
non-technical skills (e.g. cooperation, managerial and leadership skills, decision making or situation
awareness). Despite many years of research on CRM training, the amount of detailed information about
these training programmes is often limited. Thus, the picture about CRM is not as clear as it should be.
This makes it difficult to assess the effectiveness of such training programmes to prevent human error
and industrial accidents. During a research project on the adaptation of CRM training, scientists of
Rhine-Waal University in Kamp-Lintfort (Germany) conducted an empirical study. They interviewed
10 CRM experts from civil and military aviation, aircraft engineering, fire service, seafaring and medi-
cine, about their experiences with CRM training to gain an overview about the current state of CRM
in different industries. They identified cross-industry and industry-specific lessons learned as well as
success factors of these training programmes. The results can be used to improve current CRM pro-
grammes, which in turn may increase safety standards in high-risk work domains.
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1 INTRODUCTION AND THEORY

Human error is omnipresent and often causes major accidents [1]. The aviation industry, in
particular, has identified failures of interpersonal communications, leadership or decision
making as aspects of human error, which have resulted in the plurality of aircraft accidents
[2]. To increase safety in high-risk industries, it is important to improve the interaction of
teams working there. Therefore, some industries use crew resource management (CRM) to
reduce human error. The Safety Regulation Group defines CRM ‘as a management system
which makes optimal use of all available resources — equipment, procedures and people — to
promote safety and enhance the efficiency of flight operations’ [3]. It is a training programme
that focuses on non-technical skills like leadership or situation awareness [4]. CRM is most
widely used in the aviation industry, but it has been adopted by other industries over the past
few years.

1.1 Development of CRM

The origin of CRM training goes back to around 30 years ago when the National Aeronautics
and Space Administration (NASA) sponsored a workshop to reduce pilot error on the flight
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deck. At this workshop, it was identified that human error is the leading cause for aircraft
accidents. Since then, the implementation of CRM training began to spread globally [2].

Initially, these programmes were solely conceptualised for the cockpit crew. Several years
later, training extended to flight attendants and maintenance staff [2]. Today, CRM is an
obligatory and recurrent program for pilots, flight attendants and certifying maintenance
staff. Depending on the responsible aviation authority, the content of the training is either
dictated or just proposed [5,6].

After the dissemination of CRM in the aviation industry, some other industries endorsed
the effects of training on safety. The medical industry recognized that most interpersonal
problems that led to accidents were similar to those of the aviation industry [7], and therefore
began to establish CRM. Moreover, human factors training was transferred to fire service,
seafaring, oil and gas industries, nuclear power industry and the automotive industry [8—12].
Contrary to aviation, CRM in other industries is not mandatory.

1.2 Training contents and methods

A CRM training covers aspects like knowledge, skills, attitudes, cognitive processes and
interpersonal relationships [13]. The usual core components of a training are non-technical
skills, which deal with psychological conditions rather than technical knowledge. They can
be divided into cognitive and social skills. Cognitive skills include situation awareness and
decision making, whereas social skills include cooperation as well as leadership and mana-
gerial skills [4].

There are many possible ways to disseminate the training contents to the participants.
Some examples of training methods are lectures, discussions, practical exercises, role play,
simulations or case studies [14].

2 RESEARCH OBJECTIVES

Despite many years of research on CRM training and some evidence of its effectiveness, the
amount of detailed information (e.g. training content, training environment) about such train-
ing is often limited [15]. CRM seems to lack standardisation. The absence of agreement
regarding what it should include and how it should be designed has led to shortcomings [16].
Thus, it is difficult to assess the quality and suitability of the training programmes [15].
Moreover, previous research mainly focused on the aviation industry. Therefore, other sec-
tors like fire service or seafaring are not sufficiently taken into account [e.g. 15,17]. Previous
team training research, so far, investigated training content, team size and team membership
stability as potential moderators of the relationship between training and team outcomes [18].
Based on this research and the defined objectives of the study, the following questions regard-
ing CRM are raised:

Is there an analysis of needs before training?

Which training contents are used within training? How are they mediated?

What does the training environment look like?

How is the composition of the training group? Do they know each other? How many
people are trained?

Which aspects of the training work out well and which do not?

e How are the training sessions evaluated?

e Which factors make a CRM training successful?
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Answering these questions offers the opportunity to improve the future design and adapta-
tion of CRM. Successful CRM trainings, in turn, can help minimize human error and increase
safety standards in high-risk work domains.

Hence, the objective of this paper is threefold. First, this study seeks to outline the current
state of CRM in aviation and other industries by offering detailed information about the train-
ing programmes. Second, it is essential to clarify what works well within the training and
what does not. Thus, this study also focuses on lessons learned by trainers who conducted
CRM training. Finally, some determined success factors for CRM will be presented.

