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Abstract  
Over the years, flight safety has improved through reliable automated systems, but accidents 
still occur where pilots are faced with unexpected technical malfunctions without previous 
training. This thesis aimed to investigate possible ways to develop evidence-based training 
further to prepare pilots for managing unexpected events by identifying resilient promoting 
strategies applicable in daily flying. In addition, to what extent do airline pilots already 
optimise recurrent training and line flying to develop resilience, and whether experience 
affects. A multi-faceted approach was used, including a literature review and a quantitative 
survey. The literature review investigated the concept of resilience engineering in aviation and 
resilient performance using e-books and different search engines. Findings were consistent 
with previous theories about resilience, where expertise, judgment and mindfulness training 
may help pilots enhance resilience outside the traditional simulator training. The online 
questionnaire investigated pilots’ current resilience development, focusing on competence and 
confidence. It was made available within a closed Facebook group and resulted in 60 responses. 
It suggested that discussion about work experience was more preferred than hypothetical 
problem-solving, and first officers were more willing to prepare and reflect on their 
performance. In general, it takes time and commitment to develop resilience, although line 
flying could be used as a complement combined with being unaware of the scenarios used in 
the upcoming training session. 
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1. Introduction 
 

1.1 Background 
 
Over the years, the aviation industry has improved flight safety through innovation, 

resulting in highly automated aircraft. However, it has provided a more complex socio-
technical system and caused challenges where the pilots have been faced with unexpected 
malfunctions requiring quick sensemaking and decision-making (Hassall et al., 2014). The 
aviation industry has in the past made mitigating efforts and provided more guidance through 
checklists, procedures, and training. Still, these malfunctions are now difficult to predict due 
to their unique nature, making it more likely for pilots to be exposed to unexpected 
malfunctions without previous training (International Civil Aviation Organization [ICAO], 
2013). Accidents of Air France Flight 447 (Bureau d'Enquêtes et d'Analyses pour la sécurité 
de l'aviation civile, 2012) and Lion Air Flight 610 (Komite Nasional Keselamatan Transportasi, 
2019) are reminders of fatal consequences where pilots have faced unforeseen events without 
previous training.  

The inability to prevent or recover from an unexpected event could affect physical and 
cognitive performance. Therefore, the International Air Transport Association (IATA, 2021) 
argues that pilots must improve their technical and non-technical skills by allowing airlines' 
training programs to optimise the enhancement of human performance. Pilots' non-technical 
skills have traditionally been trained in Crew Resource Management (CRM) courses, while 
technical skills have been trained in flight simulators (Norden & Owens, 2014). However, over 
time the aviation industry has realised the need for these two orientations to approach each 
other, as aviation accidents have often been linked to a combination of lack of skills (Norden 
& Owens, 2014). Since it is impossible to practice for every plausible scenario, resilience 
training has been promoted as a strategy to manage unforeseen events. 

Resilience is a known term in aviation, but the challenge has been implementing the 
concept into operation (Pierobon, 2021). Research suggests that variability in responses 
(Casner et al., 2013) and response time (Hoffman & Hancock, 2017) are ways of identifying 
and measuring resilient behaviours or skills. Another study compared flight crews' performance 
when faced with unexpected events. The conclusion was that the flight crew that performed 
the best was better in leadership, teamwork, open communication, and decision-making (Field 
et al., 2016). These skills were included in the core technical and non-technical competencies 
identified as essential to ensure flight safety (ICAO, 2013). Since aviation is such a complex 
and dynamic world, Dekker and Lundström (2006) suggested that resilience improves the flight 
crew's adaptability to counteract unforeseen threats and disruptions beyond prepared abilities. 
The hypothesis is that resilient behaviours or skills are adaptable, appropriate, and efficient.  
 

 
1.2 Purpose and scope 
 

Resilience has become a more significant part of flight safety, where technical and non-
technical skills have become critical to managing the newer generation of modern commercial 
aircraft malfunctions. Previous flight training focused on task-based training where evidence 
of accidents from early generation commercial aircraft was the foundation of events that was 
repeated in training programmes. However, aircraft innovation has surpassed traditional 
training programmes, which are now based on older generations of commercial aircraft. Since 
every plausible event cannot be practised, the aviation industry recognised the need to move 
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from task-based to a more trainee-centred competence-based training to improve the ability to 
manage unforeseen events without previous training and build resilience. Therefore, Evidence-
Based Training (EBT) was introduced to align training content with generation-specific aircraft 
by focusing on technical and non-technical competencies needed to face real-life threats and 
errors based on data collection from training results and operations.  

Scenarios used in EBT are tools to develop and assess competencies within a pre-
determined set of envelopes, including normal and abnormal situations in a flight simulator. 
However, the training may become predictable and given the few times per year that airline 
pilots are allowed to challenge themselves in the flight simulator, the training value of resilient 
performance can be questioned. At the same time, airline pilots spend hundreds of flight hours 
on the line where reality is complex and unpredictable. The time outside the flight simulator 
could therefore be a training complement to potentially develop resilience on the ground and 
in the air. 

This thesis aims to investigate ways to develop EBT further to prepare pilots for 
managing unexpected and potentially threatening events. More specifically, this thesis aims to 
identify preventive strategies to help pilots develop resilience and the possibility of 
implementing such strategies in pilots' daily operations outside of the traditional simulator 
training. Furthermore, research how airline pilots optimise recurrent training and line flying to 
develop resilience, and whether their experience impacts. 

 
 

2. Method 
 
2.1 Design 
 

The method chosen to study reality must provide relevant data to the hypotheses or 
questions formulated to give a manageable and meaningful picture (Backman, 2016). A 
literature review can provide an overview of what is known in a scientific field related to the 
research problem, while a survey through a questionnaire can provide quantitative observations 
using mathematics and statistics (Backman, 2016). Therefore, a multi-faceted approach was 
used to research plausible ways to expand EBT, consisting of a literature review and a survey.   
 

 
2.2 Literature review 
 

Previous research on resilience was investigated where data collection was sorted and 
categorised according to Backman's (2016) coding scheme. Articles older than 20 years were 
excluded to reduce the total number of hits. The selection of documents was divided into three 
stages. First, the e-book Advancing Resilient Performance (Nemeth & Hollnagel, 2022) was 
used to review the concept of resilience engineering, which was accessed via the Lund 
University Libraries website https://lubsearch.lub.lu.se/. Next, search engines at ICAO, IATA, 
EASA, FAA and NASA generated 20 publications, consisting of rules, manuals, research 
reports, project reports, safety reports, and guidance material regarding resilience training. 

These documents were reviewed and generated prominent keywords used in the 
Mendeley search engine, consisting of references found in Scopus and ScienceDirect. The 
keywords were "resilience", "aviation", "training", "unexpected", "critical thinking", "stress", 
"performance", "management", "mental model", "naturalistic decision making", "military", 
"simulator", "competence". Different combinations of these keywords generated 1,129 hits, 
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which was reduced to 482 after being filtered for peer-reviewed journal articles. Six sources of 
information were ultimately identified as accessible and usable in line with the purpose of this 
thesis. In sum, 26 documents were reviewed and categorised following Hollnagel's (2009) 
taxonomy of resilient characteristics known as the four cornerstones of resilience: 
"anticipating", "monitoring", "responding", and "learning". 

 
 

2.3 Survey 
 
An online survey through a questionnaire was used to provide quantitative data but 

using a questionnaire as an instrument has its advantages and disadvantages. The advantage is 
that the cost per respondent is limited in a questionnaire that can be done on a relatively large 
sample and collect data quickly (Ejlertsson, 2019). On the contrary, the respondent does not 
have the opportunity to ask supplementary questions, which gives rise to answers based on 
apparent misconceptions without the chance to correct them. The questionnaire also does not 
allow overly complicated questions without follow-up questions, which can be minimised with 
thorough work in the survey design (Ejlertsson, 2019). The choice of the online survey was 
made so that while the respondents answered the questionnaire themselves, the author could 
devote more time to other parts of the study. Furthermore, the questionnaire could be answered 
quickly and was supposed to be user-friendly for phones, tablets, and computers. 

