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ABSTRACT

THE IMPACT OF RE-INTERPRETED CREW RESOURCE MANAGEMENT
(CRM) COMPONENTS ON COMMERCIAL AIRLINE PILOTS’ UNSAFE ACTS:
EXPLORING THE MEDIATING OR MODERATING ROLES OF SAFETY
CLIMATE, FATIGUE, AND PERSONALITY

SERIN ATIS, Gizem
Ph.D., The Department of Psychology
Supervisor: Prof. Dr. Bahar OZ

January 2025, 185 pages

Pilot behaviors, i.e. unsafe acts, are the direct causes of aviation accidents. Accident
investigation analyses have revealed that several different factors from individual to
organizational level contributed to the aviation accident occurrence. Airline companies
have implemented Crew resource management (CRM) to prevent unsafe acts to
improve flight safety, and CRM has been widely used since its first initiation. To
enhance flight safety, it is crucial to measure both unsafe acts and Crew Resource
Management (CRM), as this helps analyze their relationship and identify other factors
contributing to unsafe behaviors. Existing tools to measure CRM and unsafe acts were
dependent on the expert ratings requiring comprehensive training. Therefore, the need
for easy-to-use measurement tools has emerged. To fill this gap, Study 1 aimed to
develop self-report CRM Competency Scale by conducting interviews with 12
commercial airline pilots. The previously developed Airline Pilot Behavior Inventory
was revised to capture wider aspects of unsafe acts. In the main study with 176
commercial airline pilots, factor structures of both tools were explored. Hierarchical
regression analysis was conducted to examine the predictors of unsafe acts stressing
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the predictor roles of CRM competencies, fatigue, safety climate, and personality
traits. Results showed importance of CRM competencies, personality traits, and
fatigue as the predictors of the pilots” unsafe acts. Results revealed the mediating role
of safety climate and fatigue in the relationship between CRM and unsafe acts.
Neuroticism, as a personality trait, played a moderating role in the relationship

between CRM and unsafe acts.

Keywords: Crew Resource Management, Pilot Behaviors, Commercial Aviation,
Fatigue Symptoms, Personality Traits
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YENIDEN YORUMLANAN EKIP KAYNAK YONETIMI (EKY)
BILESENLERININ TICARI HAVAYOLU PILOTLARININ EMNIYETSIZ
DAVRANISLARI UZERINDEKI ETKiSI: GUVENLIK IKLiMi, YORGUNLUK
VE KISILIGIN ARACI VE DUZENLEYICI ROLLERI UZERINE BiR
ARASTIRMA

SERIN ATIS, Gizem
Doktora, Psikoloji Bélimi
Tez Yoneticisi: Prof. Dr. Bahar OZ

Ocak 2025, 185 sayfa

Pilot davranislari, bir baska deyisle emniyetsiz davranislar, havacilik kazalarinin
dogrudan nedenleridir. Kaza analizleri, havacilik kazalariin meydana gelmesinde
bireysel diizeyden orgiitsel diizeye cesitli faktorlerin etkili oldugunu gostermektedir.
Havayolu sirketleri, emniyetsiz davraniglar1 6nlemek ve ugus emniyetini artirmak
amaciyla Ekip Kaynak Yonetimi (EKY) uygulamalarimi hayata ge¢irmistir ve bu
uygulamalar o giinden giinimuze yaygin bir sekilde kullanilmaktadir. Ugus emniyetini
artirmak i¢in hem emniyetsiz davranislarin hem de EKY’nin degerlendirilmesi, bu iki
unsur arasindaki iliskiyi ve emniyetsiz davraniglarin diger belirleyicilerini incelemek
acisindan 6nemli bir rol oynamaktadir. Mevcut EKY ve emniyetsiz davranig 0lgim
araclari, kapsamli egitim gerektiren uzman degerlendirmelerine dayanmaktadir. Bu

nedenle, zamanla kullanimi daha kolay ol¢iim araglarina duyulan ihtiyag ortaya
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¢ikmistir. Bu boslugu doldurmak amaciyla, Calisma 1, 12 ticari havayolu pilotuyla
yapilan gériismeler yoluyla CRM Yetkinlik Olgegini gelistirmeyi hedeflemistir.
Ayrica, mevcut Pilot Davranis Envanterinin emniyetsiz davraniglart daha genis bir
bakis agisiyla inceleyecek sekilde revize edilmesi amaglanmistir. 176 ticari havayolu
pilotunun katildigi ana ¢alismada, her iki Ol¢lim aracinin faktér yapilar1i da
incelenmistir. Emniyetsiz davraniglar1 yordayan degiskenleri degerlendirmek
amaciyla hiyerarsik regresyon analizleri uygulanmistir. Bulgular, CRM
yetkinliklerinin, kisilik &zelliklerinin ve yorgunlugun pilotlarin emniyetsiz
davranislart ile iliskisini gostermistir. Ayrica, CRM ile emniyetsiz davranislar
arasindaki iliskide emniyet ikliminin ve yorgunlugun araci rolii oldugu tespit
edilmistir. Nevrotiklik kisilik 6zellikleri ise CRM ile emniyetsiz davranislar arasindaki

iliskide diizenleyici rol oynamustir.

Anahtar Kelimeler: Ekip Kaynak Yonetimi, Pilot Davraniglari, Ticari Havacilik,
Yorgunluk Belirtileri, Kisilik Ozellikleri
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CHAPTER 1

INTRODUCTION

Aviation relies heavily on human input despite its high level of automation and
advanced safety systems. Although it is seen as one of the safest transportation
systems, it is not free from accidents and incidents. Statistics showed that the accident
rate in commercial flight operations was 1.87 per million departures in 2023
(International Civil Aviation Organization [ICAQO], 2024). Even though the fatal
accident rate has decreased over the years, aircraft accidents still result in millions of
dollars in damage due to the haul-loss. While technological advancements have
significantly improved the reliability and safety of modern aircraft, through
innovations in navigation, autopilot systems, and predictive maintenance, human
involvement remains integral to ensuring safe operations (Koonse & Debons, 2010).
However, this reliance on the human element introduces vulnerabilities to human

factors as major contributors to aviation incidents and accidents.

1.1. Human Factors in Aviation

Studies have consistently shown that human factors accounts for
approximately 70-80% of all aviation accidents (Shappell et al., 2007; Wiegmann &
Shappell, 2001). This statistic highlights the persistent vulnerabilities inherent in
human performance, even as systems become increasingly automated. Unlike
mechanical failures, which can often be anticipated and mitigated through engineering
solutions, human factors are more complex, stemming from cognitive, psychological,
and organizational factors.

Human factors in aviation can manifest in various forms, ranging from direct
causes (i.e., unsafe acts) to contributing factors that underpin these direct causes, each
of which can result in significant adverse outcomes if associated risk factors are not

adequately managed (Reason, 1990; Shappell et al., 2007; Wiegmann & Shappell,
1



2001). Extensive research has been dedicated to investigating both the direct causes
and the underlying contributors to aviation accidents. Numerous theoretical models,
encompassing a broad spectrum of perspectives—from cognitive to organizational—
have been developed to elucidate the role of human factors in aviation incidents.
Among these, one of the most prominent frameworks is the Human Factors Analysis
and Classification System (HFACS), introduced by Shappell and Wiegmann (2000).
This model emphasizes an organizational perspective, positing that aviation accidents
result from unsafe acts committed by operators (i.e., pilots), called active failures,
which are influenced by breakdowns at multiple levels, including the individual,

supervisory, and organizational levels which are called latent failures.

1.1.1. Unsafe Acts of Pilots

Before mentioning the critical preconditions of the unsafe acts of pilots in the
following sections, it is crucial to understand the details of unsafe acts. From a general
point of view, unsafe acts are classified into two distinct categories as errors and
violations (Reason, 1990). Errors are defined as actions that fail to achieve their
intended outcomes, which can be either mental or physical in nature. Unsurprisingly,
errors dominate accident databases as the direct causes of accidents and incidents,
reflecting the error-prone nature of humans (Shappell et al., 2007; Wiegmann &
Shappell, 2001). Violations, in contrast, are deliberate deviations from the rules and
regulations that are essential for safe operations (Reason, 1990). While categorizing
unsafe acts into errors and violations provides us with an insight into the causes of
accidents and incidents, further subdividing these categories based on their specific
characteristics offers a more comprehensive understanding of their underlying
preconditions.

The division of errors and violation in the aviation accidents and incidents were
conducted by Shappell and Wiegmann (2000). Based on aviation accidents analysis,
they divided errors into three categories: skill-based errors, decision errors and
perceptual errors. They also divided violations into two categories: routine and
exceptional violations. Skill-based errors in aviation context commonly occur with
little or no conscious thoughts. Just like steering wheel in a car, skill-based errors in a
flight operation occur in automatic behaviors, and unintentional behaviors in nature.
Inadvertently omitted procedures, breakdowns in visual scan, poor flight control
techniques, and over-control of the aircraft can be examples of skill-based errors.

2



Decision errors, on the other hand, are intentional in nature. Pilots intentionally decide
to act yet the action itself is not appropriate for the situation. These kinds of errors are
also known as honest mistakes. This can occur due to lack of knowledge in the novel
situations, poor choices and problem-solving problems (Shappell et al., 2007;
Wiegmann & Shappell, 2001). Perceptual errors occur unintentionally when visual
information is degraded in the environment. Spatial disorientation, visual illusion or
misjudging the altitude, airspeed or distance can lead to the perceptual errors (Shappell
et al., 2007; Wiegmann & Shappell, 2001).

Violations, on the contrary to errors, occur less frequently due to the
catastrophic results (Wiegmann & Shappell, 2001). Routine violations are habitual in
their nature and usually disregarded by the authorities (Reason, 1990). Often, they are
seen and “bending the rules”. Exceptional violations, on the other hand, are neither the
indicators of the typical behaviors nor disregarded by the authorities. They are hard to
identify and deal with since they are not typical in their nature (Shappell et al., 2007,
Wiegmann & Shappell, 2001).

Although definitions of unsafe acts provided insight on the nature of the direct
causes of aviation accidents, the examination of aviation accidents reveals the
significant role both errors and violations play, not only in their frequency but also in
their contribution to the chain of events leading to accidents. Understanding the
prevalence and impact of these unsafe acts is essential for identifying patterns and
mitigating risks in aviation operations. Numerous aviation accident analyses have been
conducted to get the frequencies of unsafe acts in accidents. The results have revealed
that approximately 57% of them were caused by skill based errors, 37% were caused
by decision errors, 7% were caused by perceptual errors, and 23% were caused by
routine violations (Kelly & Efthymiou, 2019; Lenné et al., 2008; Ma et al., 2023;
Shappell et al., 2007; Wiegmann & Shappell, 2001). Although accident investigation
analyses have provided insight into the frequency of unsafe acts causing accidents,
measuring unsafe acts of pilot can be tricky for researchers. The frequency of unsafe
acts can be measured in different ways, all of which have some advantages and

disadvantages.

1.1.2. Measuring Unsafe acts
Unsafe acts of pilots can be measured by using different methods. Accident
investigation analyses are one of the methods to examine the frequency and types of

3



unsafe acts resulting in aviation accidents. However, considering the rare nature of
accidents, the resultant types might be the ones that were combined with several
contributors and resulting in accidents (Martinussen & Hunter, 2018). Therefore,
accident investigation analyses might provide a limited spectrum of unsafe acts.

Another method for measuring unsafe acts is conducting natural observations.
Natural observations can help researchers to capture a wide range of unsafe acts
committed by pilots which are committed but not resulted in accidents. Natural
observations are commonly used by organizations to evaluate pilots’ flight
performance. However, these observations are mainly confidential in organizations
and only authorized personnel can reach the evaluations. In addition, these
observations can raise questions regarding the observers’ reliability and pilots’
performance under observation. For example, observers’ evaluations on poor, good or
standard performance can be different which might affect the evaluations. Also, pilot
performance can be affected by being observed (Mavin & Roth, 2014). Therefore,
observers should be carefully trained to increase observer reliability, which could be
costly. In addition to this, video recordings rather than in-person observers can be used
to evaluate pilot performance in terms of committing unsafe acts (Caponecchia et al.,
2014).

The other method for measuring unsafe acts is using flight simulators, which
also requires trained observers or video recordings. Simulator studies can be easily
applied in laboratory situations by individual researchers. Carefully designed scenarios
can help researchers to identify the frequency and types of unsafe acts. However, high-
fidelity simulators are generally accessible to airline companies since they are high-
cost machines providing real-flight experience. Therefore, using low-fidelity
simulators can be an option for researchers which can bring the reliability and
generalizability problems with them (Martinussen & Hunter, 2018).

The last method for measuring the unsafe acts of pilots is using self-report
measurement tools. Self-report measures can be easily applied to a large number of
participants by asking them the frequency of committing certain examples of unsafe
acts. Large examples of unsafe acts can be presented to the pilots at once without
requiring observer training and costly simulators. Serin (2016) developed a self-report
measure for the frequency of unsafe acts committed by commercial airline pilots,

called Airline Pilot Behavior Inventory (APilotBI), which showed good reliability.
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This tool was developed based on the theory consisting of 46 examples of unsafe acts.
Although APilotBI was developed with the contributions of subject matter experts,
since it was developed theoretically, it needs to be revised based on interviews
regarding pilots’ experiences on unsafe acts. However, literature suggested that self-
report measures can be vulnerable to socially desirable responding in which
participants answer the questions in line with the researchers expectations and societal
expectations rather than the actual situation (Lajunen & Summala, 2003; Yilmaz et al.,
2022). However, when the participants ensured anonymity the drawbacks of self-
report might be eliminated (Lajunen & Summala, 2003).

Although all measurement methods for unsafe acts can be some advantages
and disadvantages, using low-cost user-friendly methods such as self-reports might
help researchers to examine the unsafe acts and possible contributors of unsafe acts
committed by commercial airline pilots. Numerous studies employing different

measurement tools have revealed the contributors of unsafe acts.

1.1.3. The Contributors of Unsafe Acts in Aviation Accidents

Analyses of aviation accidents have provided researchers with valuable
insights into the types of unsafe acts committed by pilots that lead to accidents. Equally
important is understanding the deeper failures at various levels that contribute to these
occurrences. These failures may manifest at the individual level, such as deficiencies
in crew resource management (CRM), pilot fatigue, or detrimental personality traits,
and at the organizational level, such as an inadequate safety climate. Investigations of
accident reports have revealed that failures in CRM contributed to approximately 11%
of aviation accidents. Similarly, adverse mental states, such as fatigue, and physical or
psychological limitations, including pernicious personality traits, were contributing
factors in approximately 11% of accidents. At the organizational level, failures related
to the safety climate accounted for at least 0.4% of aviation accidents (Shappell et al.,
2007; Von Thaden et al., 2006; Wiegmann & Shappell, 2001). While the
organizational-level contributions may appear minor, the combination of breakdowns
across different levels can lead to catastrophic outcomes. Therefore, it is crucial to
examine their potential contributions to unsafe acts in greater detail.

Accident investigations have also revealed details of the contributors of pilots’
unsafe acts as well as the frequencies in accidents. Lenné and collegues (2008)
analyzed 169 general aviation accidents in Australia. They reported that skill-based
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errors and decision errors were the leading causes of the general aviation accidents
occurred in Australia. They also found that both skill-based errors and decision errors
were significantly associated with latent failures including adverse mental states of
pilots such as mental fatigue, personnel readiness and physical/mental limitations.
Although CRM as a whole was not significantly associated with unsafe acts, loss of
situation awareness as a component of CRM was found to be related to the unsafe acts
of pilots. Similarly, Guo and collegues (2021) reported that loss of situational
awareness was the most observed causal factor to unsafe acts in general aviation
accidents occurred between 2010 and 2019 followed by ineffective resource
management. They also reported that poor personal ready state such as high levels of
fatigue was positively associated with errors and violations. In addition, Ma and
collegues (2023) also reported that failures in communication and coordination, high
levels of mental fatigue, pernicious personality traits, and deficiencies in safety climate
such as ineffective equipment maintenance, operational planning and time pressure
were important contributors to unsafe acts.

In another accident analyses study, Kelly and Efthymiou (2019) analyzed 50
controlled flight into terrain (CFIT) accidents from 2007 to 2017. They reported that
failures in situation awareness, leadership, assertiveness, communication
characterized by miscommunication and not sharing the critical information, pre-flight
planning and briefings in both pre-flight and in-flight are the contributor factors to the
unsafe acts of the pilots resulting in CFIT accidents. They also stated that
organizational training programs, operational tempo planning, and perceptions of
equipment, all of which reflect the organizational safety climate, were identified as the
contributors of pilots” unsafe acts. In addition, Li and collegues (2008) analyzed 41
civil aviation accidents occurred between 1999 and 2006. Failures in CRM were
significantly associated with skill-based errors, decision errors and violations.
However, they did not identify significant contributors regarding the safety climate.

All these retrospective accident investigation studies showed that failures in
the components of CRM, pilots fatigue levels, pernicious personality traits and some
aspects of safety climate in the organizations were identified as contributors to
committing unsafe acts which, in turn, resulted in catastrophic consequences. Accident
analyses are crucial for identifying pilots' unsafe behaviors and the factors contributing

to them. However, considering that accidents are rare events, the factors identified
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through accident analyses may underestimate the frequency of pilots’ unsafe behaviors
and the factors influencing them. Several researchers stressed the importance of
focusing on how the things go right rather than focusing on the accidents to find its
causes (Carayon et al., 2015; Hollnagel, 2018). Thus, Thoroman and collegues (2019)
analyzed 16 near-misses reports to find out what is done right to prevent adverse
events. Situational awareness, communication between flight crew and with ATCs,
application of procedures, and automation system understanding and taking actions
when needed were found as protective factors at individual levels. They also stated
that existing procedures of airline companies, update of trainings and procedures when
needed, stressing the importance of adherence to standard procedures, and providing
appropriate information to operational personnel such as pilots were identified as
protective factors at the organizational level implying the importance of positive safety
climate.

Both retrospective and prospective studies provided valuable information
about which factors could contribute to commuting unsafe acts of pilots. Effective
CRM application (Guo et al., 2021; Kelly & Efthymiou, 2019; Lenné et al., 2008; Li
et al., 2008; Ma et al., 2023), fatigue (Li et al., 2008; Ma et al., 2023) and pernicious
personality traits (Ma et al., 2023) were found to be significant factors that contribute
to commuting unsafe acts. In addition to individual factors, organizational climate was
found to be the important factor that contributes to the occurrence of unsafe acts.
Therefore, analyzing the relationship between these variables and pilots' unsafe actions
can offer valuable insights for enhancing flight safety and preventing accidents from
a comprehensive perspective.

HFACS emphasized the importance of unsafe acts of pilots as well as stressing
the importance of latent failures from different levels. It has been emphasized that for
an accident to occur, pilots' unsafe acts must combine with deficiencies at different
levels. Therefore, it is crucial not only to investigate the unsafe acts of pilots but also
to examine the factors influencing these acts and to identify potential relationships
(Reason, 1990; Shappell & Wiegmann, 2000; Wiegmann & Shappell, 2001).
Examples of this can be seen in major aviation accidents such as the Tenerife disaster.
The Tenerife accident is still regarded as one of the largest and deadliest accidents in
aviation history. Although the direct cause of this accident was the captain's decision

to initiate takeoff based on the assumption that clearance had been granted—a clear
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case of poor decision-making—several contributing factors can be identified. These
include communication breakdowns both within the cockpit and with air traffic control
(ATC), reduced visibility, and the First Officer's failure to communicate the lack of
takeoff clearance to the captain (Weick, 1990). Thus, focusing solely on pilots' unsafe
behaviors in aviation accidents would mean addressing only the visible part of the
iceberg while neglecting the impact of the underlying deficiencies contributing to these
acts (Hobbs & Williamson, 2002).

1.2. Crew Resource Management: Definition and Evolution in Commercial
Aviation

CRM, which could be considered as a precondition for unsafe acts of the pilots,
is defined as the cognitive, social and interpersonal skills that complement technical
skills to effective usage of all available resources. These resources can be crew
members, ground personnels (e.g. ATCs; dispatchers, maintenance personnels etc.),
company managers, aircraft hardware, automation systems, Safety Operation
Procedures (SOPs), and training (Flin et al., 2002, 2003). CRM training that is
implemented by airline companies aims to increase skills such as communication,
team management, leadership, decision-making skills, workload management, stress
management, and situation awareness.

The need for CRM emerged during the 1970s after the series aircraft accidents
occurred due to human errors such as the Tenerife disaster. Accident investigations
revealed that aircrafts became more reliable with the technical advancements of the
aircraft design while people became less reliable (Helmreich & Foushee, 2010, pp. 6).
The investigation of crashes at those times showed the major human factors causing
accidents such as lack of interpersonal communication and cooperation, leadership and
decision making (Flin et al., 2002). Addressing the major problem raised an awareness
of taking precautions on the problem. Aviation authorities gathered in a workshop
called “Resource Management on the Flight Deck” held by National Aeronautics and
Space Administration (NASA) on 1979 to discuss possible countermeasures of human
errors, and the term “Cockpit Resource Management” has emerged (CRM; Cooper, et.
al., 1980; Helmreich, et. al., 1999). United Airlines in the U.S. and KLM in Europe
pioneered the first CRM training programs (Flin, et. al., 2002). Following its initial
implementation, CRM rapidly became a widely adopted training approach aimed at

fostering team effectiveness to minimize errors and reduce accident rates.
8



Although the main goal of CRM has remained consistent over time, its scope
has evolved and expanded in response to operational needs. Initially, in the early stages
of the aviation industry, technical failures were identified as the primary cause of
aviation accidents. Consequently, motor and technical skills were regarded as critical
factors in reducing accident rates (Helmreich et al., 1999). Pilot training programs
were thus designed with the objective of developing the "perfect pilot” (lon, 2011).
However, the landscape of aviation began to shift significantly after the 1950s with
advancements in aircraft technology, including innovations in design and the
introduction of turbojet engines. These developments drastically reduced the
prevalence of technical failures as a contributing factor to aviation accidents
(Helmreich et al., 1999). Despite the significant reduction in technical failures and a
corresponding decrease in overall accident rates, the anticipated elimination of
aviation accidents did not materialize. Detailed investigations into the causes of
accidents revealed that the unsafe acts of pilots had emerged as a direct factor. In
response, the concept of CRM was introduced as a proactive measure to address this
issue, marking a pivotal shift in focus from purely technical competence to the broader

management of human factors in aviation safety.

1.2.1. Generations of CRM

1.2.1.1. The First Generation of CRM.

CRM training was first introduced by United Airlines in 1981 and subsequently
by KLM in 1984, following a pivotal NASA workshop in 1979. These early
implementations were designed to enhance the management skills of crew members
(Helmreich et al., 1999; Inan, 2018; Kanki et al., 2010). Initially termed "Cockpit
Resource Management,” the training primarily targeted cockpit crews and sought to
address individual behavioral styles and rectify ineffective practices within the
cockpit. The focus was on fostering assertiveness among junior first officers and
mitigating authoritarian tendencies among captains. The early CRM training programs
were structured as seminars that integrated psychological assessments with managerial
principles such as leadership development. However, these initial efforts lacked a
precise definition of what constituted effective behavior. For instance, while the
objective was to promote a more assertive communication style among junior officers

and reduce authoritarianism in captains, the specific criteria for measuring and



implementing such behavioral changes were not clearly articulated (Helmreich et al.,
1999; inan, 2018; Kanki et al., 2010).

Recognizing the limitations of a one-time training approach, many
organizations began incorporating CRM into their recurring training schedules, often
using non-aviation scenarios and exercises as primary components. Some programs
also implemented Line Operations Flight Training (LOFT), which provided realistic,
full-mission simulations that allowed crews to practice communication, management,
and leadership skills in real time (Helmreich et al., 1999; Inan, 2018; Kanki et al.,
2010). Despite these developments, some pilots resisted the training, claiming it
attempted to alter their personalities (Helmreich et al., 1999; Inan, 2018; Kanki et al.,
2010).

1.2.1.2. The Second Generation of CRM.

After the first implementation of CRM, NASA held another workshop in 1986.
At this time, airline companies around the world that initiated the training published
reports about their programs. Both the workshop and the reports emphasized that CRM
training could not be separated from the pilot training to provide ultimate gain.
Implementing embedded training programs that covered both regular training and
CRM training was also recommended (Helmreich et al., 1999; Inan, 2018; Kanki et
al., 2010).

At the same time, a new generation of CRM training that expanded its’ scope
had emerged. The new generation emphasized the group dynamics in the cockpit
shifting the focus from individual behaviors to group behaviors. The new training was
also delivered to seminars, but these seminars were more team-oriented, covering
topics such as team building, effective briefing strategies, managing stress, situation
awareness, effective decision-making strategies and breaking the error change to
prevent disastrous results. Being more group oriented also evolved the term “cockpit
resource management” into the “crew resource management” to stress the importance

of group (Helmreich et al., 1999; inan, 2018; Kanki et al., 2010).

1.2.1.3. The Third Generation of CRM.

This generation of CRM brought several changes in the CRM training
programs. The characteristics of aviation systems such as organizational climate began
to be integrated into the CRM training programs. In this generation, technical training

was merged with the CRM training programs to promote effective usage of technical
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skills. Automation usage and recognition of human factors were also included in the
scope of CRM training programs.

At the same time, CRM training programs were extended to the other personnel
such as flight attendants, dispatchers, and maintenance personnel; and became a joint
training program. However, with all these developments, the ultimate focus of the
CRM, which was the reduction of human error was diluted unintentionally (Helmreich
et al., 1999; Inan, 2018; Kanki et al., 2010).

1.2.1.4. The Fourth Generation of CRM.

This generation came with the major change introduced by the Federal
Aviation Administration (FAA). The FAA introduced the Advanced Qualification
Program (AQP) in the early 1990s. AOP was a voluntary program that required
organizations to develop innovative training programs specific to organizations. In the
scope of AOP, organizations had to assess their training needs to develop training
addressing CRM skills as well as technical skills. It also required formal certification
and evaluation of the crew by using line-oriented evaluation (LOE) in the simulation.

This integration of CRM into technical skills required organizations to specify
normal and abnormal behaviors to ensure proceduralized decisions and actions. It also
aimed to provide baseline of operational behaviors (Helmreich et al., 1999; Inan, 2018;
Kanki et al., 2010).

1.2.1.5. The Fifth Generation of CRM.

Since CRM training was first implemented, although it was not effectively
communicated, its primary focus has been on preventing errors by utilizing all
available resources. However, James Reason's influential work on human error in 1990
marked a new phase for CRM training by introducing the concept that human error is
inevitable. Building on Reason’s insights, Helmreich, Merritt, and Wilhelm (1999)
argued that if errors are indeed inevitable, CRM should function as an error
management tool with three defense layers: avoiding errors, trapping errors promptly,
and mitigating their consequences which is called the error troika.

Helmreich and colleagues’ (1999) approach brought the concept of 'error
acceptance' into aviation safety practices. Accepting errors does not imply accepting
violations—deliberate deviations from rules and regulations (Reason, 1990, pp. 206).
Instead, it acknowledges human vulnerability to mistakes and emphasizes proactive

measures to prevent these from leading to accidents and incidents. Thus, the fifth
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generation of CRM training is viewed as an error management strategy for human
error (Helmreich et al., 1999; Inan, 2018; Kanki et al., 2010). Today, the fifth
generation of CRM training programs continue to be delivered by integrating human
factors and threat and error management (TEM). To increase the effectiveness of these
programs, competency based training (aiming to teach operators reflecting skills into
behaviors) approach is emphasized and started to be merged with CRM trainings
(Basdemir, 2020, pp. 9).

When we look at the five generations of CRM, it is possible to tell that as it has
evolved over the years, its focus has shifted from individual managerial skills to a
broader framework that prioritizes error management and safety through teamwork.
This progression has also led to the development of key CRM components, including
communication, leadership, situational awareness, decision-making, and teamwork,
each of which plays a vital role in achieving CRM's overarching goals. Initially, CRM
training centered on modifying individual behaviors, but as the understanding of
human error has deepened, these core components were integrated to provide a more
comprehensive approach. Each element works synergistically to create a resilient crew
environment, allowing teams to anticipate and mitigate errors more effectively,
ultimately enhancing operational safety across the aviation industry. The current,
holistic CRM model reflects this evolution, underscoring that safety depends not only
on individual competencies but on the coordination of these critical skills within the
team. Therefore, the comprehensive CRM training program should include basic CRM
components such as situational awareness, communication, team management,
leadership, workload and fatigue management, stress management, and decision
making (Cetingug, 2016, pp. 410-420; Kanki et al., 2010).

1.2.2. Components of CRM

CRM is related to using all available resources. These resources can be people,
environment, automation or any other flight related parts. Flights are operated in a
changing environment. This change can occur within the pilot, within the aircraft, and
the environment around the aircraft. Pilots should constantly monitor and be aware of
these changes and also consider the probability of changes in the near future. Thus, the
situation awareness (SA) level of pilots should be maximum to attain flight safety
(Cetinguig, 2016, pp. 410). The SA has three levels namely perception, comprehension
and future predictions. The pilots need to perceive the changes in the actively
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monitored surroundings, comprehend what the changes mean, and predict the possible
problems related to the changes. For example, when a warning light is activated, pilots
should perceive that it is activated and which system it was related to. In the second
level, pilots should comprehend what the warning light means and how it should be
treated. In this level, pilots apply the related procedures to fix the problem. In the third
level, pilots apply take the precautions after the problem is fixed or controlled to
achieve safe landing (Basdemir, 2020, pp. 54-55). Loss of SA can lead to interruption
in communication and failures in decision making processes. CRM training programs
aim to teach pilots how to attain and maintain SA.

Communication is one of the key elements of CRM. Pilots constantly
communicate with each other, cabin crew, ATCs and technical personnel during the
flight operations. Pilots should communicate about their knowledge, changes in
environment, changes in systems and changes in their cognitive and physical state
during the flight. Communication not only conveys information but also helps to
establish effective teams, establish predictable behavior pattern, maintain attention and
sustain SA (Basdemir, 2020, pp. 53-55; Cetingti¢, 2016, pp. 413; Kanki et al., 2010,
pp. 122). Any disruption in communication can lead to problems in decision making
and team management. Effective communication is addressed by CRM training
programs. Pilots are taught active listening, assertiveness and effective briefing
methods for effective CRM.

Pilots are performing in a team although they are actively flying the aircraft.
Thus, team management is an important part of CRM. This team consists of ground
personnels, dispatchers, ATCs, technicians, and cabin crew. All the parts of the team
should operate in coordination to achieve flight safety (Basdemir, 2020, pp.110;
Cetingug, 2016, pp. 420). For example, pilot-in-command (PC, could be captain pilot
or First Officer [F/O]) flies the aircraft and the pilot-monitoring (PM) monitors the
automation systems. In an emergency, parts of the team should know the
responsibilities. Captain pilot takes control and F/O controls the appropriate flight
manuals or PC continues to control the aircraft and PM does the flight manual controls.
Cabin crew should make appropriate announcements to inform passengers. PM should
know to communicate with ATCs about the emergency and communicate with
technicians when needed. All of these processes should be in coordination to achieve

appropriate decisions to solve the emergency situation and land safely. To achieve
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flight safety, every part of the team should know their responsibilities and act
accordingly. Safety Operation Procedures (SOPs) help the team, especially pilots, to
operate the flight safely. Thus, well-prepared SOPs are important for team
management. This shows the importance of organizations’ commitment to CRM
(Tullo, 2010, pp. 67-74). Organizations should ensure that teams can achieve flight
safety by following the SOPs. The way to provide this is to establish a positive safety
culture. Pilots operating in organizations with a positive safety culture can know that
upper management commits safety issues, establish and apply the rules and regulations
to increase safety, and protect them when needed. This does not mean that violations
are disregarded. On the contrary, this means that errors are inevitable but when they
occur, SOPs are helping the team to prevent disastrous consequences, management
analyze their root causes and take the appropriate precautions to prevent reoccurring.
Thus, positive organizational culture is important for effective team management in
CRM (Tullo, 2010, pp. 68-74). CRM training programs deliver all the rules and
regulations, SOPs and required skills for team management.

Leadership is another important part of CRM and being a team. Managing the
team effectively is the responsibility of the leader who is the captain pilot of the crew.
Captain pilots should ensure that the SOPs are followed, communication and
coordination between crew members are established, and teams are performing their
duties effectively (Cetingug, 2016, pp. 422; Ginnett, 2010, pp. 94). In a team in which
members barely know each other, leaders play a crucial role for team formation and
work management. Effective leaders should show the authority that is needed and also
be democratic to hear others’ voices in the team. In addition, effective leaders should
discuss the task duties, team and individual boundaries, and related norms and
regulations for effective team performance. In the flight operations, captain pilots have
the responsibility to be the leader of the crew members (Ginnett, 2010, pp. 94-100).
Thus, CRM training programs address the importance of leadership and the
characteristics of effective leaders. CRM gave importance to team management for
effective team performance. Having a leader may seem to underestimate the team’s
performance. However, having a leader is important to escalade the team’s
performance rather than underestimating its performance (Ginnett, 2010, pp. 94).

Being a team and having a leader does not override the importance of

individual performance, which is one of the main focuses of CRM. On the contrary,
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being a team and having a leader is important for preventing individual errors, trapping
them and mitigating their consequences when needed. Work management is an
important part of the CRM for effective team performance as well as effective
individual performance. Managing the work of the crew based on their job description,
thus, is the responsibility of the leader. Leaders can be responsible for teamwork
management, but individuals also are responsible for managing their own work. CRM
training programs address effective teamwork management and individual work
management from planning to action because ineffective teamwork management and
individual work management can lead to stress and fatigue for crew members. Fatigue
management is also a part of work management as it directly impacts flight safety and
operational effectiveness. CRM frameworks often integrate strategies to mitigate
fatigue among aviation personnel, recognizing that fatigue can impair cognitive
functioning, situational awareness, and decision-making abilities. Effective fatigue
management involves scheduling practices that minimize sleep deprivation and
provide adequate rest opportunities, as well as promoting self-awareness among crew
members regarding their fatigue levels and limitations (Caldwell et al., 2009). CRM
training emphasizes tools and techniques to recognize signs of fatigue and encourages
open communication within the team to address potential issues before they affect
performance. This proactive approach to managing fatigue aligns with safety goals, as
studies show that fatigued crew members are more prone to errors, miscommunication,
and compromised safety (Bendak & Rashid, 2020; Morris et al., 2018). Hence, work
and fatigue management are indispensable elements within CRM, contributing to
enhanced safety outcomes and the well-being of crew members.