3 METHOD
Semi-structured interviews were conducted to answer the questions discussed above. The 10
participants were experts working in different industries: civil aviation (n = 3), military avia-
tion (n = 2), aircraft engineering (n = 2), fire service (n = 1), seafaring (n = 1) and medicine
(n =1). Each of them had at least three years of CRM experience.

As a first step, CRM experts were identified and contacted by e-mail. They were informed
about the intended interviews and requested for their participation. After fixing dates with the
experts and reviewing the interview questions in a pretest, telephone interviews were con-
ducted.

All interviews were conducted by the same interviewer and lasted 25 minutes to 1 hour.
The interviews were recorded for safeguarding all information. Next, recordings were tran-
scribed with the help of a transcription software. During the transcription process, a rule
system was used to ensure that all interviews were transcribed in the same way. Afterwards,
a qualitative content analysis was applied to reduce the large amount of text to a manageable
version that still included the essential aspects [19]. Based on the collected data from the
interviews, categories were created.

In the next step, the categories had to be reviewed to verify their traceability. In addition to
the coder himself, this was done by a second, independent coder in order to raise the intersub-
jectivity of the qualitative analysis. Further, the second coder assigned categories to the
relevant text passages. Next, inter-rater reliability for the two coders was assessed by calcu-
lating Cohen’s kappa. Cohen’s kappa is a measure of reliability among two raters. It is the
proportion of agreement corrected for chance [20]. A kappa value can vary from O to 1, where
1 is an almost perfect agreement. In this study, a kappa value of 0,748 was achieved, which
is defined as substantial [21]. This result proved the traceability of the category system and
allowed an interpretation of the results.

4 RESULTS
Due to the fact that domains besides the aviation industry were only represented by single
experts, the extent of validity of their statements for the respective industries is questionable.
Thus, we will focus on cross-industry findings by presenting the results based on the experts’
interviews. Nonetheless, industry-specific saliences will be mentioned, too.

4.1 Current state of CRM

4.1.1 Trainer aspects

The created categories regarding the trainer aspects show that 7 of 10 experts have specific
CRM trainer education. It is noticeable that six of these experts work in the aviation indus-
try. The seventh expert currently works in the seafaring industry, but also began to work in
aviation. With regard to the guidelines in the aviation industry, it can be assumed that train-
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ers there require specific CRM trainer education. All experts trained either alone or at least
in sets of two. Half of the experts carried out training by themselves, while others were
supported by a second or third person. According to them, this is often an issue of resources.

4.1.2 Analysis of needs

In most cases, there was no systematic analysis of training needs on part of the trainers. Espe-
cially in the aviation industry, training sessions are based on the guidelines of aviation
authorities. Further, it seems that current circumstances and the company’s problems are
indicators for the training needs. This category was found in five cases.

4.1.3 Training contents and methods

As mentioned previously, contents of CRM training in the aviation industry in Europe are
determined. Therefore, experts in this area often only referred to these guidelines when they
were asked which contents are used. Nonetheless, it is noticeable that the non-technical skills
like cooperation, leadership, managerial skills, situation awareness and decision making are
delivered through training across the different industries. Cooperation and situation aware-
ness were skills most frequently used. Additionally, some industry-specific focuses were also
present. It is interesting to note that topics like fatigue or passenger management especially
matter in civil aviation. The topic ‘stress’ was also pointed out by the experts in civil aviation
as well as in medicine and seafaring. This may be related to the specific industries. Contrary
to aircraft engineering where error tends to become visible later (e.g. because of insufficient
maintenance, a screw thread itself only during the flight), these are areas in which error often
has a direct effect on the teams themselves and the relevant environment. This immediate
threat further increases stress levels. The trainers working in aircraft engineering and military
aviation sectors emphasised that they used the ‘SHELL’ model and error models like the
‘Dirty Dozen concept’. This is probably because these concepts were originally conceptual-
ised in and for the aviation industry.

Concerning the didactic methods, it became clear that all experts preferred varied meth-
ods during training. The most commonly used method is the lecture. Methods also used
frequently include role play, pair and group work, discussions and examples in the form of
case studies or narrations. Newer methods like e-learning were only mentioned by one
expert (aircraft engineering). Complementary to the lecture as the most commonly used
method, the most commonly used materials were PowerPoint presentations and flip charts.
Moreover, videos and pictures were shown within the training sessions and sometimes
worksheets were used.