The questionnaire consisted of eleven questions. It was created using SurveyMonkey 
(https://www.surveymonkey.com) and was divided into different themes related to resilience 
development, focusing on competence and confidence (IATA, 2018). Questions one through 
three represented demographics to investigate if various aspects of experience impact the 
responses. Questions four and five studied the attitude among airline pilots to make the most 
out of some of today’s available resilience tools. Such as to what extent scenarios of recurrent 
training in EBT are approached as unpredictable to gain the most confidence in managing 
unforeseen disturbances. In addition, to what extent do airline pilots practice their competence 
by valuing the usage of the threat-and-error management model to anticipate potential 
disturbances.  

Scenarios are used as a vehicle in EBT to practice competencies by managing relevant 
threats and errors. Therefore, questions six and seven focused on the frequency of scenario-
based discussions in line flying as a low-cost approach in the absence of actual practice. 
Potentially enhance problem-solving and learn from each other’s experiences to improve 
competence and anticipation. Questions eight through ten investigated the attitude among 
airline pilots to what extent line flying is used as an opportunity to practice and develop some 
of the core competencies covered in EBT. Such as the application of knowledge and procedures 
by flying different approaches and enhancing manual control of aeroplane flight path 
management by practising instrument approaches without automated systems. Since facilitated 
briefing also is a vital part of trainee-centred EBT, to what extent do airline pilots reflect and 
learn from their performance in daily operations. In the end, question eleven also allowed 
respondents to elaborate their answers further as needed. 

The online survey was conducted on the social media platform Facebook and lasted for 
two weeks. It was made available by sharing a link within a closed Facebook group 
representing pilots working for the same airline. To attract a sufficiently large proportion of 
participants, the motivational factor to respond to the survey becomes crucial (Ejlertsson, 
2019). As a result, a cover letter was attached (see Appendix) reflecting the ethical principles. 
Furthermore, the respondents were informed about the purpose of the survey and the conditions 



 4 

that prevailed before participation. In addition, a reminder was posted one week after the survey 
was published. 

The purpose of conducting an online survey was to shorten the response time, improve 
the response rate, and facilitate the compilation of the results. As a result, the questionnaire 
primarily consisted of closed multiple-choice questions except for question eleven, which 
provided an open answer field (see Appendix). The closed-ended questions were based on an 
ordinal scale, including four Likert-type questions. It is a well-known attitude scale consisting 
of several statements within the same subject area, which the respondents must agree with or 
distance themselves from, using a five- or seven-point scale (Ejlertsson, 2019). Response scale 
format characteristics impact how respondents respond to an online survey containing Likert 
scale questions. For example, online surveys offer different formats that affect the extreme 
response style, defined as the tendency to give extreme responses regardless of item content 
(Weijters et al., 2021). The vertical format of Likert scale questions indicated a high level of 
extreme response style, where the visual distance between response categories was more 
compact (Weijters et al., 2021). Therefore, a vertical scale format was used for all close-ended 
questions to improve response rate, time, and accuracy. 
 
 
2.4 Sample 
 

The population for the online survey was airline pilots from 18 to 64 years of age 
working for the same national airline. However, not all the population could be surveyed due 
to a lack of resources. Thus, a simple random sample is recommended to locate representatives 
of the population (Ejlertsson, 2019). It is the most common method, and the selection shall be 
made so that all persons in the population have the same probability of being included 
(Ejlertsson, 2019). This simple random sample was made from members of the airline pilots' 
closed group page on the social media platform Facebook. 

The group consisted of 889 members and represented approximately 95 per cent of the 
pilots at this airline. The total number of responses was 60; hence the response rate was 
approximately seven per cent. A possible explanation could be the number of layoffs and 
furloughs due to the coronavirus pandemic and war in Ukraine. Ejlertsson (2019) argues that 
the greater the number of non-responses, the greater the risk of incorrect generalisations about 
the target population. However, due to the relatively evenly distributed variation of experiences 
among the respondents, the author decided to proceed with the data analysis. 
 
 
2.5 Data analysis 
 

The methods used in describing and analysing data differ on the type of variable. A 
computer is generally used for answer processing if the survey is small and includes a small 
number of respondents (Ejlertsson, 2019). SurveyMonkey's filtering tools were used to sort 
and analyse the measurement values, followed by using Microsoft Word (Microsoft 365, 
version 16.61) to create illustrations. The nominal scale provides qualitative variables through 
classification, dividing the respondents into groups without the groups being able to be ranked 
among themselves (Ejlertsson, 2019). Therefore, question three (see Appendix) was analysed 
using the nominal scale and resulted in the mode of the measurement values. The interval scale 
provides quantitative variables through numerical values, which gives statistics on the ranking 
between two measured values and the size differences (Ejlertsson, 2019). Question one (see 
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Appendix) was analysed based on the interval scale and resulted in the mode, arithmetic means 
and standard deviation of grouped data. 

The ordinal scale measures qualitative variables and determines if one respondent with 
a specific measurement value is better than another, but nothing about the exact quantitative 
size differences between the respondents (Boone & Boone, 2012; Ejlertsson, 2019). It is also 
the usual data type in surveys that map attitudes and experiences and cannot be used in a 
meaningful way for calculations with any of the four calculation methods (Ejlertsson, 2019). 
Therefore, an ordinal scale was used to analyse questions two and four through ten (see 
Appendix), resulting in the mode and median of the measurement values. 
 
 
2.6 Ethics 
 

Some laws regulate ethical issues in humanities and social science research. According 
to section two of the Ethical Review Act (SFS 2003:460), scientific research is defined as 
observational, experimental, or theoretical work to acquire new knowledge and develop a 
scientific basis, with the exemption of graduates. However, even if such scientific research is 
exempted, the Ethics Review Act should be used as a guideline for what is appropriate and 
inappropriate (Ejlertsson, 2019). In addition, the Swedish Research Council (2017) provide 
ethics codes that include good research practice in specific research fields. Based on humanities 
and social science research, the protection of the individual applied to this thesis and consisted 
of four fundamental principles.  

The Swedish Research Council (2002) states that the first principle is the information 
requirement, which means that the respondents must be informed about the purpose of the 
research and that it is voluntary to participate. The second principle is the consent requirement, 
which means that the respondents in a study have the right to decide whether to participate. 
Thus, the respondent has agreed to participate in a survey by responding to the online 
questionnaire (Ejlertsson, 2019). The third principle is the confidentiality requirement, which 
means that individuals of the respondents must not be able to be identified by outsiders, and all 
material must be stored securely. Finally, the fourth principle is the utilisation requirement, 
which means that material about individuals may only be used for research purposes that have 
been informed to the respondents. All these principles were met and described in the cover 
letter attached to the questionnaire (see Appendix). 

 
 

3. Result 
 

Previous research will be investigated to identify preventive strategies to help pilots 
develop resilience and the possibility of implementing such strategies in pilots' daily operations 
outside of the traditional simulator training. First, clarifying the concept of resilience and its 
application in aviation and, secondly, identifying skills and behaviours related to resilient 
performance at the individual level and in a multi-crew environment. Thirdly, suggestions for 
exercises that can improve such skills. 
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3.1 The concept of resilience 
 

For the past 40 years, resilience engineering has significantly expanded and is a concept 
that promotes safety not only on an individual but also on an organisational level (Dekker & 
Pruchnicki, 2014; Hassler & Kohler, 2014). Resilience engineering aims to study socio-
technical systems focusing on safety and efficiency to minimise hazards (Hassler & Kohler, 
2014). A system operates inside a safety envelope where unexpected events reduce the safety 
margin and push the system closer to its boundaries (Dekker & Pruchnicki, 2014; Rasmussen, 
1997). Robustness is a steppingstone toward resilience engineering since it is described as a 
system's ability to cope with common abnormalities (Fujita, 2006; Hassler & Kohler, 2014). 
Meanwhile, resilience is the system's ability to withstand stability if the boundaries of the safety 
envelope have been breached (Woods, 2006). Hence, resilience is "The intrinsic ability of a 
system to adjust its functioning prior to, during, or following changes and disturbances, so that 
it can sustain required operations under both expected and unexpected conditions." (Hollnagel, 
2011, p. xxxvi). This means that resilience contributes to the system's adaptability to withstand 
various disturbances. 