Effective work management is also important for stress management, which is
a vital component for CRM. In aviation, stress is a major factor that can compromise
safety due to its impact on cognitive functions, judgment, and communication—three
core elements in flight operations. CRM integrates stress management as a
fundamental component to help aviation crews maintain high levels of performance
under pressure. In CRM training, stress management involves recognizing stressors
that may arise in-flight, such as time pressure, equipment issues, or unforeseen weather
conditions. By identifying these stressors early, crew members can actively engage in
stress-reducing techniques that are part of CRM protocols (Salas et al., 2001, 2006).

CRM’s approach to stress management encompasses both psychological and
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interpersonal techniques. For example, breathing exercises and mindfulness practices
are encouraged to help crew members manage immediate physiological responses to
stress. Additionally, CRM emphasizes effective communication as a tool to alleviate
stress. By fostering open communication, CRM training helps crew members feel
comfortable discussing their stress levels and asking for support, which can reduce the
feeling of isolation that exacerbates stress (Cetingti¢, 2016, pp.180-194; Helmreich et
al., 1999). In practical terms, CRM-trained teams use specific strategies such as
workload distribution and prioritization, where tasks are delegated according to the
strengths of each crew member during stressful situations. This not only prevents
overloading of a single individual but also increases the team’s overall situational
awareness and adaptability (O’Hare, 2003). Moreover, stress management within
CRM is proactive rather than reactive. This means that instead of waiting until stress
becomes overwhelming, CRM encourages crews to maintain a baseline level of mental
readiness and resilience. This proactive management aligns with the safety culture in
aviation, where anticipating and preparing for challenging situations is a priority. By
incorporating stress management into CRM, the aviation industry aims to create a
resilient crew environment that can withstand both expected and unexpected
challenges, ultimately flight safety (Prince et. al., 2017). Stress is an inevitable part of
the flight operations due to the threats and errors inherent in the flight operations. Since
high levels of stress can impair cognitive functioning and judgments, it can also impair
decision making processes which are vital for flight operations.

Decision-making is a core component of Crew Resource Management (CRM)
because it underpins the ability of flight crews to respond effectively in dynamic and
high-pressure situations. In the CRM context, decision-making involves assessing
situational data, evaluating options, and selecting a course of action that aligns with
safety and operational priorities (Orasanu & Fischer, 1997). This structured approach
helps reduce cognitive load during time-sensitive situations and minimizes reliance on
intuitive responses, which can be error-prone in stressful environments. A crucial
aspect of decision-making within CRM is the concept of shared decision-making,
where input from all crew members is encouraged to ensure a comprehensive
understanding of the situation. This collaborative approach prevents the pitfalls of
single-point decision-making and reduces the risk of error by leveraging the collective

expertise and perspectives of the crew (Helmreich et al., 1999). Decision making

16



concepts have changed through the years from naturalistic decision making to
aeronautical decision making in which decision making seemed like risk management
in TEM. This shift emphasizes the importance of risk perception and risk assessment
as essential components of effective decision-making. It also aims to detect the human
errors and correct them which is in line with TEM framework (Helmreich, 2002).
Through structured and collaborative decision-making, CRM aims to enhance flight
safety by enabling crews to make sound decisions even under high-stress conditions.
The ultimate goal of CRM is preventing unsafe acts, correcting them and
mitigating the consequences if unsafe acts occur. All skills that pilots achieve during
CRM training programs help them to succeed components of CRM effectively.
Through the evolution of CRM, the focus has been shifted from individual unsafe acts
to team performance. Hence, the importance of unsafe acts has been placed back to
team performance with the fifth-generation CRM. Since the ultimate goal of CRM was
to reduce unsafe acts and it became mandatory for pilots carrying passengers in 2001
by the FAA (Cetinglc, 2016), measuring the effectiveness of the CRM training
programs became an issue. To measure the effectiveness of CRM training programs
several tools were developed. The following section will present the measurements of

CRM and the evaluation of its effectiveness in terms of unsafe acts.

1.2.3. Measures of CRM and lts Effectiveness on Unsafe Acts

Various methods have been utilized to evaluate the effectiveness of CRM
training programs. Given that the primary goal of CRM training is to reduce accidents,
accident rates are often considered as an indicator of effectiveness. However,
researchers generally refrain from relying on accident rates due to the infrequent
occurrence of accidents in commercial aviation (Flin et al., 2002; O’Connor et al.,
2008). Since accidents are rare events, focusing solely on accident rates may fail to
capture critical behavioral insights related to unsafe actions that do not result in
accidents.

Given the low incidence of aviation accidents, researchers have explored
alternative methods to evaluate the effectiveness of CRM training. These methods
include analyzing participants' responses to the training, assessing attitudes, measuring
learning outcomes, and observing crew behavior. Among these approaches, reaction
measures—aqgauging aircrew perceptions of the training's impact—are the most

frequently employed (Mearns et al., 2001; O’Connor et al., 2008). Attitude measures
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represent another valuable method for assessing CRM, as attitudes are well-
established predictors of behavior (Ajzen, 1991). By comparing safety attitudes before
and after CRM training, researchers can gain insights into the program’s impact
(Mearns et al., 2001; O’Connor et al., 2008; Shuffler et al., 2010). One widely used
self-report tool in this context is the Cockpit Management Attitude Questionnaire
(CMAQ), which evaluates the influence of CRM training on aircrew attitudes
(Gregorich et al., 1990). Similarly, the Flight Management Attitudes Questionnaire
(FMAQ; Merritt et al., 1996) was developed to specifically measure pilots' attitudes
toward CRM.

Knowledge assessments, often conducted pre- and post-training, allow for the
comparison of knowledge gains (Flin et al., 2002; O’Connor et al., 2008; Shuffler et
al., 2010). For crew behavior, evaluations are typically performed in simulated flight
scenarios such as LOFT exercises and in line operation evaluations (LOE), where
experienced observers (such as trainers or examiner pilots) assess the safety-related
behaviors of pilots, observing how CRM skills translate into practice. Behavioral
marker systems, such as Line/LOS checklists (Helmreich et al., 1997) and the
European NOTECHS system (Flin et al., 2003; O’Connor et al., 2002; van Avermaete,
1998) have been developed to standardize these assessments all of which need special
training to implement.

Numerous studies have been conducted to evaluate the effectiveness of CRM
training programs by assessing learned CRM behaviors and their application in on-
the-job behavior assessments. Research on learned CRM behaviors has demonstrated
that leadership behaviors acquired during CRM training are positively associated with
accurate decision-making in emergency scenarios, as observed in simulator studies
(Bienefeld & Gudela, 2011). Pilots exhibiting stronger leadership behaviors were more
likely to make correct and appropriate decisions in simulated emergency situations.
Additionally, learned coordination behaviors were found to correlate positively with
the ability to prioritize critical information and actions during emergencies. Pilot
groups with high coordination behaviors demonstrated greater accuracy in ranking the
importance of information provided to them and in identifying effective actions. These
groups also exhibited higher rates of correct decision-making in emergency scenarios

(Kay et al., 2014). These findings suggest that CRM training programs are effective in
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equipping pilots with critical CRM behaviors, which are essential for managing
complex and high-stakes situations effectively.

While studies examining the translation of CRM skills into on-the-job
performance remain limited, one seminal contribution comes from Thomas (2004).
Thomas investigated the relationship between CRM skills and threat and error
management performance by observing crew behaviors during routine line operations
across 323 flight sectors (individual airport-to-airport operations). The observations
were conducted by 25 senior aircrew observers who underwent a two-day training
program to enhance interrater reliability. During these observations, the non-technical
skills of pilots, as well as threats (e.g., environmental factors) and errors (e.g., crew-
related factors) encountered during line operations, were documented. Observers also
assessed whether the identified threats and errors were effectively managed. The
findings revealed that higher levels of cooperation, assertiveness, situational
awareness, vigilance, and contingency planning were positively associated with the
effective management of errors. Conversely, higher levels of workload management
were linked to a reduced number of managed errors. Thomas hypothesized that
elevated workload might enhance aircrew focus on immediate tasks, potentially
leading to decreased situational awareness. When workload was effectively managed,
it could inadvertently contribute to attention distractions among crew members,
thereby influencing error management outcomes.

In another study, Serin (2016) measured self-reported safety operation
behavior and unsafe acts of the pilots. The results showed no association between the
safety operation behaviors which were the behavioral reflections of CRM and the
number of unsafe acts reported by pilots.

These studies highlight the potential importance of CRM in enabling crew
members to effectively manage threats and errors during flight operations, thereby
enhancing flight safety. However, contradictory findings from previous research
indicate that the relationship between CRM and unsafe acts by commercial airline
pilots requires further investigation. Moreover, acquiring CRM skills does not
guarantee their translation into behavior; pilots must possess the competence to apply
these skills in practice. Therefore, assessing CRM competencies, which encompass

both skills and behaviors, is crucial for obtaining clearer insights.
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Additionally, inconsistencies between studies underline the need for further
research in this area. Implementing CRM assessments often requires specialized
training, making their application challenging for researchers. While user-friendly and
accessible tools, such as CMAQ and FMAQ, are available to use, they primarily
measure attitudes rather than actual behaviors or skills. Thus, there is a need for a
measurement tool that evaluates CRM applications in a more user-friendly and
practical manner. Given the importance of CRM in preventing unsafe acts,
understanding pilots’ unsafe acts as direct causes of accidents and incidents remains
critical.

Existing CRM measurements generally focus on CRM skills and behaviors. As
previously mentioned, CRM training programs today are designed to be competency-
based and aim to enhance pilots’ CRM competencies. Therefore, observing and
improving CRM competencies through simulators or LOE has become a part of CRM
training programs (Basdemir, 2020; Cetingiic, 2016). However, since having
knowledge of CRM or possessing these skills does not guarantee that they will turn
into behavior, organizations combine classroom training with simulator training and
LOE to ensure transference of knowledge and skills into behaviors. For this reason, it
is also important that the newly developed CRM measurement is both user-friendly
and focused on pilots' competencies.

Developing a measurement tool for CRM competencies can also help researchers
to examine the relationship between CRM competencies and other contributors of
unsafe acts such as fatigue levels, personality traits and safety climate as well as the
relationship between CRM competencies and unsafe acts. Although the ultimate goal
of CRM is to prevent unsafe acts, it can also help pilots to mitigate the effects of other
contributors such as fatigue, pernicious personality traits and safety climate on the
unsafe acts. For instance, workload and stress management components of CRM can
be a countermeasure for in-flight fatigue by effectively organizing the in-flight task
load to provide bunk sleep or cockpit nap for fatigued pilots. Effective stress
management competencies can also help pilots to reduce stress-induced fatigue and
might reduce fatigue related unsafe acts. Similarly, CRM competencies can help pilots
make decisions and utilize all resources effectively, regardless of their personality
traits. For instance, pilots with anxious personality traits may exhibit more rational

behavior by adhering to SOPs and considering the suggestions of other pilots. All these
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examples might provide propositions regarding the relationship between CRM
competencies and contributors of unsafe acts at the individual level. These suggestions
will also be discussed in detail based on the literature in the following sections.

At the organizational level, CRM training designed to enhance CRM
competencies can be considered a reflection of an organization’s safety climate. A
positive safety climate is characterized by a strong commitment to safety, open and
effective communication, prioritization of safety over productivity, the encouragement
of reporting safety concerns without fear of reprisal, and the allocation of sufficient
resources to support safe operations (Zohar, 2010). These attributes align closely with
the foundational principles of CRM. Organizations have a critical responsibility to
promote flight safety by establishing and enforcing rules, regulations, and procedures,
as well as implementing proactive measures, such as revising protocols in response to
emerging safety issues. This organizational commitment is evident in the practical
application of CRM principles by crew members to sustain and improve flight safety.
Consequently, it can be argued that pilots' CRM competencies may function as an
indirect indicator of their perceptions regarding the organization's safety climate, a

relationship that needs further exploration.

1.3. Organizational Safety Climate
Safety climate defined as “a summary of molar perceptions that employee

share about their work environment” (Zohar, 1980). Although culture and climate
commonly have been used interchangeably, they are somewhat addresses the different
constructs (Mearns et al., 1998). Whereas culture defined as “the set of shared, taken
for granted implicit assumptions that groups hold, and that determines the way how
group perceive, think about and reacts to various environments”, climate represents a
manifestation and measurable aspect of the culture (Schein, 1990). Safety climate
represents workers’ attitudes, beliefs and perceptions about the safety and risk in the
organizations at a particular place and time (Zohar, 1980). Since it is a perception of
workers regarding the safety culture in the organizations, it can change depending on
the situation of the environment or conditions of the organizations (Wiegmann et al.,
2004). Because attitudes, perceptions and beliefs are important predictors of behaviors
(Glendon & Litherland, 2001), safety climate can be a good predictor for behaviors.
The following section will present the existing literature on the relationship between

safety climate and unsafe acts.
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Studies examining the relationship between organizational safety climate and
unsafe acts mainly come from the traffic context. For example, Zohar and collegues
(2014) reported that perceived negative safety climate was associated with more
dangerous behaviors, mainly hard-brake, among truck drivers. Swedler and collegues
(2015) reported supportive results to Zohar and colleagues. They reported that positive
safety climate was associated with more dangerous behaviors such as distracted
driving resulting in hard brakes. They also reported that the positive safety climate was
related to the fewer crashes among truck drivers. Additionally, negative safety climate
was related to higher number of self-reported errors and violations among professional
drivers (Oz et al., 2010, 2013). Similar results were reported by Sullman and colleques
(2017). They reported that the positive safety climate was associated with a smaller
number of self-reported errors, lapses and violations among truck drivers. They also
reported that the positive safety climate was related to fewer active crashes. Drivers
carrying petroleum products also revealed similar results showing that perceived
positive safety climate was associated with less errors and violations (Simsekoglu &
Nordfjern, 2015). Studies conducted with bus drivers revealed matching results
showing that positive safety climate was associated with a smaller number of errors
and violations of the bus drivers (Chen et al., 2019; Wills et al., 2006).

1.3.1. Organizational Safety Climate in Aviation

In the aviation context, safety climate research is mainly conducted to examine
the relationship between safety climate and safety behaviors such as safety
compliance, safety participation and safety courtesy. Studies showed that positive
safety climate was associated with high levels of safety behaviors measured as safety
compliance, safety participation (Maneechaeye & Potipiroon, 2022a; Xu et al., 2022),
and safety courtesy among airline pilots (Maneechaeye & Potipiroon, 2022a).
Similarly, positive safety climate was associated with higher levels of safety behaviors
among Indonesian civil pilots (Fernandes et al., 2018) and Taiwanese pilots (Lin,
2012). In these studies, measured safety behaviors consisted of intention to obey the
rules and regulations, using safety procedures, intentions to ensure highest levels of
safety, intentions to share information with the team, intensions to inform the team
about safety rules, regulations and procedures, and intensions to take actions to stop
violations of team members. This means that the safety behaviors of pilots are
associated with the management of unsafe acts as well. Thus, one can speculate that
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the positive perceptions of pilots on organizational safety climate are important to
manage the unsafe acts of the pilots.

A positive organizational safety climate can be characterized by a strong
commitment to safety, open and effective communication, the prioritization of safety
over productivity, a willingness to report safety concerns without fear of reprisal and
the availability of resources to support safe operations (Zohar, 2010), all of which rely
on the hearth of CRM. Organizations have the responsibility to promote flight safety
by developing and applying rules, regulations and procedures, and to take actions like
revising existing procedures in case of safety issues. This responsibility exerts itself in
the applications of CRM by crew members to ensure flight safety. Thinking that safety
climate is the shared values, attitudes, perceptions and beliefs of the workers in the
organizations (Zohar, 1980), CRM training programs are the crucial tools to create
shared values, attitudes, perceptions and beliefs regarding the prioritization of safety,
and to encourage cooperative approach to error management (Gao et al., 2013). When
the CRM training programs successfully create shared values, attitudes, perceptions
and beliefs regarding the prioritization of safety, this can promote the effective
application of CRM in the flight operation.

Literature clearly shows the link between safety climate and unsafe acts as well
as the link between effective CRM and unsafe acts. Thus, it can be speculated that
effective CRM can help flight crew to manage errors before accidents and incidents
occur. Also, a positive organizational safety climate can help organizations to reinforce
the link between effective CRM and managing errors by promoting a shared
understanding of the importance of safety and encourage a cooperative approach to
error management (Gao et al., 2013).

A positive organizational safety climate is also important for managing fatigue-
related risks in flight operations. Aircrews’ flight and duty times are determined by
aviation authorities such as FAA and EASA. For example, FAA determined that the
minimum rest period before the duty is 10 hours and minimum rest period after the
duty is 10 hours for non-augmented crew and 12 hours for augmented crews. Similarly,
EASA determined the minimum rest period before the flight duty as 12 hours. They
also regulates the maximum flight and duty times in a week, in a month and in a year
(Caldwell, 2005, 2012; Caldwell et al., 2009; Gawron, 2016). However, the rest time
regulated by FAA and EASA starts when the aircraft approaches the parking position
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and the engines shut down (Gawron, 2016). Considering that airports are generally
located outside of the cities, pilots need to travel to the hotel or their homes before they
rest. Thus, they have limited time to obtain sufficient sleep and meet their personal
needs. As aresult, it is highly unlikely to obtain a minimum 8 hours of sleep (Caldwell,
2012; Caldwell et al., 2009), which is the minimum sleep requirement for an adult
(Wehr et al., 1993). A positive organizational safety climate can help the organizations
to recognize the rest requirements of the pilots, analyze the fatigue-related risks
inherent in the operations, and develop appropriate systems to reduce the fatigue
related symptoms of the pilots by effectively planning the duty and rest period of pilots
and training pilots on the countermeasures of the fatigue. Thus, it can be speculated
that organizational safety climate can mediate the link between CRM competencies
and unsafe acts by mitigating the symptoms of fatigue.

1.4. Fatigue

Fatigue, which is defined as a physiological state of reduced physical and mental
performance capability resulting from sleep loss, extended wakefulness, circadian
phase, and/or workload, which can impair a person's alertness and ability to adequately
perform safety-related operational duties (ICAO, 2012) is an unavoidable aspect of
flight operations due to their 24/7 nature. Aircrews are particularly susceptible to
fatigue as they frequently experience multiple flight sectors, rapidly changing time
zones, variable flight schedules, and limitations on both the duration and quality of
sleep (Avers & Johnson, 2011).

While fatigue is a common symptom experienced in daily life, it poses a
significant risk in high-risks operations like aviation, where it is recognized as a critical
factor contributing to accidents and incidents (Caldwell, 2005). Aviation accident and
incident reports indicate that fatigue has been a contributing factor in approximately
20% of aviation accidents and incidents (Akerstedt, 2000; Petrie et al., 2004).
Furthermore, it has been estimated that 4-8% of aviation accidents and incidents are
directly attributable to fatigue (Caldwell, 2005).

Realization of significant contribution to accidents and incidents had raised the
question of the prevalence of fatigue among pilots. Jackson and Earl (2006) reported
that 75% of 162 pilots flying short-haul flights (flights less than 6 hours) showed
severe fatigue on a chronic fatigue scale. Eighty-one percent of those pilots also

reported that they felt more fatigued than they experienced 2 years ago. In addition,
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80% of them reported impairments in judgments while flying due to fatigue. Reis and
collegues (2013, 2016) also analyzed the prevalence of fatigue among commercial
airline pilots. They reported striking results that showed approximately 91% of 453
airline pilots experienced severe fatigue. They also reported that the severity of fatigue
was positively related to the flown hours. Additionally, a questionnaire conducted with
500 commercial airline pilots showed that 56% of the pilots fell asleep in the cockpit
and 1 out of 3 captain pilots reported that they found F/O also fell asleep when they
woke up. Among these pilots, 86% of them were reported decrease in their
performance in the last 6 months (Steptoe & Bostock, 2011). Due to its high
prevalence among pilots, the consequences of fatigue can be catastrophic in the
aviation industry. Understanding its consequences and the effects on pilot behaviors
can be vital to prevent adverse effects and enhance flight safety.

1.4.1. Consequences of Fatigue
Consequences of fatigue can be evaluated in a wide spectrum. Several studies

have shown the consequences of fatigue regarding human performance. Some studies
reported that fatigue is related to deterioration in psychomotor abilities and attention
(Killgore et al., 2009; Tucker et al., 2010). Deterioration in visual performance due to
the decrease in attention and visual perception was also shown as consequence of
fatigue (Quant, 1992). Visual neglects in central and peripheral stimuli combined with
decreased sensitivity to peripheral environment changes were also found to be the
consequences of fatigue (Rogé et al., 2003). In addition, Jackson and collegues (2011)
reported deficiencies in divided attention when participants were asked to respond
visual and auditory stimuli. Participants committed significantly more omission and
commission errors when they were sleep deprived.

Additionally, impairments in cognitive abilities have been observed by fatigue
researchers. For example, fatigue due to excessive wakefulness resulted in poor
working memory performance for auditory (Tyagi et al., 2009) and visual stimuli
(Smith et al., 2002). Moreover, deficiencies in problem solving abilities (Linde &
Bergstrome, 1992), reasoning and processing abilities (Neri et al., 1992), and
processing speed (Zuckerman et al., 2007) were reported consequences of fatigue due
to sleep deprivation. Pilots are expected to monitor the automation systems and
environmental changes consistently. They gather information from the aircraft

systems, environment and other personnel. They are expected to perceive the
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information, process it and decide appropriate action. Also, they are expected to
modify the actions or systems when necessary to ensure safe flight operations. When
there is a deterioration in visual perception, processing and reasoning abilities, and
problem-solving abilities, the unsafe acts of the pilots can be inevitable. For example,
impairments in attention and visual performance might make pilots vulnerable to
perceptual errors. Similarly, impairments in psychomotor abilities might be related to
committing more skill-based errors.

Deterioration in reasoning and problem-solving abilities can also be directly
related to the decision errors. Indeed, research conducted with a larger pilot sample in
a different flight operation supported these ideas. Yen and collegues (2009) conducted
research with 1893 pilots operating oceanic, regional or short-haul flights. They
reported that pilots reported significant increase in headaches, eye irritation,
shortening of the visual field, backaches, yawning, loss of interest and motivation,
depressive state, irritability, drowsiness, aggressiveness, neck pain, difficulty in
evaluating time, impatience, and decrease in verbal communication as the symptoms
of physical fatigue after the flight. They also reported significant increase in desire to
get rid of duties, lack of anticipation, lack of well-known actions and reflexes,
difficulty in decision making, slow actions and movements, tendency to delay decision
making, slow understanding, bad coordination of actions and movements, and
difficulties in oral and written expressions as the symptoms of mental fatigue after the
flight. As a result, they showed a significant increase in errors and little mistakes such
as calculation or interpretation. Besides, pilots can be vulnerable to the feeling of
reaching their destination as soon as possible when they are fatigued. Thus, they might
commit more violations. Thinking of these possibilities, fatigue can become a vital
factor in error management.

Although fatigue has predominantly been studied in the context of sleep
deprivation, some researchers have highlighted its multidimensional nature (Arnedt et
al., 2001; Avers & Johnson, 2011). Fatigue is considered a complex state that
encompasses psychological, physiological, and emotional components. Physiological
symptoms of fatigue have been linked to a range of indicators such as reduced reaction
time, heavy eyelids, headaches, frequent yawning, lack of energy, and bodily aches.
Mental fatigue, on the other hand, is characterized by difficulties in concentration,

attentional lapses, challenges in thinking and decision-making, and communication
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problems. Furthermore, emotional fatigue has been associated with irritability towards
friends, colleagues, and family, heightened emotional sensitivity, and a lack of
motivation (Avers & Johnson, 2011). Despite the recognition of fatigue's
multidimensional nature, there is limited research exploring the relationship between
multidimensional fatigue and unsafe acts committed by pilots.

Regardless of its dimensions, fatigue is a significant yet often overlooked issue
in the aviation industry (MacDonald, 2012) and should be recognized as a critical
contributor to adverse events. Effective countermeasures must be implemented to
prevent its harmful consequences. Several strategies have been adopted by airlines to
address the risks associated with fatigue at both the individual and organizational
levels. At the individual level, countermeasures such as cockpit napping, bunk sleep,
activity breaks, and increased cockpit lighting, particularly during nighttime
operations, have been proposed to alleviate fatigue during flight (Caldwell et al., 2009;
Olaganathan et al., 2021; Petrie et al., 2004). These interventions aim to mitigate the
symptoms of fatigue among pilots. At the organizational level, civil aviation
authorities like the FAA and EASA enforce stringent regulations concerning duty and
rest times, as well as scheduling practices. Additionally, these authorities have
recommended that airline companies implement Fatigue Risk Management Systems
(FRMS) to monitor and manage fatigue-related risks on an ongoing basis (Caldwell et
al., 2009; Olaganathan et al., 2021).

To effectively address fatigue-related symptoms, beyond regulations, pilots
must be aware of these symptoms in themselves and their colleagues in the cockpit.
They should also engage in assertive communication regarding these symptoms, both
with one another and with management, to mitigate the risk of adverse events
associated with fatigue. For instance, when a pilot experiences fatigue and requires in-
flight rest, they should communicate this to their fellow pilot, allowing for adjustments
in workload to create time for cockpit napping or bunk sleep. This is where effective
CRM serves as a crucial countermeasure to fatigue. Furthermore, when one pilot
reports fatigue, the other pilot can increase monitoring of both the fatigued pilot and
the automation system, as well as the changing environment. This enhances attention
and situational awareness when necessary. To achieve this, effective CRM practices

must be ensured and maintained.
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Although little has known about the exact relationship between CRM and
fatigue, fatigue management combined with workload management is an important
part of effective CRM (Cetingc, 2016, pp. 410). Effective CRM can play a vital role
in reducing and managing unsafe acts resulting from fatigue in flight operations. By
applying effective CRM, managing workload, encouraging teamwork and
communication and cooperation in the cockpit can decrease fatigue-related symptoms.

The reduction of fatigue-related symptoms is closely linked to a positive
organizational safety climate, which is exemplified through effective CRM practices.
Pilots are expected to report being "unfit to fly" prior to initiating flight operations if
they experience fatigue. In organizations with a positive safety climate, pilots are more
likely to feel empowered to disclose their unfitness without fear of sanctions or
repercussions. Such a climate fosters trust and promotes open communication
regarding fatigue-related issues. However, research has shown that many pilots are
reluctant to report fatigue, even though they acknowledge that fatigue has contributed
directly to errors during flight operations (Jackson & Earl, 2006; Reis et al., 2013).
This reluctance to report can amplify the effects of fatigue, especially when combined
with in-flight fatigue, leading to severe or catastrophic consequences. Addressing this
hesitation is vital for mitigating the risks associated with fatigue in aviation,
highlighting the importance of cultivating a positive safety climate within
organizations.

Apart from the fatigue at the individual level and organizational safety climate
at the organizational level stated above, one surprising factor has emerged in the recent
aviation accident investigation as a contributor factor which is the pernicious
personality traits (Ma et al., 2023). Ma and colleagues reported that pernicious
personality traits were the causal factors of 22% of the general aviation accidents. This
result can be considered surprising for aviation, since airlines incorporate personality
assessments as a part of their pilot recruitment processes. Consequently, pilots tend to
exhibit similarities in personality traits and differ from the general population in
certain characteristics. The findings of Ma and colleagues, which identified pernicious
personality traits as factors contributing to aviation accidents, underscore the
importance of investigating the relationship between personality traits and pilots'

unsafe behaviors.
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1.5. Personality

Personality research has, over the years, focused on exploring distinctive
patterns of behavior within specific contexts and situations. Despite extensive study,
researchers have not reached a consensus on a precise definition of personality (Pervin,
2002). However, various scholars have proposed a shared understanding of the
concept. It is commonly acknowledged that personality contributes to the stable and
unique patterns of thoughts, emotions, and behaviors exhibited by an individual
(Pervin, 2002). Broadly, personality can be defined as the complex set of
psychological attributes that influence an individual's characteristic behavioral
patterns across different situations and over time (Gerrig, 2013).

Different psychologists have developed different theories and taxonomies
regarding personality such as psychodynamic theories, humanistic theories, social-
learning and cognitive theories and trait personality theories (Gerrig, 2013). Among
these theories, the most influential and commonly used taxonomy is the Big Five or
Five Factor Model of the personality (Sleep et al., 2021). Five Factor Model (FFM) of
personality proposed five aspects of personality that individuals vary on (McCrae,
2010; McCrae & Costa, 2008; McCrae & John, 1992). However, FFM did not
categorize individuals into certain types, indeed, it identifies the tendencies of
individuals to behave in a particular way (McCrae, 2010; McCrae & Costa, 2008).

FFM has proposed that individuals differed on five traits namely extraversion,
agreeableness, neuroticism, conscientiousness, and openness to experience which are
stable across cultures (McCrag, 2010; McCrae & Costa, 2008; McCrae & John, 1992;
Rolland, 2002). Extraversion reflects individuals’ relationship with their social
environment. Individuals who score high on extraversion dimension are seen as social,
talkative, cheerful, enthusiastic, warm, excitement-seeking, fun-loving, loving,
enterprising and energetic (McCrae & Costa, 2008; McCrae & John, 1992; Pervin,
2002; Rolland, 2002). Besides, extravert individuals are more likely to be leaders in
the groups (McCrae & Costa, 2008). Whereas extraversion is mainly related to the
individuals themselves, agreeableness is related to the relationship styles formed with
other individuals (Rolland, 2002). Agreeableness consists of sympathy, thrust,
cooperation and altruism (McCrae & John, 1992). Individuals who score high on this
dimension are gentle to others, well-mannered, reliable, helpful and forgiving (McCrae
& Costa, 2008; McCrae & John, 1992; Rolland, 2002). Contrary to extraversion and
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agreeableness, neuroticism reflects intense emotional instability (Rolland, 2002).
Main features of neuroticism are characterized by anxiety, depression, anger, and
hostility. Individuals who score high on neuroticism struggle with negative emotions,
irrational thoughts, difficulty in communication and forming health relationships with
others, and difficulty in managing stressful situations (McCrae & Costa, 2008; McCrae
& John, 1992; Pervin, 2002; Rolland, 2002). Conscientiousness, on the other hand, is
related to the self-discipline and self-control (Rolland, 2002). Individuals with high
levels of conscientiousness strive for success, pursuing perfectionism in their work and
have a high level of self-discipline to achieve their goals. At the same time, they think
carefully and plan to act. Individuals high on conscientiousness are described as
reliable, organized, hard-working, determined and ambitious (McCrae & Costa, 2008;
McCrae & John, 1992; Pervin, 2002; Rolland, 2002). Lastly, openness to experience
is characterized by freedom, intellectual creativity, curiosity, and behavioral
flexibility. Individuals who score high on this dimension are enjoy from creativity and
diversity in experiences and open to new and original ideas (McCrae & Costa, 2008;
McCrae & John, 1992; Pervin, 2002; Rolland, 2002).

While McCrae and Costa (1997, 2008) argued that the five basic dimensions
of personality are consistent across cultures, the interpretation of these dimensions
may differ depending on the cultural context. A comprehensive study on the
universality of the Five-Factor Model (FFM) has shown that the core dimensions are
largely stable across 50 cultures, though certain dimensions are influenced by
culturally specific interpretations (McCrae & Terracciano, 2005). Notably, an
additional dimension, named negative valance, has been identified within the Turkish
cultural context (Gengoz & Onciil, 2012). This negative valance factor encompasses
self-attributions such as being ill-mannered, pretentious, greedy, hidebound,
backstabbing, and rude.

Through the years, the dimensions of FFM have been used to predict behaviors
of individuals in different contexts such as traffic and aviation (e.g. Bing et al., 2007;
Ebrahim et al., 2022; Mallia et al., 2015; Stimer, 2003; Stimer & Ozkan, 2002; Winter
et al., 2021; Wu & Lebreton, 2011). Numerous studies have been dedicated to
examining the relationship between personality traits and unsafe acts in the traffic
context with different samples. Different researchers adopted different approaches to

study this relationship. Some of them focused on the symptoms of the FFM dimensions
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such as anger, hostility, and sensation-seeking, and some of them focused on the
dimensions as whole. Researches showed that driver anger and hostility, symptoms of
neuroticism, were positively associated with violations, errors and lapses (Dahlen &
White, 2006; King & Parker, 2008; Lucidi et al., 2019; Tanglai et al., 2022). Similarly,
emotional stability which is also a symptom of neuroticism was negatively associated
with risky driving and unsafe acts of the drivers (Dahlen & White, 2006). Besides,
negative affectivity and hostility was found to be related to the violations and lapses
(Beanland et al., 2014). The bus driver sample in Italy also yielded similar results. It
was reported that bus drivers with hostile tendencies reported more violations and
errors whereas bus drivers with high anxiety reported more lapses (Mallia et al., 2015).
Among Turkish and Greek drivers, driver aggression was positively associated with
unsafe acts of the drivers (Sumer, 2003) as well as the sensation-seeking tendencies
which is the commonly studied openness-to-experience symptom of personality
(Constantinou et al., 2011; Sumer, 2003).

Research focusing on the dimensions as a whole also showed the association
between FFM factors and unsafe acts in different samples. For example, neuroticism
was positively associated with aberrant driving behaviors such as exceeding speed
limit, abnormal stay, driving overtime, and hard deceleration and acceleration among
Taiwanese truck drivers. Also, agreeableness, conscientiousness and openness-to-
experience was positively associated with driving overtime (Wei et al., 2021).
Similarly, a large-sample study comparing drivers from China, Japan, and Vietnam
showed that agreeableness was negatively associated with errors, lapses and violations
(Hussain et al., 2020). However, other dimensions showed different results in different
countries. For example, conscientiousness yielded negative correlations with slips,
errors and violations among Japanese and Vietnamese drivers, yet it showed positive
associations among Chinese drivers. Also, neuroticism was negatively associated with
slips and violations among Chinese drivers yet positively associated with Japanese
drivers (Hussain et al., 2020). Among the Australian and Italian drivers, neuroticism,
extraversion and openness-to-experience were positively associated with aberrant
driver behaviors whereas agreeableness and conscientiousness were negatively
associated with them (Tinella et al., 2022).