4.1.4 General conditions
The created categories concerning the general conditions involve the training environment,
the group of participants and duration of training. The categories for the training environment
show that CRM training was conducted in the usual seminar rooms in all industries. In addi-
tion, there were categories that indicated industry-specific peculiarities. The fire service
CRM expert explained that training took place at work, but sessions were interrupted occa-
sionally by a fire-fighting operation. The seafaring CRM expert emphasised that some
participants had to disrupt their holidays to attend training. This may be because these train-
ing sessions are not mandatory in these industries.

With regard to the group of participants, group size and composition can be distin-
guished. Group size varied cross-industrially from a minimum of 12 up to 20 or (maximum)
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24 participants. With a maximum of 12, the civil aviation industry has the highest
restriction on group size of participants. The participants either already knew each other
or were introduced to each other during training. The sole case of not knowing each other
was mentioned in the aviation industry. This may be on account of frequently changing
teams in everyday work. Moreover, experts from military and civil aviation pointed out
that they often worked with heterogeneous groups. This is caused by different hierarchy
levels (e.g. cockpit and cabin crew) that usually trained together. Altogether, most experts
alluded a group composition, which differs from training to training as well as with
respective clients.

Categories about duration of training were derived from four interviews. Three trainers
(civil and military aviation) tended to have one day for a CRM training, while the seafaring
industry expert conducted training over three days.

4.1.5 Evaluation

Referring to the evaluation of training, almost all experts pointed out that it is not possible to
evaluate a CRM training on all four levels of Kirkpatrick’s evaluation model. This result
aligns with a meta-analysis from Salas and his colleagues who barely found studies that eval-
uated CRM training on all four levels [14]. The majority of interviewed experts emphasised
a focus on participants’ reactions during evaluation. In the aviation industry, knowledge tests
are also administered to participants. Further, some experts highlighted the idea of an infor-
mal evaluation, which can be an occasional encounter with the participants, for example.
Thereby, participants often report what they liked during the training and what was useful in
their everyday work.

4.2 Lessons learned

4.2.1 Lessons from trainer aspects

As mentioned previously, the number of trainers within a CRM training is often an issue of
available resources. However, some experts highlighted the positive experience of conduct-
ing a training with two or more trainers. Additional categories indicate the need for certain
trainer competencies such as knowledge in the relevant field of work.

4.2.2 Lessons from analysis of needs

The CRM expert from the medical industry emphasised the relevance of an analysis of com-
petencies. Especially with regard to adaptation of CRM in other industries, it is important to
know which competencies are necessary in the occupational area.

4.2.3 Lessons from training contents and methods

Considering the created categories regarding training contents and methods, it became clear
that teaching theory in the specific field of work is crucial. Therefore, a very popular method
across industries is the use of examples and case studies. Other popular methods are group
exercises and role play. Moreover, it seems that a varied use of methods is important. Gener-
ally, expert interviews showed that participants prefer active methods, in terms of PowerPoint
presentations, instead of lectures.

4.2.4 Lessons from general conditions and evaluation
Almost every expert alluded that the general conditions and resources restrict the training
design. A notable aspect here is time. Some experts emphasised that the available time for
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training was too less. In addition, some categories indicate that evaluation of the training
sessions often is neglected because of deficient resources. Two experts also reported a lack of
interest by clients. They experienced that most clients do not react until an error occurs,
which is harmful to the company or environment.

With regard to training environment, the statements of three experts (medicine, fire ser-
vice, military aviation) suggest that it is better to conduct training outside the company. In
medical and fire service sectors, this is because of on-call times, which often result in inter-
rupted training. In military aviation, training outside the company is helpful to disregard the
participants’ ranks.

Moreover, the interviews also supplied evidence to lessons learned regarding the group of
participants. A cross-industrial category elucidates that group size of 10-12 participants
seems best. About half the interviewed experts found too less or too many participants diffi-
cult to manage. This is because trainers either could not take all participants into consideration
or participants had to interact more than usual in smaller groups. With regard to group com-
position, it seems that an effective group composition often depends on the particular
situation, for example, whether it is a reflection or addressing a specific problem. Another
category comprised participants’ acceptance. Many experts mentioned that it is hard to
convince some participants, such as experienced employees, of the training programme. Fur-
ther, it was learned that it is important to consider cultural aspects. One aircraft engineering
expert emphasised the notable role of cultural influences, which needs to be respected during
training.

4.3 Success factors

4.3.1 Trainer aspects

One cross-industrial success factor appears to be the credibility and expertise of the trainer.
Some experts underlined that you can show credibility and expertise by living and showing
the CRM spirit. Moreover, the trainer should have knowledge of the respective field, so that
he or she can empathise with participants. Another element that makes CRM training suc-
cessful is sensitisation of participants to the subject of CRM. This means that the trainer
should make them aware of the importance of human factors by pointing out the everyday
hazards that can cause human error.