The approach to safety in resilience engineering has introduced a shift in the safety 
management field on how to mitigate risks and prevent future incidents or accidents. After an 
incident or accident, the traditional view has been a retrospective approach where the safety 
components or individual decisions affect a system's reliability (Woods, 2006). It views the 
system as linear, where responsibility has turned into a blame culture resulting in personal 
consequences and remedial training as mitigating strategies (Woods, 2005). It has been a 
successful approach to mitigating more familiar and predictable accidents, and in aviation, it 
has improved safety through reliable automation, pilot training, checklists, and procedures 
(Amalberti, 2001). However, the development of socio-technical systems has made it complex 
that variability is necessary for the system to function correctly and where management of the 
system requires flexibility (Hollnagel, 2011; Klein et al., 2003). Resilience engineering intends 
to focus more on what people do correctly than on avoiding stuff that goes incorrect by 
supporting people to successfully and efficiently deal with complexity (Hollnagel, 2011; 
Rasmussen, 1997; Woods & Hollnagel, 2006). More specifically: 

 
Since both failures and successes are the outcome of normal performance variability, safety 
cannot be achieved by constraining – or eliminating that. Instead, it is necessary to study both 
successes and failures, and to find ways to reinforce the variability that leads to successes as 
well as dampen the variability that leads to adverse outcomes. (Hollnagel, 2008, p. xii) 

 
The practical definition of resilience is the system's ability to adjust its performance, 

and the quality of such ability can be presented in a taxonomy of four essential characteristics 
(Hollnagel, 2011). This taxonomy is illustrated in Figure 3.1 as cornerstones, and each element 
will be elaborated. Anticipating relates to knowing what to expect and the long-term prediction 
regarding the potential development, hazards, and probabilities (Hollnagel, 2011). Monitoring 
concerns knowing what to look for and the short-term prediction regarding the critical hazards 
outside and inside the system (Hollnagel, 2011). This characteristic depends more on 
potentially flexible ways to detect early signs of disturbance to facilitate handling acute hazards 
(Hollnagel, 2015). 
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Figure 3.1. The four cornerstones of resilience. Copyright 2011 Adapted from Resilience 
Engineering in Practice by E. Hollnagel, J. Pariès, D. D. Woods and J. Wreathall. 
Adapted by permission of Taylor and Francis Group, LLC, a division of Informa plc. 
 

Responding is knowing what to do and is about the reaction and management of the 
actual disturbance, either through pre-determined answers or modifying the procedure 
(Hollnagel, 2011). The response is necessary for enduring a system and depends on efficiency 
to achieve relevant results before it is too late (Hollnagel, 2015). Therefore, the system needs 
to detect a disturbance, assess the risk and degree of seriousness then decide how to act 
(Hollnagel, 2015). Adapting a current procedure might be necessary, but it also involves risks 
where unsafe results may occur due to a lack of knowledge of possible outcomes (Dekker, 
2001). Therefore, an appropriate and effective response cannot be planned for every situation, 
but flexibility would allow more options, and the accuracy would depend on previous 
experience.  

Learning is knowing what has happened and is about objectively reflecting and learning 
from previous experiences, regardless of whether they are good or bad (Hollnagel, 2011). 
Learning is a fundamental element that allows responding and monitoring unless the 
environment is constant and foreseeable. Consequently, learning is necessary for a complex 
and unpredictable environment where competence is based on the meaningful selection of 
experience that is adequately evaluated and comprehended (Hollnagel, 2015). Meaningful 
learning has traditionally been based on things that go wrong from previous incidents and 
accidents. However, to enhance resilience in a system, more focus must be on things that go 
right since it occurs more frequently (Hollnagel, 2015). Ultimately, complex systems offer a 
supply of experiences vital to improving the other cornerstones of resilience. 

So far, resilience development in the aviation industry has been based on data collected 
from safety reports, flight data monitoring, and Line Oriented Safety Audit (LOSA). Later, 
data has been analysed to lay a foundation for proactive revaluations of current aircraft design, 
procedures, and training programs (Carroll & Malmquist, 2022). To put the cornerstones to 
practical use in aviation, the accident of US Airways Flight 1549 (National Transport Safety 
Bureau [NTSB], 2010) could serve as an example.  

An Airbus A320 that encountered a flock of geese after departure ended with a total loss 
of thrust on both engines and subsequently ditched in the Hudson River, where everyone on 
board survived. The flight crew did not anticipate a total loss of thrust on both engines at such 
a low altitude but managed to prevent an adverse outcome by adapting the procedures to an 
unexpected event without previous training (Pruchnicki et al., 2019). The NTSB (2010) states 
that the captain realised the time pressure to resolve the situation and started the Auxiliary 
Power Unit (APU), knowing that this checklist item would come much later in the emergency 
checklist. "Starting the APU early in the accident sequence proved to be critical because it 
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improved the outcome of the ditching by ensuring that electrical power was available to the 
airplane." (NTSB, 2010, p. 88). The aviation industry later learned from this accident as the 
NTSB (2010) made safety recommendations, leading Airbus to change the emergency 
checklist. However, the challenge remains to identify resilient behaviours that enable the flight 
crew to anticipate and become flexible in managing unexpected situations without previous 
training. 
 
 
3.2 Resilient performance 

 
In hindsight of the accident of US Airways Flight 1549, resilient performance in 

aviation implies recovering from an adverse event and minimising the effects by being 
adaptable based on competence and resources (Carroll & Malmquist, 2022; Hale & Heijer, 
2006). Thus, flight crew resilience is defined as "The ability of a flight crew member to 
recognize, absorb and adapt to disruptions." (IATA, 2018, p. xiv). Carroll et al. (2012) 
suggested a model (see Figure 3.2) to illustrate resilience and was used by Campbell et al. 
(2017) when examining how to train the commanders of the United States Marine Corps in 
resilient decision-making. Figure 3.2 illustrates that when a person is faced with stressful 
adversity, physical and cognitive performance recovery will take different pathways (Carver, 
1998). It ranges from the person succumbing to the stress to becoming resilient by recovering 
to previous performance level, and some might even thrive by gaining performance (Bonanno 
et al., 2011; Carver, 1998). Therefore, different factors may affect the trajectory and the ability 
to recover from acute stress induced by unexpected events. 

 

 
Figure 3.2. Model of resilient decision-making performance. From Small-unit Training for 
Adaptability and Resilience in Decision Making (STAR-DM) (p. 21), by G. Campbell, C. Padron, 
G. Surpris, M. Carroll and B. Winslow, 2017, Design Interactive, Inc 
(https://apps.dtic.mil/sti/pdfs/AD1032176.pdf). In the public domain. Reprinted with permission. 
 

Performance recovery is divided into adaptability and bounceback. The first segment 
shows the performance drop in response to the perceived threat, followed by the time needed 
to regain situational awareness and adapt performance to prevent further detriment (Campbell 
et al., 2017; Carver, 1998). Meanwhile, the second segment shows the time needed to bounce 
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back and recover from the performance drop by considering decision options followed by 
action (Campbell et al., 2017; Carver, 1998). Figure 3.2 also illustrates OO in the adaptive 
phase and DO in the bounce-back phase, meaning Observe, Orient, Decide and Act (Boyd, 
2018). It is a decision-making process that Campbell et al. (2017) incorporated as a framework 
due to its common usage among military commanders. Thus, when an individual is faced with 
an adverse event, it may affect different parts of the decision-making process. 

The performance trajectory is individually based, and research proposes different 
factors that affect the pathways. An individual's resilient performance may benefit from similar 
regular events and potentially result in more efficiency due to a minor degree of performance 
decline and increased rate of performance recovery (Carver, 1998). Individuals who thrive 
experience a sense of control, feeling more secure due to greater confidence and competence, 
which allow more efficient recovery on subsequent occurrences (Aldwin, 1994; Carver, 1998). 
In addition, research suggests that resilient and thriving individuals possess supportive traits 
such as personality and optimism (Bonanno et al., 2011; Carver, 1998). Task importance and 
confidence are two other characteristics that allow a better performance starting position and 
improve engagement (Carver, 1998). However, even if there are potential benefits, it is based 
on experiences of positive outcome as the opposite would potentially have detrimental effects. 
In the end, enhancing pilot resilience through simulator training by exposing individuals to 
fearful events may be challenging as it does not benefit everyone.  