In addition, studies on FFM factors conducted with Turkish drivers reported

that conscientiousness, extraversion and agreeableness were negatively associated

31



with errors, lapses and ordinary violations of drivers whereas neuroticism and negative
valance was positively associated with errors, lapses and violations (Findik et al.,
2024). Similarly, extraversion, conscientiousness, agreeableness and openness-to-
experience were found to be positively associated with errors while they were
negatively associated with violations. Neuroticism and negative valance were
negatively associated with errors and positively associated with violations (Yilmaz
Demirok, 2023) implying that drivers with high levels of neuroticism and negative
valance reported to commit less errors and more violations than drivers with low levels
of neuroticism and negative valance.

Although the results from the example studies stated above showed the
associations between personality traits and unsafe acts of drivers, the power of the
associations showed smaller coefficients. Therefore, it can be inferred that personality
traits can be the indirect predictors of unsafe acts rather than the direct prediction.
Personality research in the aviation context had mainly different focuses. Thus, the

following section will present the personality research findings in the literature.

1.5.1. Personality Research in Aviation

Personality research within the aviation context has primarily focused on
identifying the personality profiles of pilots to ensure the selection of individuals best
suited for the profession. Studies on fighter pilots have indicated that they tend to
exhibit high levels of extraversion and emotional stability. Neuroticism, in contrast,
has been negatively associated with pilot performance due to the inherently stressful
nature of flight operations (Boyd et al., 2005; Callister et al., 1999; Chappelle et al.,
2010; Furnham, 1992). Callister and colleagues (1999) further argued that individuals
displaying high levels of anxiety, hostility, and impulsivity were unsuitable for piloting
aircraft, particularly fighter jets. Moreover, military fighter pilots were reported to
score higher on extraversion compared to the general population. However, more
recent findings challenge these earlier conclusions. For example, Carretta and
colleagues (2016) found that fighter pilots scored lower on extraversion and
neuroticism but higher on thrill-seeking and adventure-seeking tendencies compared
to the general population. Similarly, Glicksohn and Naor-Ziv (2016) reported
analogous findings, and a study of Chinese fighter pilots demonstrated lower

neuroticism and higher extraversion among this cohort (Chang et al., 2018).
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Furthermore, Carretta et al. (2016) noted that military pilots exhibited higher
levels of conscientiousness and lower levels of agreeableness relative to the general
population. It has been suggested, however, that the personality traits conducive to
success in military aviation may not align with the demands of commercial aviation
(Musson et al., 2004). Fighter pilots typically operate solo, and their personality
profiles are tailored for single-pilot flight operations. Yet, when transitioning to
multicrew cockpit environments as captains, traits beneficial in solo operations might
become detrimental in a collaborative setting (Musson et al., 2004). Therefore, it is
critical to analyze pilots' personality traits within the appropriate operational context
to ensure alignment with the specific demands of their roles.

In the context of commercial aviation, recent research examining actively
flying airline pilots revealed distinct personality profiles compared to the general
population. Pilots scored significantly lower on neuroticism, extraversion, and
openness to experience while scoring significantly higher on agreeableness and
conscientiousness (Mesarosova et al., 2019). Although Mesarosova and colleagues
identified unique personality traits for a sample of UK airline pilots, their findings
differed from previous studies in certain dimensions. For instance, Fitzgibbons et al.
(2004) reported that commercial pilots in the United States scored lower on
neuroticism and openness to experience and higher on conscientiousness, consistent
with Mesarosova et al. However, U.S. pilots exhibited higher extraversion and lower
agreeableness compared to the UK sample. A comprehensive review by Chaparro et
al. (2020) synthesized findings from various studies in different aviation contexts. The
review indicated that commercial airline pilots generally scored lower on neuroticism
and higher on conscientiousness compared to the general population. Regarding
extraversion, 75% of the reviewed studies found higher scores among pilots, while
25% reported lower scores. For agreeableness, half of the studies indicated lower
scores for commercial pilots, while the other half reported higher scores. Similarly, for
openness to experience, 50% of the studies found lower scores among pilots, while the
remaining studies observed scores comparable to the general population. These
findings highlight variability in personality profiles across different studies and
contexts.

Although the influential research on personality profiles among pilots, there

has been no consensus regarding the distinct personality profiles among pilots except
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for neuroticism and conscientiousness. Also, little was known regarding the
relationship between personality traits and unsafe acts in the aviation context.
Considering the results from driving context, personality traits might be used to predict
unsafe acts of the pilots. Yet, this prediction might not be direct since the predictor
power of the personality traits was low for unsafe acts in the driving context. Besides,
variability in personality traits among drivers is probably higher than among pilot
sample because personality assessments are the important for pilot selection processes
(Martinussen & Hunter, 2018). This means that actively flying pilots share some level
of personality traits such as low levels of neuroticism, high levels of extraversion, and
high levels of conscientiousness (Martinussen & Hunter, 2018). As a result, the
variability of scores in personality traits will be lower than the driver samples although
there might be variability at a certain level. Since this could be an issue, the predictive
power of personality traits on unsafe acts might be lower than the driver samples. For
this reason, personality traits of pilots might not be the direct predictors of errors and
violations committed during flight operations, but they might indirectly predict unsafe
acts by moderating the relationship between CRM and unsafe acts.

Effective CRM plays a crucial role in mitigating unsafe acts, and personality
traits related to interpersonal relationships may significantly influence CRM
effectiveness. For instance, a study by Davis et al. (2005) demonstrated that
agreeableness was negatively associated with the assertiveness and communication
dimensions of CRM skills, indicating that pilots with higher levels of agreeableness
and conscientiousness exhibited lower assertiveness and communication abilities.
Furthermore, the study reported a positive association between openness to experience
and situation awareness, suggesting that pilots scoring higher on openness
demonstrated better situational awareness. It is important to note, however, that the
reported associations were characterized by small effect sizes, highlighting the limited
direct predictive power of personality traits on CRM competencies (Davis et al., 2005).

Consequently, rather than serving as direct predictors of CRM competencies or
unsafe acts, personality traits may be more effectively utilized as moderating variables
in the relationship between CRM competencies and unsafe acts. This approach could
provide a more detailed understanding of the relationship between personality and

CRM performance.
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Apart from the CRM, fatigue and personality at the individual level stated above,
aviation accident investigation analyses have shown that safety climate was a
contributor factor for pilots’ unsafe acts (Lenné et al., 2008; Ma et al., 2023; Shappell
etal., 2007; Wiegmann & Shappell, 2001). Although the contribution reported in these
studies were small, a positive safety climate might play an important role in CRM
training programs to increase the safety participation of pilots and prevent fatigue
symptoms by planning flight operations. CRM training programs might help
organizations to create shared perceptions on safety prioritization and increase safety
behaviors in flight operations implying the positive safety climate in the organizations.
Similarly, a positive safety climate might help organizations to appropriately plan
flight operation schedules to prevent pilots’ fatigue before-flight and encourage them
applying effective CRM to prevent in-flight fatigue. Therefore, although the individual
contribution of safety climate in aviation accident analyses was small, a positive safety
climate might help organizations to mitigate the result of other contributors to prevent
unsafe acts. Consequently, examining the possible relationship between safety climate
and unsafe acts as well as other contributors of unsafe acts such as CRM competencies
and fatigue symptoms can be important to reveal the role of safety climate in unsafe

acts occurrence.

1.6. The Aim of the Present Study

In light of existing literature, the present study focuses on gaining a deeper
understanding of the relationship between Crew Resource Management (CRM) and
unsafe acts among commercial airline pilots. Study 1 aims to revise the APilotBI-R
through behavioral interviews and develop a self-report CRM competency scale to
assess the CRM skills of commercial pilots. The main study, on the other hand, seeks
to identify the predictors of unsafe acts, explore the mediating roles of organizational
safety climate and fatigue symptoms, and examine how personality traits moderate the
relationship between CRM competencies and unsafe acts.
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CHAPTER 2

STUDY 1: REVISION OF AIRLINE PILOT BEHAVIOR INVENTORY AND
DEVELOPMENT OF THE CRM COMPETENCY SCALE

2.1. Introduction

The unsafe acts of pilots are the direct causes of aviation accidents (Shappell
& Wiegmann, 2000; Wiegmann & Shappell, 2001). Extensive analyses of aviation
accidents have been conducted to examine the prevalence of unsafe acts contributing
to these incidents. Findings indicate that approximately 57% of accidents were
attributed to skill-based errors, 37% to decision errors, 7% to perceptual errors, and
23% to routine violations (Kelly & Efthymiou, 2019; Lenné et al., 2008; Ma et al.,
2023; Shappell et al.,, 2007, Wiegmann & Shappell, 2001). While accident
investigation analyses have offered valuable insights into the frequency of unsafe acts
contributing to accidents, accurately measuring pilots' unsafe acts poses significant
challenges for researchers. The frequency of these acts can be assessed through various
methodologies, each with its own set of advantages and limitations.

Various methods are employed to measure pilots' unsafe acts, each with distinct
advantages and limitations. Accident investigation analyses provide insights into the
types and frequency of unsafe acts contributing to aviation accidents. However, their
scope is limited by the rarity of accidents and the multifaceted contributors involved
in such incidents (Martinussen & Hunter, 2018). Natural observations allow for
capturing a wider range of unsafe acts that may not result in accidents. These
observations are commonly used by organizations to evaluate pilots' performance but
are often confidential and limited to authorized personnel. Observer reliability and the
potential influence of observation on pilot behavior also pose challenges, requiring
rigorous observer training, which can be costly. Alternatively, video recordings may
improve reliability but introduce additional resource demands (Mavin & Roth, 2014;
Caponecchia et al., 2014).
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Flight simulators offer another method, enabling controlled assessments of
unsafe acts through tailored scenarios. However, high-fidelity simulators, typically
accessible only to airline companies due to their expense, limit widespread use. While
low-fidelity simulators are an option, they raise concerns about reliability and
generalizability (Martinussen & Hunter, 2018). Self-report measures, such as the
Airline Pilot Behavior Inventory (APilotBl), present a low-cost and scalable method
for assessing unsafe acts. This tool, developed by Serin (2016) based on theoretical
frameworks and subject matter expertise, includes 46 examples of unsafe acts.
However, theoretical development necessitates further revision through pilot
interviews. While self-reports are vulnerable to socially desirable responding, ensuring
anonymity can mitigate this issue (Lajunen & Summala, 2003; Yilmaz et al., 2022).
Therefore, revising APilotBlI is one of the aims of study 1.

Assessing the frequency of unsafe acts is critical not only for preventing their
recurrence but also for understanding the underlying contributors in commercial
aviation. To address this issue, airline companies have implemented Crew Resource
Management (CRM) training programs designed to equip pilots with the skills to
effectively utilize all available resources. CRM plays a central role in managing errors
and ensuring flight safety within the airline industry. The recognition of human factors
as significant contributors to aviation accidents has elevated the importance of CRM
over the years. Consequently, airlines have increasingly developed and implemented
CRM training programs aimed at enhancing crew members' non-technical skills,
including communication, collaboration, team performance, situational awareness,
decision-making, workload and fatigue management, and stress management.
Following 2001, aviation authorities mandated CRM training programs for pilots
involved in passenger-carrying operations (Cetingic, 2016).

After the first initiation, the effectiveness of the CRM training programs
became into question since effective CRM applications in the cockpit came from the
effective learning and turning learning into behaviors. Different researchers developed
different measures of CRM focusing different aspect of it such as attitudes and
behaviors (Flin & Martin, 2001; Helmreich, et. al., 1990; Helmreich & Wilhelm, 1991,
O’Connor et al., 2002). To assess attitudes, Cockpit Management Attitudes
Questionnaire was commonly used (Gregorich et al., 1990). Attitude studies mainly
showed positive attitudes toward CRM (Bennett, 2019; Boedigheimer, 2010; Brown
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& Rantz, 2010; Helmreich, et. al.,1990; Helmreich & Wilhelm, 1991). Contrary to
attitudes studies, behavior studies lacked guantity and consensus. A study conducted
by Thomas (2004) reported that higher levels of cooperation, assertiveness, situation
awareness, vigilance and contingency planning was associated with higher numbers
of errors managed. However, Serin (2016) did not found significant association
between unsafe acts and CRM behaviors.

To evaluate CRM behaviors, behavioral marker systems such as the Line/LOS
Checklists (Helmreich et al., 1997) and the NONTECHS behavioral marker system
(Flin et al., 2003) have been developed. These markers are designed primarily for
organizational use, requiring trained observers to assess pilots’ behaviors during line
operations. While these tools offer a comprehensive approach to assessing CRM
behaviors, their reliance on specialized training and direct cockpit observations makes
them challenging for researchers without authorization to access the cockpit. This
limitation highlights the need for accessible and easy-to-use CRM measurement tools
for research purposes. Moreover, CRM training programs aim to enhance pilots’ CRM
skills and foster the application of these skills in operational contexts. Translating
acquired skills into practical behaviors requires pilots to feel competent in applying
these skills (MacLeod, 2021). Contemporary CRM training programs incorporate
competency-based training approaches to facilitate the integration of learned skills into
professional behaviors (Basdemir, 2020; MacLeod, 2021). Consequently, an effective
CRM measurement tool should encompass both skills and behaviors, providing a
comprehensive assessment of pilots” competencies.

In the light of the existing literature, study 1 aims to explore the CRM
competencies of commercial airline pilots in Tlrkiye and develop a self-report easy-

to-use CRM competency measure.

2.2. Method
2.2.1. Participants

Twelve male commercial airline pilots participated in the semi-structured
interviews. The age range of the participants was between 30 and 54 (M= 40.333, SD=
8.326). Five of them were First Officers (F/O) and seven of them were Captain Pilots
(CP). Four of them were also working as CRM instructors in their companies. The
mean of the total flight hours in the commercial airlines was 6425 hours (SD=

3616.911).
38



2.2.2. Procedure

Ethical permission was obtained from Middle East Technical University Ethics
Committee (see Appendix A) for the interview study. Semi-structured interviews were
conducted with 12 commercial airline pilots with different experience levels. All
interviews were conducted online via Zoom or Microsoft Teams.

At the beginning of the interviews, all participants were given information
about the aim of the interviews and asked to give verbal consent about their voluntary
participation in the interviews (see Appendix B for Inform Consent). All participants
were informed that video recordings would be obtained during the interview for the
analysis process. Participants were assured that all the personal information would be

blurred in the videos to ensure anonymity.

2.2.3. Instruments

The interview form consisted of some demographic questions and questions
related to the CRM competencies and pilots’ unsafe acts in different situations (see
Appendix C). Demographic questions contained age, gender, their current position in
their job and the total flight hours in the commercial airlines.

Behavior questions were focused on errors and violations that pilots can
commit during the different phases of flight operations such as preparation, take-off,
cruise, landing and parking. Errors were defined as the failure of a behavior to achieve
the desired result. This may be due to memory or attention problems, or the behavior
performed to achieve the desired result is not appropriate for the desired result.
Violations were defined as knowingly and intentionally not applying rules or
procedures or applying them differently. Participants were asked to exemplify errors
and violations that they might commit as many as possible. The example questions for
errors and violations were “When you think about the behaviors a pilot exhibits during
flight to gain and maintain control of the aircraft, what errors can a pilot commit in
this process?”” and “When you think about what needs to be done when coming into
parking position after the flight and parking it, what violations can a pilot commit
during this process? The questions were flourished during the interviews based on the
behavior classification of human factors analysis and classification system namely
skill-based errors, decision errors, perceptual errors and violations (Shappell &
Wiegmann, 1997; Wiegmann & Shappell, 2001).
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CRM competency questions were focused on different situations that pilot
could face during the flight. Normal flight conditions, stressful situations, emergency
situations and fatigued situations that could affect the safety of the flight. To separate
stressful conditions and emergency situations, stressful situations were defined as the
situations when there was a problem during the flight that did not require immediate
action. Emergency situations, on the other hand, were defined as problematic
situations that required immediate action during the flight. The questions were
flourished during the interviews to capture core competency elements proposed by
European Union Aviation Safety Agency (EASA, 2023). Participants were asked to
exemplify the competencies that are needed to ensure flight safety in normal
conditions, stressful conditions, emergency conditions and when they were fatigued.
For example, they were asked “Which CRM competencies do you use in an
emergency?”, “Which CRM competencies do you use in the stressful situations?”” and
“Which CRM competencies do you use during the decision-making process in the
flight?”. Besides, all questions in the interview form were clarified to capture core
competencies proposed by EASA. Example clarification questions were “which
competencies do you need during manual flight?”, “which competencies do you need
communication with the crew, air traffic control (ATC) or other crews?” and “which
competencies do you need to achieve situation awareness?”. Participants were also
encouraged to comment on competencies that they need or use during the flight other

than the ones asked for.

2.3. Results
Each recording was transcribed verbatim to prepare the recording for content

analysis. Transcription was performed separately by the researcher.

2.3.2. Revision of APilotBI Items

In the transcription process, each unsafe act mentioned by participants was
meticulously documented, with every error and violation recorded item by item in a
Word document. These unsafe acts were formatted using infinitive verb forms and
first-person pronouns for consistency. Additionally, items from the original APilotBI
were incorporated into the list, resulting in a preliminary item pool of 138 unsafe act
items. To refine the item pool, items were reviewed by the author, identifying and

marking duplicates. For each set of duplicates, only one representative item was
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retained. Following this initial evaluation, the item pool was reduced to 72 unique
items. Of these, 40 items were found to be identical to those in the original APilotBI.

A second evaluation was conducted by a subject matter expert, who was a
captain pilot and a CRM instructor. This review focused on ensuring that the items
adhered to aviation-specific terminology and were consistent with safety regulations.
After this expert evaluation, the final item pool was refined to 68 items, ensuring
relevance and precision for further use.

Finally, the items were reviewed by six subject matter experts, all of whom
were actively flying pilots. Each expert was provided with definitions of the specified
error types and violations and was asked to assign each item to the most relevant
dimension (refer to Appendix D for the Expert Evaluation Form). The evaluations
revealed that 57 out of the 68 items were consistently assigned to the same dimensions,
demonstrating an 83% agreement among the experts. Of the remaining items, five
were assigned to the same dimensions by at least three experts, suggesting partial
consensus. However, no consensus was reached for six items, leading to their
exclusion from the inventory. As a result, the final version of the APilotBI-R
comprised 62 items under four theoretical dimensions of skill-based errors, decision

errors, perceptual errors, and violations.

2.3.1. Developing the item pool of CRM-CS

In the process of transcription, each competency mentioned by the participants
was recorded item by item in a Word document. Once transcription was completed,
all competencies stated by the participants were compiled into a preliminary item pool.
These competencies were rephrased using first-person pronouns and written in the
infinitive form to ensure consistency. The initial pool comprised 165 items. the item
pool, then, was reviewed by the author for identifying and highlighting duplicate
competencies. For each duplicate, only one instance was retained, resulting in 98
competencies after the first round of evaluation.

Next, a subject matter expert, a captain pilot and CRM instructor, conducted a
second evaluation. This review focused on theoretical alignment and the
appropriateness of the competencies within the framework of the European Union
Aviation Safety Agency (EASA) core competency framework. Following this
evaluation, 82 competencies were retained. Subsequently, the remaining items were

sent to six subject matter experts, all of whom were actively flying airline pilots. The
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experts were provided with definitions of each dimension in the EASA core
competency framework and asked to assign each item to its most relevant dimension
(see Appendix E for the Expert Evaluation Form). The results showed that 75 items
were consistently assigned to the same dimensions, indicating a 91% agreement rate
among the experts.

For the remaining seven items, at least three experts assigned them to the same
dimensions, but the lack of consensus among the other three experts suggested
potential issues with wording. To address this, the seven items were rephrased for
clarity. After re-wording, the subject matter experts confirmed the clarity of these
items. Consequently, all seven reworded items were retained on the scale. The final
version of the Crew Resource Management Competency Scale (CRM-CS) consisted
of 82 items under seven theoretical dimensions of application of knowledge,
procedures and regulations, communication and coordination, flight management
under automation and manual control, leadership and teamwork, situation awareness

and decision making, and workload management.

2.4. Discussion

In Study 1, the 62 items of APilotBI-R were grouped into 4 theoretical and
thematical dimensions: skill-based errors, decision errors, perceptual errors, and
violations. Skill-based errors consisted of behaviors related to the prioritizing of
attention, omission or commission of some items in the checklists, and rotely
application of highly practiced habitual behaviors. Decision errors were related to the
application of inappropriate plans and procedures. Perceptual errors were related to
the misunderstanding of the changes and information presented in the environment
and other crew members. Violations, on the contrary, were related to wishful
incompliance with procedures and regulations.

The 82 items of CRM-CS were grouped into 7 theoretic and thematic
dimensions: application of knowledge, procedures and regulations, communication
and coordination, flight management under automation and manual control,
leadership and teamwork, situation awareness and decision making, and workload
management. Application of knowledge, procedures and regulations were related to
the competencies for applying and following existing knowledge, procedures and
regulations. Communication dimension was related to the competencies for

interpersonal communication and coordination. Flight management under automation
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and manual control was related to the competencies for managing and monitoring the
deviations from the flight plan under automation and manual control. The leadership
and teamwork dimension were related to the competencies required for interpersonal
relationships between crew members. Situation awareness and decision-making
dimension was related to the competencies required for perception, comprehension
and management of environmental changes and usage of that knowledge in decision
making processes. Lastly, workload management was related to the competencies
required for maintaining effective work capacity by prioritizing and distributing the
available work.

Study 1 was a qualitative study aiming to provide bases for revision of
APilotBI-R and development of CRM-CS. This qualitative characteristic of Study 1
strengthens the basis of the questionnaires and improves the comprehensiveness of the
questionnaires. The interviewees in Study 1 were actively flying pilots with different
experience levels and position titles. This provided obtaining a variety of competencies
and behaviors during the interviews. Also, some of the interviewees were CRM
instructors, which strengthens the variety of obtained information. Semi-structured
interviews provided flexibility to obtain much information. When clarification was
needed, the questions were paraphrased and re-asked to the interviewees. For behavior
questions, interviewees were hesitant to provide classified information such as SOPs
which could be important to understand the standard operation functions. However,
they provided comprehensive behavioral examples which could strengthen the content
of APilotBI-R.

Additionally, a measure focusing on CRM competencies of commercial airline
pilots was developed. In line with this aim, semi-structured interviews were conducted
with 12 actively flying commercial airline pilots, which were transcripted and
analyzed in content to extract example CRM competencies. The final version of the
questionnaire included 82 items measuring CRM competencies (see Appendix | for
final items). Study 1 also aimed to revise APilotBI-R which measures unsafe acts of
commercial airline pilots. In line with this aim, behavior questions were included in
the semi-structured interviews. The final version of APilotBI-R included 62 behavioral
items (see Appendix J for final items).

To summarize, Study 1 provided valuable information to develop CRM-CS

and revise APilotBI-R. The qualitative approach in Study 1 enriched the content of
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CRM-CS and APilotBI-R. The attempt to develop CRM-CS and revise APilotBI-R is
believed to provide valuable information in literature. Future research will address the
theoretical and empirical predictors and outcomes of relationships by using CRM-CS
and APilotBI-R. It is believed that theoretical and empirical information obtained from
the usage of CRM-CS and APilotBI-R would positively contribute to flight safety and
aviation psychology literature. The following section will present the factor structures
of the newly developed CRM-CS and revised version of APilotBI-R, psychometric
properties of the questionnaires, and the relationships with other safety critical

variables.
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CHAPTER 3

MAIN STUDY: EXAMINING THE RELATIONSHIP BETWEEN CRM
COMPETENCIES, ORGANIZATIONAL SAFETY CLIMATE, INDIVIDUAL
VARIABLES AND UNSAFE ACTS OF THE PILOTS

3.1. Introduction

Aviation accident analyses have revealed that skill-based errors were found to
be the leading causes of these accidents followed by decision errors, violations and
perceptual errors. These analyses have also shown the contributor factors of unsafe
acts such as CRM failures, fatigue, pernicious personality traits and safety climate.
Realization of unsafe acts as direct causes of accidents, airline companies developed
CRM training programs to prevent unsafe acts and mitigate the consequences of
contributor factors (Gregorich et al., 1990; Helmreich et al., 1999; Helmreich &
Foushee, 2010).

CRM plays a pivotal role in preventing, trapping, and mitigating unsafe acts.
CRM training programs are designed to equip crew members with the skills necessary
for the effective application of CRM principles to manage unsafe acts before they
culminate in adverse events (Helmreich & Foushee, 2010). Consequently, effective
CRM serves as a critical countermeasure to mitigate unsafe acts, particularly those
occurring within the cockpit. Despite its importance, the literature offers limited
research on the relationship between CRM and the unsafe acts of commercial airline
pilots.

In examining this relationship, Thomas (2004) found that crew vigilance,
situational awareness, information sharing regarding plans and changes, and decision-
making skills were negatively correlated with the number of errors committed during
flights. Furthermore, these CRM skills were positively associated with the ability to
trap errors before adverse outcomes occurred. This suggests that CRM skills such as
situational awareness, vigilance, communication, coordination, and decision-making

are critical for preventing and mitigating unsafe acts during flight operations.
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However, Serin (2016) reported conflicting findings, indicating that safety operation
behaviors, behavioral manifestations of CRM, were not significantly associated with
self-reported unsafe acts. These divergent results highlight the need for further
research to explore the relationship between CRM and unsafe acts among commercial
airline pilots. Moreover, they suggest that additional factors may influence this
relationship, needing a more detailed examination into the relationship between CRM
and pilots’ unsafe acts.

A critical factor that might influence committing unsafe acts is aircrew fatigue
which is a crucial problem for current flight operations (Caldwell, 2012; Olaganathan
et al., 2021; Steptoe & Bostock, 2011). Flights are 7/24 non-stop operations around
the world. Aircrew spend several hours in the cockpit, operate in the night, change
time zones frequently, and get limited sleep in time and quality. Thus, this makes
aircrew vulnerable to fatigue. Studies showed that majority of the pilots experienced
severe fatigue symptoms and decrease in job performance due to fatigue (Caldwell,
2012; Jackson & Earl, 2006; Reis et al., 2013, 2016; Steptoe & Bostock, 2011). Thus,
it can be speculated that pilots might be vulnerable to committing unsafe acts due to
the important consequences of fatigue.

Numerous studies have shown the consequences of fatigue on human
performance. Fatigue has shown to be related to deterioration in psychomotor abilities
and divided attention (Killgore et al., 2009; Tucker et al., 2010), decrease in attention
and visual perceptions (Quant, 1992), and insensitivity to environmental changes
(Roge et al., 2003). Also, decrements in working memory performance (Tyagi et al.,
2009), problem solving abilities (Linde & Bergstrome, 1992), and processing speed
and abilities (Neri et al., 1992; Zuckerman et al., 2007) were well-stated in the
literature. When there is a deterioration in visual perception, processing and reasoning
abilities, and problem-solving abilities, the unsafe acts of the pilots can be inevitable.
For example, impairments in attention and visual performance might make pilots
vulnerable to perceptual errors. Similarly, impairments in psychomotor abilities might
be related to committing more frequent skill-based errors. Deterioration in reasoning
and problem-solving abilities can also be directly related to the decision errors.

Consequences of fatigue were also shown among pilots. Yen and colleagues
(2009) studied 1,893 pilots flying oceanic, regional, or short-haul routes. Their

findings revealed that pilots experienced notable physical fatigue symptoms after
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flights, including headaches, eye irritation, reduced visual field, back pain, yawning,
loss of interest and motivation, depressive moods, irritability, drowsiness,
aggressiveness, neck pain, difficulty perceiving time, impatience, and reduced verbal
communication. Mental fatigue symptoms were also reported, such as a heightened
desire to avoid duties, diminished anticipation, impaired reflexes, slower decision-
making and movements, delayed understanding, poor coordination, and challenges in
oral and written communication. These issues often led to more errors and minor
mistakes, such as miscalculations or misinterpretations. Additionally, fatigued pilots
showed a greater inclination toward "get-there-itis," prioritizing arrival over safety,
which increased the likelihood of rule violations. Considering these factors, fatigue
emerges as a critical element in managing errors effectively.

Airline companies have introduced various strategies to manage pilot fatigue,
including cockpit napping, using bunk beds for sleep, scheduling activity breaks, and
increasing cockpit lighting during night flights (Caldwell et al., 2009; Olaganathan et
al., 2021; Petrie et al., 2004). However, for these measures to be effective, pilots must
be able to recognize signs of fatigue in themselves and their colleagues. They should
also communicate these concerns openly and assertively, both within the cockpit and
with management. This is where effective CRM becomes essential. For instance, when
a pilot declares fatigue another other one can increase monitoring of the fatigued pilot,
automation systems, and the changing environment, enhancing attention and
situational awareness. Effective CRM ensures harmonious adaptations to sustain flight
safety. Consequently, effective CRM practices are crucial to mitigating the effects of
fatigue in the cockpit, which in turn can improve effective management of unsafe acts.

The last factor that might be important for committing unsafe acts is the
personality traits of the pilots. Several studies have shown the association between
personality traits and unsafe acts. Driver anger and hostility (Beanland et al., 2014,
Dahlen & White, 2006; King & Parker, 2008; Stmer, 2003; Tanglai et al., 2022),
emotional stability (Dahlen & White, 2006), and negative affectivity (Beanland et al.,
2014) were associated with unsafe acts of drivers. Additionally, anxiety levels (Mallia
et al., 2015) and sensation-seeking tendencies (Stimer, 2003; Stimer & Ozkan, 2002)
were found to be correlated with unsafe acts of drivers. Besides, agreeableness,
conscientiousness and openness-to-experience, i.e. dimensions of FFM, were

associated with aberrant driver behavior (Hussain et al., 2020; Tinella et al., 2022; Wei
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et al., 2021) and unsafe acts of drivers (Hussain et al., 2020). However, it is important
to note that the associations between personality traits and unsafe acts of drivers
reported above were relatively small.

In the aviation context, the role of personality traits differs from that in driving,
as personality assessments are a key component of the pilot recruitment process
(Martinussen & Hunter, 2018). Pilots were reported to have lower levels of
neuroticism and higher levels of conscientiousness than the general population
(Chaparro et al., 2020; Fitzgibbons et al., 2004; Mesarosova et al., 2019). However,
no consensus was reached on other dimensions of FFM. Also, little was known
regarding the relationship between personality traits and the unsafe acts of pilots. Thus,
there is a need for examination of the relationship between personality traits and unsafe
acts in the aviation context.

Considering the weak associations between personality traits and unsafe acts
of drivers, the associations between personality traits and unsafe acts of pilots might
be weaker due to the personality assessments during recruitment process. This might
create a restricted range in the variability of personality scores among pilot samples.
For this reason, examining the direct relationship between personality and unsafe acts
could be misleading. However, personality traits can be treated as moderators between
CRM and unsafe acts. Especially personality traits related to interpersonal dynamics
such as agreeableness, conscientiousness, neuroticism and extraversion can play a role
in regulating CRM and unsafe acts. For instance, a study by Davis et al. (2005) found
that agreeableness was negatively correlated with the assertiveness and
communication aspects of CRM, indicating that pilots with higher agreeableness and
conscientiousness exhibited lower assertiveness and communication skills.
Conversely, openness-to-experience was positively associated with situational
awareness, suggesting that pilots with higher openness demonstrated better situational
awareness. However, these associations were relatively weak, reflecting the limited
predictive power of personality traits as direct determinants of CRM competencies.

The last factor that might influence committing unsafe acts is organizational
safety climate. A positive organizational safety climate is characterized by a strong
commitment to safety, effective and open communication, prioritizing safety over
productivity, encouraging the reporting of safety concerns without fear of retaliation,

and providing resources to support safe operations (Zohar, 2010). Numerous studies
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have shown the relationship between positive safety climate and unsafe acts. A
positive safety climate was associated with less dangerous driving (Zohar, 2010), less
frequencies of self-reported errors and violations (Oz et al., 2010, 2013; Simsekoglu
& Nordfjern, 2015; Sullman et al., 2002) among professional drivers such as truck
drivers, bus drivers and tanker drivers. Also, the positive safety climate was associated
with high levels of safety participation, safety compliance and courtesy among pilot
samples (Fernandes et al., 2018; Lin, 2012; Maneechaeye & Potipiroon, 2022b; Xu et
al., 2022). Although studies among pilot samples address safety behaviors rather than
special attention to unsafe acts, they reported promising results. However, considering
the results from the professional driver samples, it is important to examine the
relationship between organizational safety climate and unsafe acts.

A strong safety climate can also be important for an effective CRM. The
elements of a strong organizational safety climate such as commitment to safety,
effective and open communication, and prioritizing safety over productivity are deeply
rooted in the principles of CRM. Organizations are responsible for promoting flight
safety by implementing and enforcing rules, regulations, and procedures, as well as
revising them when safety concerns arise. This responsibility is reflected in how crew
members apply CRM to maintain safety during operations. Therefore, it can be
speculated that positive evaluation on CRM can be related to the positive evaluations
on organizational safety climate, which in turn can be associated with committing
unsafe acts.

A strong safety climate in aviation organizations can also be important for
mitigating the symptoms of fatigue. Although aircrews’ flight, duty and rest times are
determined by aviation authorities such as FAA and EASA, fatigue is still a crucial
problem for committing unsafe acts (Caldwell, 2005, 2012; Caldwell et al., 2009;
Gawron, 2016). Since the regulations on rest times specify the minimum required rest
time, and commonly flight operation schedules are arranged based on these minimum
requirements, pilots are highly likely to have less time to get sufficient sleep (Caldwell,
2012; Caldwell et al., 2009). Thus, a positive organizational safety climate enables
organizations to identify pilots' rest needs, assess fatigue-related risks inherent in
operations, and implement systems to minimize fatigue symptoms which in turn can

mitigate the risk of committing unsafe acts and improve flight safety.
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In the light of the existing literature, therefore, the present study mainly aims
to examine the predictors of unsafe acts of commercial airline pilots and to explore
possible mediator role of organizational safety climate and fatigue symptoms in the
relationship between CRM competencies and unsafe acts. It is also aimed to explore
the possible moderator role of personality traits in this relationship. In order to test
these relationships, first the factor structures of the newly developed CRM-CS, and

the revised APilotBI-R were determined.

3.2. Method

3.2.1. Participants

A hundred and seventy-six commercial airline pilots participated in the present
study. Ten of them were female (5.7%) and a hundred and sixty-six of them (94.3%)
were male pilots. The age range of the participants was between 25 and 62 (M =40.56,
SD= 8.964). Among the participants, 91 of them (51.7%) were currently working as
Captain Pilots (CP) and 85 of them (48.3%) were working as First Officers (F/O). The
average of the total flight hours in commercial aviation was 6237.20 hours
(SD=5353.676). The average hours flown in the last month was 71.93 (SD=19.332).
Participants reported that they experienced an average of 0.19 incidents (SD=0.621) in
the last year (see Table 1). The mean stress level of the participants in the normal flight
conditions was 4.085 (SD= 1.935) over 11 (severely stressed).