4.3.2 Training design
The answers to the question for the success factors of CRM show similarities to the lessons
learned of the trainers. Thus, we already indicated the importance of an application-oriented
training combined with the usage of many examples related to everyday work. Some experts
underlined again that active and varied training methods should be employed rather than
simply delivering a theory-based lecture.

In addition, civil aviation experts pointed out that communication as a connecting element
during a CRM training may be a further factor for success.

4.3.3 General conditions

The success factors regarding the general conditions arose from interviews with civil and
military aviation experts as well as with the seafaring expert. Once again, these experts high-
lighted the importance of having sufficient time for training. It became clear that an
organisational culture, which supports CRM and ensures its sustainability, is required.
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Table 1: Result overview.

Results

Current state e Trainers who already conducted a CRM training in aviation industry
have specific CRM trainer education.

e Training needs are usually based on current circumstances and prob-
lems.

e Non-technical skills are core components of a training. Additionally,
there seems to exist industry-specific topics, e.g. fatigue in aviation
industry.

e Several methods and materials are used.

e CRM training often takes place in seminar rooms.

e Group size varies from 12 to maximum 24 participants. Group compo-
sition also varies.

Lessons learned o Performing a training with two or more trainers is helpful.

Trainers should use examples related to the field of work to produce
application orientation.

The use of different methods is important.

General conditions and resources limit training design and evaluation.
It can be useful to organise the training outside the company.

Ideal group size: 10—12 participants. Too less or too many participants
are difficult to handle.

Success factors e A credible and competent trainer who is able to sensitise the partici-
pants for the topic is needed.
e Training with strong references to the related work field, activation and
varied exercises are necessary.
e Good general conditions, e.g. having enough time for the trainings, are
effective.

4.4 Overview of results

Table 1 summarises the discussed results whereby the focus is on cross-industrial results.

5 DISCUSSION AND CONCLUSION
Qualitative interviews are a valuable tool for finding out extensive information. The current
study obtained numerous results regarding CRM. This section discusses the results by con-
sidering the study’s strengths and limitations. Last, implications for CRM training and
recommendations for future research will be presented.

5.1 Strengths and limitations

Like all research, this study has both strengths and limitations. A need for improvement
towards CRM training can be deduced from the expert interviews. All participants showed
interest in the investigation and responded extensively to every question. The results fulfil the
defined objectives and offer detailed information about CRM training. Moreover, lessons
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learned and success factors were gained from the interviews, which may help to improve
future training. Another positive aspect is the high kappa value of 0,748, which ensures inter-
rater reliability. It demonstrates the result’s independence of the researcher and valorises the
study’s significance.

Beside these strengths, there are also some noteworthy limitations of the study. First, it was
a qualitative study with a small sample. Thus, the study may only reflect partial opinions. In
addition, most experts were from the aviation industry and only single experts from other
industries participated. Therefore, CRM-related information in non-aviation industries where
CRM is not obligatory would be interesting and helpful for future adaptation. As already
mentioned, previous research also did not sufficiently take CRM in other industries into
account. It seems to be generally difficult to find studies or experts that can provide detailed
information about the application of CRM in non-aviation industries. Another critical issue is
the mix of practitioners and scientists in the sample. Most experts were practitioners, but two
experts who participated also gained experience from an empirical study. They often empha-
sised that they had more opportunities compared to those common in practice. Further, there
is a limitation concerning the interview questions. The results show that not all relevant
aspects about CRM were covered adequately by the interviews. One expert highlighted the
importance of cultural aspects, but this topic was not considered in the interview manual.
hence, no more information regarding cultural aspects in CRM training could be deduced
from the interviews. Also, increasing internationalisation would have been an interesting
aspect for the interview manual.

5.2 Implications for CRM training

Altogether, this study demonstrates the complexity of CRM and its application. A large
amount of results was deduced from the interviews, and the research questions were clarified.
Nevertheless, there is still a need for more detailed information regarding CRM, especially in
other industries. The results of this study show that there are both positive and negative
aspects about CRM training. The lessons learned, as mentioned by the experts, may help to
improve the future training design of CRM. CRM practitioners of various industries can
benefit from the study findings and learn from each other’s experience.

Human error is omnipresent. Even in the future, there will be many major accidents
caused by human error. A good human factors training may help to reduce human error and
increase safety in high-risk industries. Therefore, future research should spend time in opti-
mising CRM training. It would be particularly interesting to find out more about the aspects
that were treated with less significance in this study, such as the cultural influences within a
training.
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