Performance trajectory may not only be affected by inter-personal traits but also by 
external factors. For instance, solid social bonds allow the feeling of trust and security due to 
social support from others (Carver, 1998). An individual’s self-determination is an aspect that 
the surrounding environment could influence, where undermining of self-determination occurs 
more often in a controlling environment with deadlines and surveillance. Meanwhile, some 
individuals take the opportunity to show off, whereas some treat the situation as a learning 
experience (Carver, 1998). Individual performance can thus depend on previous experience 
and the impact on the surrounding environment, which affects the individual's self-confidence 
and the probability of an appropriate response when faced with challenges. 

 
 

3.3 Adaptability strategies 
 

Automated systems have become more reliable and complex, although it has also made 
it challenging for pilots to manage system malfunctions. Pilots used to make sense of a 
malfunction based on previous experience through a top-down or goal-oriented approach by 
successfully breaking down a major problem into smaller, more manageable sub-problems to 
solve. But now it is more likely that the pilots will gain an understanding of the data provided 
by the automation through a bottom-up perspective by solving more minor problems and then 
integrating them into a more comprehensive solution (Carroll & Malmquist, 2022; Mosier & 
Fischer, 2010). Therefore, pilots need to practice low-probability malfunctions to anticipate, 
adapt, and respond more efficiently to unforeseen situations (Carroll & Malmquist, 2022).  
Field (2015) argues that flight crews need to improve workload management through relevant 
monitoring and task management to enhance problem-solving and decision-making. The 
following subsections will elaborate on how sensemaking and expertise in automation could 
facilitate problem-solving and improve pilots’ adaptive performance when faced with 
unexpected events. 
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Sensemaking 
The increased use of automatic systems has improved flight safety, but it has also 

affected the pilots' cognitive ability to understand surprising situations. Since pilots do not 
actively exercise situational awareness to the same extent, understanding the automatic system 
might sometimes get challenging and cause automation complacency, bias, and surprise 
(Strauch, 2017). When appraising an uncertain situation, sensemaking is the active process of 
understanding the situation, including cause and effect, by mentally testing mental model types 
of knowledge structures (Klein et al., 2010; Kochan, 2005). By the end of the process, the goal 
is to identify a suitable frame that fits with perceived reality, which now gives meaning to a 
situation resulting in a state of awareness (Endsley, 1995; Klein et al., 2010). Also known as 
the perceptual cycle and could be either quick and unconscious or slow and conscious if it 
requires knowledge-based processing (Kahneman, 2003; Rasmussen, 1983). Eventually, the 
process may be more efficient if the individual is more knowledgeable since it will take a 
shorter time to find an accurate frame to match and make sense of an uncertain situation. 

Frames used in the perceptual cycle serve multiple purposes. New frames are developed 
based on learning experiences through a bottom-up perspective, which can be stored in the 
long-term memory to be activated in a future situation (Landman et al., 2017; Salmon et al., 
2008). Unlike a top-down view, frames are activated and used as filters of incoming data to 
establish manageable pieces of information to be perceived and bring meaning to a situation 
(Landman et al., 2017). Sensemaking can also be due to misunderstandings where the data is 
correctly perceived, and the active frame proves insufficient (Klein et al., 2010). Consequently, 
the insufficient frame either becomes elaborated or re-framed. Elaborating the frame rejects 
irregularities and locks the active frame instead of critically appraising the validity, making the 
individual vulnerable to bias due to motivation and emotional reactions to unexpected 
situations (Fischhoff, 2003; Klein et al., 2010). At the same time, re-framing requires effort to 
substitute an active frame with a more suitable frame or develop a new frame (Klein et al., 
2010; Landman et al., 2017). In sum, frames are necessary tools to facilitate sensemaking as 
more structured frames make it less likely for bias. 

Efficient monitoring of a dynamic and complex system needs continual mental model 
development. The process needs to be goal-oriented to determine relevant and valuable data to 
monitor and give meaning to a situation (Billman et al., 2020; Mumaw et al., 2000). The 
situational model is depicted in Figure 3.3, where anticipations about the current state are 
primarily based on mental models or previous experience. Meanwhile, the outer triangles 
represent different ways to monitor and compare data to update the current state of the 
situational model (Billman et al., 2020). The top triangle illustrates the monitoring objective 
by asking what information is missing in the situational model, which is answered by the right 
triangle that illustrates where to look and perceive meaningful data (Billman et al., 2020). 
Based on the updated situational model, the left triangle illustrates considerations for more 
monitoring to reassure the aircraft's current state or control demands to re-establish flight path. 
Therefore, effective monitoring is based on the context, which is difficult for engineers to 
anticipate. Mumaw et al. (2000) argue that operators may use different approaches to adapt the 
complex interface design to improve the likelihood of detecting significant changes in the 
socio-technical system. 
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Figure 3.3. Model of monitoring as sensemaking. Adapted from "A Model of Monitoring as 
Sensemaking: Application to Flight Path Management and Pilot Training," by D. Billman, R. 
Mumaw and M. Feary, 2020, Proceedings of the Human Factors and Ergonomics Society Annual 
Meeting, 64(1). pp. 245-246 (https://doi.org/10.1177/1071181320641058). Copyright 2020 by 
SAGE Publishing. Adapted with permission. 

 
First, expand information from the provided data by comparing readings and trends with 

other redundant system components. In addition, utilise previous experience to allow critical 
thinking of indications and procedures, and be selective attentive to more critical components 
(Mumaw et al., 2000). Self-awareness is another vital notion used in the military to improve 
the decision-making process to minimise the impact of bias and heuristics (Facione & Facione, 
2007; Field et al., 2015; Landman et al., 2017). Secondly, create information not generally 
provided by the system by modifying the displays and alarms (Billman et al., 2020; Mumaw et 
al., 2000). For example, the pilot may modify the low fuel warning to occur at an earlier stage 
to allow more time to evaluate decision options. Thirdly, increase cognitive capacity by using 
reminders for monitoring or actions, and use more operators to monitor (Mumaw et al., 2000). 
For instance, pilots sometimes use an incomplete checklist to be placed in a conspicuous place, 
or if a vital system component is inoperative, a sticker labelled INOP is placed over the faulty 
instrument as a reminder. Ultimately, competence, self-awareness and reminders are suggested 
to optimise monitoring to improve situational awareness. 

So far, much has been focusing on individual monitoring, but airline pilots usually 
operate in a multi-crew environment, bringing new challenges to shared situational awareness. 
For example, during a go-around, eye-tracking has revealed that pilot flying and pilot 
monitoring have different scanning patterns due to various task assignments (Dehais et al., 
2017). More effort is needed in teams to establish a shared mental frame since it requires more 
coordination and conflict resolution, affecting the efficiency of the decision-making process 
(Klein et al., 2010). As illustrated in Figure 3.3, communication plays a vital role in assisting 
task and attention management and for both pilots to reach a mutual understanding of a 
situation (Billman et al., 2020; Field, 2015; Mumaw et al., 2020). To help pilots with CRM 
principles, the BDAR cycle (Brief-Discuss-Advocate-Resolve) was suggested to be an efficient 
communication strategy in problem-solving and plan development (Holt et al., 2001). Implying 
that pilot monitoring needs to become more involved and share perceptions verbally or non-
verbally. Sensemaking in teams is also affected by the team authority setup where leadership 
and teamwork are dynamic depending on whether the situation is time-critical (Field, 2015). 
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Hence, proper communication skills are necessary for a multi-crew environment to improve 
sensemaking and efficiently recognise an unexpected situation, where time is a factor. 
 
Expertise in automation 

Although innovation has made automatic systems more functional and reliable, it has 
also resulted in more complexity, which might make sensemaking of malfunctions more 
challenging. Strauch (2017) argues that engineers have prioritised technological development 
and efficiency rather than socio-technical performance. Therefore, it is likely that pilots will 
not be able to comprehend these complex automated systems fully and predict surprising events 
(Carroll & Malmquist, 2022). Pilots need to improve their competence and become experts in 
systems knowledge by structuring mental models to match the system complexity and improve 
the efficiency of re-establishing situational system awareness (Endsley, 1995). Consequently, 
practising the application of mental frames is needed to make the frames more structured and 
permanently stored in long-term memory (Kochan, 2005). The more well-structured mental 
frames, the less cognitive capacity is required to adapt to an unexpected event and improve the 
sensemaking of automated aircraft systems. 