3.2.2. Instruments

3.2.2.1. Demographic Information Form.

Demographic information form (see Appendix H) consisted of questions
regarding participants’ age, gender, current work position, total hours flown in
commercial aviation, the hours flown in the last month, the number of incidents they
experienced in the last three years, and the stress levels during the normal flight rated
on 11-point Likert-type scale (O=not stressed at all, 10=severely stressed).

3.2.2.2. Airline Pilot Behavior Inventory-Revised.

The original 46-item Airline Pilot Behavior Inventory was revised in the
present study (APilotBI-R). APilotBI-R consisted of 52 items measuring unsafe acts
of commercial airline pilots (see Appendix I). The scale showed a 4-factor structure,
named as skill-based failures, decision failures, memory failures, and procedural
incompliance. Skill-based failures consisted of 27 items. Decision failures consisted
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of 10 items. Memory failures consisted of 7 items, and procedural incompliance
consisted of 8 items. The Cronbach’s alpha reliability coefficient of the factors was
.90, .74, .70, and.70, respectively. The items of the inventory were rated on a 6-point
Likert-type scale (1=Never, 6=Always).

3.2.2.3. CRM Competency Scale.

CRM Competency Scale (CRM-CS) was developed in the current study (see
Appendix J). The scale consists of 49 competency items and three factors named Flight
Monitoring and Management (FMM), Fatigue and Work Management (FWM), and
Crew Communication and Coordination (CCC). FMM consisted of 21 items. FWM
consisted of 13 items, and CCC consisted of 15 items. Internal reliability coefficients
of the factors were .94, .87 and .91, respectively. The items were rated on a 5-point
Likert-type scale (1= Poor, 5= Very Good).

Table 1. Demographic information

Mean SD Minimum Maximum % N
Age 40.56 8.964 25 62
Total hours flown 6237.20 5353.676 127 24000
Monthly hours flown 71.93 19.332 20 100
Incident 0.19 0.621 0 4
Stress 4.085 1.935 0 8
Gender
Male 166 94.3
Female 10 5.7
Position
CP 91 51.7
F/O 85 48.3

3.2.2.4. Aviation Safety Climate Scale.

The Aviation Safety Climate Scale (ASCS) was developed by Evans, Glendon,
and Creed (2007). The original ASCS comprised 18 items that assessed perceptions of
the safety climate within a company (see Appendix K for the items). The original study
proposed a three-factor structure, with the first factor labeled Management
Commitment and Safety Communication, Safety Training, and Equipment and
Maintenance. The Management Commitment and Safety Communication factor
included 10 items. The Safety Training and Equipment and Maintenance factors each
consisted of 4 items. Participants were asked to respond to each item using a 5-point
Likert scale ranging from 1 "strongly disagree" to 5 "strongly agree.” Cronbach’s alpha
coefficients for internal reliability were .95 for management commitment and safety
communication, .89 for safety training and .87 for equipment maintenance in the

present study.
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3.2.2.5. Basic Personality Trait Inventory.

Basic Personality Trait Inventory (BPTI) was developed by Gengéz and Oncill
(2012) to measure personality traits of Turkish people (see Appendix L). The scale
consists of 45 adjectives that describe the person’s characteristics. It revealed 6
personality traits, namely extraversion, conscientiousness, agreeableness,
neuroticism, openness to experience and negative valance. The internal reliability
coefficients of the factors were .83, .80, .86, .83, .73, and .68 in the present study,
respectively. The items were rated on 5-point Likert-type scale ranging from 1 “this
characteristic does not represent me at all” and 5 “this characteristic represents me

very well.”

3.2.2.6. Multidimensional Fatigue Symptom Inventory- Short Form.

The short form of the Multidimensional Fatigue Symptom Inventory (MFSI-
SF) was originally developed to measure chronic fatigue symptoms of cancer patients
(Stein et al., 2004). The inventory consists of 30 items measuring fatigue symptoms
(see Appendix M). Since the inventory was developed to measure the
multidimensional nature of fatigue, MSFI-SF was used to measure the fatigue
symptoms of commercial airline pilots during the last month before participation. The
inventory yielded 5 factors originally, named general fatigue, physical fatigue,
emotional fatigue, mental fatigue, and vigor. Respondents were asked to rate their
symptoms during the last month before participating in a 5-point Likert-type scale (0
= not at all; 4 = extremely). Cronbach’s alpha coefficients for internal reliability were
.90 for general fatigue, .88 for mental fatigue, .89 for physical fatigue, .89 for
emotional fatigue, and .89 for vigor in the present study.
3.2.3. Procedure

Data collection was conducted through an online platform. The questionnaire
package was uploaded on Qualtrics.com, and participants were recruited via personal
messages on LinkedIn. They were provided with detailed information regarding the
study's voluntary nature, objectives, and the procedures to be followed. Confidentiality

and anonymity of their responses were also assured.

3.3.  Results
A total of 185 commercial airline pilots participated in the study. However, 4

of them were excluded from the dataset since they did not complete the CRM-CS. The
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remaining 181 participants were subjected to the outlier analysis by calculating z-
scores based on the total amount of time they had flown in commercial aviation and
the amount of time they flown last month. Five of the remaining participants were also
excluded from the dataset since they were outliers based on the analysis. Further
analyses were conducted with the remaining 176 participants.

In the main study, explanatory factor analyses were conducted for revised
version of APilotBI-R and the newly developed CRM-CS and. Confirmatory factor
analysis was conducted for SOB, ASCS and MFSI-SF to ensure that their original
factor structures were suitable for the data. BPT1, on the other hand, used in the original
form since it was developed for measuring personality traits of Turkish people. You
can find the explanatory factor analyses and confirmatory factor analyses results
below. For further analyses, mean calculations were conducted for the factors of each

scale.

3.3.1. Factor Structure of APilotBI-R

Principal axis factoring (PAF) analysis was conducted to explore the factor
structure of the APilotBI-R. The Kaiser-Meyer-Olkin measure was .76, indicating that
the sampling was adequate. In addition, Bartlett’s test of sphericity was significant,
indicating that the items were factorable (y?=5282.473, df = 1891, p< .001). The
Eigenvalues of the 17 factors were greater than 1. However, the scree plot suggested
a 4-factor structure. Since the 4-factor structure produced meaningful and interpretable
solution, the final factor analysis was conducted by using 4-factor solution with
oblique rotation. The Promax rotation method was used in the analysis because most
of the factors had correlations higher than .50.

After the 4-factor solution for APilotBI-R, PAF analysis with Promax rotation
was performed by fixing the number of factors to 4. Factor loading coefficients under
.30 were suppressed to avoid cross-loadings and to achieve more compact patterns for
factors. As a result, the 4-factor solution explained 30.180 % of the total variance. The
contributions of the four factors to the explained variance were 19.165 %, 4.238 %,
3.713%, and 3.064%, respectively. A total of 53 items were loaded on one of the 4
factors (see Table 2). The remaining 9 items were excluded from the scale since they
had smaller coefficients than .30. The pattern matrix showed 4 of the items were cross

loaded across factors.
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The first factor had the initial eigenvalue of 11.883 consisting of 28 items. This
factor was mainly related to the poor technique of the pilots and inadvertent deviations
from the rules and regulations. Example items for this factor were “Fixing on external
factors and skipping routine monitoring”, “Climbing with wrong FPM” and
“Forgetting one or more items when completing checklists”. Thus, this factor was
named as skill-based failures. Skill-based failures initially consisted of 28 items, three
of which were cross-loaded on other factors. Amon these three items, two of them had
factor loadings on which the difference between them were exceeding .100. Thus,
these two items remained in the factor. However, one of the items had a difference of
less than .100 so it was excluded from the factor for further analysis. Skill-based
failures consisted of the remaining 27 items.

The second factor had the initial eigenvalue of 2.627 consisting of 10 items.
This factor is mainly related to the poor decisions made by pilots while controlling the
flight. The example items for this factor were “Forcing the plane to land rather than
diverting”, “Not using appropriate speed and thrust/N1 value during turbulence” and
“Completing checklists rotely”. Therefore, this factor was called decision failures.

The third factor had the initial eigenvalue of 2.302 consisting of 7 items. This
factor is mainly related to memory failures often associated with forgetting the
intentions. Example items of the factor were “While parking, activating another
application (e.g. nose wheel lock) instead of the parking brake”, “Forgetting to activate
the "parking-brake" when parking the plane” and “Forgetting to gear-up after takeoff”.
Therefore, this factor was named memory failures.

The last factor had the initial eigenvalue of 1.900 consisting of 8 items. This
factor was mainly related to the wishful deviations from the procedures. Thus, the
factor was named procedural incompliance. Example items for this factor were “Not
feeling the need to give a departure briefing for the flight route before takeoff”,
“Checking whether the NOTAMs/AIS/MET briefing documents are available on the
aircraft" and “"Unfastening the shoulder straps before reaching 10,000 feet”.

3.3.2. Factor Structure of CRM-CS

Principal component analysis (PCA) was conducted to explore factor structure
of the newly developed scale with 82 items. The Kaiser-Meyer-OIlkin measure was
916, indicating that the sampling was adequate. In addition, Bartlett’s test of
sphericity was significant, indicating that the items were factorable (y>=11319.047, df
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Table 2. The Factor Structure of APilotBI-R

Factors
Items SBF  DF MF Pl
1)Ugak otomasyon altindayken. monitoring yapmamak .802
2)Dis etkenlere fix olup rutin monitoringi atlamak 732
3)Baz1 SOP’lar1 uygulamay1 unutmak 701
4)Yanlis FPM ile algalmak .603
5)Buzlanma beklendiginde “Engine Anti-iceing” veya “wing anti ice” 601
sistemlerinin ¢alistirtlmadigini fark etmemek
6)Yanlis FPM ile tirmanmak .587
7)inis sirasinda. steril kokpit kurallarini atlamak 577
8)Yanlis taksi yolunu kullanmak YN
9)Checklistlerdeki maddelerin bazilarinin (6rnegin. flap ayarlari) dogru 574
ayarlarin1 okumak ancak ayarlari set etmeyi unutmak
10)Tlrbulans sirasinda ATC bilgilendirmesi yapmay1 unutmak .566
11)Checklistleri tamamlarken. bir ya da birden ¢ok maddeyi unutmak  .544
12)Bir ya da birden fazla checklisti atlamak .540
13)Kalkis i¢in piste gelirken dis 1siklarin agik olmadigini fark etmemek .521
14)Kalkis sirasinda. trafige odaklanip motor enstriimanlarini ve hiz Vo4 258
gostergelerini kontrol etmeyi unutmak
15)Ugus planini yanlig yorumlanmak 489
16)Hedef irtifaya 1000 feet kaldiginda call-out yapilmadigini sonradan 474
fark etmek
17)Hava Trafik Kontrolii’nden gelen degisiklik ya da izinleri yanlig 473
anlamak
18)Tamamlanan bir checklistten sonra tamamlandigini sozlii olarak dile 470
getirmemek (“complete” olarak belirtmemek)
19)Database’e fark etmeden yanlis ugus agirligi girmek 456 317
20) Gorerek sartlarda yaklasirken. ugagin kontroliinii gec ele almak 455
21)ATC izni olmadan siirat degisikligi yapmak 453
22)Kalkis sirasinda. steril kokpit kurallarini atlamak 447
23)Yakit alimi sirasinda yolcu alimina baglamak .393
24)D1s etkenler miisaade etse de optimum irtifadan algakta ugmak .384
25)Yanlis frekansa baglanmak .383
26)Harici kontrolleri (extraneous inspection) tamamlamay1 unutmak 333
27)Tasarruf amaciyla minimum yakitla ugmak 327
28) Divert etmek gerekirken ucagi inise zorlamak .660
29)Transition (TA) irtifas1 gegilince tiim ana ve yedek altimetreleri
29.92 inHg/1013.3 (hPa) olarak ayarlamak ancak capraz kontroliini .649
atlamak
30)Tirbiilanstayken uygun siirat ve thrust/N1 degeri kullanmamak .635
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Table 2. (continued)

31)inis sirasinda kuyruk riizgari limitlerini dikkate almayarak. ugag

inise zorlamak 616

32)Fark etmeden. ugulacak rota igin kalkis brifingi yapmamak 442
33)Checklistleri “ezbere” tamamlamak 386
34)Ugak stabil degilken yaklagmaya devam etmek 372

35)Goriis limitleri. yaklagsma limitlerinden diisiik olsa da yaklagsmaya

devam etmek 356

36)Kalkistan sonra. normal sartlarda. inis takimlarini kapatmay1 bir siire

ertelemek S

37)Kalkis sirasinda. dnden kalkan trafigin tiirbiilansin1 6nemsememek 338

38)Park sirasinda. park freni yerine baska bir uygulamay1 (6rnegin nose

wheel lock) ¢aligtirmak 174

39)Ugagi park ederken “parking-brake”i aktive etmeyi unutmak 759
40)Kalkistan sonra inis takimlarini1 kapatmay1 unutmak 673
41)inis sirasinda. inis takimlarini asag1 almay1 bir siireligine unutmak 433
42)Ugus Oncesi koltugu sabitlemeyi (ayarlamay1) unutmak 425
43)Fark etmeden yanlis flap agist set etmek .384

44)ATC tarafindan verilen irtifayr yanlis anlayarak yanlis irtifada b
ucmak '

45)NOTAM’lar/ AIS/ MET brifing dokiimanlarinin ugaktan mevcut

olup olmadigini kontrol etmek ~698
46)Ugus Oncesi. ugulacak rota icin kalkig brifingi yapmaya gerek

duymamak 584

47)Ucagin basina gelindiginde gerekli teknik kontrolleri eksiksiz yerine

getirmek -.315 -.566

48)Omuz baglarmi 10.000 feete ulasmadan ¢6zmek 397
49)Hedef irtifaya ulaginca diiz ugus brifingi yapmamak .355

50)0muz baglarmmi. 10.000 feet altina indikten sonra da bir siire

takmamak .325

51)Kalkis sirasinda. yanlighikla ugagin burnunu dik bir agiyla

kaldirarak. kuyrugun piste siirtmesine neden olmak 323

52)Sistemlerde yapilan degisiklikleri sesli olarak dile getirmemek 322

Eigenvalues 11.883 2.627 2.302 1.900

% of variance explained 19.165 4.238 3.713 3.064

Cronbach’s alpha 9 74 70 .72

Note. SBF= Skill-based failures, DF= Decision failures, MF= Memory Failures, Pl= Procedural
Incompliance
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= 3321, p < .000). The Eigenvalues of the 16 factors were greater than 1. However,
the scree plot suggested a 3-factor structure. Since the 3-factor structure produced
meaningful and interpretable solution, the final factor analysis was conducted by using
3-factor solution with oblique rotation. The oblique rotation method was used in the
analysis because most of the factors had correlations higher than .50.

After the 3-factor solution for newly developed competency scale, PCA
analysis with Direct Oblimin rotation was performed by fixing the number of factors
to 3. Factor loading coefficients under .40 were suppressed to avoid cross-loadings
and to achieve more compact patterns for factors. As a result, the 3-factor solution
explained 45.582 % of the total variance. The contributions of the three factors to the
explained variance were 40.065 %, 3.259 %, and 2.258%, respectively. A total of 49
items were loaded on one of the three factors (see Table 3). The remaining 33 items
were excluded from the scale since they had smaller coefficients than .40. The pattern
matrix showed no cross-loaded items across factors indicating a more compact factor
pattern.

The first factor had the initial eigenvalue of 33.373 consisting of 21 items. This
factor mainly consisted of monitoring and management competencies to ensure flight
safety. Thus, the factor was named flight monitoring and management. The monitoring
component was related to the competencies that are required for constant monitoring
of the environment and automation systems. Example items for flight monitoring were
“Keeping monitoring of the aircraft's altitude, speed and thrust values without skipping
while flying manually” and “Being ahead of the aircraft”. Moreover, the management
component of the factor was related to the competencies that required pilots for
effective management of the changing environment, threats and errors. Example items
for flight management were “Speaking out changes in automation systems in a timely
manner” and “Being able to detect errors that may be made during the flight in a timely
manner”.

The second factor had the initial eigenvalue of 3.205 consisting of 13 items.
This factor had mainly two components, namely fatigue and work management.
Fatigue management components were related to competencies that required pilots for
eliminating fatigue related problems for themselves and for others. Example items for
fatigue management were “Not hesitating to report “unfit” status when I am fatigued”

and “Creating appropriate conditions to enable a crew member to rest when fatigue
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Table 3. The Factor Structure of CRM-CS

Component
Items FMM  FWM CcC
1)Manuel ugarken. ugagimn irtifa. hiz ve thrust degerlerinin takibini
atlamadan yapmak 8%
2)Manuel ugusta. ugus planindan sapmalar1 zamaninda belirleyebilmek .894
3)Manuel ugusta. ucus planini optimum performans saglayacak sekilde 75
diizenleyebilmek
4)“Ucagm oniinde olmak” 729
5)Ucus sirasinda emniyetini etkileyebilecek normal olmayan durumlarda. 664
durumu dogru analiz edebilmek
6)Otomasyon sistemlerindeki degisiklikleri zamaninda tespit edebilmek .663

7)Manuel ugusta ugagi uygun yumusaklikta (smoothness) kullanabilmek .636
8)Ucus emniyetini etkileyebilecek normal olmayan durumlarda sakinligimi p
koruyabilmek

9) Otomasyon sistemlerindeki degisiklikleri zamaninda dile getirebilmek  .601

10)Ucus emniyetini etkileyebilecek normal olmayan durumlarda kendi

bilgime giivenerek sartlara en uygun karar1 verebilmek 75
11)Ugus Oncesi. ugusta olusabilecek ve ugus emniyetini olumsuz e,
etkileyebilecek normal olmayan durumlart dogru analiz edebilmek

12)Ugus siiresince yapilabilecek hatalar1 zamaninda tespit edebilmek .553
13)Overload olup muhakeme yetenegini kaybetmemek .548
14)Normal sartlarda maksimum seviyede durumsal farkindaliga sahip
olabilmek 528
15)Manuel ugus sirasinda dis etmenlerden gelen dikkat dagiticilar: etkili 53

bir sekilde yonetebilmek

16)Otomasyon seviyesi is yiikiinii artirdiginda manuel kontrole gegebilmek .521

17)Gorev siiresince yapilacak islemlerin 6nceligini belirleyebilmek 497
18)Ucus emniyetini etkileyebilecek normal olmayan durumlara énceden 401
hazirlikli olabilmek
19)Ugus sirasinda sistemlerdeki degisikligi zamaninda fark edebilmek 489
20)Normal ugus sartlarinda bile olusabilecek olumsuz kosullar igin tetikte
olabilmek 40
21)Ugus emniyetini etkileyebilecek normal olmayan durumlarda 435
prosediirlere giivenerek sartlara en uygun karar1 verebilmek
22)EKip Uyelerindeki yorgunluk durumunu tespit edebilmek .626
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Table 3. (continued)

23)Yorgun oldugumda olusabilecek hata yapma olasiligin1 engellemek 588

amaciyla ekip iiyelerinden beni daha fazla monitor etmelerini istemek

24)Yorgun oldugumda ekip iiyelerine bunu deklare edebilmek 578

25)Ekip tiyelerine davranislar ile ilgili etkili geribildirimler verebilmek 574
26)Yorgun oldugumda “unfit” durumunu rapor etmekten ¢ekinmemek .565

27)Ekip icerisindeki ¢atismalar etkili bir bicimde ¢dzebilmek 516

28)Ucus emniyetini etkileyebilecek normal olmayan durumlarda goérev 490
dagilimini stresi azaltacak sekilde diizenleyebilmek

29)EKip Uyelerindeki stres belirtilerini fark edebilmek 481

30)Ekip uyelerindeki yorgunluk durumunda. yorgun olan ekip Uyesini 458
normalden daha fazla monitor edebilmek

31)Ekip dyelerindeki yorgunluk durumunda. ekip dyesinin dikkatini 444
dagitmayacak ve ise odaklanmasini saglayacak uyaranlar verebilmek

32)Degisken is yiikiinii ekibe dengeli bir sekilde dagitabilmek 440
33)Assertive olmak 412

34)Karar verme siirecinde ekibin fikirlerine 6nem vermek .676
35)Kabin ekibini briefinglere dahil etmek .670
36)Karar verme siirecinde ekibi. fikirlerini séylemeye tesvik edebilmek .658
37)iletisimde ortak dili kullanmak .614
38)EKip icerisindeki koordinasyonu saglayabilmek .565
39)Ekip iiyeleriyle iletisimde kullandigim iisluba dikkat etmek 527
40)Ekip tiyeleriyle bilgi iletisimini zamaninda saglayabilmek 501
41)SOP’lara uygun davranmak 501
42)Var olan operasyon talimatlart hakkinda bilgi sahibi olmak 461
43)Ugustan Once. ugusa mental olarak hazirlanabilmek .420
44)Ekip tiyeleriyle dogru bilgi iletisimini saglayabilmek 414
45)Briefinglerde acil durum planlarint ekip iyeleriyle etkili bir sekilde 411
paylasabilmek

46)Ucgus emniyetini etkileyebilecek normal olmayan durumlarda ekip 403
arkadaslarimin bilgisine giivenerek sartlara en uygun karar1 verebilmek

47)Kendi durumsal farkindaligim ekip tiyeleri ile paylagabilmek 401
48)EKip ile acik iletisim halinde olabilmek 401
Eigenvalues 33,373 3,205 2,420
% of variance explained 40,699 3,908 2,952
Cronbach’s alpha .94 .87 91

Note. FMM= Flight monitoring and management, FWM= Fatigue and work management, CCC= Crew
communication and coordination
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occurs”. Work management component, on the other hand, related to competencies
that required pilots for effective management of crews’ work and communicating
about the work they had being performing. Example items for work management
component were “Being able to give effective feedback to crew members about their
behavior” and “Being able to distribute variable workload evenly across the crew
members”. Therefore, this factor was named as “fatigue and work management”.

The last factor had an initial eigenvalue of 2.420 consisting of 15 items. This
factor was mainly related to the competencies that were required for communicating
with crew members, crews’ decision-making processes and timing of effective crew
communication and coordination. Therefore, the factor was named crew
communication and coordination. Example items for this factor were “Giving
importance to the crew's opinions in the decision-making process”, “Being able to
effectively share emergency plans with crew members in briefings”, and “Being to

communicate accurate information with crew members”.

3.3.3. Bivariate Correlations between Study Variables

3.3.3.1. Bivariate Correlations between Demographics and Study Variables.
Age, total hours flown in commercial airlines, total hours flown in the last
month before participation, the number of incidents experienced in the last year and
stress level in a normal flight condition were used as a demographic variable. Factors
of CRM-CS, APilotBI-R, MFSI-SF, and ASCS were used as study variables.
Pearson correlation analysis showed that age was significantly and positively
correlated with flight monitoring and management (r= .21, p=.005), fatigue and work
management (r= .25, p= .001), crew communication and coordination (r= .22, p=
.003), vigor (r=.19, p= .010), conscientiousness (r= .20, p= .011) and openness-to-
experience (r= .20, p= .011). This indicates that pilots evaluated their CRM
competencies higher with age. Similarly, they reported feeling more vigorous with
age. On the contrary, age was negatively associated with negative valance (r=-.210,
p=.007) meaning that pilots evaluated themselves lower on negative valance with age.
Besides, total hours flown in commercial aviation were significantly and positively
associated with flight monitoring and management (r= .229, p= .002), fatigue and
work management (r= .27, p< .001), and crew communication and coordination (r=
.18, p=.016), and openness-to-experience (r= .227, p= .006) which indicated more
experienced pilots reported higher CRM competency and openness-to-experience
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levels than less experienced pilots Surprisingly, none of the associations achieved
significance with the flight hours in the last month before participation.

The number of incidents experienced in the last year was negatively related to
the management commitment and safety communication (r= -.165, p= .038), safety
training (r= -.193, p= .015), and equipment maintenance (r= -.203, p= .007). This
showed that pilots experiencing less incidents in the last year reported more positive
attitudes towards organizational safety climate. Experienced stress levels in normal
flight conditions were negatively associated with flight monitoring and management
(r= -.289, p< .001), fatigue and work management (r= -.181, p= .016), crew
communication and coordination (r= -.257, p= .001) and vigor (r= -.230, p= .003)
which indicated pilots who were more stressed in anormal flight conditions reported
poorer CRM competencies than less stressed colleagues. Similarly, pilots experiencing

more stress reported feeling less vigorous.

3.3.3.2. Bivariate Correlations between Study Variables.

Pearson correlation analysis was conducted to analyze relationships between
study variables. All of the factors of CRM-CS were negatively associated with the
factors of APilotBI-R. FMM was negatively associated with skill-based failures (r= -.
484, p<.001), decision failures (r= -.244, p= .001), memory failures (r= -.295, p<.
001), and procedural incompliance (r= -.251, p< .001). FWM was also negatively
correlated with skill-based failures (r=-. 464, p<.001), decision failures (r=-.331, p=.
001), memory failures (r=-.223, p=.003), and procedural incompliance (r=-.262, p<
.001). Similarly, CCC was negatively associated with skill-based failures (r= -.354,
p<. 01), decision failures (r=-.238, p=.002), memory failures (r=-.294, p<. 001), and
procedural incompliance (r=-.337, p<. 001). This indicated that pilots evaluating their
CRM competencies as good levels reported less frequent unsafe acts than pilots
evaluating their competencies poorer. In addition, FMM (r=.271, p<.001), FWM (r=
.207, p=.009) and CCC (r=.283, p< .001) was positively associated with management
commitment and safety communication factor of ASCS. FMM (r= .326, p< .001),
FWM (r=.275, p< .001) and CCC (r= .319, p< .001) was also positively associated
with safety training factor of ASCS. Moreover, FMM (r= .382, p< .001), FWM (r=
.261, p=.009) and CCC (r=.423, p< .001) was positively associated with equipment

maintenance factor of ASCS.
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Similarly, all of the factors of CRM-CS were negatively correlated with fatigue
factors except vigor. FMM was negatively associated with general fatigue (r= -.355,
p<. 001), physical fatigue (r=-.356, p<. 001), emotional fatigue (r= -.339, p<. 001),
mental fatigue (r=-.423, p<. 001), and positively associated with vigor (r=.430, p<.
001). FWM was negatively associated with general fatigue (r= -.332, p<. 001),
physical fatigue (r= -.304, p<. 001), emotional fatigue (r= -.376, p<. 001), mental
fatigue (r=-.377, p<. 001), and positively associated with vigor (r= .382, p<. 001).
CCC was also negatively associated with general fatigue (r=-.306, p<. 001), physical
fatigue (r=-.296, p<. 001), emotional fatigue (r=-.300, p<. 001), mental fatigue (r= -
.313, p<. 001), and positively associated with vigor (r=.356, p<. 001). These results
indicated that pilots reported good levels of CRM competencies reported less
symptoms of chronic general, physical, mental physical, emotional fatigue and feeling
more vigorous. Besides, all factors of CRM-CS were positively related to personality
traits except neuroticism and negative valance. FMM was positively associated with
extraversion (r=.328, p<. 001), conscientiousness (r=.361, p<. 001), agreeableness
(r= .427, p<. 001), openness-to-experience (r= .554, p<. 001), and negatively
associated with neuroticism (r= -.446, p<. 001), and negative valance (r= -.355, p<.
001). FWM was positively associated with extraversion (r= .296, p<. 001),
conscientiousness (r=.348, p<. 001), agreeableness (r=.409, p<. 001), openness-to-
experience (r=.448, p<. 001), and negatively associated with neuroticism (r= -.309,
p<.001), and negative valance (r=-.293, p<. 001). CCC was also positively associated
with extraversion (r= .292, p<. 001), conscientiousness (r= .389, p<. 001),
agreeableness (r= .498, p<. 001), openness-to-experience (r= .374, p<. 001), and
negatively associated with neuroticism (r=-.355, p< .001), and negative valance (r= -
.285, p< .001). It indicated that pilots with good levels of CRM competencies also
scored high on extraversion, agreeableness, conscientiousness and openness-to-
experience, and low on neuroticism and negative valance.

Skill-based failures were negatively associated with factors of ASCS which
were management commitment and safety communication (r=-.261, p< .001), safety
training (r= -.224, p= .004), and equipment maintenance (r= -.240, p= .002) which
showed that pilots who reported committing skill-based failures more frequently
evaluated their organization’s safety climate more negatively. Similarly, pilots who

reported committing skill-based failures more frequently reported feeling less
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vigorous in the last month before participation (r= -.396, p< .001). On the contrary,
skill-based failures were positively associated with general fatigue (r=.443, p<. 001),
physical fatigue (r=.428, p<. 001), emotional fatigue (r=.517, p<. 001), mental fatigue
(r= .587, p<. 001), and negatively associated with vigor (r= -.396, p<. 001). This
showed that pilots who reported committing skill-based failures more frequently also
reported having more symptoms of general, physical, mental and emotional fatigue.
Skill-based failures were also negatively correlated with extraversion (r= -.358, p<
.001), conscientiousness (r= -.356, p< .001), agreeableness (r= -.305, p< .001), and
openness-to-experience (r=-.503, p<.001); and positively correlated with neuroticism
(r=.511, p<. 001) and negative valance (r=.332, p<. 001), implying that pilots who
reported committing more skill-based failures also scored low on extraversion,
conscientiousness, agreeableness, openness-to-experience and scored high on
neuroticism and negative valance.

Decision failures were negatively correlated with the safety training factor of
ASCS (r=-. 193, p=. 015), vigor (r=-. 187, p=. 015), conscientiousness (r=-.244, p=.
002) and positively correlated with neuroticism (r= .302, p<. 001) and negative
valance (r=.249, p=.002) which showed that pilots reporting more frequent decision
failures also reported more negative attitudes regarding their organization’s safety
training. Similarly, pilots reporting more frequent decision failures also reported
feeling less vigorous, scored low on conscientiousness, and scored high on neuroticism
and negative valance. Memory failures were negatively associated with management
commitment and safety communication (r=-.171, p=. 031), and safety training (r= -
162, p=. 042) factors of ASCS, and openness-to-experience (r=-. 189, p=. 018); and
positively associated with physical (r=. 231, p=. 003), mental (r= .306, p=. 001),
emotional fatigue (r=.247, p<. 001), and neuroticism (r=.189, p=. 018). This revealed
that pilots reporting more frequent memory failures also reported having negative
attitudes of their organization’s commitment and safety communication and safety
training and also having high levels of openness-to-experience. On the contrary, they
reported feeling more symptoms of physical, mental and emotional fatigue, and also
higher levels of neuroticism. Procedural incompliance was negatively associated with
management commitment and safety communication (r= -. 180, p=. 023), equipment
maintenance (r= -. 193, p=. 015) factors of ASCS, extraversion (r=-. 160, p=. 046),

and conscientiousness (r= -. 279, p<. 001); and positively correlated with general (r=
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214, p=. 005), physical (r=.257, p=.001), mental (r=.314, p<. 001), emotional fatigue
(r=.328, p<. 001), neuroticism (r=.284, p<. 001) and negative valance (r=-. 167, p=.
037). This showed that pilots reporting more frequent procedural incompliance also
reported more negative evaluations on their organization’s management commitment
and safety communication, equipment maintenance, and low levels of extraversion and
conscientiousness. However, they reported feeling more symptoms of general,
physical, mental and emotional fatigue, and also high levels of neuroticism and
negative valance.

Factors of organizational safety climate showed negative association with
fatigue factors, except vigor which showed positive association. Management
commitment and safety communication was negatively correlated with general (r= -
.306, p<. 001), mental (r=-.256, p=. 001), emotional fatigue (r=-.264, p=. 001), and
positively associated with vigor (r=.216, p=.006). Safety training was also negatively
associated with general (r=-.339, p<. 001), physical (r=-.192, p=. 015), mental (r= -
249, p=. 002), emotional fatigue (r=-.315, p<. 001), and positively associated with
vigor (r=.215, p=.007). Similarly, equipment maintenance was negatively associated
with general (r= -.316, p<. 001), physical (r=-.188, p=. 018), mental (r= -.263, p=.
001), emotional fatigue (r= -.297, p<. 001), and positively associated with vigor (r=
241, p=.002). These results revealed that pilots who evaluated their organization’s
safety climate more positively also reported lower levels of fatigue symptoms.
Besides, pilots who evaluated their organization’s safety climate more positively also
reported feeling more vigorous (see Table 4). Moreover, management commitment
and safety communication factors were positively correlated with conscientiousness
(r=.184, p=. 022), agreeableness (r=.208, p= .009) and openness-to-experience (r=
185, p= .021), and negatively correlated with neuroticism (r= -.242, p=. 002),
indicating that pilots with positive attitudes towards the organization’s management
commitment and safety communication reported higher levels of conscientiousness,
agreeableness and openness-to experience, and lower levels of neuroticism.
Additionally, safety training was positively correlated with extraversion (r=.199, p=
.013), conscientiousness (r= .188, p= .019), agreeableness (r= .215, p= .007), and
openness-to-experience (r=.256, p=.001) showing that pilots with positive attitudes
towards the organization’s safety training reported higher levels of extraversion,

conscientiousness, agreeableness and openness-to  experience. Equipment
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maintenance was positively related to extraversion (r= .221, p= .006),
conscientiousness (r=.215, p=.007), agreeableness (r=.287, p< .001), and openness-
to-experience (r=.278, p<.001) and negatively associated with neuroticism (r=-. 227,
p=. 005) indicating that pilots with positive attitudes towards the organization’s
equipment maintenance reported higher levels of extraversion, conscientiousness,
agreeableness and openness-to-experience, and lower levels of neuroticism.