Since resilient performance applies to both expected and unexpected events, pilots need 
to enhance the ability to analyse uncertain events by improving knowledge-based performance 
and practising more problem-solving to acquire expertise (Malmquist & Rapoport, 2017; Smith 
et al., 1997). Studies suggest that expertise consists of accumulated knowledge and skills 
gained through practice and learning experience (Landman et al., 2017). Therefore, expertise 
is more likely to be reached after basic training when sufficient operating experience is 
achieved (Strauch, 2017). Since practical reasoning is a way to avoid root knowledge where 
relevant knowledge is adapted to match the context, followed by self-reflection to assure more 
structured schematics are stored in long-term memory (ICAO, 2016; Phillips et al., 2004). 
Variable training by practising a variety of situations could also improve sensemaking and re-
framing ability, where a high number of well-structured frames would allow more goal-
oriented problem-solving (Landman et al., 2017; van Merriënboer, 2012). Thus, the individual 
may be less likely to act irrational and impulsive in unexpected and threatening situations 
(Kowalski-Trakofler et al., 2003). Studies suggest that line flying after basic training could be 
a vehicle to advance expertise due to its complex and unpredictable learning environment. 

After basic training, certain learning principles could be applied to more efficiently 
advance expertise. Tactical use of knowledge was suggested as a critical learning principle 
where meaningful knowledge is acquired based on the operational context and linked to 
previous experience by building blocks of knowledge (Barshi, 2015). From this starting point, 
other learning principles could be integrated. Increasing task difficulty by more comprehensive 
learning of the system component, the effect on different systems and in the end also projection 
into other domains (Barshi, 2015). For example, low hydraulic system pressure could signify 
cavitation due to high cruising altitude. But even if a lower altitude could restore the system, it 
would also increase fuel flow resulting in less fuel available at the destination. Barshi (2015) 
claimed that line training allowed other learning principles such as proper spacing between 
learning occasions and variability, such as flying different approaches to the same airport. 
These three learning principles would lay the foundation for repetition and self-briefing to 
advance expertise. 

Repetition could be practising physical procedures or mentally reflecting, which could 
be discussions with a colleague while armchair flying (Barshi, 2015). Mental repetition is vital 
in learning where case studies of incidents and accident reports could be used as discussion 
topics. In addition, practice in problem-solving and decision-making could be more efficiently 
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achieved in low-fidelity simulations as a less-expensive option (Crichton et al., 2000; 
Dahlstrom et al., 2009). Since implementing CRM notions into case studies or simulations 
suggests improvement in confidence, teamwork, communication, and decision-making 
(Barshi, 2015; Crichton et al., 2000; Dahlstrom et al., 2009; Martin et al., 2011). However, 
advancing expertise takes time and effort. Ericsson and Charness (1994) suggested it would 
require at least four hours per day of practice for ten years. Time that needs to be planned to 
use guided activities to allow higher-order processing using case studies or understanding the 
rationale behind a procedure (Barshi, 2015). One of the benefits of self-produced knowledge 
is that it tends to become more permanent. In addition, feedback covering erroneous behaviours 
is also more efficient and should sometimes be conducted after a training session (Barshi, 2015; 
Healy et al., 2014). In sum, there are a variety of less expensive approaches to advance 
expertise. 

Besides expertise, there is also a judgment domain to consider. The advantage of experts 
over beginners is that the former can retrieve relevant information related to the problem to 
understand cause and effect. Meanwhile, the latter can retrieve information to only answer what 
happened (Endsley, 1995; Glaser, 1990). However, this is not guaranteed since a study 
indicated that beginner pilots with judgment skills adapted and performed more efficiently 
when facing unforeseen aerodynamic situations (Kochan, 2005). Judgment is suggested to 
consist of adaptive expertise that allows flexible application of knowledge out-of-context, 
intuitive decision-making, cognitive flexibility through re-framing ability, and metacognition 
that allows awareness of own level of understanding (Kochan, 2005). Advancing expertise does 
not necessarily mean simultaneous advancement in judgment, as it acts as a binding force 
between the various knowledge forms that expertise constitutes. Such as declarative knowledge 
of facts, procedural knowledge of how to accomplish a task, and structural knowledge of 
storing, structuring, and retrieving facts. Therefore, flight training should integrate judgment 
and expertise where both domains should be taught independently and in context (Kochan, 
2005). Although expertise allows the application of knowledge to deal with unforeseen events, 
it is the pilot's judgment that provides flexibility when adapting their knowledge to the context. 

 
 

3.4 Recovery strategies 
 

When situational awareness has been re-established, the second segment of the 
resilience model is the time necessary to make up for lost ground in performance due to an 
unexpected event (see Figure 3.2). Stress management is suggested as a critical factor to allow 
more cognitive capacity to prevent further detrimental performance in physical and cognitive 
skills, allowing faster recovery and more accurate decision-making (Carroll & Malmquist, 
2022; Dismukes et al., 2015). The detrimental effect in both magnitude and time to recover 
from a performance drop may become less severe with re-occurrences of a similar situation 
with a positive outcome (Carver, 1998). Hence, soldiers in the United States Marine Corps are 
exposed to high-stress levels during training exercises to be prepared for the battlefield, which 
has proven to improve resilience (Carroll et al., 2014). To better understand the cause and effect 
of stress, the following subsections will elaborate on acute stress and its impact on decision-
making, followed by robust strategies to minimise stress effects. 

 
 



 14 

Definition of stress 
The concept of stress has been used for a long time but has different meanings 

depending on the context. The transactional model addresses the interaction between the 
individual and the surroundings in terms of psychological stress. Defined as "…a relationship 
between the person and the environment that is appraised by the person as taxing or exceeding 
his or her resources and endangering his or her well-being. " (Lazarus & Folkman, 1984, p. 
21). It proposes that stress is an individual reaction to gain from a challenge or remain safe 
from harm based on a subjective assessment of external circumstances. The transactional model 
implies that individuals could range from thriving to succumbing to stress when faced with an 
unforeseen event.  

However, when dealing with emergencies, pilots may be exposed to high-stress levels 
and become more vulnerable to committing pilot errors (Dismukes et al., 2015). In addition, 
Kowalski-Trakofler et al. (2003) claim that more emphasis should be placed on demand 
exceeding resources in emergencies. Consequently, stress is "…a process by which certain 
environmental demands … evoke an appraisal process in which perceived demand exceeds 
resources and results in undesirable physiological, psychological, behavioral, or social 
outcomes. " (Salas et al., 1996, p. 6). The definition is more structured for acute stress, where 
a situation is perceived as threatening beyond resources with negative consequences (Salas et 
al., 1996). Therefore, the author will refer to this definition when reviewing the impact on 
decision-making. 

 
Stress impact on decision-making 

The accuracy of a decision may be impacted by several factors that influence the 
cognitive process. Contributing factors behind the poor performance are likely to occur when 
the situational awareness is not complete due to a lack of knowledge concerning correct action 
or time to resolve the situation (Endsley, 1995). Especially in a complex and dynamic system, 
where a large amount of information, including multiple goals and decisions, could potentially 
affect direct attention and working memory to capacity overload (Endsley, 1995). Attention 
and working memory are the cornerstones to efficiently dealing with challenging situations. 
Anxiety will further aggravate cognitive performance if the situation is perceived as threatening 
and unmanageable (Eysenck et al., 2007). Consequently, non-technical skills, such as decision-
making and teamwork, will be impaired due to a lack of coordination and communication 
(Dismukes et al., 2015). The impact of anxiety on the decision-making process will now be 
broken down according to Boyd’s (2018) decision-making framework and integrated with the 
attentional control and processing efficiency theories. 

The first step of decision-making is observation (see Figure 3.2), which depends on 
proper attention to collect relevant data (Campbell et al., 2017). The attentional control theory 
generally describes how anxiety affects the balance between two attentional systems. Firstly, 
top-down attention control is goal-oriented and subjected to anticipation, comprehension, and 
objectives. Secondly, bottom-up attention control is characterised by stimulus-driven attention 
focusing on noticeable stimuli (Corbetta & Shulman, 2002; Posner & Petersen, 1990). Anxiety 
creates an imbalance where the bottom-up perspective gets prioritised resulting in lower-level 
functioning of the top-down attentional control system in monitoring and re-framing but mostly 
in inhibiting irrelevant stimuli and multi-tasking (Miyake et al., 2000). High workload levels 
and anxiety stress may lead to attentional narrowing and reduce the likelihood of detecting 
relevant cues (Staal, 2004). However, Kowalski-Trakofler et al. (2003) argue it does not have 
to be perceived as something negative. On the contrary, it could be a positive attribute to 
simplify the information processing by ignoring irrelevant data and utilising the attentional 
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resources on what is most significant. In sum, the individual will adapt to a stressful event and 
mobilise attentional resources to facilitate sensemaking.    

Next are the steps of orient and detect (see Figure 3.2), where higher levels of situational 
awareness, including generating and evaluating multiple response options, put a lot of strain 
on the working memory (Endsley, 1995). According to the processing efficiency theory, 
anxiety impairs working memory's capacity and processing ability and demands more effort to 
improve performance (Eysenck & Calvo, 1992). Therefore, the individual may experience 
more difficulty making sense of a situation and performing manageable tasks, both in terms of 
number and quality (Dismukes et al., 2015; Staal, 2004). The individual will potentially shift 
more from rational to instinctive decision-making, which is more easily influenced by bias 
(Kowalski-Trakofler et al., 2003). Decision-making tends to rely more on previous experience 
irrespective of the previous success rate of such a response (Lehner et al., 1997). Ultimately, 
too much stress may impair the quality of decision-making as more rapid decisions tend to 
increase the risk of errors. 
 
Moderators of stress 

Multiple factors may affect the amount of stress, including internal and external factors. 
Many of these factors are related to different states of incentive, aspiration, and alertness that 
tend to moderate stress effects on cognitive processing and performance (Staal, 2004). External 
factors could be related to social aspects where evaluation from a more significant number of 
critics impairs the individual’s perceived ability to resolve complex tasks without previous 
experience, which results in degraded performance (Staal, 2004). Another aspect is the high 
noise environment, which may impair teamwork since individuals become more passive and 
less willing to step forward to help each other (Mathews & Canon, 1975). At the same time, 
the group authority gradient tends to be shallow in stressful situations, as the group becomes 
more receptive to suggestions from each other. However, stress implies that lower-status group 
members rely more on the group leader’s decisions (Driskell & Salas, 1991). In sum, external 
factors are dynamic and may have mixed effects on performance. 

Internal factors tend to relate to introspective abilities. Field (2015) states the need for 
pilots to become more socially aware and attentive to workload, where some studies suggest 
that higher emotional awareness moderates stress effects. For instance, Gohm et al. (2001) 
studied firefighters' cognitive performance in stressful events. Findings implied that individuals 
who could classify and understand present feelings tended to experience less cognitive 
difficulty, such as confusion and overlooking. More specifically, it allowed a greater sense of 
control and prediction of emotional reactions, allowing more attention to focus on relevant 
tasks. Ultimately, self-awareness tends to improve attentional control and concentration. 

Mindfulness training is another stress management tool where The Royal Norwegian 
Air Force has conducted several studies. Mindfulness is "…a state of consciousness 
characterized by receptive attention to and awareness of present events and experiences, 
without evaluation, judgment, and cognitive filters. " (Glomb et al., 2011, p. 119). For example, 
one combat group had 12 months of mindfulness training and showed long-lasting effects even 
24 months afterwards. Findings suggested that body scans and meditation significantly 
improved self-awareness, attention, and emotional control, which prevented overreaction 
(Meland et al., 2015). A similar study looked at social effects and showed an enhanced sense 
of fellowship resulting in more direct communication, composure, and recognition of other 
group members (Meland et al., 2021). Mindfulness training demands a lot of time and effort, 
including a multifaceted and group-oriented approach, where not all participants share the same 
positive experience (Meland et al., 2015). In the end, mindfulness training may help some pilots 
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become more emotionally secure and consciously present by acknowledging personal thoughts 
and feelings.  

Stress interventions are divided into two categories. Stress management aims to recover 
from stress exposure, whereas stress inoculation relates to preventive stress exposure to 
minimize the stress effects (Staal, 2004). The latter will be referred to due to the purpose of 
this thesis. Stress inoculation training appears to have successfully mentally prepared 
professional groups such as emergency and military staff to be resilient when engaging in 
distressful events (Meichenbaum, 2007). Ultimately, improvement of performance anxiety was 
more beneficial than anxiety, where the number of sessions required to reach a positive result 
was relative to the degree of the distressful event (Saunders et al., 1996). Subsequently, six to 
seven sessions improved performance anxiety, whereas anxiety improved after four to five 
sessions (Saunders et al., 1996). In addition, the size of the training group had different effects, 
with smaller groups of eight to ten participants efficiently improving anxiety. In contrast, large 
groups showed promising results in enhancing performance anxiety (Saunders et al., 1996). 
Research implies that stress inoculation training has potential positive effects and performance 
anxiety benefits the most. 

Stress exposure training has mostly focused on anxiety, but one study combined stress 
training with regular task-skills training. Friedland and Keinan (1992) did a laboratory study 
with the Israeli military by merging these two domains into a three-phase approach. The first 
phase involved task acquisition; the trainees were isolated from stress exposure while 
knowledge and skills for a task were taught to desired proficiency. Meanwhile, the second 
phase solely focused on stress exposure and coping strategies without interfering with task-
related knowledge. Finally, the third phase involved practice under stress exposure by 
combining task and stress comprehension, which seemed necessary to accomplish the desired 
effect in performance (Friedland & Keinan, 1992). However, the promising findings may be 
due to less unpredictability resulting in less anxiety due to more sense of personal control and 
confidence, resulting in fewer decision-making errors (Inzana et al., 1996). Findings suggest 
that it seems possible to combine stress and task-drills training domains even if predictability 
may reduce subjective stress experience in the final phase. 

A few studies have been made on stress exposure training in aviation. For example, 
McClernon (2009) did laboratory research based on the three-phase approach in a flight 
simulator and induced stress through the cold pressor technique, where participants’ feet were 
kept in ice-cold water. The results showed that the experimental group experienced less stress 
than the control group and performed better in the flight simulator (McClernon, 2009). 
However, to research if stress exposure training in aviation was transferable into reality, a 
follow-up study was made where the participants in the final phase were exposed to stress while 
flying an aeroplane. Findings were consistent in performance improvement as the experiment 
group flew the aeroplane much smoother, although the subjective stress experience remained 
the same (McClernon et al., 2011). In addition, one study showed that training involving 
unpredictability might increase workload more considerably in the aeroplane than in the flight 
simulator (Dahlstrom & Nahlinder, 2009). Even if findings made by these studies suggests 
improved performance, it remains unclear how stress exposure training may affect pilots in 
unforeseen and threatening real-life situations. 
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3.5 Questionnaire 
 

IATA implies that resilience is developed through improved competence and 
confidence. Based on this, the questionnaire was designed to research how airline pilots 
optimise recurrent training and line flying to develop resilience, and whether their experience 
impacts. The questionnaire was used to research how airline pilots optimise recurrent training 
and line flying to develop resilience, and whether their experience impacts. The online survey 
was conducted with a group of 60 airline pilots. The completion rate was one hundred per cent 
on all questions, except for question eleven (see Appendix), which resulted in a 13,3 per cent 
completion rate (n = 8). The results and the analysis of the data material that emerged from the 
survey responses will be presented thematically based on the purpose of this thesis.  
 
Demographics 

Question 1: What is your age? Figure 3.4 shows that most of the respondents (n = 22) 
were 35 to 44 years (M = 42.5, SD = 9.3). However, none of the respondents was in the age 
range of 18 to 24 years. 
 