Lastly, general fatigue was negatively associated with extraversion (r=-.330, p<.001),
conscientiousness (r= -.321, p< .001), agreeableness (r= -.195, p= .015), and
openness-to-experience (r=-.339, p<.001), and positively associated with neuroticism
(r=.520, p<. 001) and negative valance (r=.342, p<. 001). Physical fatigue was also
negatively correlated with extraversion (r= -.281, p< .001), conscientiousness (r= -
.225, p=.005), agreeableness (r= -.169, p=.035), and openness-to-experience (r= -
.289, p< .001), and positively associated with neuroticism (r= .503, p<. 001) and
negative valance (r= .372, p<. 001). Similarly, emotional fatigue was negatively
associated with extraversion (r=-.367, p<.001), conscientiousness (r=-.281, p<.001),
agreeableness (r=-.228, p=.004), and openness-to-experience (r=-.348, p<.001), and
positively associated with neuroticism (r= .625, p<. 001) and negative valance (r=
.393, p<. 001). Moreover, mental fatigue was negatively associated with extraversion
(r=-.442, p< .001), conscientiousness (r=-.280, p< .001), agreeableness (r=-.194, p=
.015), and openness-to-experience (r=-.380, p< .001), and positively associated with
neuroticism (r=.582, p<. 001) and negative valance (r=.397, p<. 001). However, vigor
was positively associated with extraversion (r=.408, p< .001), conscientiousness (r=
.321, p<.001), agreeableness (r=.412, p<.001), and openness-to-experience (r=.505,
p< .001), and negatively associated with neuroticism (r=-.505, p<. 001) and negative
valance (r= -.248, p<. 001). These results indicated that pilots experiencing more
general, physical, mental and emotional fatigue symptoms scored low on extraversion,
conscientiousness, agreeableness and openness-to-experience and high on neuroticism
and negative valance. On the contrary, pilots feeling more vigorous scored high on
extraversion, conscientiousness, agreeableness and openness-to-experience yet scored

low on neuroticism and negative valance.
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3.3.4. The Predictors of Unsafe Acts of Commercial Airline Pilots

Four different hierarchical regression analysis were conducted to analyze the
predictors of unsafe acts of commercial airline pilots. Factors of APilotBI-R, skill-
based failures, decision failures, memory failures, and procedural incompliance, were
entered into the model as predicted variables. In the first step of each analysis, control
variables, i.e. age, total flight hours, hours flown in the last month and stress level in
the normal flight operations, entered the model. In the second step of each analysis,
personality traits, i.e. extraversion, conscientiousness, agreeableness, neuroticism,
openness-to-experience and negative valance. In the third step, fatigue symptoms were
added into the model, i.e., general fatigue, physical fatigue, emotional fatigue, mental
fatigue and vigor, were included in the model. In the fourth step, factors of
organizational safety climate, i.e. management commitment and safety
communication, safety training and equipment maintenance, were included in the
model. Lastly, factors of CRM-CS, i.e. flight monitoring and management, fatigue and

work management, and crew communication and coordination entered the model.

3.3.4.1. Predictors of Skill-based Failures.

In the first hierarchical regression analysis, the predicted variable was the skill-
based failures. After controlling the effects of control variables, personality traits
improved the explained variance significantly (R?= .341, 4 R? = .312, F (10,165) =
8.537, p <.001). Neuroticism was positively associated with skill-based failures (B=
199, SE= .054, t= 3.667, p< .001, 95% CI [.092, .306]) whereas openness-to-
experience was negatively associated with it (B= -.268, SE=.073, t= -3.674, p< .001,
95% CI [-.411, -.124]). This showed that pilots reported committing more skill-based
failures when their neuroticism levels were higher. However, pilots reported
committing less skill-based failures when their openness-to-experience levels were
higher. However, pilots reported committing less skill-based failures when their
openness-to-experience levels were higher. When fatigue symptoms were included in
the model, they also improved the explained variance (R?= .451, 4 R? = .110, F (15,
160) = 8.772, p < .001). The results showed that mental fatigue was positively
associated with skill-based failures (B= .258, SE= .066, t= 3.889, p< .001, 95% ClI
[.127, .389]) meaning that pilots reported committing more skill-based failures when
they evaluated their mental fatigue as high. When the organizational safety climate

factors were added into the model, no significant additional variance was explained (4
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F= 0.520, p= .669) although the whole model was significant (R?>= .457, 4 R? = .005,
F (18,157) = 7.331, p < .001). This might indicate that safety climate might have the
indirect predictor effect on skill-based failures rather than the direct effect. Lastly, the
factors of CRM-CS significantly improved the explained variance (R?= .497, 4 R?=
.040, F (21,154) = 7.234, p < .001). Fatigue and work management (FWM; B= -.140,
SE=.065, t=-2.150, p=.033, 95% CI [-.267, -.011]) were negatively associated with
skill-based failures showing that when pilots evaluated their FWM competencies as

high, they reported committing skill-based failures less frequently (see Table 5).

3.3.4.2. Predictors of Decision Failures.

In the second hierarchical regression analysis, the predicted variable was the
decision failures (see Table 6). After controlling the effects of control variables, the
personality traits, they improved the explained variance significantly (R?= .127, 4 R?
= 114, F (10,165) = 2.411, p= .011). Neuroticism was positively associated with
decision failures (B= .119, SE= .054, t= 2.202, p= .029, 95% CI [.012, .225]). This
showed that pilots reported committing more decision failures when their neuroticism
levels were higher. No significant associations were found for other personality traits.
When fatigue symptoms were included in the model, they also improved the explained
variance (R*= .267, 4 R?= .139, F (15,160) = 3.882, p < .001). Mental fatigue (B=
194, SE= .066, t= 2.924, p=.004, 95% CI [.063, .325]) and emotional fatigue (B=
177, SE= .060, t= 2.968, p= .003, 95% CI [.059, .294]) were positively associated
with decision failures meaning that pilots reported committing more decision failures
when they evaluated their mental and emotional fatigue symptoms as high. When the
organizational safety climate factors were added into the model, no significant
additional variance was explained (4 F= 1.185, p= .317) although the whole model
was significant (R?= .283, 4 R? = .016, F (18,157) = 3.444, p < .001). This might
indicate that safety climate might have the indirect predictor effect on decision failures
rather than the direct effect. When the factors of CRM-CS were added into the model,
they did no significant improvement in the explained variance (4 F= 2.420, p= .068)
although the model was significant (R>= .315, 4 R?=.032, F (21,154) = 3.377, p <
.001).
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Table 5. The Predictors of Skill-based Failures

R? AR F P Fenange P B SE t p Lower Upper
Controls 029 .029 1283 .279 279
Age -005 ,005 -1,050 ,295 -015 ,005
TH .000 ,000 867 ,387 ,000 ,000
MH ,000 001 ,109 914 -003 003
Stress 026 014 1864 ,064 -002 053
Personality 341 312 8537 .000 .000
Extraversion -038 ,049 -791 430 -135 058
Conscientiousness -037 ,063 -588 557 -162  ,088
Agreeableness 021 073 287 774 -124 166
Neuroticism ,199 054 3,667 ,000 ,092 306
Openness -,268 ,073 -3674 ,000 -411 -124
NV -009 ,079 -119 905 -166 147
Fatigue 451 110 8.772 .000 .000
General -035 ,058 -612 541 -150 079
Physical -025 064 -392 696 -152 101
Emotional ,083 060 1,390 ,166 -035 200
Mental 258 066 3,889 ,000 ,127 389
Vigor 019 039 488 626 -058 096
0sC 457 .005 7.331 .000 .669
MCSC -,048 040 -1195 234 -126 ,031
ST ,008 057 135 893 -106 121
EM 032 058 550 583 -082 146
CRM 497 .040 7.234 .000 .008
FMM -145 094 -1541 125 -331 041
FWM -140 ,065 -2,150 ,033 -269 -011
CCC ,101 093 1086 279 -083 286

Note. TH= Total flight hours in commercial aviation, MH= Flight hours in the last month, Openness=
Openness-to-experience, NV= Negative valance, OSC= Organizational safety climate, MCSC=
Management commitment and safety communication, ST= Safety training, EM= Equipment
maintenance, FMM= Flight monitoring and management, FWM= Fatigue and Work Management,
CCC=Crew communication and coordination

3.3.4.3. Predictors of Memory Failures.

In the third hierarchical regression analysis, the predicted variable was memory
failures. After controlling the effects of control variables, the personality traits
improved the explained variance significantly (R>= .116, 4 R? = .103, F (10,165) =
2.169, p = .022). Neuroticism was positively associated with memory failures (B=
120, SE= .043, t= 2.767, p= .006, 95% CI [.034, .206]). This showed that pilots
reported committing more memory failures when their neuroticism levels were higher.
On the contrary, negative valance was negatively associated with memory failures (B=
-.189, SE=.064, t=-2.969, p=.003, 95% CI [-.314, -.063]) showing that pilots reported
committing less memory failures when they evaluated their negative valance as high.
When fatigue symptoms were included in the model, they improved the explained
variance (R?= .235, 4 R? = .119, F (15, 160) = 3.275, p < .001). The results showed
that mental fatigue (B=.152, SE=.054, t= 2.802, p=.006, 95% CI [.045, .259]) were
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Table 6. The Predictors of Decision Failures

R2 AR F p Fehangp B SE t p Lower Upper
Control 013 013 571 .279 ,684
Age -004 004 -822 412 -012  ,005
TH .000 ,000 867 ,387 ,000 ,000
MH 001 ,000 ,999 319 -001 004
Stress -006 012 -481 ,631 -030 018
Personality JA27 114 2411 011 ,002
Extraversion -008 048 -174 862 -104 087
Conscientiousness -101 063 -1593 113 -225 024
Agreeableness -020 073 -278 781 -164 124
Neuroticism 119 054 2,202 029 012 225
Openness 062 073 855 394 -081 205
NV 080 ,079 1,009 314 -076 236
Fatigue 267 139 3,882 .000 .000
General -086 058 -1489 ,138 -201 028
Physical -022 064 -336 ,737 -148 105
Emotional A77 060 2,968 ,003 ,059 294
Mental 194 066 2,924 004 063 ,325
Vigor 020 ,039 514 608 -057 ,098
0sc 283 016 3,444 .000 317
MCSC 025 040 630 530 -053 103
ST -105 057 -1,838 ,068 -218  ,008
EM 037 057 641 523 -077 150
CRM 315,032 3,377 .000 ,068
FMM -034 095 -362 ,718 -222 153
FWM -124 066 -1,887 ,061 -254 006
CCC 008 094 090 928 -178 195

Note. TH= Total flight hours in commercial aviation, MH= Flight hours in the last month, Openness=
Openness-to-experience, NV= Negative valance, OSC= Organizational safety climate, MCSC=
Management commitment and safety communication, ST= Safety training, EM= Equipment
maintenance, FMM= Flight monitoring and management, FWM= Fatigue and Work Management,
CCC=Crew communication and coordination

positively associated with memory failures, meaning that pilots reported committing
more memory failures when they evaluated their mental fatigue symptoms as high. On
the contrary, general fatigue symptoms were negatively associated with memory
failures (B=-.131, SE=.047, t=-2.758, p=.006, 95% ClI [-.224, -.037]) indicating that
when pilots felt higher general fatigue symptoms, they reported committing less
memory failures. When the organizational safety climate factors were added into the
model, no significant additional variance was explained (4 F= 1.112, p= .346)
although the whole model was significant (R?= .251, 4 R?=.016, F (18,157) = 2.920,
p < .001). This might indicate that safety climate might have the indirect predictor
effect on memory failures rather than the direct effect. Lastly, the factors of CRM-CS
significantly improved the explained variance (R?= .311, 4 R?= .060, F (21,154) =
3.314, p =.001). The CCC was negatively associated with memory failures (B=-.168,
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SE= .076, t= -2.216, p= .028, 95% CI [-.317, -.018]), meaning that pilots reported
committing less memory failures when they evaluated their CCC competencies as high
(see Table 7).

Table 7. The Predictors of Memory Failures

R> AR? F P Fehange P B SE t p Lower Upper
Control ,013 ,013 558 .279 ,693
Age ,002 ,003 ,576 566  -,005 ,009
TH .000 ,000 ,186 ,853 ,000 ,000
MH -001 ,001 -1,046 ,297 -003 ,001
Stress ,004 ,010 389 698  -,015 ,023
Personality Traits 116,103 2,169 .022 ,005
Extraversion ,015 ,039 ,388 699  -,062 ,092
Conscientiousness -008 051 -152 ,880 -,108 ,093
Agreeableness -018 059 -302 ,763 -134 ,098
Neuroticism 120 ,043 2,767 ,006 ,034 ,206
Openness -110 ,058 -1,892 ,060 -,226 ,005
NV -,189 ,064 -2969 ,003 -314 -,063
Fatigue 235 119 3,275 .000 .000
General -131 047 -2,758 ,006 -224 -037
Physical ,095 052 1,818 ,071 -,008 ,199
Emotional ,066 ,049 1,356 ,177 -,030 ,162
Mental 152,054 2,802 ,006 ,045 ,259
Vigor 035 ,032 1,100 ,273 -,028 ,098
0osC 251,016 2,920 .000 ,346
MCSC -026 ,032 -810 ,419 -090 ,038
ST -054 047 -1163 ,247 -146 ,038
EM ,046 047 988 325 -,046 ,139
CRM ,311 ,060 3,314 .000 ,005
FMM -060 ,076 -781 ,436 -210 ,091
FWM ,035 ,053 ,668 505  -,069 ,139
CCC -168 076 -2,216 ,028 -317 -018

Note. TH= Total flight hours in commercial aviation, MH= Flight hours in the last month, Openness=
Openness-to-experience, NV= Negative valance, OSC= Organizational safety climate, MCSC=
Management commitment and safety communication, ST= Safety training, EM= Equipment
maintenance, FMM= Flight monitoring and management, FWM= Fatigue and Work Management,
CCC=Crew communication and coordination

3.3.4.4. Predictors of Procedural Incompliance.

In the last hierarchical regression analysis, the predicted variable was
procedural incompliance (see Table 8). After controlling the effects of control
variables, the personality traits improved the explained variance significantly (R?=
137, 4 R?=.094, F (10,165) = 2.614, p = .006). Neuroticism was positively associated
with procedural incompliance (B=.162, SE= .073, t= 2.205, p=.029, 95% CI [.017,
.263]). This showed that pilots reported committing more procedural compliance when
their neuroticism levels were higher. On the contrary, conscientiousness was
negatively associated with procedural incompliance (B= -.201, SE= .086, t= -2.338,
p= .021, 95% CI [-.370, -.031]) showing that pilots reported committing less
procedural incompliance when they evaluated their conscientiousness as high. When

fatigue symptoms were included in the model, they improved the explained variance
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(R?= .213, 4 R?> = .076, F (15, 160) = 2.883, p < .001). The results showed that
emotional fatigue (B= .182, SE= .084, t= 2.162, p=.032, 95% CI [.016, .349]) were
positively associated with procedural incompliance, meaning that pilots reported
committing more procedural incompliance when they evaluated their emotional
fatigue symptoms as high. When the organizational safety climate factors were added
into the model, no significant additional variance was explained (4 F= 0.702, p=.552)
although the whole model was significant (R?= .223, 4 R?=.010, F (18, 157) = 2.506,
Table 8. The Predictors of Procedural Incompliance

R? AR F P Fehange B SE t p Lower Upper
Control 042 042 1895 114 114
Age -011 006 -1,846 067 -022 ,001
TH .000 ,000 1,607 ,110 ,000 ,000
MH ,001 002 733 465 -002 004
Stress 027 016 1,639 ,103 -005 ,059
Personality 137,094 2,614 1,006 ,008
Extraversion -011 066 -169 ,866 -141 119
Conscientiousness -201 086 -2,338 ,021 -370 -031
Agreeableness -022 099 -221 825 -218 174
Neuroticism 162 073 2,205 ,029 017 307
Openness 068 ,099 686 ,494 -127 263
NV -054 107 -501 617 -266 158
Fatigue 213,076 2,883 ,000 011
General -156 ,082 -1,896 ,060 -318 007
Physical 078 091 862 390 -101 258
Emotional 182 084 2162 ,032 016 349
Mental ,155 094 1652 ,100 -030 341
Vigor 066 ,056 1,188 237 -044 176
0sC 223,010 2,506 ,001 552
MCSC -021 056 -366 715 -132 091
ST 023 081 286 775 -137 184
EM -066 ,082 -810 419 -227 095
CRM 255,032 2,509 ,001 ,092
FMM 097 136 713 477 - 171 364
FWM -026 ,094 -278 781 -211 159
CCC -270 134 -2,007 046 -536 -004

Note. TH= Total flight hours in commercial aviation, MH= Flight hours in the last month, Openness=
Openness-to-experience, NV= Negative valance, OSC= Organizational safety climate, MCSC=
Management commitment and safety communication, ST= Safety training, EM= Equipment
maintenance, FMM= Flight monitoring and management, FWM= Fatigue and Work Management,
CCC=Crew communication and coordination

p=.001). This might indicate that safety climate might have the indirect predictor
effect on memory failures rather than the direct effect. Lastly, the factors of CRM-CS
did not significant improvement the explained variance (4 F=2.185, p=.092) although
the whole model was significant (R>= .255, 4 R?=.032, F (21,154) = 2.509, p = .001).
The summary of the hierarchical regression results was presented in Table 9.
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3.3.5. The Relationship between CRM and Unsafe Acts: The Mediator Roles of
Climate and Fatigue
Twelve serial mediation analysis was conducted to examine the mediator roles
of organizational safety climate and fatigue symptoms by using Hayes Process Macro
4.0. Factors of APilotBI-R were entered into the model as predicted variables. Factors
of the CRM-CS were entered into the model as predictor variables. Organizational

Table 9. The Summary of the Hierarchical Regression Results

SB Decision Memory Procedural
Failures Failures Failures Incompliance
Control
Age NS NS NS NS
TH NS NS NS NS
MH NS NS NS NS
Stress NS NS NS NS
Personality
Extraversion NS NS NS NS
Conscientiousness NS NS NS Negative
Agreeableness NS NS NS NS
Neuroticism Positive Positive Positive Positive
Openness Negative NS NS NS
NV NS NS Negative NS
Fatigue
General NS NS Negative NS
Physical NS NS NS NS
Emotional NS Positive NS Positive
Mental Positive Positive Positive NS
Vigor NS NS NS NS
osC
MCSC NS NS NS NS
ST NS NS NS NS
EM NS NS NS NS
CRM
FMM NS NS NS NS
FWM Negative NS NS NS
CCC NS NS Negative NS

safety climate and fatigue symptoms as total scores were added into the model as
mediators. The total score of organizational safety climate was computed as the mean
score of the factor scores. The total score of fatigue symptoms was computed as the
sum of general, physical, mental and emotional minus vigor scale. Age, total hours in
commercial aviation, flight hours in the last month and stress levels in the normal flight
conditions were entered as covariates. The serial mediation analysis showed

significant results for predicting skill-based failures and decision failures.
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3.3.5.1. Mediating Roles of Organizational Safety Climate and Fatigue Symptoms
in the Relationship between FMM and Skill-based Failures.

In the first serial mediation analysis, the predicted variable was skill-based
failures, and the predictor variable was FMM. The results showed that FMM explained
24% of the variance in skill-based failures (R?= .241, F (5, 170) = 10.792, p < .001).
It showed that FMM was negatively associated with skill-based failures (5= -.320, t=
-6.888, p<.001). When the organizational safety climate and fatigue was entered into
the model, the model explained 38% of the variance (R?>= .377, F (7, 168) = 14.511, p
<.001). It showed that FMM was still negatively associated with skill-based failures
(B= -.259, t= -4.378, p< .001). Besides, fatigue was positively associated with skill-
based failures (5= .407, t= 5.837, p< .001) yet no significant association was found
between organizational safety climate and skill-based failures (5= -.029, t= -0.427, p=
.670). However, the indirect effect was significant (8 = -.027, SE= .013, 95% CI [-
.056, -.006]) indicating that organizational safety climate and fatigue partially
mediated the relationship between FMM and skill-based failures (see Figure 1). This
means that when pilots evaluated their FMM competencies as high, they reported more
positive attitudes toward the organizational safety climate and less fatigue symptoms,

and reported committing less skill-based failures, in turn.
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Skill-based Failures
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Figure 1. The Relationship between FMM and Skill-based Failures Mediated by
Organizational Safety Climate and Fatigue

3.3.5.2. Mediating Roles of Organizational Safety Climate and Fatigue Symptoms
in the Relationship between FWM and Skill-based Failures.

In the second serial mediation analysis, the predicted variable was skill-based
failures, and the predictor variable was FWM. The results showed that FWM explained
24% of the variance in skill-based failures (R?>= .237, F (5, 170) = 10.548, p < .001).
It showed that FWM was negatively associated with skill-based failures (5= -.483, t=
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-6.801, p<.001). When the organizational safety climate and fatigue was entered into
the model, the model explained 38% of the variance (R?= .379, F (7, 168) = 14.615, p
<.001). It showed that FWM was still negatively associated with skill-based failures
(p=-.313, t= -4.435, p< .001). Besides, fatigue was positively associated with skill-
based failures (5= .404, t= 5.796, p< .001) yet no significant association was found
between organizational safety climate and skill-based failures (5= -.053, t=-0.890, p=
.420). However, the indirect effect was significant (8 = -.024, SE= .012, 95% CI [-
.053, -.005]) indicating that organizational safety climate and fatigue partially
mediated the relationship between FWM and skill-based failures (see Figure 2). This
means that when pilots evaluated their FWM competencies as high, they reported more
positive attitudes toward the organizational safety climate and less fatigue symptoms,
and reported committing less skill-based failures, in turn.

3.3.5.3. Mediating Roles of Organizational Safety Climate and Fatigue Symptoms
in the Relationship between CCC and Skill-based Failures.

In the third serial mediation analysis, the predicted variable was skill-based
failures, and the predictor variable was CCC (see Figure 3). The results showed that
CCC explained 13% of the variance in skill-based failures (R?>= .131, F (5, 170) =
5.113, p = .0002). It showed that CCC was negatively associated with skill-based
failures (p= -.336, t= -4.457, p< .001). When the organizational safety climate and
fatigue was entered into the model, the model explained 33% of the variance (R?=
327, F (7,168) = 12.651, p <.001). It showed that CCC was still negatively associated
with skill-based failures (5= -.169, t= -2.294, p=.023). Besides, fatigue was positively
associated with skill-based failures (= .467, t= 6.625, p< .001) yet no significant
association was found between organizational safety climate and skill-based failures
(B=-.055, t=-0.784, p= .434). However, the indirect effect was significant (8 = -.037,
SE= .017, 95% CI [-.075, -.010]) indicating that organizational safety climate and
fatigue partially mediated the relationship between CCC and skill-based failures. This
means that when pilots evaluated their CCC competencies as high, they reported more
positive attitudes toward the organizational safety climate and less fatigue symptoms,

and reported committing less skill-based failures, in turn.
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Figure 2. The Relationship between FWM and Skill-based Failures Mediated by
Organizational Safety Climate and Fatigue

3.3.5.4. Mediating Roles of Organizational Safety Climate and Fatigue Symptoms
in the Relationship between FMM and Decision Failures.

In the fourth serial mediation analysis, the predicted variable was decision
failures, and the predictor variable was FMM. The results showed that FMM explained
9% of the variance in decision failures (R?>= .087, F (5, 170) = 3.227, p = .008). It
showed that FMM was negatively associated with decision failures (p= -.290, t= -
3.699, p=.0003). When the organizational safety climate and fatigue was entered into
the model, the model explained 17% of the variance (R?= .171, F (7, 168) = 4.934, p
<.001). It showed that FMM showed no association with decision failures (= -.152,
t=-1.798, p=.074). Besides, fatigue was positively associated with decision failures

Organizational =212

Safety Climate

Fatigue Symptoms

Skill-based Failures

-.167

Figure 3. The Relationship between CCC and Skill-based Failures Mediated by
Organizational Safety Climate and Fatigue

(6= .313, t= 3.931, p< .001) yet no significant association was found between
organizational safety climate and decision failures (5= -.034, t= -0.445, p= .657).
However, the indirect effect was significant (4 = -.015, SE= .008, 95% CI [-.034, -
.002]) indicating that organizational safety climate and fatigue fully mediated the
relationship between FMM and decision failures (see Figure 4). This means that when

pilots evaluated their FMM competencies as high, they reported more positive
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attitudes toward the organizational safety climate and less fatigue symptoms, and

reported committing less decision failures, in turn.
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Figure 4. The Relationship between FMM and Decision Failures Mediated by
Organizational Safety Climate and Fatigue

3.3.5.5. Mediating Roles of Organizational Safety Climate and Fatigue Symptoms
in the Relationship between FWM and Decision Failures.

In the fifth serial mediation analysis, the predicted variable was decision
failures, and the predictor variable was FWM. The results showed that FWM explained
14% of the variance in decision failures (R>= .140, F (5, 170) = 5.552, p = .0001). It
showed that FWM was negatively associated with decision failures (f= -.378, t= -
5.015, p< .001). When the organizational safety climate and fatigue was entered into
the model, the model explained 21% of the variance (R>= .206, F (7, 168) = 6.230, p
<.001). It showed that FWM showed a negative association with decision failures (5=
-.263, t= -3.302, p= .001). Besides, fatigue was positively associated with decision
failures (= .2783, t= 3.531, p<.001) yet no significant association was found between
organizational safety climate and decision failures (5= -.028, t= -0.374, p= .709).
However, the indirect effect was significant (4 = -.016, SE= .011, 95% CI [-.044, -
.002]) indicating that organizational safety climate and fatigue partially mediated the
relationship between FWM and decision failures (see Figure 5). This means that when
pilots evaluated their FWM competencies as high, they reported more positive
attitudes toward the organizational safety climate and less fatigue symptoms, and

reported committing less decision failures, in turn.
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Figure 5. The Relationship between FWM and Decision Failures Mediated by
Organizational Safety Climate and Fatigue

3.3.5.6. Mediating Roles of Organizational Safety Climate and Fatigue Symptoms
in the Relationship between CCC and Decision Failures.

In the sixth serial mediation analysis, the predicted variable was decision
failures, and the predictor variable was CCC. The results showed that CCC explained
8% of the variance in decision failures (R?= .078, F (5, 170) = 2.867, p = .016). It
showed that CCC was negatively associated with decision failures (5= -.268, t=-3.450,
p< .001). When the organizational safety climate and fatigue was entered into the
model, the model explained 17% of the variance (R?= .172, F (7, 168) = 5.000, p <
.001). It showed that CCC showed no association with decision failures (= -.155, t=
-1.904, p=.059). Besides, fatigue was positively associated with decision failures (=
329, t=4.200, p< .001) yet no significant association was found between
organizational safety climate and decision failures (5= -.026, t=-0.330, p=.742).
However, the indirect effect was significant ( = -.026, SE= .014, 95% CI [-.059, -
.005]) indicating that organizational safety climate and fatigue fully mediated the
relationship between CCC and decision failures (see Figure 6). This means that when
pilots evaluated their CCC competencies as high, they reported more positive attitudes
toward the organizational safety climate and less fatigue symptoms, and reported
committing less decision failures, in turn.

3.3.6. The Relationship between CRM Competencies and Pilot Behavior: The

Moderator Role of Personality Traits
A total of 72 moderation analyses were conducted to explore the moderator role of
personality traits. In each moderation analysis, predicted variables were the factors of
APilotBI-R and predictors were the factors of CRM-CS. In each analysis, moderator

was the factors of BPTI, i.e. extraversion, conscientiousness, agreeableness,
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Figure 6. The Relationship between CCC and Decision Failures Mediated by
Organizational Safety Climate and Fatigue

neuroticism, openness-to-experience, and negative valance. Only two moderation
analysis achieved significance where procedural incompliance was the predicted
variable, FMM and FWM were the predictors, and the neuroticism was the moderator

variable.

3.3.6.1. Moderating Role of Neuroticism in the Relationship between FMM and
Procedural Incompliance.

In the first moderation analysis where procedural incompliance was the
predicted variable, and the neuroticism was the moderator variable, the predictor
variable was the flight monitoring and management competencies. The model showed
significant results (R?= .142, F (7, 168) = 3.911, p < .001). Flight monitoring and
management competencies were negatively associated with procedural incompliance
failures (B= -.556, SE= .234, t= -2.372, p= .018) whereas neuroticism did not show
significant direct prediction on procedural incompliance (B= -.778, SE= .501, t= -
1.553, p= .122). However, the interaction effect reached significance (AR?*= .018, F
(7, 168) = 3.478, p = .048). This showed that when pilots evaluated Flight monitoring
and management competencies as high and their neuroticism level low (B = -.261, SE=
102, t= -2.565, p= .011, 95% CI [-.462, -.060]), they reported lower procedural
incompliance. This shows that pilots reported significantly lower frequency of
procedural incompliance when they evaluated their FMM competencies high and
neuroticism level low than when they evaluated their FMM competencies and
neuroticism level low. However, there is no significant frequency change between low
and high FMM competencies in procedural incompliance reporting when their

neuroticism level was high (see Figure 7).
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Figure 7. The Moderator Role of Neuroticism in the Relationship between FMM and
Procedural Incompliance

3.3.6.2. Moderating Role of Neuroticism in the Relationship between FWM and
Procedural Incompliance.

In the second moderation analysis where procedural incompliance was the
predicted variable, and the neuroticism was the moderator variable, the predictor
variable was fatigue and work management competencies. The model showed
significant results (R>= .186, F (7, 168) = 5.477, p < .001). Fatigue and work
management competencies (B=-.750, SE= .199, t= -3.774, p< .001) and neuroticism
(B=-1.060, SE= .397, t= -2.671, p=.008) were negatively associated with procedural
incompliance failures. The interaction effect reached significance (AR?= .046, F (7,
168) =9.544, p =.002). This showed that when pilots evaluated their fatigue and work
management competencies as high and neuroticism level low (B =-.337, SE=.084, t=
-4.017, p< .001, 95% CI [-.502, -.171]), they reported the lowest frequencies of
procedural incompliance (see Figure 8). This shows that pilots reported significantly
lower frequency of procedural incompliance when they evaluated their FWM
competencies high and neuroticism level lower than when they evaluated their FWM
competencies and neuroticism level low. However, there is no significant frequency
change between low and high FWM competencies in procedural incompliance

reporting when their neuroticism level was high.
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Figure 8. The Moderator Role of Neuroticism in the Relationship between FWM and
Procedural Incompliance

3.4. Discussion

In the main study, the factor structures of the newly developed CRM-CS and the
revised version of APilotBI were first examined. Once the factor structures were
identified, the correlations between CRM-CS, demographic variables, and other
safety-critical factors measured in the study were analyzed. Hierarchical regression
analyses were then conducted to identify the predictors of unsafe acts among
commercial airline pilots. Subsequently, mediation analyses were performed to
explore the role of organizational safety climate and fatigue in the relationship between
CRM competencies and unsafe acts. Finally, moderation analyses were carried out to
investigate how personality traits moderate the link between CRM competencies and
unsafe acts. The results showed significant critical relationships which could improve
our understanding of the factors related to unsafe acts of pilots.
3.4.1. The Factor Structure of the APilotBI-R, and Its’ Psychometric Properties

The 53-item revised APilotBI-R showed 4-factor structure; skill-based

failures, decision failures, decision failures and procedural incompliance. The 4-
factor structure supported the multidimensional nature of unsafe acts proposed by
(Shappell et al., 2007; Shappell & Wiegmann, 2000; Wiegmann & Shappell, 2001).
The factor structure of APilotBI-R showed distinct differentiation between factors

although three out of 53 items had cross-loadings. Since the differences between
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loadings exceeded .100, they were able to differentiate the factors that were loaded
higher.

The factors showed the different aspects of unsafe acts of commercial airline
pilots. Accordingly, skill-based failures were related to failures in the application of
technical knowledge and flight operation procedures. These behaviors consisted of
highly practiced behaviors that were habitual in nature. Thus, highly practiced
behaviors are likely to be performed with little and no conscious thoughts (Shappell et
al., 2007; Shappell & Wiegmann, 2000; Wiegmann & Shappell, 2001). Breakdowns
in visual perception, failing to prioritize attention, omission of some procedures or
performing some procedures rotely result in committing skill-based failures in the
flight operations. Thus, skill-based failures factor of APilotBI-R showed the
characteristics of skill-based error division of unsafe acts (Shappell et al., 2007;
Shappell & Wiegmann, 2000; Wiegmann & Shappell, 2001). There were two items
that cross-loaded into other factors, yet the differences between loadings exceeded
.100. Thus, they were retained in this factor. Overall, the skill-based failures factor
emerged as a distinct factor that successfully discriminates the skill-based failures
from other unsafe acts.

Decision failures in APilotBI-R were related to inappropriate decisions for the
situations. These behaviors represented the application of improper procedures,
misdiagnosing and wrong response to the situation and poor decisions. Thus, decision
failures supported the decision error division proposed by Shappell and Wiegmann
(2000). The decision failures factor of APilotBI-R emerged as a distinct factor with no
cross-loaded items which implies that the items loaded on this factor successfully
discriminate decision failures from other unsafe acts.

Memory failures in APilotBI-R were related to “forgetting something” and
“not realizing that something is wrong”. These behaviors mainly represented the
inexecution of knowledge due to not remembering. Memory failures were shown as a
distinct factor that mainly emerged in the skill-based errors proposed by Shappell and
Wiegmann (2000). Behaviors due to failures in memory are mainly categorized as
skill-based errors in literature, yet they have emerged distinct behaviors than skill-
based failures. Besides, there were no cross-loaded items which implies that the items
loaded on this factor were successfully discriminate decision failures from other unsafe

acts.

83



Procedural incompliance in APilotBI-R was related to deliberate deviations
from the procedures. These behaviors represented inexecution of procedures and
inappropriate maneuvers deliberately. This factor supported the routine violations in
literature proposed by Shappell and Wiegmann (2000). Routine violations represent
behaviors that are often tolerated by the authorities. They are mainly “bending the
rules” due to rush or high practice such as not adhering to brief. Since they were
tolerated by the authorities, they are vulnerable to being habitual. The procedural
incompliance factor, as a result, showed the characteristics of routine violations. There
was only one item that cross-loaded into another factor which had the difference of
loadings over .100, yet it was retained in this factor.

The factors of APilotBI-R showed good psychometric properties in terms of
reliability (i.e. internal reliability). Particularly, the factors of APilotBI-R displayed
Cronbach’s alpha coefficients .70 and above.

In conclusion, the revised version of APilotBI-R provided a stable and
comprehensive measurement tool for unsafe acts of commercial airline pilots. It
showed good reliability implying that APilotBI-R can be successful in measuring
unsafe acts of commercial airline pilots. It also showed similar factor structure with
the initial APilotBI (Serin, 2016). This can imply the revised version of APilotBI-R
might capture more behavioral samples of unsafe acts committed during flight since it

consisted of more items than the initial version.

3.4.3. The Factor Structure of the CRM-CS, and Its’ Psychometric Properties

The present study showed the three-factor structure of CRM-CS with 49 items:
flight monitoring and management, fatigue and work management, and crew
communication and cooperation. The three-factor structure supported the
multidimensional nature of CRM competencies proposed by the core competency
framework of EASA (2023), Line/LOS checklist (Helmreich et al., 1997) and
NOTECHS of O’Connor and colleagues (2002). The CRM-CS also showed district
factor structure with no cross-loaded items between factors. This implies the practical
distinction between factors among the competency perceptions of pilots.

The factors showed different aspects of CRM competencies among
commercial airline pilots. Accordingly, flight monitoring and management
competencies consisted of application of knowledge on procedures and regulations
into the flight operations, and flight management competencies under manual control
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and automation. It also captured the competencies related to the situation awareness
and decision-making process although they were distinct constructs in EASA
framework, Line/LOS checklist and NOTECH framework. This is probably because
flight monitoring and management competencies factor is comprehensive factor that
requires application of knowledge, monitoring the flight plan and management of the
deviations from the plan as well as being aware of the changes in the systems and in
the environment, and making decisions accordingly to ensure flight safety. This can
also show that these constructs are practically inseparable for commercial airline
pilots. For example, application of appropriate knowledge requires awareness of
systemic and environmental changes and making effective decisions to apply
appropriate procedures to the situations. Besides, for effective management of flight,
pilots need to assess the current situation and the deviations from the preliminary flight
plan. As a result, flight monitoring and management competencies consist of
application of knowledge, flight management competencies for both manual control
and under automation, situation awareness and decision-making processes.

The fatigue and work management competencies factor was related to
managing fatigue and workload of pilots for both them and crew members. It also
captured the leadership competencies that was required for taking effective
precautions and countermeasures to prevent fatigue symptoms and distractions due to
workload such as detecting crew members fatigue symptoms, giving them stimuli like
caffeine when needed. Although leadership was the distinct component of EASA
framework (2023), Line/LOS checklist (Helmreich et al., 1997) and NOTECHS (Flin
et al., 2003; O’Connor et al., 2002) framework, the fatigue and work management
competencies factor comprised the leadership competencies. This can be because
pilots are required to show leadership to manage crew members’ fatigue and workload
in order to keep them vigilant. For example, when they detect fatigue symptoms in
crew members, they can take the initiative to mitigate the symptoms. They can give
them stimulants such as caffeine, monitor their actions more carefully, and arrange
their workload in order for crew members to take a cockpit nap or bulk sleep. As a
result, they can use their leadership competencies to manage crew members’ fatigue
and workload. Since this can be the case, the pilots may not separate the practical

implications of leadership, fatigue and work management. Thus, the factor may be
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expressed as a comprehensive factor that combines leadership competencies and
fatigue and work management competencies.

The crew communication and coordination competencies factor was related to
the open communication between crew members and effective coordination of crew
in the flight operations. It also captured team decision-making processes to effective
and appropriate decisions. Although decision-making was the distinct component of
EASA framework (2023), Line/LOS checklist (Helmreich et al., 1997) and
NOTECHS (Flin et al., 2003; O’Connor et al., 2002) framework, the crew
communication and coordination competencies factor involved the items related to the
team decision-making process such as giving importance to the ideas of crew members
in decision-making processes, and encouraging crew members to speak their ideas
during decision-making processes. This can be because pilots need open
communication and coordination with other crew members for making effective and
appropriate decisions in flight operations. Open and assertive communication and
cooperative coordination between crew members is important for mitigating unsafe
acts as well as effective team decision-making processes (Orasanu, 2010). For
example, flight operations are mainly highly practiced and habitual in nature. Thus, it
can be vulnerable to errors, especially unsafe acts. This vulnerability can be mitigated
when more vigilant crew members speak up assertively and share critical information
for appropriate decisions. Moreover, sharing critical information for appropriate
decisions can encourage crew members to share information and be in coordination
with other crew members. Therefore, this can be an interactive and interpersonal
relationship that feed each other. As a result, pilots may perceive this process as
inseparable, giving importance to open communication and coordination. Since this
can be the situation, crew communication and coordination can emerge as a distinct
factor consisting of team decision making processes.

The 3-factor structure was accepted based on the best fit for the data. Although
theoretical evaluation of CRM-CS showed a 6-factor structure, the 3-factor structure
was found to be more suitable for the data. There could be 2 main reasons for the
differences between theoretical factor structure and data-based factor structure. The
first reason might be that pilots’ mental representations on some components are
inseparable. For example, managing safe flight operations requires effective

application of knowledge, effective situational awareness, and monitoring the flight
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plan and management of the deviations. This occurs spontaneously and sequentially
for effective management of flight. Similar situations can be applied to fatigue and
work management and also crew communication and cooperation. In fact, leadership
competencies can be inseparable to effective management of fatigue symptoms and
workload of crew members; effective communication and coordination can be
inseparable from the effective decision-making process. As a result, mental
representations of pilots can play a role in embedding some components into one
factor. The second reason can be the sample size. Since the sample size was relatively
low, the variability in the excluded items became low to construct separate factors.
Thirty-three items were excluded from the CRM-CS due to lower loadings than .40.
Thus, excluded items might result in losing some theoretical factors.

The CRM-CS showed the 3-factor structure that were distinct from each other
and represent the multidimensional nature of CRM. It showed good psychometric
properties in terms of reliability (i.e. internal consistency reliability). Particularly, the
factors of CRM-CS displayed Cronbach’s alpha coefficients .87 and above. It is
believed that the CRM-CS will provide valuable contribution to measure CRM

competencies of commercial airline pilots.

3.4.3. Empirical Discussion of The Relationships between Study Variables

3.4.3.1. Evaluation of the Predictors of Unsafe Acts of Commercial Airline Pilots.

Four hierarchical regression analysis was conducted to examine the predictors
of unsafe acts of commercial airline pilots. In each regression analysis, the factors of
APilotBI-R were treated as predicted variables. In the first step of each analysis, age,
total flight hours in commercial airline, flight hours in the last month, and the stress
levels in normal flight conditions were entered into the model as covariates. In the
second step of each analysis, personality traits were entered into the model. In the third
step of each analysis, fatigue symptoms were entered into the model. In the fourth step
of each analysis, organizational safety climate was entered into the model. Lastly,

factors of CRM-CS were included in the model.

3.4.3.1.1. Evaluation of Personality Traits as Predictors of Unsafe Acts

The results showed that neuroticism was positively associated with all factors
of APilotBI-R, i.e. skill-based failures, decision failures, memory failures and
procedural incompliance. The results provided support for the literature findings. In

the literature, numerous studies showed the relationship between neuroticism and
87



unsafe acts, especially among drivers. Drivers with high levels of neuroticism reported
committing more errors and violations in the driving context (Beanland et al., 2014;
Dahlen & White, 2006; Mallia et al., 2015; Stimer, 2003; Tanglai et al., 2022; Tinella
et al., 2022; Wei et al., 2021; J. Xu et al., 2018). The results of the present study also
showed pilots with high levels of neuroticism reported committing more skill-based
failures, decision failures, memory failures, and procedural incompliance. It is not
surprising that since neuroticism is characterized by aggression, impatience, being
impetuous, anxiety and worry (Gengoz & Onciil, 2012; McCrae, 2010; McCrae &
Costa, 2008; McCrae & John, 1992), pilots with high levels of neuroticism might fail
to appropriately respond to the flight situations. A possible reason for this could be
related to the reactions to stressful situations. People with high levels of neuroticism
are likely to perceive the stress inherent in the situations more than people with low
levels of neuroticism (Mohiyeddini et al., 2015; Schneider, 2004) which result in
failures in cognitive processes and make them more vulnerable to errors (Mohiyeddini
et al., 2015). The flight operations are inherently stressful events to certain degree
since they are operated in constantly changing environment (Martinussen & Hunter,
2018). Therefore, pilots with high levels of neuroticism, characterized by anxiety,
impatience, and worry, might perceive more inherent stress in flight situations
resulting in cognitive failures and unsafe acts, eventually.

It is important to note that pilots recruitment processes consist of personality
assessments (Cetingug, 2016; Martinussen & Hunter, 2018). Numerous studies have
also shown that pilots showed lower neuroticism levels than the general population
(Carretta et al., 2016; Chang et al., 2018; Chaparro et al., 2020; Glicksohn & Naor-
Ziv, 2016; Mesarosova et al., 2019). However, it seems that there is still a variability
in neuroticism level among pilots. Therefore, this variability might exert itself in
committing the frequency of unsafe acts.

On the contrary, openness-to-experience was negatively associated with skill-
based failures. This result provides information contrary to results from driving
context. Studies conducted in driving context showed that high levels of openness-to-
experience was associated with committing violations among drivers (Hussain et al.,
2020; Wei et al., 2021), on the contrary, skill-based failures in the present study
represents basically errors. Openness-to-experience have characterized by self-

confidence, self-assurance, bravery, and capability (Gengtz & Onciil, 2012; McCrae,
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2010; McCrae & Costa, 2008; McCrae & John, 1992). When drivers have high levels
of openness-to-experience, they might feel confident and assured about their driving
skills and feel brave to execute their skills, they might be likely to execute their skills
by violating the rules. On the other hand, when pilots feel confident and assured about
their flying skills and feel brave to execute their skills, they might select the more
appropriate behaviors for the situation and eventually commit less skill-based failures.
Pilots are highly trained professionals for different flight situations. They take
recurrent training to keep their knowledge fresh as well as fly several hours actively.
This helps them always practice their knowledge and be prepared for the upcoming
unexpected events. Therefore, when they feel confident and assured about their flying
skills and feel brave to execute their skills, they might not hesitate to perform the
suitable behaviors for the situations.

Similar to skill-based failures, negative valance was negatively associated with
memory failures indicating that pilots with high levels of negative valance reported
committing less memory failures than pilots with low levels of negative valance. This
is surprising because negative valance is characterized by being ill-mannered, rude,
pretentious, backstabbing, greedy and hidebound, and it is specific to Turkish culture
(Gengdz & Onciil, 2012). Thus, the association between high negative valance and
less memory failures were unexpected in the present study. Literature suggested that
negative valance was positively associated with state anxiety, and emotional coping of
stress (Gengdz & Onciil, 2012) showing that people with high levels of negative
valance perceives the stress inherent in the situations more intense, feels more anxious
in everyday situations, and use emotional coping strategies to deal with the stressful
events. Since they feel more anxious in the stressful situations, using emotional coping
strategies might help them to better emotional regulation, and reduce the stress and
anxiety in stressful situations (Gilgoff et al., 2023). As a result, better emotional
regulation allows them for clearer thinking by activating the executive center in the
brain (Hossein et al., 2023) which is important to functioning better working memory
for remembering the immediate past experiences (Funahashi, 2017). Therefore, pilots
with high levels of negative valance might be better at using emotional coping
strategies helping them to better regulate their emotions and better recalling of

immediate past experiences which they highly practiced when actively flying.
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Eventually, this might help them to better remember the standard procedures they
practiced and less committing memory failures.

Conscientiousness, in addition, showed negative association with procedural
incompliance which represents deviation from the procedures and regulations. This
result supported the results of Tinella and colleagues (2022) reporting that high levels
of conscientiousness was associated with lower violations among driver sample.
Similar to drivers, pilots with high levels of conscientiousness reported committing
less procedural incompliance implying that more conscientious pilots preferred to
follow procedures and regulations more than low conscientious pilots. This might be
because more conscientious pilots are more self-disciplined, prudent, hard-working,
fussy and responsible individuals that might feel more responsible for flight safety and
believe more following procedures and regulations ensures flight safety. As a result,
more conscientious pilots might prefer to follow procedures and regulations more,
committing less procedural incompliance.

Extraversion and agreeableness, however, showed no significant associations
with any factors of APilotBI-R. Although high extraversion and low agreeableness
was associated with committing more unsafe acts among driver sample (Hussain et al.,
2020; Tinella et al., 2022), the present study found no significant associations of
extraversion and agreeableness with unsafe acts of commercial airline pilots. This
might be because extraversion and agreeableness are more related to interpersonal
behaviors rather than unsafe acts. For example, being outgoing, talkative, warm,
sincere, genial, tolerant, well-intentioned, and sensitive might be related to effective
communication with other crew members, sharing critical information and being
assertive in communicating with each other, being tolerant and responsive to other’s
fatigue and workload complaints, keeping them vigilant and focused during the flight
operations. Therefore, extraversion and agreeableness might be related to effective
CRM rather than unsafe acts. The correlations between extraversion and agreeableness
might provide some support for this speculation. Extraversion and agreeableness were
positively correlated with factors of CRM-CS implying extraversion and
agreeableness might play arole in effective CRM. However, simple correlations might
be insufficient to draw clear associations. Therefore, the role of extraversion and
agreeableness on effective CRM needs further examination that might be focused on

future studies.
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In summary, the current study provided valuable information regarding
personality traits predicting unsafe acts in commercial airlines. It stressed the
predictive value of neuroticism and openness-to-experience on skill-based failures,
neuroticism on decisional failures, neuroticism and negative valance on memory
failures, and neuroticism and conscientiousness on procedural incompliance. The
current study is also the first study examining the relationship between negative
valance and unsafe acts. Therefore, it is believed that future studies might benefit from

the result of the present study.

3.4.3.1.2. Evaluation of Fatigue Symptoms as Predictors of Unsafe acts

Fatigue symptoms were introduced into the model following the inclusion of
personality traits. The results indicated that mental fatigue was positively associated
with skill-based failures, decision failures, and memory failures, after accounting for
the variance explained by control variables and personality traits. Specifically, pilots
experiencing higher levels of mental fatigue reported a greater frequency of skill-based
errors, decision-making failures, and memory failures. This finding is unsurprising
when considering the known consequences of fatigue on cognitive functioning.
Numerous studies have highlighted the detrimental effects of fatigue on cognitive
abilities, including declines in psychomotor skills, visual performance, attention,
working memory capacity, information processing speed and quality, and reasoning
abilities (Jackson et al., 2011; Killgore et al., 2009; Linde & Bergstrom, 1992; Neri et
al., 1992; Quant, 1992; Rogé et al., 2003; Smith et al., 2002; Tucker et al., 2010; Tyagi
et al., 2009; Zuckerman et al., 2007). Given the high prevalence of fatigue among
commercial airline pilots—due to long flight hours, multiple sectors flown, frequent
time zone changes, and limited sleep quality and duration (Caldwell, 2012; Gawron,
2016; Jackson & Earl, 2006; Reis et al., 2013, 2016; Yen et al., 2009)—pilots are
particularly vulnerable to mental fatigue, which increases the likelihood of committing
errors. Flight operations demand that pilots continuously monitor aircraft systems and
the changing environment, detect discrepancies within systems, and identify
differences between systems and environmental conditions. Pilots are required to
gather information constantly from systems, the environment, and fellow crew
members regarding various situations, process this information, and act accordingly.

Any disruption in this cognitive process due to the decline in cognitive abilities
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induced by fatigue can lead to inappropriate application of technical knowledge, poor
decision-making, and lapses in operational procedures.

Similar to mental fatigue, emotional fatigue was positively associated with
decision errors and procedural incompliance showing that pilots experiencing more
emotional fatigue symptoms reported committing more decision failures and
procedural incompliance. Emotional fatigue is characterized by chronic emotional
exhaustion, depressive and distracted feelings. Literature have suggested that
emotional exhaustion was associated with decrease in sustained attention (Linden et
al., 2005; Orena et al., 2013; Osterberg et al., 2009). Thus, a decrease in sustained
attention might result in failures in detecting critical information for effective decision-
making. Failures in effective decision-making, consequently, might result in
committing more decision failures among pilots with higher emotional fatigue
symptoms. Moreover, emotional exhaustion was negatively associated with safety
motivation and safety compliance (Chen & Li, 2020; Liu et al., 2024). Therefore,
emotional fatigue characterized by chronic emotional exhaustion might result in
decreased safety motivation and compliance of commercial airline pilots. This
decrease, in turn, make them vulnerable to committing procedural incompliance.

Surprisingly, general fatigue symptoms were found to be negatively associated
with memory failures showing that pilots experiencing high general fatigue symptoms
reported committing less memory failures. Generally, it is expected that individuals
experiencing fatigue symptoms are likely to be vulnerable to committing memory
failures since fatigue was associated with decreased cognitive functioning (Neri et al.,
1992; Smith et al., 2002; Tyagi et al., 2009). However, commercial airline pilots
showed a different tendency than stated in the literature. This could be because pilots
might be more successful in detecting general fatigue symptoms such as feeling run
down, worn out and fatigued. Thus, when they detect general fatigue symptoms, they
might have a tendency to follow the checklists which help them to execute appropriate
procedures. Consequently, they might commit less memory failures. It is important to
note that there is a need for further examination in this relationship since there is little
known in the literature about this relationship. Therefore, future studies might examine
the possible mediators of this relationship to clarify this speculation.

In conclusion, the present study provided valuable information regarding the

importance of mental fatigue and emotional fatigue on committing self-reported
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unsafe acts in commercial aviation. Besides, the negative relationship between general
fatigue symptoms and memory failures provided surprising information which might
be examined by further studies. It is also believed that stressing the predictive power
of emotional fatigue, the antecedent of emotional exhaustion and burnout, on self-
reported decision failures and procedural incompliance might provide information
about the critical role of emotional well-being in flight safety and the need for effective
interventions to mitigate fatigue-related risks.

3.4.3.1.3. Evaluation of Organizational Safety Climate as Predictors of

Unsafe Acts

Organizational safety climate factors were included in the model after the
control variables, personality factors and fatigue symptoms. After variance in unsafe
acts explained by control variables, personality and fatigue symptoms were excluded,
the factors of organizational safety climate did not significantly predict none of the
factors of unsafe acts committed by commercial airline pilots. Literature have clearly
stated that a positive safety climate was negatively associated with driver’s errors and
violations in driving context (Chu et al., 2019; Oz et al., 2010, 2013; Simsekoglu &
Nordfjeern, 2015; Zhang et al., 2018). However, the results from the current study did
not find any support for literature. A possible reason for insignificant associations
between organizational safety climate and unsafe acts of commercial airline pilots is
that a positive safety climate is related to the perception of crew members on the
organization’s prioritization of safety and providing available resources for increasing
safety issues (Gao et al., 2013; Zohar, 2010). Indeed, aviation psychology literature
suggested that a positive safety climate was positively associated with safety
compliance and safety participation (Fernandes et al., 2018; Lin, 2012; Maneechaeye
& Potipiroon, 2022a, 2022b; Xu et al., 2022).

Safety compliance and safety participation measured in these studies were
related to the attitudes and intentions toward the applications of rules and procedures.
Pilots with positive attitudes toward the organization’s safety climate had also positive
attitudes and intentions to comply with safety rules and regulations and participate the
safety related issues such as incident reporting. It was suggested that safety trainings
such as CRM training programs were important tools to improve safety compliance
and safety participation attitudes and intentions (Reason, 1990; Shappell et al., 2007;
VVon Thaden et al., 2006).

93



Considering that a positive safety climate was characterized by shared values,
perceptions and beliefs regarding the importance of safety, CRM training programs
can help organizations to create these shared values, beliefs and perceptions among
the commercial airline pilots. Therefore, effective CRM training programs might help
pilots to improve their intentions and attitudes toward safety participation and
compliance as well as teaching them how to use all available resources effectively.
This might imply that the positive attitudes toward the organization’s safety climate
can exert itself in the application of effective CRM rather than the unsafe acts itself.
Thus, when pilots have positive attitudes toward an organization’s safety climate, they
might be more likely to use all available resources to ensure flight safety. However,
these positive attitudes might not directly predict the reduction in frequency of unsafe
acts among commercial airline pilots. As a result, treating these attitudes as the
possible mediator of the relationship between CRM and unsafe acts might provide
valuable information rather than treating them as the direct predictors of unsafe acts.

In summary, the current study showed that organizational safety climate did
not yield significant results for predicting self-reported unsafe acts of commercial
airline pilots. However, this information can be used by future studies to examine
possible underlying mechanisms in the relationship between organizational safety

climate and unsafe acts in commercial aviation.

3.4.3.1.4. Evaluation of CRM Competencies as Predictors of Unsafe Acts

The factors of CRM-CS were included in the model after the control variables,
personality factors, fatigue symptoms, and organizational safety climate. After
variance in unsafe acts explained by control variables, personality, fatigue symptoms,
and organizational safety climate were excluded, the factors of CRM-CS showed
significant associations with skill-based failures and memory failures.

The results showed that fatigue and work management (FWM) was negatively
associated with skill-based failures showing that pilots evaluating their FWM
competencies as high reported committing less skill-based failures than pilots with low
FWM competencies. This might show that feeling competent on managing fatigue
symptoms and workload for themselves and for other crew members might help them
to reduce the frequency of committing skill-based failures. Managing fatigue
symptoms and workload in the flight operations requires awareness of their and other

crews’ current situations on fatigue and workload, and to act accordingly to eliminate
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the consequences of fatigue and workload. Literature clear stated the consequences of
fatigue on cognitive performance (Killgore et al., 2009; Linde & Bergstréme, 1992;
Olaganathan et al., 2021; Quant, 1992; Roach et al., 2012; Tucker et al., 2010; Tyagi
et al., 2009). Deterioration in cognitive performance, consequently, might have an
impact on the application of technical knowledge onto the flight management,
monitoring the automation systems and the changing environment, detection of
changes and taking appropriate actions, all of which are related to skill-based failures.
Being high on situational awareness and vigilant regarding their current situation of
fatigue can help pilots for effective management of the consequences. Feeling
competent on being aware of the current situation and managing them effectively can
help them to mitigate its effects on unsafe acts, eventually. Considering that pilots high
on situational awareness and vigilance were more successful in preventing ang
mitigating the errors and violation in flight operations (Thomas, 2004), it might not be
surprising that pilots high on situational awareness on fatigue symptoms of them might
take precautions before the symptoms result in skill-based failures and committing less
skill-based failures, consequently.

Similar speculation can be done to feel competent to manage workload.
Workload is defined as the total amount of work done by the individual in a period of
time (Morris et al., 2007). Completing a work in a period of time is highly depend on
task demand and one’s energy level (Haga et al., 2002; Morris et al., 2007). Studies
have suggested that high workload was associated with low levels of awareness, high
level of fatigue (Haga et al., 2002), and high stress (Kumari & Aithal, 2020;
MacDonald, 2003; Masi et al., 2023; O’Conor et al., 2020). Therefore, workload can
result in decrements in decision-making skills, situation awareness, personal vigilance
all of which can impair pilots’ behaviors (Masi et al., 2023). When pilots feel
competent to effectively manage workload, they are more likely to manage the
workload for both themselves and other crew members before decreasing awareness
and increasing fatigue symptoms. This, in turn, can decrease the probability of
committing skill-based failures.

The negative relationship between FWM and skill-based failures can also
emphasize the countermeasure role of CRM competencies to mitigate fatigue
symptoms. FWM competencies can play a crucial role in mitigating preliminary

fatigue such as due to sleep deprivation, and in-flight fatigue such as due to long flight
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hours and workload. Considering that skill-based failures constituted majority of the
direct causes of aircraft accidents (Lenné et al., 2008; Shappell et al., 2007; Wiegmann
& Shappell, 2001), and the prevalence of fatigue among pilots (Caldwell, 2012; Morris
et al., 2018; Reis et al., 2013), improving FWM competencies of pilots by addressing
special importance on this factor in the CRM training programs might be important to
reduce the leading cause of the aviation accidents.

In addition, the results showed that crew communication and cooperation
(CCC) was negatively associated with memory failures, showing that pilots evaluating
their CCC competencies as high reported committing less memory failures than pilots
with low CCC competencies. Literature have clearly suggested that communication
problems make significant contributions to aviation accidents improving the
likelihood of committing errors (Alharasees et al., 2023; Brown & Rantz, 2010; Kanki,
2010; Mearns et al., 2001; Yildiz, 2024; Zieja et al., 2023). Although previous studies
did not clear identification of which kind of failures had commonly occurred due to
miscommunication, the current study provided an identification on the kind of failures
occurred in communication failures.

CCC competencies provide pilots with an open and assertive communication
and coordination environment during flight operations. This environment can help
them to exchange critical information and coordinate the operation procedures in line
with the SOPs. Effective communication and coordination can be characterized by
assertiveness, asking questions and giving feedback when needed, supporting others
and maintaining team focus (Mearns et al., 2001). CCC competencies, which is related
to encouraging others to speak up, using appropriate jargons to prevent
misunderstandings, trusting others’ knowledge and skills, and providing open
communication, can help pilots to create an effective communication and coordination
environment. As a result, when one forgets a step in the procedure or critical
information on aircraft management, for example, s/he can be assertively warned about
the forgotten step or information. It is also possible that the other crew members
intervene in the process and prevent memory failures from occurrence. Therefore, the
negative relationship between CCC competencies and memory failures can imply that
pilots with high levels of CCC can be more likely to succeed creating an open and
assertive communication and coordination environment, which might prevent them

commuting more memory failures, in turn.
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On the contrary to these, none of the CRM-CS factors significantly predicted
decision failures and procedural incompliance, after the explained variance by control
variables, personality traits, fatigue symptoms and organizational safety climate. There
might be some possible reasons for insignificant relationships between CRM-CS
factors and decision failures and procedural incompliance. The first possible reason
for this might be the high predictive power of personality traits and fatigue symptoms.
These factors were included in the hierarchical regression analysis prior to CRM-CS
factors. The results showed that both personality factors and fatigue symptoms were
constituted with the majority of the explained variance in decision failures and
procedural incompliance. This, consequently, might lower the predictive power of
CRM-CS factors. The other possible reason for the insignificance might be the sample
size. Generally, approximately 10 participants for require to test a regression analysis
with 1 predictor (Wilson Van Voorhis & Morgan, 2007). In the current study, a total
of 21 predictors were included in the model step by step. To meet the general rule, the
sample size should have been 210 rather than 176. As a result, smaller sample size
than the general rule might lower the chance of identifying existing relationships.
Therefore, it can be recommended that future studies examine the relationship between
CRM-CS factors, and decision failures and procedural incompliance by using larger
sample size.

To sum up, the present study provided valuable information regarding the
importance of FWM and CCC competencies on the frequency of committing self-
reported skill-based failures and memory failures although it suffers from some
limitations. Future studies might examine the CRM competencies and their

relationships between unsafe acts by recruiting larger sample sizes.

3.4.3.1.5. Evaluation of the Mediating Roles of Organizational Safety

Climate and Fatigue Symptoms in the Relationship between CRM

Competencies and Unsafe Acts

Mediation analysis by using Hayes Macro 4.0 was conducted to examine the
mediating roles of organizational safety climate and unsafe acts of commercial airline
pilots. Twelve mediation analysis was conducted by using CRM-CS factors as
predictors, factors of APilotBI-R as predicted variables, and the total scores of
organizational safety climate and fatigue symptoms. Six of them yielded significant
results in which skill-based failures and decision failures were the predicted variables.
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The results showed that pilots with high levels of competencies in each factor
of CRM-CS reported positive attitudes towards the organization’s safety climate,
lower fatigue symptoms, and also committing less skill-based failures and decision
failures. Previous studies have suggested that a positive safety climate has associated
with positive attitudes and intensions on safety compliance and safety participation
(Gao et al., 2013; Maneechaeye & Potipiroon, 2022a, 2022b; O’Connor et al., 2011).
Indeed, CRM training programs are crucial tools to improve attitudes and intensions
on safety compliance and safety participation by creating shared values, beliefs, and
perceptions on safety (Bennett, 2019; Brown & Rantz, 2010). Since CRM training
programs aim to teach pilots CRM competencies, increased CRM competencies might
result in positive evaluations of organization’s safety climate. Both high levels of CRM
competencies and positive evaluations of organization’s safety climate emphasize the
attitudes toward prioritization of safety which, in turn, might increase the likelihood
of fatigue awareness and taking appropriate precautions to reduce fatigue symptoms.
Eventually, reduction in fatigue symptoms might result in eliminating the decrease in
cognitive abilities which is characterized by decrements in visual scan, attentional
deficiencies, information processing speed and quality. Eliminating the decrease in
cognitive abilities, as a result, helps pilots to apply relevant knowledge to manage
effective and safe flights by preventing skill-based failures and decision failures.

The mediation analysis showed two important conclusions regarding
committing skill-based failures and decision failures. The first conclusion is that all
competency factors of CRM-CS play a role in committing skill-based failures and
decision failures when combined with positive attitudes towards organization’s safety
climate and low levels of experienced fatigue symptoms. Although some of the CRM-
CS factors did not yield significant associations with skill-based failures and decision
failures in the hierarchical regression analysis, they yielded significant associations
within the mediation analysis. This might imply that the predictive power CRM
competencies on mitigating skill-based failures and decision failures can be elevated
by pointing out other safety critical factors. Besides, organizational safety climate and
fatigue symptoms were partially mediated the relationship between the all factors of
CRM-CS and skill-based failures and decision failures. This indicates that CRM

competencies have still some direct predictive powers on skill-based failures and
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decision failures. The insignificant results obtained from the hierarchical regression
analysis could potentially be attributed to the small sample size.

The other important conclusion is that significant mediations were found for
skill-based failures and decision failures which were the two leading direct causes of
aviation accidents. Thus, the results of the current study might support the idea on the
effectiveness of CRM training programs for reaching its ultimate goal. CRM training
programs ultimately aims to reduce human errors during flight operations (Helmreich
& Foushee, 2010; O’Connor et al., 2017; Salas et al., 1999, 2006). From the first
initiation, they have evolved, revised and expanded their scopes, yet the ultimate goal
stayed the same through the years. Reporting that CRM competencies were negatively
associated with skill-based failures and decision failures might provide evidence that
CRM training programs have yielded expected outcomes to reduce aviation accidents
by reducing the leading causes of them.

In summary, the present study provides valuable information regarding the
importance of CRM competencies combined with positive perceptions on
organization’s safety climate and low fatigue symptoms on decreasing the frequency
of committing skill-based failures and decision failures. Since skill-based failures and
decision failures were the leading causes of the aviation accidents, higher levels of
CRM competencies combined with positive perceptions on organization’s safety

climate and low fatigue symptoms might be protective for aviation accidents.

3.4.3.1.6. Evaluation of the Moderating Role of Personality Traits in the

Relationship between CRM Competencies and Unsafe Acts

Moderation analysis was conducted to examine the moderating role of
personality traits on the relationship between CRM competencies and unsafe acts of
commercial airline pilots. A total of 72 moderation analysis was conducted where
factors of CRM-CS were the predictors, factors of APilotBI-R were the predicted
variables and the factors of BPTI were the moderators. Two moderation analyses
yielded significant results for procedural incompliance.

The results showed that the relationship between FMM and procedural
incompliance was moderated by neuroticism as well as the relationship between FWM
and procedural incompliance. The results indicated that pilots with high levels of FMM
and FWM competencies committed fewer procedural violations when their
neuroticism levels were low. This suggests that strong FMM and FWM competencies
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play a crucial role in reducing the frequency of procedural incompliance, particularly
among pilots with lower levels of neuroticism. These results might be related to the
concept of state anxiety. State anxiety can be defined as a transitory emotional state of
feeling anxious, nervous and impatient whereas trait anxiety was related to stable
anxiousness and nervousness across the situations (Spielberger et al., 1970). Being low
on neuroticism characterized by state anxiety might play a constructive role for pilots
rather than destructive, especially in stressful situations such as emergencies. Although
flight operations are inherently stressful due to time pressure, constantly changing
environment and high job demand, emergency situations might elevate the
experienced stress. Pilots with low neuroticism and low state anxiety might be more
likely to stay calm and control their anxiousness and nervousness in these situations.
Because when pilots face stressful situations, their anxiety and nervousness level
might increase (Dismukes et al., 2018), yet successful control of these emotions might
help them to trust their FMM and FWM competencies and turn them into successful
administrators of their actions without committing procedural incompliance. As a
result, low neuroticism characterized by state anxiety might be constructive for
committing procedural incompliance.

It is noteworthy to state that pilots have shown lower levels of neuroticism than
the general population (Chang et al., 2018; Chaparro et al., 2020; Glicksohn & Naor-
Ziv, 2016). However, there are still individual differences that create variability among
commercial airline pilots. This variability combined with state anxiety characteristics
can be protective for committing procedural incompliance. It is believed that the
moderation results of the current study provide information regarding the constructive

role of low neuroticism.

3.4.4. Critical Remarks

The sample of the current study consisted of actively flying commercial airline
pilots from different organizations. The data was collected online and via snowball
sampling, so it is not possible to talk about generalizability of the results. Future
studies with bigger samples are suggested to validate the results of the present study.
The questionnaire package included 6 different measurement tools focusing on the
different variables. Therefore, pilots were required to answer a lot of questions that
took on average 45 minutes to complete. Although they were informed that the
questionnaires would continue to resume if they reached the link from the same IP
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address, most of the participants preferred to complete the questionnaire in one
session. Thus, their attention level might be lowered during the answering. Besides,
the questionnaires were based on self-reports which might be suffered from socially
desirable responding (Yilmaz et al., 2022). Literature suggested that socially desirable
responding in self-report measures might be lowered when the anonymity was ensured
(Lajunen & Summala, 2003). It was clearly stated to the participants before
participating that the questionnaire package did not include any questions regarding
their personal and organizational identity and the answers would be stored with full
anonymity. Still, participants might hesitate to reflect on their opinions. Future studies
might employ more objective measures to examine the variables that might suffer from

the socially desirable responding.

3.4.5. Practical Implications

The findings of the present study can provide significant implications for both
the field of aviation psychology and the broader aviation industry. By introducing the
CRM Competency Scale (CRM-CYS) into the aviation psychology literature, this study
provides an important tool for identifying pilots' CRM competencies and revealing
areas requiring improvement. This might enable the design and implementation of
targeted training programs aimed at enhancing these competencies. Furthermore,
CRM-CS can offer a reliable method for assessing pilots' progress in CRM
competencies following training interventions. For airline companies, CRM-CS can
serve as an insightful metric for evaluating pilots' perceptions of the organization’s
safety climate based on their CRM competencies. This information can guide the
development of organizational strategies to create a more positive safety climate,
ultimately enhancing overall flight safety. Additionally, aviation psychology
researchers can employ CRM-CS to investigate the antecedents and consequences of
CRM, shedding light on critical factors influencing and influenced by CRM practices.
These insights are valuable for advancing both academic understanding and practical
applications in aviation safety management.