  
Figure 3.4. Age distribution among the airline pilots. 
 

When cross-tabulating results from the first question about age and the third question 
about rank (see Appendix), Table 3.1 lists that most respondents (n = 38) were first officers, 
ages ranging from 25 to 54 years (M = 37.9, SD = 7.2). One remark is that three of the first 
officers had previous captain experience. Furthermore, 22 captains participated in the online 
survey, ages 35 to 64 years (M = 50.4, SD = 6.8). 
 
 
Table 3.1.  
Cross-tabulation of age and rank. 

 Absolute Frequency 

Age Captain First Officer Total 
18 - 24 0 0 0 
25 - 34 0 13 13 
35 - 44 4 18 22 
45 - 54 12 7 19 
55 - 64 6 0 6 
Total 22 38 60 
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Questions 2: Approximately how many flying hours have you flown? Figure 3.5 
illustrates that most respondents (n = 17) had 7.501 to 10.000 flying hours.  
 

 
Figure 3.5. Distribution of pilots with different flying hours experience. 
 

When cross-tabulating results from the second question about flying hours and the third 
question about rank (see Appendix), Table 3.2 lists that most first officers (n = 12) had either 
2.501 to 5.000 respective 7.501 to 10.000 flying hours. However, the median first officer was 
in the range of 2.501 to 5.000 flying hours. Meanwhile, most of the captains (n = 12) had more 
than 15.000 flying hours.  
 
Table 3.2.  
Cross-tabulation of flying hours and rank. 

 Absolute Frequency 

Flying hours Captain First Officer Total 
2.500 or less 0 9 9 
2.501 - 5.000 0 12 12 
5.001 - 7.500 0 1 1 
7.501 - 10.000 5 12 17 
10.001 - 15.000 5 4 9 
15.001 or more 12 0 12 
Total 22 38 60 

 
Preparing to be unprepared 

Questions 4: To prepare for my upcoming simulator check, I ask colleagues who have 
already done their simulator session how their Line oriented Flight Training (LOFT) scenario 
unfolded. During every proficiency check period, there will always be some pilots who will be 
first out and not know the LOFT scenario. However, the rumours will spread as more pilots 
become aware of the scenario in preparation for the simulator check. The survey responses in 
Figure 3.6 shows that most respondents (n = 22) agree there is a benefit of knowing how the 
scenario unfolded for colleagues who had already done the simulator check. However, not all 
respondents believe it is necessary; "To let yourself for suprises and startles those increase your 
recilience." (Respondent 11). Figure 3.6 shows that the median captain disagrees about the 
importance. Meanwhile, the median first officer neither agrees nor disagrees with the value of 
being aware of the scenario in preparation for the upcoming simulator check. 
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Figure 3.6. The need to know about the scenario in preparation for simulator check. 
 

Question 5: Threat and error management is a valuable briefing tool. Threat and error 
management is a crew resource management tool that is relatively common when conducting 
briefings to establish a plan of action against threats. Figure 3.7 illustrates that most 
respondents (n = 41) agree that threat and error management is a valuable tool, both among 
captains and first officers. However, even if most respondents tend to be more positive, some 
comments expressed concerns about the safety culture as airline management priorities are 
more directed toward cost savings. Consequently, "No preparing to TEM for unexpected 
situations." (Respondent 17). 
 

 
Figure 3.7. Briefing value of threat and error management. 
 
Scenario-Based Training 

Question 6: How often, if at all, do you have hypothetical discussions about unexpected 
events with your colleagues? (E.g. IF this happened, THEN what would you do?) Even if pilots 
are trained in a flight simulator, there will not be enough time to practice every possible 
malfunction. Therefore, the question was asked about how often the respondents have 
hypothetical discussions about unexpected events. Figure 3.8 shows that most of the 
respondents (n = 26) assume to have this type of discussion a few times a month, where the 
distribution between captains and first officers was relatively even.  
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Figure 3.8. Hypothetical discussions about unexpected events. 
 

Question 7: How often, if at all, do you share experiences from previous flights with 
your colleagues? (E.g. technical malfunctions, sick passenger onboard etc.). Instead of 
hypothetical discussions, the respondents were asked how often the flight crew shared and 
discussed work experiences. Consequently, the survey responses shifted more towards a higher 
frequency, as illustrated in Figure 3.9 that most respondents (n = 25) assume to have this type 
of discussion about once a week. 
 

 
Figure 3.9. Sharing and discussing work experiences with each other. 
 
 
Proactive learning 

Question 8: If the conditions are favourable, I request other than ILS approaches. The 
respondents were asked about their attitude towards variable training during line flying to 
sustain or improve their level of competence. When faced with the statement that different 
approaches are requested under favourable conditions, Figure 3.10 shows that most 
respondents (n = 23) neither agree nor disagree. The same goes for the median first officer. 
However, it was most common among first officers (n = 16) to disagree with this statement.  
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Figure 3.10. Attitude towards requesting different approaches. 

 
Question 9: If the conditions are favourable, I practice my manual flying skills before 

Final Approach Point / Final approach Fix. When the respondents were faced with a different 
statement concerning their attitude toward practising manual flying skills, the responses leaned 
more towards agreeableness. Figure 3.11 illustrates that most respondents (n = 31), both 
captains and first officers, agree to practise manual flying skills under favourable conditions. 
For example, one of the comments was: 

 
Usually I prefer to practice manually flying skills with visual approaches … I don't really 
consider disconnecting an autopilot before FAF beneficial in regard of manual flying skills. 
However, the regular and diverse use of manual thrust is something that is very important skill 
to manual flying competence -this is something I tend to do in a regular basis. (Respondent 
60) 

 

 
Figure 3.11. Attitude towards practising manual flying skills. 
 

However, even in favourable conditions, some of the comments made by the 
respondents indicate certain conditions might impact the pilot's decision. For example, "The 
answers might vary if flying short or long haul flights." (Respondent 51). Furthermore, "…my 
company encourages us to manual flying without autothrust - some companies strongly 
recommend using always automation when available." (Respondent 35).  
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Question 10: How often, if at all, do you reflect on your own performance after a flight? 
Debriefing after a simulator session is part of the learning process to help the pilot understand 
their performance and areas of improvement. The survey responses in Figure 3.12 shows that 
most respondents (n = 19) reflect about once a week. The same goes for the median first officer. 
However, it was most common among first officers (n = 16) to reflect on their own performance 
a few times a week.  
 

 
Figure 3.12. Reflecting on own performance after a flight. 
 

Based on some of the comments, debriefing has had a positive effect: "From my own 
experience best results often follow by patience … Realising this has given me not just 
resilience but also professional self confidence." (Respondent 55). In addition, it does not 
always have to be self-briefing. For example, sometimes, the flight crew could debrief each 
other: "After flight I have a short debriefing with flightcrew about what we done and what we 
could do better." (Respondent 10). 

 

5. Discussion 
 

5.1 Method discussion 
 

The challenge with the literature review was to filter search results due to the many 
available literature references. In retrospect, either the filtering was too specific, limiting the 
number of search hits, or it was not specific enough where many of the hits were related to 
resilience engineering and not aviation. The countermeasure was selecting a database limiting 
the number of search hits. In addition to using Mendeley's search engine, it also included a 
combination of the data set from both ScienceDirect and Scopus. The ScienceDirect index 
contains full-text articles that Elsevier primarily publishes, while the Scopus index only 
contains metadata from abstracts and includes both Elsevier and other publishers.  

The online survey aimed to ask questions that would provide quantitative and qualitative 
variables. However, due to layoffs, the population consisted of active and inactive airline pilots, 
so the quantitative questions could not be too specific, which resulted in the validity being 
sacrificed for reliability. In addition, the further back in time the question applies, the greater 
the risk that the memory factor affects the respondent unless the experience was substantially 
memorable (Ejlertsson, 2019). For example, the last ten flights could mean the previous two 
days for a short-haul pilot, while for a long-haul pilot could mean the previous two months 
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back in time. Consequently, the design of the questionnaire affected the data collection so that 
it mainly consisted of qualitative variables. 