Moreover, the revision of the APilotBI scale can hold considerable potential in
identifying the frequency of unsafe acts exhibited by pilots during flight operations.
By quantifying the occurrence of these acts, airline companies can develop targeted
countermeasures to either prevent their manifestation or refine existing strategies, such

as CRM training programs, to reduce their frequency. Measuring unsafe acts can serve
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as an important criterion when evaluating pilot performance. This not only allows for
monitoring the development of individual pilots but also reflects the overall safety
performance at the organizational level, enabling organizations to reshape the existing
management strategies. Furthermore, identifying both the frequency and types of
unsafe acts can be instrumental in investigating the underlying factors that contribute
to specific unsafe acts, thereby facilitating a more comprehensive understanding of
their origins and enabling more effective mitigation strategies. Additionally, it can be
used in the evaluation of the effectiveness of CRM training, enhancing understanding
of how specific competencies and attitudes influence safety outcomes. Ultimately,
APilotBI-R can contribute to the broader goal of improving aviation safety through a
deeper understanding of pilot performance and behaviors.

The present study provides valuable information on the predictors of pilots’
unsafe acts regarding CRM competencies, fatigue symptoms, personality traits and
organizational safety climate. Identifying the relationship between different CRM
competencies and different types of unsafe behaviors is believed to contribute to
reducing these acts, which can directly influence accident occurrence. Airline
companies can use these results to identify the types of unsafe behaviors exhibited by
their pilots and aim to enhance the CRM competencies associated with these
behaviors. Moreover, the result of the relationship between personality traits and the
types of unsafe acts might provide information on efficiency of personality
assessments in the pilot recruitment processes. Although pilots are recruited based on
certain characteristics in personality assessments, small variability still exists between
pilots. This variability may exert itself in committing unsafe acts, especially
committing incompliances in regulations and standard operation procedures.

The findings of the current study underscore the critical role of fatigue
symptoms in the frequency of unsafe acts. While specific regulations establish
minimum rest periods to ensure pilots have adequate time to recover from fatigue,
these minimum thresholds are only designed to enable pilots to perform their duties
safely. For instance, EASA mandates a minimum rest period of 12 hours before flight
duty, beginning once the aircraft has reached its parking position and the engines are
shut down. However, when considering commuting time and the need to satisfy
personal requirements, this minimum rest duration may not be sufficient to allow for

complete recovery from fatigue, which can accumulate over time. The results of this
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study might encourage organizations to reassess flight operation planning to address
these considerations and mitigate fatigue-related unsafe acts.

Furthermore, the findings of this study provide valuable insights into how
organizations can cultivate a more positive and proactive safety climate. Although
there may not be a direct relationship between the organizational safety climate and
pilots' unsafe acts, the results highlight the significant mediating role that safety
climate, together with fatigue, plays in influencing the relationship between CRM
competencies and unsafe acts. This suggests that fostering a positive and proactive
safety climate within aviation organizations could serve as an effective strategy to
reduce unsafe acts of pilots. Such a climate not only encourages open communication
and collaboration among pilots but also promotes a shared commitment to safety,
thereby contributing to the prevention of unsafe acts. Consequently, organizations that
prioritize the development of a strong safety climate might be more likely to enhance
flight safety, ensuring better operational outcomes and minimizing risks associated

with human error and fatigue.
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CHAPTER 4

CONCLUSION

The current study is believed to provide valuable contributions to aviation
psychology literature. CRM has been placed vital importance to prevent and mitigate
the pilot errors in the cockpit during flight operations (Helmreich & Foushee, 2010).
CRM training programs have been developed and evolved through the years to
increase non-technical skill of crew members to enable them effectively use all
available resources (Helmreich et al., 1999; Helmreich & Foushee, 2010). Wide
application of CRM training programs has raised a question on the effectiveness of
these programs. Several measurement tools have been developed to measure CRM
skills and behaviors of crew members such as Line/LOS checklists (Helmreich et al.,
1997) and NOTECHS (Flin et al., 2003). The existing measurement tools require
expert knowledge and training since they are based on observer ratings. The need for
user-friendly and easy-to-use measure of CRM was provided in the present study. The
Crew Resource Management Competency Scale was developed and evaluated in terms
of psychometric properties. It was shown that CRM-CS was a reliable measure to
examine CRM competencies of commercial airline pilots.

The initial Airline Pilot Behavior Inventory (Serin, 2016) was also revised and
expanded to include more behavior examples of unsafe acts of commercial airline
pilots. The APilotBI-R was also examined in terms of factor structure and
psychometric properties. The current study showed that APilotBI-R was a reliable
measure of unsafe acts of commercial airline pilots. This provides future research to
examine the frequency of unsafe acts and the possible underlying mechanisms.

The predictors of unsafe acts in commercial aviation were also examined in the
present study. Personality traits, fatigue symptoms, organizational safety climate and
CRM competencies were analyzed to show the predictors of unsafe acts. It is believed
that the current study brought valuable insight into the predictors of unsafe acts. The
results of the analysis were clearly stated in the previous sections. Numerous studies
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took different approaches to examine the predictors of human error and pilot
performance from accident analysis to experimental research (Lenné et al., 2008;
Martinussen et al., 2022; Shappell et al., 2007; Thomas, 2004; Von Thaden et al.,
2006). The present study employed self-reported measures to examine the predictors
of unsafe acts. It expanded existing information regarding the preconditions for unsafe
acts. These findings might help organizations to take proactive precautions to mitigate
the consequences of unsafe acts and prevent aviation accidents.

The mediating roles of organizational safety climate and fatigue symptoms in
the relationship between CRM competencies and unsafe acts of commercial airline
pilots were also examined in this study. It clearly showed the high levels of CRM
competencies combined with positive attitudes towards organization’s safety climate
and low levels of fatigue symptoms might be important for the frequency of
committing skill-based failures and decision failures which have been found to be the
leading causes of aviation accidents (Lenné et al., 2008; Ma et al., 2023; Shappell et
al., 2007). These results stress the importance of possible mediating factors such as
organizational safety climate and fatigue symptoms in the relationship between CRM
competencies and unsafe acts. Future studies are suggested to focus on possible
mediators in this relationship to explore the underlying mechanisms that elevate the
predictor effect of CRM competencies.

The moderating role of personality traits in the relationship between CRM
competencies and unsafe acts was also examined in this study. The results showed the
moderating of neuroticism in the relationship between FMM and procedural
incompliance, and also FWM and procedural incompliance. Previous studies mainly
focused on the personality profiles of pilots in civil and military aviation (Chaparro et
al., 2020; Fitzgibbons et al., 2004; Mesarosova et al., 2019). These findings pointed
out the moderator role of neuroticism to elevate the negative relationship between
FMM and procedural incompliance as well as the relationship between FWM and
procedural incompliance. It is believed that these findings expand the understanding
of the role of personality traits, specifically neuroticism, on voluntary unsafe acts
namely procedural incompliance.

The current study advanced the understanding of CRM competencies and the
predictors of unsafe acts. It also provides insight into the mediating roles of

organizational safety climate and fatigue symptoms, and on the moderating role of
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personality traits in the relationship between CRM competencies and unsafe acts of
commercial airline pilots. By developing a reliable and valid measure of CRM
competencies and revising the initial APilotBI-R, it provides valuable self-report
measurement tools for future research to examine the CRM competencies, unsafe acts

and possible factors related to them.
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B. INFORMED CONSENT FOR STUDY 1

Gonilli Katilim Formu

Bu ¢alisma, ODTU Psikoloji Boliimii 6gretim iiyelerinden Dog. Dr. Bahar OZ
damismanlhiginda, ODTU Trafik ve Ulasim Psikolojisi doktora 6grencisi ve TOBB
ETU Psikoloji Béliimii Arastirma Gérevlisi Uzm. Psk. Gizem SERIN tarafindan
yiirlitiilmektedir. Calismanin amaci, havayolu pilotlar1 icin Ekip Kaynak Yonetimi
(EKY) ve Pilot Davranis Olgegi gelistirmektir. Bu kapsamda sizden istenen, pilotlarin
EKY vyetkinliklerini ve ugus davramiglarini diisiinerek size yoneltilen sorulara
olabildigince agik ve detayli cevap vermenizdir. Verdiginiz cevaplar, 6l¢ek gelistirme
stirecinde 6l¢cek maddelerini olusturmak amaciyla kullanilacaktir.

Bu calismaya katilmak tamamen goniilliik esasina dayamaktadir. Calisma
stirecinde yapilacak olan miilakatlarda hig¢bir kigisel ya da kurum bilgisi
istenmeyecektir. Miilakat boyunca verilen cevaplarda kayiplar olmamasi ve cevaplarin
saglikl bir sekilde toplanabilmesi amaciyla sadece ses kayd1 yapilacaktir. Elde edilen
ses kayitlart Miilakat siiresince kendinizi rahatsiz hissettiginiz an miilakati
birakabilirsiniz. Miilakat, yaklasik olarak 30-45 dakika strecektir.

Miilakat siiresince verdiginiz cevaplar gelistirilecek olan 6lgek maddelerinin
olusturulabilmesi acisindan olduk¢a dnemlidir. Caligma ile ilgili herhangi bir sorunuz

oldugunda [ GGG 20resinden yva da | umoaral:

telefondan Uzm. Psk. Gizem Serin’e ulasabilirsiniz.

Yukaridaki bilgileri okudum ve bu ¢alismaya tamamen goniillii olarak katilryorum.

Isim Soyisim/Rumuz Tarih

Imza
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1)
2)
3)
4)

1)
2)

3)
4)
5)
6)
7)
8)

9)

C. INTERVIEW QUESTIONS

Demografik Bilgi Formu
Yasiniz:
Cinsiyet:
Calistiginiz Pozisyonu:
Toplam ugus siireniz:

CRM (EKY) Miilakat Sorulari
Size gore CRM nedir?
Sizce normal ugus sartlar1 diisliniildiigiinde, sergilemeniz gereken CRM
yetkinlikleri nelerdir?
Sizce acil durumlarda, sergilemeniz gereken CRM yetkinlikleri nelerdir?
Sizce stres altinda, sergilemeniz gereken CRM yetkinlikleri nelerdir?
Sizce kendinizde veya ekip icerisindeki yorgunluk durumunda, sergilemeniz
gereken CRM yetkinlikleri nelerdir?
Sizce ucus ekibinin CRM davranislari bir pilotun karar verme siireglerini
etkileyebilir mi? Evet ise Nasil etkiler? Hayir ise neden?
Sizce normal ugus sartlar diisiintildiiglinde, ugus ekibinin sergilemesi
gereken CRM yetkinlikleri nelerdir?
Sizce acil durumlarda, ugus ekibinin sergilemesi gereken CRM yetkinlikleri
nelerdir?
Sizce stres altinda, ucus ekibinin sergilemesi gereken CRM yetkinlikleri
nelerdir?

10) Sizce kendinizde veya ekip icerisindeki yorgunluk durumunda, ugus ekibinin

yetkinlikleri gereken CRM davranislar1 nelerdir?

11) Ugus kosullar diistiniildiigiinde (normal sartlar ya da acil durumlar), sizce

kurumunuzun (ekip planlama, dispatch, teknik, sirket yoneticileri vb.)
sergilemesi gereken CRM yetkinlikleri nelerdir?

Pilot Davraniglar1 Miilakat Sorular1

HATA: Bir davranisin istenen sonuca ulasgamamasidir. Bu durum hafiza veya dikkat
sikintilarindan ya da istenilen sonuca ulagmak i¢in yapilan davranisin istenilen sonuca
uygun olmamasindan kaynaklanabilir.

IHLAL: Hatalardan farkli olarak, bilerek ve isteyerek kurallarin veya prosediirlerin
uygulanmamasi ya da farkli uygulanmasidir.

1)

Ucus oncesi hazirliklan diislindiigiiniizde, bir pilot bu siiregte hangi hatalari
yapiyor olabilir?
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2)

3)

4)

5)

6)

7)

8)

Ugus sirasinda bir pilotun ugagin kontroliinii saglamak ve devam ettirmek
icin sergiledikleri davranislar1 diisiindiigiintizde, bir pilot bu siirecte hangi
hatalar1 yapiyor olabilir?

Ugus sonrasi ucagi park pozisyonuna getirirken ve park ederken yapilmasi
gerekenleri diisiindiigiintizde, bir pilot bu siirecte hangi hatalar1 yapiyor
olabilir?

Ugus 0ncesi hazirliklan diistindiigiintizde, bir pilot bu siirecte hangi ihlalleri
yapiyor olabilir?

Ugus sirasinda bir pilotun ugagin kontroliinii saglamak ve devam ettirmek
icin sergiledikleri davranislar diisiindiiglintizde, bir pilot bu siiregte hangi
ihlalleri yap1yor olabilir?

Ucus sonrasi ugagi park pozisyonuna getirirken ve park ederken yapilmasi
gerekenleri diislindiigiintizde, bir pilot bu siiregte hangi ihlalleri yapiyor
olabilir?

Normal ugus sartlart diisiiniildiiglinde bir pilotun kural ve prosediirler disinda
verebilecegi kararlar neler olabilir?

Ugus sirasindaki acil durumlar diigiiniildiiglinde, bir pilotun kural ve
prosediirler disinda verebilecegi kararlar neler olabilir?
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D. EXPERT EVALUATION FORM FOR AIRLINE PILOT BEHAVIOR
INVENTORY

Pilot Davranislar1 Belirleme Calismas1 Degerlendirme Formu

Asagida bir pilotun ucus siiresi boyunca farkli fazlarda sergileyebilecegi bazi
davraniglar ve bu davramiglara karsilik gelebilecek boyutlar siralanmistir. Sizden
siralanan davraniglarin her birinin davranis boyutlarinin hangisini temsil ettigini
belirlemeniz istenmektedir. Asagida, her bir davranis boyutu ve tanimlar1 verilmistir.
Liitfen, her bir tanim1 ve Pilot Davranis Olgegi maddelerini dikkatlice okuyarak size
gbre hangi boyutu temsil ettigini maddenin yaninda bulunan bos kutucuga boyut
numarasini yazarak belirtiniz. Liitfen sadece en uygun buldugunuz boyutu belirleyerek
sadece bir boyut numarasi belirtiniz. Herhangi bir boyuta yerlestiremediginiz
maddeler i¢in ilgili kutucugu bos birakiniz.

1. Decision errors: Decision errors represent conscious, goal-intended behavior
that proceeds as designed; yet the plan proves inadequate or inappropriate for
the situation.

2. Skill-based errors: Skill-based behavior within the context of aviation is best
described as "stick-and-rudder" and other basic flight skills that occur without
significant conscious thought.

3. Perceptual errors: Perceptual errors occur when sensory input is either
degraded or "unusual,” as is the case with visual illusions and spatial
disorientation or when aircrews simply misjudge the aircraft's altitude,
attitude, or air speed

4. Violations: Violations represent a willful disregard for the rules and

regulations that govern safe flight.
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Pilot Davranis Olcegi Madde-Boyut Eslestirme Tablosu

Boyut
Numaralari

1) Ugagin basina gelindiginde gerekli teknik kontrolleri
eksiksiz yerine getirmek

2) NOTAM’lar/ AIS/ MET brifing dokiimanlarinin ug¢aktan
mevcut olup olmadigini kontrol etmek

3) Fark etmeden yanlis flap agisi set etmek

4) Kalkistan sonra inis takimlarini1 kapatmay1 unutmak

5) Ugus oncesi koltugu sabitlemeyi (ayarlamay1) unutmak

6) Fark etmeden, ugulacak rota i¢in kalkis brifingi yapmamak

7) Ugus Oncesi, ugulacak rota igin kalkis brifingi yapmaya
gerek duymamak

8) Kalkis i¢in piste gelirken dis 1s1klarin agik olmadigini fark
etmemek

9) Taksi sirasinda biitiin izinleri tekrar kontrol etmeye gerek
duymamak

10) Normal sartlarda, taksi yaparken hiz limitlerini agsmak

11) Checklistleri tamamlarken, bir ya da birden ¢cok maddeyi
unutmak

12) Kalkis sirasinda, 6nden kalkan trafigin tiirbiilansini
onemsememek

13) Transition (TA) irtifasi gegilince tiim ana ve yedek
altimetreleri 29.92 inHg/1013.3 (hPa) olarak ayarlamak
ancak capraz kontroliinu atlamak

14) Omuz baglarmi 10.000 feete ulasmadan ¢6zmek

15) Hedef irtifaya 1000 feet kaldiginda call-out yapilmadigini
sonradan fark etmek

16) Hedef irtifaya ulasinca diiz ugus brifingi yapmamak

17) D1s etkenler miisaade etse de optimum irtifadan algakta
ugmak

18) Ilgili hava alanlarinin ATIS ve VOLMET leri almamak

19) Buzlanma beklendiginde “Engine Anti-iceing” veya “wing
anti ice” sistemlerinin ¢alistirilmadigini fark etmemek

20) Tiirbiilans sirasinda ATC bilgilendirmesi yapmay1 unutmak

21) Tiirbiilanstayken uygun siirat ve thrust/N1 degeri
kullanmamak

22) Omuz baglarini, 10.000 feet altina indikten sonra da bir siire
takmamak

23) Kalkistan sonra, normal sartlarda, inis takimlarmi kapatmay1
bir stire ertelemek
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24) Inis sirasinda kuyruk riizgari limitlerini dikkate almayarak,
ucagi inise zorlamak

25) Sistemlerde yapilan degisiklikleri sesli olarak dile
getirmemek

26) Kalkis sirasinda, trafige odaklanip motor enstriimanlarini ve
hiz gostergelerini kontrol etmeyi unutmak

27) Inis sirasinda, steril kokpit kurallarimni atlamak

28) Park sirasinda, park freni yerine baska bir uygulamay1
(6rnegin nose wheel lock) ¢aligtirmak

29) Yogun kalkis trafigi nedeniyle, taksi yaparken acele etmek

30) Checklistleri “ezbere” tamamlamak

31) Checklistlerdeki maddelerin bazilarinin (6rnegin,flap
settings) dogru ayarlarin1 okumak ancak ayarlar set etmeyi
unutmak

32) ATC izni olmadan surat degisikligi yapmak

33) Ugus bilgisayarina fark etmeden yanlis havaalaninin
bilgilerini girmek

34) Gorerek sartlarda yaklasirken, ugagin kontroliinii geg ele
almak

35) Inis sirasinda, inis takimlarini asag1 almayi bir siireligine
unutmak

36) Yanlis taksi yolunu kullanmak

37) Bir ya da birden fazla checklisti atlamak

38) Kalkis sirasinda, yanliglikla ugagin burnunu dik bir agiyla
kaldirarak, kuyrugun piste siirtmesine neden olmak

39) Harici kontrolleri (extraneous inspection) tamamlamayi
unutmak

40) Yanlis frekansa baglanmak

41) Kalkis sirasinda, steril kokpit kurallarini atlamak

42) Aletli inis sistemi (ILS) ile inis yaparken, ugagin kontroliinii
gec ele almak

43) Tamamlanan bir checklistten sonra tamamlandigini s6zl1i
olarak dile getirmemek (“‘complete” olarak belirtmemek)

44) Yolcu almak i¢in yanlis kapiya yanagmak

45) Hava Trafik Kontrolii’'nden gelen degisiklik ya da izinleri
yanlig anlamak

46) Ucagi park ederken “parking-brake”i aktive etmeyi unutmak

47) Di1s etkenlere fix olup rutin monitoringi atlamak

48) Ucgak otomasyon altindayken, monitoring yapmama

49) Gortis limitleri, yaklagma limitlerinden diisiik olsa da
yaklasmaya devam etmek

50) Divert etmek gerekirken inise zorlamak
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51) Yaklasma sirasinda siirat limitlerini agsmak

52) Ugus planini yanlis yorumlanmak

53) Tasarruf amaciyla minimum yakitla ugmak

54) ATC tarafindan verilen irtifay1 yanlis anlayarak yanlis
irtifada ugmak

55) Zaman baskis1 nedeniyle aceleci davranmak

56) Ugak stabil degilken yaklasmaya devam etmek

57) Baz1 SOP’leri uygulamay1 unutmak

58) Database’e fark etmeden yanlis ugus agirligi girmek

59) Yanlis FPM ile algalmak

60) Yanlis FPM ile tirmanmak

61) Yakit alimi sirasinda yolcu alimina baglamak

62) Checklistleri tamamlarken sadece 6nemli gorulen maddelere
odaklanmak
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E. EXPERT EVALUATION FORM FOR CRM COMPETENCY SCALE

CRM Yetkinlik Belirleme Caligmasi Degerlendirme Formu

Asagida bir pilotun sahip olabilecegi CRM yetkinlikleri ile ilgili baz1 maddeler ve
yetkinlik boyutlar1 siralanmistir. Sizden siralanan maddelerin her birinin yetkinlik
boyutlarinin hangisini temsil ettigini belirlemeniz istenmektedir. Asagida, CRM
yetkinlik boyutlar1 ve tanimlar1 verilmistir. Liitfen, her bir tanimi1 ve olan CRM
Yetkinlik Olgegi maddelerini dikkatlice okuyarak her bir maddenin size gore hangi
yetkinlik boyutunu temsil ettigini maddenin yaninda bulunan bos kutucuga boyut
numarasini yazarak belirtiniz. Liitfen sadece en uygun buldugunuz boyutu belirleyerek
sadece bir boyut numarasi belirtiniz. Herhangi bir boyuta yerlestiremediginiz
maddeler i¢in ilgili kutucugu bos birakiniz.

CRM Yetkinlik Boyutlart:

1. Application of knowledge (KNO): Demonstrates knowledge and
understanding of relevant information, operating instructions, aircraft systems
and the operating environment

2. Application of procedures and compliance with regulations (PRO):
Identifies and applies appropriate procedures in accordance with published
operating instructions and applicable regulations

3. Communication (COM): Communicates through appropriate means in the
operational environment, in both normal and non-normal situations

4. Aeroplane flight path management — automation (FPA): Controls the
flight path through automation

5. Aeroplane flight path management — manual control (FPM): Controls
the flight path through manual control

6. Leadership & teamwork (LTW): Influences others to contribute to a shared
purpose. Collaborates to accomplish the goals of the team

7. Problem-solving — decision-making (PSD): Identifies precursors,
mitigates problems, and makes decisions
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8. Situation awareness and management of information (SAW): Perceives,
comprehends and manages information and anticipates its effect on the
operation

9. Workload management (WLM): Maintains available workload capacity by
prioritizing and distributing tasks using appropriate resources
CRM Yetkinlik Ol¢egi Madde-Boyut Eslestirme Tablosu:

Maddeler Boyut Numaralari

1) Ekip igerisindeki koordinasyonu saglayabilmek

2) Ekibin karar verme mekanizmalarini karar verme siireclerine
dahil edebilmek

3) Karar verme sirecinde ekibin fikirlerine 6nem vermek

4) Karar verme siirecinde ekibi, fikirlerini sdylemeye tesvik
edebilmek

5) Ekip ile agik iletisim halinde olabilmek

6) Ekibin durumsal farkindaligini artirabilmek

7) Assertive olmak

8) SOP’lere uygun davranmak

9) Degisken is yiikiinii ekibin gérevlerini tamamlamasi
yoniinde etkili bir sekilde degerlendirebilmek

10) Degisken is yukiinii ekibe dengeli bir sekilde dagitabilmek

11) Ugus emniyetini etkileyebilecek normal olmayan durumlara
onceden hazirlikli olabilmek

12) “Ugagin 6niinde olmak”

13) Ekip Uyelerindeki stres belirtilerini fark edebilmek

14) Ugustan 6nce, ugusa mental olarak hazirlanabilmek

15) Ugus sirasinda, ugus emniyetini etkileyebilecek normal
olmayan durumlarda sorunu degerlendirmek i¢in zaman
kazanabilmek

16) Ugus sirasinda, ugus emniyetini etkileyebilecek normal
olmayan durumlarda panik yapmamak

17) Overload olup muhakeme yetenegini kaybetmemek

18) Ugus sirasinda emniyetini etkileyebilecek normal olmayan
durumlarda, durumu dogru analiz edebilmek

19) Ugus 6ncesi, ugusta olusabilecek ve ugus emniyetini
olumsuz etkileyebilecek normal olmayan durumlari dogru
analiz edebilmek

20) Ekip uyelerindeki yorgunluk durumunu tespit edebilmek

21) Stres altinda konsantrasyonumun devamliligini
saglayabilmek
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22) Ugus emniyetini etkileyebilecek normal olmayan
durumlarda gorev dagilimini stresi azaltacak sekilde
diizenleyebilmek

23) Bir ekip tiyesinde yorgunluk olustugunda dinlenebilmesini
saglayacak uygun kosullar olugturabilmek

24) Ugus emniyetini etkileyebilecek normal olmayan
durumlarda kendi bilgime giivenerek sartlara en uygun
karar1 verebilmek

25) Ugus emniyetini etkileyebilecek normal olmayan
durumlarda ekip arkadaslarimin bilgisine giivenerek sartlara
en uygun karar1 verebilmek

26) Ugus emniyetini etkileyebilecek normal olmayan
durumlarda prosediirlere giivenerek sartlara en uygun karari
verebilmek

27) Yorgun oldugumda “unfit” durumunu rapor etmekten
cekinmemek

28) Yorgun oldugumda ekip tiyelerine bunu deklare edebilmek

29) Yorgun oldugumda olusabilecek hata yapma olasiligimi
engellemek amaciyla ekip tiyelerinden beni daha fazla
monitor etmelerini istemek

30) Kabin ekibini briefinglere dahil etmek

31) Tum ekibin birbiriyle dogru ve agik bilgi paylagimi
saglayabilecegi bir iletisim ortami olusturabilmek

32) Dogru prosediirleri dogru zamanda uygulayabilmek

33) Ekip tyelerindeki yorgunluk durumunda, ekip yesinin
dikkatini dagitmayacak ve ise odaklanmasini saglayacak
uyaranlar verebilmek

34) Ekip lyeleriyle dogru bilgi iletisimini saglayabilmek

35) Ugus emniyetini etkileyebilecek normal olmayan
durumlarda sakinligimi koruyabilmek

36) Nerede, ne zaman ve kiminle iletisime gegecegimi bilmek

37) Ekip lyeleriyle iletisimde kullandigim tisluba dikkat etmek

38) Ekip tiyelerinin gerekli bilgileri dogru anladigindan emin
olmak

39) Ekip icerisindeki ¢atigmalari etkili bir bi¢imde ¢6zebilmek

40) Ekip lyelerindeki yorgunluk durumunda, ekip tyesinin
uyanik kalarak ige devamini saglayacak sartlar
olusturabilmek

41) Briefinglerde acil durum planlarini ekip tyeleriyle etkili bir
sekilde paylasabilmek

42) Ekip tiyeleriyle bilgi iletisimini zamaninda saglayabilmek

43) Otomasyon sistemlerini uygun diizeyde kullanabilmek

44) Ugus sirasinda sistemlerdeki degisikligi zamaninda fark
edebilmek

45) Ugus sirasinda karar vermeden once ¢evreden aldigim
bilgileri dogru analiz edebilmek
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46) Ugus sirasinda maksimum seviyede monitoring yapabilmek

47) Normal sartlarda maksimum seviyede durumsal farkindaliga
sahip olabilmek

48) Manuel ugus sirasinda dig etmenlerden gelen dikkat
dagiticilan etkili bir sekilde yonetebilmek

49) Ugus siiresince kendi biligsel ve fiziksel durumumu monitor
edebilmek

50) Otomasyon seviyesini ugusun fazina gore ayarlayabilmek

51) Otomasyon seviyesi is ylikiinii artirdiginda manuel kontrole
gecebilmek

52) Manuel ugusta, ugus planini optimum performans
saglayacak sekilde diizenleyebilmek

53) Ugus siiresince ekip arkadaglarinin bilissel ve fiziksel
durumunu monitor edebilmek

54) Otomasyon sistemlerinin ugus planina uygunlugunu kontrol
edebilmek

55) Manuel ugusta ugagi uygun yumusaklikta (smoothness)
kullanabilmek

56) Manuel ugarken, ugagin irtifa, hiz ve thrust degerlerinin
takibini atlamadan yapmak

57) Ekip tiyelerine davranislari ile ilgili etkili geribildirimler
verebilmek

58) Manuel ugusta, ugus planindan sapmalar1 zamaninda
belirleyebilmek

59) Aldigim kararlarin ve yaptigim davraniglarin sorumlulugunu
ustlenebilmek

60) Otomasyon sistemlerini ve gostergelerini dogru
anlayabilmek

61) Ugus siiresince karsilagabilecek tehditler i¢in 6nceden 6nlem
alabilmek

62) Ugus siiresince yapilabilecek hatalar1 zamaninda tespit
edebilmek

63) Normal ugus sartlarinda bile olusabilecek olumsuz kosullar
icin tetikte olabilmek

64) Ekip uyelerindeki yorgunluk durumunda, yorgun olan ekip
tyesini normalden daha fazla monitor edebilmek

65) Duruma uygun karar verme stratejilerini kullanabilmek

66) Otomasyon sistemlerini ve gostergelerini dogru
anlatabilmek

67) Otomasyon sistemlerindeki degisiklikleri zamaninda tespit
edebilmek

68) Frekans iletisiminde kullandigim isluba dikkat etmek

69) Otomasyon sistemlerindeki degisiklikleri zamaninda dile
getirebilmek

70) Kendi durumsal farkindaligim ekip iiyeleri ile
paylasabilmek

71) Kurallara uygun davranmak

72) iletisimde ortak dili kullanmak
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73) Var olan bilgimi beceriye dokebilmek

74) Degisen gevre ile ilgili bilgi sahibi olmak

75) Degisen sistemler ile ilgili bilgi sahibi olmak

76) Isimi yaparken var olan bilgimi etkili bir sekilde
kullanabilmek

77) Var olan operasyon talimatlar1 hakkinda bilgi sahibi olmak

78) Bir seyler ters gittiginde neyin ters gittigini zamaninda tespit
edebilmek

79) Gorev siiresince yapilacak igslemlerin 6nceligini
belirleyebilmek

80) Gerektiginde ekip arkadaslarimin is yiikiinii hafifletebilmek

81) Gerektiginde ekip arkadaslarimdan yardim isteyebilmek

82) Var olan operasyon talimatlarini uygulamak
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F. APPROVAL OF THE METU HUMAN SUBJECTS ETHICS COMMITTEE
FOR MAIN STUDY

13 EYLOL 2022
Konu: Degerlendirme Sonucu

Gonderen: ODTU insan Arastirmalari Etik Kurulu (IAEK)

llgi Insan Arastirmalan Etik Kurulu Bagvurusu

Sayin Dog.Dr. Bahar 07

Damsmanhigm yiirittiginaz Gizem Serin ATIS''n "Kurum emniyet iklimi, ekip
Kaynak yonetimi ve bireysel faktorler arasmdaki iligkinin incelenmesi" hashkh
dragtirmast Insan Arastimalart Etik Kurulu tarafindan uygun gorllerck gerekli onay
0475-0DTUIAEK-2022 protokol numaras: ile onaylanmistrr.

Bilgilerinize saygilarimla sunarim.

Prof. Dr. Mine MISIRL,ISOY

Bagkan
Dr, Ogretim Uyesi Mige GUNDUZ
Uye
Ofretim Uydsi Serife SEVING Dr. Ogretim Oyesi Murat Perit CAKIR
Uye Uye
si Sureyya OZCAN KABASAKAL Dr. Ogretim Uyesi A. Emre TURGUT

(lye
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G. INFORMED CONSENT FOR THE MAIN STUDY

Gonillu Katilim Formu

Bu caligma, Orta Dogu Teknik Universitesi Psikoloji Boliimii 6gretim
iiyelerinden Dog. Dr. Bahar OZ danismanliginda, Trafik ve Ulasim Psikolojisi alani
doktora 6grencisi ve TOBB Ekonomi ve Teknoloji Universitesi Arastirma Gorevlisi
Uzm. Psk. Gizem SERIN ATIS tarafindan doktora tez ¢alismasi olarak
yuriitilmektedir. Calismanin amaci, ticari hava yollarinda c¢alisan pilotlar i¢in hem
arastirma amaciyla kullamlabilecek bir Ekip Kaynak Yonetimi Yetkinlik Olgegi
olusturmak hem de kurum emniyet kiiltiirii, ekip kaynak yonetimi, bireysel degiskenler
arasindaki iliskinin incelenmesidir. Bu kapsamda sizden istenen, yonlendirilen
sorulara soru yonergelerine uygun cevaplar vermenizdir.

Calisma iki asamadan olusacaktir. Ilk asama yaklasik 15 dakika siirecektir.
Ikinci asama ise ilk asamada cevapladiginiz EKY Yetkinlikleri Olgegi ile Pilot
Davranislar1 Olgegini cevaplamaniz istenecektir. Ikinci asama yaklasik 10 dakika
siirecektir. Ikinci asamaya katilmak isterseniz size sunulan kisma e-mail adresinizi ve
rumuzunuzu girmeniz gerekmektedir. Liitfen, belirttiginiz rumuzu daha sonra size
gonderilen linkte belirmeniz igin not ediniz.

Bu calismada, fiziksel veya psikolojik rahatsizliga neden olacak sorular
bulunmamaktadir. Ancak, bdyle bir rahatsizlik hissettiginizde istediginiz zaman
calismay1 birakabilirsiniz. Calismaya katilmak tamamen goniilliikk esasina
dayamaktadir. Elde edilen bilgiler sadece bilimsel arastirma ve yaymnlarda

kullanilacaktir. Calisma kapsaminda hicbir kisisel veri ya da kurum bilgisi

istenmeyecek ve kullanilmavyacaktir.
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Calisma ile 1ilgili herhangi bir sorunuz oldugunda _

adresinden ya da || numaral telefondan Uzm. Psk. Gizem Serin’e
ulagabilirsiniz. Bu arastirmaya katildiginiz ve verdiginiz destek icin ¢ok tesekkiir

ederiz.

Yukaridaki bilgileri okudum ve bu ¢calismaya tamamen goniillii olarak katiltyyorum.

Isim Soyisim/Rumuz Tarih
Imza
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1)
2)
3)

4)

5)

6)
7)
8)

H. DEMOGRAPHIC INFORMATION FORM

Yasiniz:
Cinsiyetiniz: U Kadin O Erkek
Egitim durumunuz:
a. Lise
b. Universite
c. Yuksek Lisans
d. Doktora
Mesleki egitiminizi aldiginiz okul:
a. Askeri Havacilik Okulu
b. Sivil Havacilik Okulu
Calistiginiz pozisyon:
a. Kaptan Pilot
b. 2. Pilot (Yardime1 Pilot)

Sivil ticari havacilik alaninda saatlik ugus deneyiminiz:

Bir ayda ortalama ka¢ saat uguyorsunuz?