Accumulating enough respondents is challenging despite the well-thought cover letter, 
design, and reminders to respond to the questionnaire. The limited number of respondents made 
it challenging to generalise the target population due to potential higher variation, which 
harmed reliability. Although, since the completion rate was one hundred per cent, the argument 
could be made of a positive impact on face validity. Due to the limited time to write this thesis, 
the opportunity was not given to do a formal pilot study, which harmed reliability. Instead, a 
dialogue with the administrator was made to ensure the questions' appropriate design and 
formulation. 
 
 
5.2 Literature review 

 
This thesis aimed to investigate ways to develop EBT further to prepare pilots for 

managing unexpected and potentially threatening events. The literature review section of this 
thesis aimed to identify preventive strategies to help pilots develop resilience and the possibility 
of implementing such strategies in pilots' daily operations outside of the traditional simulator 
training. Based on the findings, there could be an argument that even if innovation may have 
improved flight safety, it has made it challenging for pilots to manage distressful situations. 
More specifically, complex socio-technical systems have made it difficult to predict, adapt and 
recover from disturbances since automated systems have gradually replaced pilots' higher-
order thinking. Since every plausible scenario cannot be practised, findings indicate that 
resilience is a recommended safety approach in a complex system where increased flexibility 
improves efficiency.  

The concept of resilience has assumed different forms depending on the context. The 
results confirm with Pierobon (2021) that the aviation industry is still working on ways to 
integrate resilience in operations. Resilient performance is believed to be the ability to reach 
equilibrium after a distressful situation by minimising performance loss through flexibility and 
recovering efficiently. These findings are consistent with Casner et al. (2013) that adaptive 
ability includes numerous responses and confirms findings made by Hoffman and Hancock 
(2017) that recovery is relevant with time. In sum, preventive strategies need to promote 
adaptability and recovery, where attention and working memory are vital components in 
distressful situations. Along with Field et al. (2016), the findings suggest that resilient 
performance would allow flight crew communication and coordination to reduce instinctive 
decision-making errors. 

The results imply that advancing expertise and judgment could enhance pilots’ 
adaptability by acquiring meaningful knowledge depending on the context and practising 
problem-solving using scenario-based training. Thus, pilots would benefit from learning the 
purpose behind checklist and procedure items applied in both normal and abnormal situations. 
Subsequently, followed by high-order thinking, where scenarios could be practised with a low-
fidelity simulator or by a discussion with a colleague. Consequently, enable pilots to improve 
core technical and non-technical competencies consistent with ICAO (2013). Mindfulness 
training was another aspect where personal understanding of ways of thinking and feeling could 
make a person more secure and improve cognitive resources. Thereby allowing a more goal-
oriented focus of attention, which would enhance the ability to anticipate and adapt 
performance in disturbing events. Findings are consistent with Dekker and Lundström (2006) 
that adaptive strategies would help prepare pilots to manage unforeseen events. However, 
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despite promising results for building resilience through advanced expertise and judgment, the 
implications are time and effort. 

Stress management was suggested as another vital part of allowing more cognitive 
resources. The results indicate that mental robustness could be achieved by accumulating 
similar recurrence of stressful situations with a positive outcome. However, individuals react 
differently to distressful events, and there is limited research on stress exposure training in 
aviation. Although flight simulators can increase the stress levels of the pilot, it will be difficult 
to create similar feelings of fear as in real life. Therefore, it is unclear how these positive effects 
are transferable to the aeroplane. It may be possible to argue that three-phase stress exposure 
training is an efficient way to reduce performance anxiety. Yet, the training concept is 
incomplete without providing a proper simulation of distressful events. Therefore, stress 
intervention involving mindfulness training seems to be the most promising. It also has the 
potential social effects of promoting a safer culture through a sense of fellowship due to its 
multi-faceted approach practised in small groups. However, mindfulness training does not 
work for everyone apart from the implications of time and effort. 

In sum, the author speculates that the optimal use of time would align with the three-
phase approach. Advancing expertise when flying the line, including scenario-based discussion 
with colleagues to practice problem-solving, combined with mindfulness training when not 
flying. In addition, pilots must be provided with stress coping strategies that can be practised 
during training sessions in the flight simulator. However, for the sake of more efficient 
facilitated briefing, the pilots must dare to carry out training sessions in the flight simulator 
without being aware of the LOFT scenario. Consequently, the pilots would potentially become 
more self-aware of thoughts and feelings to reduce stress effects. 

 
 

5.3 Questionnaire 
 

The questionnaire section of this thesis aimed to investigate how airline pilots optimise 
recurrent training and line flying to develop resilience, and whether their experience impacts. 
Although the low response rate did not make it possible to generalise the results, the following 
discussion will focus on the 60 airline pilots who responded to the questionnaire. The 
conclusion is that experience was relatively evenly distributed among the respondents, where 
age and flying hours did not significantly impact the result. However, rank seems to have had 
a greater influence on the responses, where approximately two-thirds of the responders were 
first officers compared to captains.  

When overviewing the relatively similar responses between captains and first officers, 
it was more common among the respondents to discuss and share previous experiences than 
hypothetical discussions. Based on the author's experience as an airline pilot, there may be an 
emotional aspect where colleagues are more willing to strengthen teamwork, social bonds, and 
trust by sharing personal experiences from a professional perspective. However, this argument 
may be due to the culture that dominates the cockpit. Another reflection was the tendency for 
respondents to practice manual flight skills rather than fly different approaches. Based on the 
author’s own experience, even if pilots have the best intention of flying different approaches, 
air traffic control still needs to approve such requests where traffic flow into an airport plays a 
vital part. Meanwhile, practising manual flying skills is something pilots have more control 
over. However, pilots' incentives can sometimes be due to long working days and instead 
prioritize conserving cognitive resources by performing a well-known instrument approach to 
assure a safe landing. 
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Some questions indicated a response trend that differs between captains and first 
officers. For example, it was more common among first officers than captains to prepare for a 
simulator check by anticipating the LOFT scenario. One argument could be that simulator 
checks are usually predictable. Therefore, knowing the scenario ahead will give the first officer 
more time to prepare, study meaningful areas and mentally simulate different decision-making 
options. However, the captains are in command of the flight deck and would potentially benefit 
even more by predicting the scenario and developing a plan of action. It is possible that captains 
have experienced multiple simulator checks and gained sufficient experience in problem-
solving and decision-making that can be referred to in upcoming simulator checks. A similar 
pattern can be seen where the first officer, to a greater extent than captains, reflects on their 
previous flights' performance. Since captains are potentially more experienced, it may be easier 
to learn during flight by adapting previous learning experiences. Meanwhile, first officers 
might need more time to reflect on what happened by dividing the flight into more manageable 
chunks. 

The results indicate that this group of airline pilots seem to have different attitudes to 
daily flying and the development of resilience. Experience appears to play a vital role, as first 
officers tend to be more willing to gain competence by being prepared for the flight simulator 
session and reflecting more on previous flights. In contrast, captains may already have more 
high-order thinking experience and can potentially rely more on competence and judgment to 
increase understanding and projection. 

 
 

6. Conclusion 
 

This thesis demonstrated findings consistent with previous theories about resilience. 
Results suggest that expertise, judgment and mindfulness training seems to be the most 
prominent findings of expanding EBT beyond the traditional flight simulator training. 
Furthermore, the results suggest that line flying could be used as a complement to practising 
core competencies to advance expertise and judgment. The limitations of this thesis were the 
sparingly amount of literature made available and that the survey study was limited to a small 
sample of the same nationality. Still, the group of respondents suggest that first officers need 
to allow themselves not to predict the LOFT scenario during recurrent flight training. Hereby, 
reach a better understanding of own thoughts and feelings, which would allow more confidence 
afterwards and become more of a resource in a multi-crew environment.  

Even though findings indicate that it takes time and commitment to developing 
resilience, there are potentially more cost-efficient solutions such as low-fidelity simulators 
and discussions with colleagues to facilitate high-order thinking. This could complement 
traditional flight simulator training and improve development of core competencies, allowing 
pilots to recognise and adapt much more efficient to re-gain situational awareness after an 
unforeseen event. In addition, future research needs to establish a sufficient level of expertise 
for automation and how technology could improve the virtual reality experience to make stress 
exposure training more realistic for pilots. 
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