Su an kullandiginiz ug¢agin tipi nedir?
a. Genis GOvde
b. Dar Govde

9) Son 3 yilda kag defa kritik bir olay (incident) yasadiginizi belirtiniz:

10) Normal ugus sartlar1 altinda, ugus sirasinda hissettiginiz stresin seviyesini

belirtiniz;
. Cok
Stressiz Stresli
0 1 2 3 4 5 6 7 9
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I. AIRLINE PILOT BEHAVIOR INVENTORY

Pilot Davranis Olgegi

Asagida bir pilotun ugus Oncesi, sirasi ve sonrasinda sergiledigi bazi davranislar

verilmistir.

Liitfen, kendinizi isinizi yaparken diislindiigiiniizde sunulan her bir

davranisi ne siklikla sergilediginizi verilen 6 basamakli 6l¢ek tizerinde ilgili kutucugu

isaretleyerek belirtiniz.

Hichir
zaman

Nadiren

Bazen

Oldukca
sik

Sik sik

Neredeyse
her zaman

1)

Ucagin basma
gelindiginde gerekli
teknik kontrolleri
eksiksiz yerine getirmek

2)

NOTAM’lar/ AIS/ MET
brifing dokiimanlarinin
ucaktan mevcut olup
olmadigini kontrol
etmek

3)

Fark etmeden yanlis flap
acis1 set etmek

4)

Kalkistan sonra inig
takimlarint kapatmay1
unutmak

5)

Ucgus oncesi koltugu
sabitlemeyi (ayarlamay1)
unutmak

6)

Fark etmeden, ugulacak
rota i¢in kalkis brifingi
yapmamak

7)

Ucus oncesi, ugulacak
rota i¢in kalkis brifingi
yapmaya gerek
duymamak

8)

Kalkis i¢in piste gelirken
dis 1siklarin agik
olmadigini fark
etmemek

9)

Taksi sirasinda biitiin
izinleri tekrar kontrol
etmeye gerek duymamak

10) Normal sartlarda, taksi

yaparken hiz limitlerini
agmak

11) Checklistleri

tamamlarken, bir ya da
birden ¢cok maddeyi
unutmak
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12) Kalkig sirasinda, 6nden
kalkan trafigin
tiirbiilansini
dnemsememek

13) Transition (TA) irtifasi
gecilince tim ana ve
yedek altimetreleri 29.92
inHg/1013.3 (hPa)
olarak ayarlamak ancak
capraz kontroliini
atlamak

14) Omuz baglarin1 10.000
feete ulagmadan ¢6zmek

15) Hedef irtifaya 1000 feet
kaldiginda call-out
yapilmadigini sonradan
fark etmek

16) Hedef irtifaya ulaginca
diiz ucus brifingi
yapmamak

17) Dis etkenler miisaade
etse de optimum
irtifadan alcakta ugmak

18) Ilgili hava alanlarinin
ATIS ve VOLMET leri
almamak

19) Buzlanma beklendiginde
“Engine Anti-iceing”
veya “wing anti ice”
sistemlerinin
calistirilmadigini fark
etmemek

20) Turbilans sirasinda
ATC bilgilendirmesi
yapmay1 unutmak

21) Turbdlanstayken uygun
stirat ve thrust/N1 degeri
kullanmamak

22) Omuz baglarini, 10.000
feet altina indikten sonra
da bir slire takmamak

23) Kalkistan sonra, normal
sartlarda, inis takimlarini
kapatmay1 bir siire
ertelemek

24) Inis sirasinda kuyruk
riizgari limitlerini
dikkate almayarak, ucagi
inige zorlamak

25) Sistemlerde yapilan
degisiklikleri sesli olarak
dile getirmemek

26) Kalkis sirasinda, trafige
odaklanip motor
enstriimanlarini ve hiz
gostergelerini kontrol
etmeyi unutmak
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27) Inis sirasinda, steril
kokpit kurallarim
atlamak

28) Park sirasinda, park freni
yerine baska bir
uygulamay1 (6rnegin
nose wheel lock)
caligtirmak

29) Yogun kalkig trafigi
nedeniyle, taksi
yaparken acele etmek

30) Checklistleri “ezbere”
tamamlamak

31) Checkklistlerdeki
maddelerin bazilarinin
(6rnegin,flap settings)
dogru ayarlarini okumak
ancak ayarlar1 set etmeyi
unutmak

32) ATC izni olmadan surat
degisikligi yapmak

33) Ugus bilgisayarina fark
etmeden yanlig
havaalanimin bilgilerini
girmek

34) Gorerek sartlarda
yaklasirken, ugagin
kontrolund geg ele
almak

35) Inis sirasinda, inis
takimlarini agag1 almay1
bir siireligine unutmak

36) Yanlis taksi yolunu
kullanmak

37) Bir ya da birden fazla
checklisti atlamak

38) Kalkis sirasinda,
yanlislikla u¢agin
burnunu dik bir agiyla
kaldirarak, kuyrugun
piste surtmesine neden
olmak

39) Harici kontrolleri
(extraneous inspection)
tamamlamay1 unutmak

40) Yanlis frekansa
baglanmak

41) Kalkis sirasinda, steril
kokpit kurallarini
atlamak

42) Aletli inis sistemi (ILS)
ile inis yaparken, ucagin
kontrolund geg ele
almak

43) Tamamlanan bir
checklistten sonra
tamamlandigini s6zli
olarak dile getirmemek
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(“complete” olarak
belirtmemek)

44) Yolcu almak i¢in yanlig
kapiya yanasmak

45) Hava Trafik
Kontrolii’'nden gelen
degisiklik ya da izinleri
yanlig anlamak

46) Ugag1 park ederken
“parking-brake”i aktive
etmeyi unutmak

47) Dis etkenlere fix olup
rutin monitoringi
atlamak

48) Ucgak otomasyon
altindayken, monitoring
yapmama

49) Goriis limitleri,
yaklagma limitlerinden
diisiik olsa da
yaklagmaya devam
etmek

50) Divert etmek gerekirken
inige zorlamak

51) Yaklasma sirasinda siirat
limitlerini agmak

52) Ugus planimi yanlig
yorumlanmak

53) Tasarruf amaciyla
minimum yakitla ugmak

54) ATC tarafindan verilen
irtifay1 yanlig anlayarak
yanlis irtifada ugmak

55) Zaman baskisi nedeniyle
aceleci davranmak

56) Ugak stabil degilken
yaklagsmaya devam
etmek

57) Bazi1 SOP’leri
uygulamay1 unutmak

58) Database’e fark etmeden
yanlis ugus agirlig
girmek

59) Yanlis FPM ile algalmak

60) Yanlig FPM ile
tirmanmak

61) Yakit alim1 sirasinda
yolcu alimina baglamak

62) Checklistleri
tamamlarken sadece
6nemli gorulen
maddelere odaklanmak
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J. CRM COMPETENCY SCALE

Asagida bir pilotun sahip olabilecegi Ekip Kaynak Yonetimi yetkinlikleri ile ilgili maddeler

yer almaktadir. Liitfen, kendinizi isinizi yaparken diislindiigliniizde sunulan her bir maddede

ifade edilen durumun sizi ne dlgiide yansittigini verilen 5 basamakli dlgek tizerinde ilgili

rakamin bulundugu kutucugu isaretleyerek belirtiniz.

isteyebilmek

Maddeler Kabul
Cok Edilebilir Cok
Zayif [Zayif|Seviyede |lyi | Iyi
1) Ugus siiresince ekip arkadaslarinin biligsel
g 7 . 1 2 3 4 | 5
ve fiziksel durumunu monitor edebilmek
2) Otomasyon seviyesini ugusun fazina gore
. 1 2 3 4 | 5
ayarlayabilmek
3) Ekip iiyeleriyle dogru bilgi iletisimini
< . 1 2 3 4 |5
saglayabilmek
4) Ekip Uyelerindeki yorgunluk durumunda,
ekip tiyesinin dikkatini dagitmayacak ve ise
< 1 2 3 4 |5
odaklanmasin saglayacak uyaranlar
verebilmek
5) Yorgun oldugumda ekip iiyelerine bunu
< 1 2 3 4 | 5
deklare edebilmek
6) Manuel ugus sirasinda dis etmenlerden
gelen dikkat dagiticilar: etkili bir sekilde 1 2 3 4 |5
yonetebilmek
7) Ugus emniyetini etkileyebilecek normal
olmayan durumlarda sakinligimi 1 2 3 4 |5
koruyabilmek
8) Ekip ile acik iletisim halinde olabilmek 1 2 3 4 |5
9) Nerede, ne zaman ve kiminle iletisime
. 1 2 3 4 |5
gececegimi bilmek
10) Ugus siiresince yapilabilecek hatalari 1 5 3 4|5
zamaninda tespit edebilmek
11) Otomasyon seviyesi is yiikiinii artirdiginda
; 1 2 3 4 |5
manuel kontrole gecebilmek
12) Degisen gevre ile ilgili bilgi sahibi olmak 1 2 3 4 |5
13) Ekip iiyelerinin gerekli bilgileri dogru
< 5 1 2 3 4 |5
anladigindan emin olmak
14) Gerektiginde ekip arkadaslarimdan yardim 1 9 3 4|5
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15) Var olan operasyon talimatlarini
uygulamak

16) Degisken is yiikiinii ekibin gorevlerini
tamamlamasi yoniinde etkili bir sekilde
degerlendirebilmek

17) Bir seyler ters gittiginde neyin ters gittigini
zamaninda tespit edebilmek

18) Otomasyon sistemlerini uygun diizeyde
kullanabilmek

19) Overload olup muhakeme yetenegini
kaybetmemek

20) Ugus sirasinda maksimum seviyede
monitoring yapabilmek

21) Gerektiginde ekip arkadaslarimin ig yiikiinii
hafifletebilmek

22) Kabin ekibini briefinglere dahil etmek

23) Iletisimde ortak dili kullanmak

24) Briefinglerde acil durum planlarini ekip
iiyeleriyle etkili bir sekilde paylasabilmek

25) Ekibin karar verme mekanizmalarini karar
verme sureclerine dahil edebilmek

26) Ekip icerisindeki koordinasyonu
saglayabilmek

27) Ugus emniyetini etkileyebilecek normal
olmayan durumlara 6nceden hazirlikli
olabilmek

28) Degisen sistemler ile ilgili bilgi sahibi
olmak

29) Manuel ugusta ucagi uygun yumusaklikta
(smoothness) kullanabilmek

30) Kurallara uygun davranmak

31) Stres altinda konsantrasyonumun
devamliligini saglayabilmek

32) Ekip uyelerindeki yorgunluk durumunda,
yorgun olan ekip Gyesini normalden daha
fazla monitor edebilmek

33) Tiim ekibin birbiriyle dogru ve acik bilgi
paylasimi saglayabilecegi bir iletisim
ortami olusturabilmek

34) Duruma uygun karar verme stratejilerini
kullanabilmek

35) Normal ugus sartlarinda bile olusabilecek
olumsuz kosullar i¢in tetikte olabilmek

36) Ugus sirasinda sistemlerdeki degisikligi
zamaninda fark edebilmek
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37) Ugus sirasinda, ugus emniyetini
etkileyebilecek normal olmayan
durumlarda panik yapmamak

38) Manuel ugarken, ug¢agin irtifa, hiz ve thrust
degerlerinin takibini atlamadan yapmak

39) Manuel ugusta, ucus planindan sapmalari
zamaninda belirleyebilmek

40) Frekans iletisiminde kullandigim tisluba
dikkat etmek

41) Var olan bilgimi beceriye dokebilmek

42) Ugus siiresince karsilasabilecek tehditler
icin Onceden dnlem alabilmek

43) Ekip Uyelerine davraniglari ile ilgili etkili
geribildirimler verebilmek

44) Ugus emniyetini etkileyebilecek normal
olmayan durumlarda gorev dagilimini stresi
azaltacak sekilde diizenleyebilmek

45) Isimi yaparken var olan bilgimi etkili bir
sekilde kullanabilmek

46) Karar verme surecinde ekibin fikirlerine
6nem vermek

47) Ugus emniyetini etkileyebilecek normal
olmayan durumlarda ekip arkadaslarimin
bilgisine gilivenerek sartlara en uygun karari
verebilmek

48) Ugus sirasinda, ugus emniyetini
etkileyebilecek normal olmayan
durumlarda sorunu degerlendirmek igin
zaman kazanabilmek

49) Ugustan Once, ugusa mental olarak
hazirlanabilmek

50) Gorev siiresince yapilacak iglemlerin
onceligini belirleyebilmek

51) Degisken is yiikiinii ekibe dengeli bir
sekilde dagitabilmek

52) Ekip tyeleriyle iletisimde kullandigim
usluba dikkat etmek

53) Ugus emniyetini etkileyebilecek normal
olmayan durumlarda prosediirlere
giivenerek sartlara en uygun karari
verebilmek

54) Kendi durumsal farkindaligimi ekip iyeleri
ile paylagabilmek

55) Otomasyon sistemlerini ve gostergelerini
dogru anlatabilmek

56) “Ugagin 6niinde olmak”
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57) Ugus sirasinda emniyetini etkileyebilecek
normal olmayan durumlarda, durumu dogru
analiz edebilmek

58) Dogru prosediirleri dogru zamanda
uygulayabilmek

59) Ugus siiresince kendi biligsel ve fiziksel
durumumu monitor edebilmek

60) Otomasyon sistemlerinin ugus planina
uygunlugunu kontrol edebilmek

61) Yorgun oldugumda “unfit” durumunu rapor
etmekten cekinmemek

62) Aldigim kararlarin ve yaptigim
davraniglarin sorumlulugunu iistlenebilmek

63) Karar verme surecinde ekibi, fikirlerini
sOylemeye tesvik edebilmek

64) SOP’lere uygun davranmak

65) Yorgun oldugumda olusabilecek hata
yapma olasiligini engellemek amaciyla ekip
uyelerinden beni daha fazla monitor
etmelerini istemek

66) Ekibin durumsal farkindaligini artirabilmek

67) Ekip tyelerindeki yorgunluk durumunu
tespit edebilmek

68) Ugus emniyetini etkileyebilecek normal
olmayan durumlarda kendi bilgime
giivenerek sartlara en uygun karari
verebilmek

69) Assertive olmak

70) Ekip tiyeleriyle bilgi iletisimini zamaninda
saglayabilmek

71) Normal sartlarda maksimum seviyede
durumsal farkindaliga sahip olabilmek

72) Var olan operasyon talimatlar1 hakkinda
bilgi sahibi olmak

73) Ekip tyelerindeki stres belirtilerini fark
edebilmek

74) Ekip igerisindeki ¢atismalart etkili bir
bicimde ¢ozebilmek

75) Otomasyon sistemlerini ve gostergelerini
dogru anlayabilmek

76) Otomasyon sistemlerindeki degisiklikleri
zamaninda tespit edebilmek

77) Bir ekip iiyesinde yorgunluk olustugunda
dinlenebilmesini saglayacak uygun kosullar
olusturabilmek
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78) Ugus Oncesi, ugusta olusabilecek ve ugus
emniyetini olumsuz etkileyebilecek normal
olmayan durumlar1 dogru analiz edebilmek

79) Manuel ugusta, ugus planini optimum
performans saglayacak sekilde
dizenleyebilmek

80) Ekip uyelerindeki yorgunluk durumunda,
ekip liyesinin uyanik kalarak ise devamini
saglayacak sartlar olusturabilmek

81) Ugus sirasinda karar vermeden once
cevreden aldigim bilgileri dogru analiz
edebilmek

82) Otomasyon sistemlerindeki degisiklikleri
zamaninda dile getirebilmek
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K. AVIATION SAFETY CLIMATE SCALE

Asagida ugus sirketlerinin emniyet iklimlerini belirten baz1 ciimleler
verilmigtir. Liitfen, kendinizi isinizi yaparken disiindiigiiniizde sunulan her bir
maddede ifade edilen durumun sirketinizin emniyet iklimini ne 6l¢lide yansittigini
verilen 5 basamakli 6l¢ek tlizerinde ilgili kutucugu isaretleyerek belirtiniz.

Kesinlikle Kesinlikle

katilmryorum katiliyorum
1)Emniyeti artirici Oneriler tesvik edilir. 1 2134 5
'Z)S_(onf:tlm, gercekten emniyet konulariyla 1 2134 5
ilgilenir.
3)Giivenlik konularinda pilotlara danigilir. 1 2134 5
4) Pilotlar, emniyet problemleriyle ilgili
stipervizorler veya yoneticilerle agik¢a 1 2134 5
konusabilir.
5)Pilotlara, ugak sirketi dahil, emniyet 1 21314 5
olaylartyla ilgili geribildirim verilir.
6)Y Onetim, ugus emniyetini etkileyecek
operasyonel konularda iyi bir anlayisa 1 2134 5
sahiptir
7)Y Onetim, emniyeti firma
operasyonlarinin énemli bir pargasi olarak 1 2134 5
ele alir.
8)Y Onetim, emniyet olaylarina dahil olan
insanlar1 suglamak yerine olaylarin altinda 1 2134 5

yatan faktorleri aragtir.

9)Y onetim, pilotlar1 emniyeti ugus
programina uymaktan daha énemli 1 2134 5
oldugunu diisiinmeye tesvik eder.
10)Y 6netim, emniyete yeterli kaynak

< 1 2134 5
saglar.
11)Bilgileri tazelemek ve guncellemek
L 1 2134 5
icin diizenli egitim alinir.
122B1r dizi acil durum ig¢in diizenli egitim 1 2134 5
saglanir.
13)Sirket egitimi normal operasyonlari
giivenli bir sekilde siirdiirmek i¢in yeterli 1 2134 5
beceri ve deneyimi saglar.
14)Yeni prosedurler ya da ekipmanlar

8 P 1 2134 5

uygulanildiginda egitim alinir.
15)Ucak, emniyet standartlarini saglar. 1 2|34 5
16)Gerevk.t1g.1¥1c.16 ekipmanlar giincellenir 1 2134 5
veya degistirilir.
172Bak1m yapmak icin yeterli kaynak 1 2134 5
saglanir.
18) Emniyeti etkilen ve rapor edilmis 1 2134 5

hatalar dizeltilir.
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L. BASIC PERSONALITY TRAITS INVENTORY

Asagida size uyan ya da uymayan pek ¢ok kisilik 6zelligi bulunmaktadir.
Sizden istenen asagidaki kisilik 6zelliklerinin sizin i¢in ne kadar uygun oldugunu
belirtmenizdir.

Hig Uygun | Kararsizzm | Uygun Cok
Uygun Degil Uygun
Degil
1)Aceleci 1 2 3 4 5
2)Yapmacik 1 2 3 4 5
3)Duyarli 1 2 3 4 5
4)Konugkan 1 2 3 4 5
5)Kendine guvenen il 2 3 4 5
6)Soguk 1 2 3 4 5
7)Utangac 1 2 3 4 5
8)Paylagimet 1 2 3 4 5
9)Genig/Rahat 1 2 3 4 5
10)Cesur 1 2 3 4 5
11)Agresif/Saldirgan 1 2 3 4 5
12)Caliskan 1 2 3 4 5
13)icten pazarlikly 1 2 3 4 8
14)Girisken 1 2 3 4 S
15)lyi niyetli 1 2 3 4 5
16)igten 1 2 3 4 5
17)Kendinden emin 1 2 3 4 5
18)Huysuz 1 2 3 4 5
19)Yardimsever 1 2 3 4 5
20)Kabiliyetli 1 2 3 4 5
21)Usengeg 1 2 3 4 5
22)Sorumsuz 1 2 3 4 5
23)Sevecen 1 2 3 4 5
24)Pasif 1 2 3 4 5
25)Disiplinli 1 2 3 4 5
26)Acgozli 1 2 3 4 5
27)Sinirli 1 2 3 4 5
28)Canayakin 1 2 3 4 5
29)Kzigin 1 2 3 4 5
30)Sabit fikirli 1 2 3 4 5
31)Gorgusuz 1 2 3 4 5
32)Durgun 1 2 3 4 5
33)Kaygih 1 2 3 4 5
34)Terbiyesiz 1 2 3 4 5
35)Sabirsiz 1 2 3 4 5
36)Yaratici/Uretken 1 2 3 4 5
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37)Kaprisli

38)i¢e kapanik

39)Cekingen

40)Alingan

41)Hosgoriilii

42)Duzenli

43)Titiz

44)Tedbirli

45)Azimli

A R

NININININININININ

WWwwwiw(w(iw(w

Ee R R RS S g g

grjoryjorjorjorjorjor|ol| ol
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M. MULTIDIMENSIONAL FATIGUE SYMPTOMS INVENTORY-SHORT
FORM

Asagida kisilerin hayatlarinin belli zamanlarinda nasil hissettiklerine dair
climleler verilmistir. Son dort haftada bu climleleri ne kadar sik deneyimlediginizi
belirtiniz.

i . Sik Oldukca
Hi¢ | Biraz | Kismen Sik fazla
1) Bir _seylerl hatirlamakta gliglik 0 1 9 3 4
cekiyorum
2) Kaslarim agriyor 0 1 2 3 4
3) Uzgiin hissediyorum 0 1 2 3 4
4) B_acak!arlml gligsiiz 0 1 5 3 4
hissediyorum
5) Neseli hissediyorum 0 1 2 3 4
6) Basimda bir agirlik var 0 1 2 3 4
7) Yasam dolu hissediyorum 0 1 2 3 4
8) Sinirli hissediyorum 0 1 2 3 4
9) Rahatlamis hissediyorum 0 1 2 3 4
10) Bitkin hissediyorum 0 1 2 3 4
11) Kafam karisik 0 1 2 3 4
12) Tiikenmis hissediyorum 0 1 2 3 4
13) Uzgiin hissediyorum 0 1 2 3 4
14) Yorulmus hissediyorum 0 1 2 3 4
15) D|k_kat|m| vermekte zorluk 0 1 5 3 4
cekiyorum
16) Kollarimi giigsiiz hissediyorum 0 1 2 3 4
17) Agirkanli hissediyorum 0 1 2 3 4
18) Giiclimiin tiikendigini 0 1 9 3 4
hissediyorum
19) Tiim viicudum agriyor 0 1 2 3 4
20) Konsantre olamiyorum 0 1 2 3 4
21) Depresif hissediyorum 0 1 2 3 4
22) Yenilenmis hissediyorum 0 1 2 3 4
23) Gergin hissediyorum 0 1 2 3 4
24) Enerjik hissediyorum 0 1 2 3 4
25) Normalden daha fazla hata 0 1 5 3 4
yapiyorum
26) Uzerimde bir agirhik var 0 1 2 3 4
27) Unutkanim 0 1 2 3 4
28) Yorgun hissediyorum 0 1 2 3 4
29) Sakin hissediyorum 0 1 2 3 4
30) Sikintiliyim 0 1 2 3 4
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O. TURKISH SUMMARY / TURKCE OZET

YENIDEN YORUMLANAN EKIiP KAYNAK YONETIMI (EKY)
BILESENLERININ TICARI HAVAYOLU PILOTLARININ EMNIYETSIiZ
DAVRANISLARI UZERINDEKI ETKIiSI: GUVENLIK iKLiMI,
YORGUNLUK VE KiSiLiGIN ARACI VE DUZENLEYiCi ROLLERIi
UZERINE BIR ARASTIRMA

s Havacilik sektorii, teknolojik gelismelere ragmen biiyiik oOl¢iide insan
faktoriine dayanir ve kazalarin ¢ogu insan hatasindan kaynaklanmaktadir. Cesitli
caligmalar, kazalarin %70-80'inin insan hatasindan kaynaklandigin1 gostermektedir
(Wiegmann & Shappell, 2001). Insan hatalar1 arasinda kazalarin direkt nedeni olarak
pilotlar1 davranislar1 (unsafe acts) oldugu goriilmiistiir. Ulasim literatiiriinde “safe”
kelimesi genellikle “giivenli” kelimesi ile Tiirk¢e literatiirde yer alsa da havacilik
literatiiriinde bu kelime “emniyetli” seklinde Tiirkgelestirilmistir. Bu nedenle metnin
geri kalaninda “safe” kelimesinin Tiirkce karsiligi olarak emniyetli, “safety”
kelimesinin Tirk¢e karsiligi olarak “emniyet” kelimesi kullanilacaktir. Emniyetsiz
davranislar genellikle iletisim eksiklikleri, kotii karar verme, dikkatsizlik ve
koordinasyon eksikliklerinden kaynaklanmaktadir (Reason, 1990). Bu tiir davraniglar
ozellikle havaciliktaki hizla degisen ortamda kritik 6neme sahiptir. Emniyetsiz
davranislar, kasitsiz hatalar veya kasitli ihlaller olarak farkli bigimlerde ortaya ¢ikabilir
ve eger risk faktorleri géz ard1 edilirse felaketlere yol agabilir (Hobbs & Williamson,
2002). Ornegin, 1977'deki Tenerife felaketi, kokpit icindeki yetersiz koordinasyon ve
iletisim eksikliklerinden kaynaklanmistir (Weick, 1990).

Pilotlarin emniyetsiz davranislarin1 6lgmek amaciyla nesnel ve 6znel birgok
farkl1 6l¢iim yontemi kullanilabilmektedir. Ancak bu yontemlerin hem avantajlart hem
de dezavantajlar1 bulunmaktadir. Nesnel yontemlerin baslicalart kokpit igerisindeki
gbzlemler veya simiilator ¢calismalaridir. Bu yontemler pilotlarin davraniglar: genis bir
cercevede degerlendirmeye ve Ol¢iimlemeye olanak saglar. Ancak bu yontemler,
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gozlemcilerin yogun egitimini gerektirmekte ve gozlemcilerin glivenilirligi agisindan
soru isareti olusturmaktadir. Aym1 zamanda, Ozellikle simiilatér calismalarinda
sonuglarin genellenebilirligi disiiktiir (Caponecchia et al., 2014; Mavin & Roth,
2014). Oznel yéntemlerin baginda ise z-bildirim yontemi gelmektedir. Oz-bildirim
yontemi pilotlarin  davranislarinin - sikligini  kendi raporlamalariyla Olgmeye
dayanmaktadir. Serin (2016) ticari havayolu pilotlarinin emniyetsiz davranislarini
O0lemek amaciyla Pilot Davraniglart Envanteri (PDE) gelistirmistir. Bu envanter,
kuramsal olarak alaninda uzman kisilerin goriisleri alinarak gelistirilmistir. Kuramsal
olarak gelistirilmis olmasi pilotlarin davranis ¢esitliligini yansitmasi acgisindan bir
eksiklik olarak gorllebilmektedir. Bu nedenle, bu envanterin pilotlarin davranig
orneklerini artirmak amaciyla miilakatlarla desteklenmesi ve yenilenmesi gerekliligi
diisiniilmektedir. Literatiirde, 0z-bildirim 6lgumlerinin sosyal olarak istenilen
yanitlamaya kars1 savunmasiz olabilecegi one siiriilmiistiir. Bu durum, katilimcilarin
sorular1 ger¢ek duruma uygun yanitlamak yerine, arastirmacilarin beklentileri ve
toplumsal beklentiler dogrultusunda yanitlamasi anlamina gelmektedir (Lajunen &
Summala, 2003; Yilmaz ve ark., 2022). Ancak, Sosyal istenilirlige dayali yanitlar
katilimcilarin anonimligi giivencelendiginde azalabilmektedir (Lajunen & Summala,
2003).

Pilotlarin emniyetsiz davraniglarin1 6lgmek bu davranislar1 azalmada ve bu
davraniglara etki eden faktorleri belirlemekte dnemli olacaktir. Bu tlr davranislarin
onlenmesi amaciyla Ekip Kaynak Yonetimi (EKY) gelistirilmistir. EKY, ekip
caligmasi, iletisim, liderlik, karar verme gibi insan faktorlerini ele alarak ugus
emniyetini artirmay1 hedefler (Helmreich & Foushee, 2010). 1970'lerde EKY
uygulamalar1 bagsladiktan sonra, havayolu sirketleri bu egitimi ugus ekiplerine
vermeye basladi ve bu uygulama diinya ¢apinda yayginlasti. EKY'nin etkisi ve bu
egitimlerin ne kadar basarili oldugu, gesitli araglarla dl¢iilmeye ¢alisiimistir. Ornegin,
Cockpit Management Attitudes Questionnaire (CMAQ) gibi anketler ve Line
Operation Safety Audits (LOSA) gibi gozlem araglar1 bu 06lglim araglarindandir
(Helmreich, 1984; Merritt, 1996; O'Connor, 2002).

EKY, teknik becerilerle birlikte bilissel, sosyal ve kisilerarast beceriler
gerektirir ve etkili bir ekip performansi ic¢in tim kaynaklarin dogru sekilde

kullanilmasini1 amaglar (Flin, 2002). Iletisim, ekip yonetimi, liderlik, karar verme gibi
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becerileri gelistirmeyi hedefler. EKY'nin uygulanmasi, havaciliktaki ciddi kazalarin
¢ogunun insan hatalarindan kaynaklandigina dair farkindalik olusturmus ve emniyeti
artirmaya yonelik bir adim olmustur. 1979'da NASA tarafindan diizenlenen bir
calistayda "Kokpit Kaynak Yonetimi" terimi ortaya c¢ikmis ve ilk CRM egitim
programlari, ABD'deki United Airlines ve Avrupa’daki KLM gibi havayolu
sirketlerinde uygulanmaya baslanmistir (Flin, 2002).

EKY'nin amac1 zamanla genislemis ve kapsami Ekip Kaynak Y 6netimi olarak
daha genis bir alan1 kapsayacak sekilde evrilmistir. EKY, ucus personelinin tim
kaynaklar etkili bir sekilde kullanabilmesini 6gretmeye c¢alisarak, hatalar1 en aza
indirgemeyi amagclar. Ancak, EKY'nin etkinligi hakkinda ¢esitli ¢alismalar yapilmis
ve bunun emniyeti artirmadaki rolii tizerine ¢ok sayida arastirma gergeklestirilmistir
(Flin, 2003; Helmreich, 1997). Bu arastirmalar, EK'Y beceri ve davranis dl¢iimlerinin

ucus emniyetini artirmada énemli oldugunu gostermistir.

EKY’nin etkinligini etkileyen faktorlerden biri de pilotlarin yorgunluk
durumudur. Yorgunluk, gorsel algi, dikkat, karar verme ve isleme gibi biligsel ve
psikomotor becerilerde bozulmalara yol agar. Yorgunlukla ilgili pek ¢ok c¢alisma, bu
durumun pilotlar arasinda hatalar1 ve emniyetsiz davranislari artirabilecegini
gostermektedir (Killgore, 2009; Tucker, 2010). Ornegin, gorsel performans diisiisii,
dikkat eksikligi gibi faktorler kazalara yol agabilecek sorunlar yaratir (Quant, 1992;
Rogé, 2003). Ayrica, asirt uyaniklik ve yorgunluk, pilotlarin karar verme siireglerini

olumsuz ydnde etkileyebilir (Tyagi, 2009; Smith, 2002).

Bir diger énemli faktdr ise organizasyonel emniyet iklimidir. Iyi bir emniyet
iklimi, ugus ekibinin emniyetli ugus operasyonlarin1 saglamak i¢in kurallara uyum
saglamasint ve is birligi yapmasim tesvik eder. Pozitif emniyet ikliminin, ucus
ekiplerinin emniyet davranislarini giiglendirdigi ve hatalar1 azaltmaya yardimci oldugu
gozlemlenmistir (Zohar, 2014; Swedler, 2015). Organizasyonlar, bu tiir bir emniyet
kiltirt olusturmayr ve ugus emniyetini tesvik etmeyi amaglamahidir. Ayrica,
yorgunlukla ilgili risklerin yonetilmesinde de kurum emniyet iklimi énemli bir rol
oynar, ¢iinkii ucus siireleri ve dinlenme siireleri gibi faktdrler ugus emniyetini

etkileyebilir.

Son olarak, kisilik 6zelliklerinin de pilotlarin emniyetsiz davranislar tizerinde

etkisi oldugu goriilmektedir. Bazi arastirmalar, pilotlarin belirli kisilik 6zelliklerine
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sahip olmalarinin, ugus emniyeti acisindan énemli oldugunu 6ne siirmiistiir. Ozellikle
disa doniikliik, duygusal denge ve sorumluluk gibi faktorler, pilotlarin performansini
etkileyebilir (Ma, 2023). Yiiksek anksiyete ve stres gibi kisilik 6zellikleri, pilotlarin
performansini olumsuz etkileyebilirken, uyumluluk ve sorumluluk duygusu yuksek

olan pilotlar daha emniyetli davranislar sergileyebilir (Boyd, 2005; Callister, 1999).

Sonug olarak, EKY, ugus emniyetini artirmada kritik bir rol oynamaktadir.
Ancak, EKY nin etkinligini etkileyen yorgunluk, kisilik 6zellikleri ve kurum emniyet
iklimi gibi faktorler de g6z 6niinde bulundurulmalidir. Bu faktérlerin etkili bir sekilde

yonetilmesi, ugus emniyetini artirmaya yardimeci olabilir.

Bu calisma, ticari havayolu pilotlarinin EKY ve emniyetsiz davraniglar
arasindaki iliskisinin daha derinlemesine anlasilmasini hedeflemektedir. Bu amacla,
calisma 1’de PDE’nin yenilenmesi ve EKY yetkinliklerini 6z-bildirim yontemiyle
Olciimleyecek bir arag gelistirilmesi amaglanmistir. Ayni zamanda, pilotlarin
emniyetsiz davraniglarini yordayan faktorlerin belirlenmesi, kurum emniyet iklimi ve
yorgunlugun EKY ve emniyetsiz davranislar arasindaki iliskideki araci roliiniin
belirlenmesi ve kisilik 6zelliklerinin bu iligkideki diizenleyici roliiniin belirlenmesi

amaglanmaktadir.

Calisma 1: Pilot Davranmislar1 Envanterinin Revize Edilmesi ve EKY
Yetkinlikleri Olceginin Gelistirilmesi

Giris

EKY, havacilik endiistrisinde hatalar1 yonetmek ve ugus emniyetini saglamak
icin 6nemli bir rol oynar. Insan faktdrlerinin havacilik kazalarindaki etkisinin fark
edilmesiyle EKY'in 6nemi artmis, 2001'den itibaren yolcu tasiyan pilotlar i¢cin EKY
egitim programlar1 zorunlu hale getirilmistir. Bu egitimler, iletisim, is birligi, durum
farkindaligi, karar verme, is yiikii, yorgunluk ve stres yonetimi gibi teknik olmayan

becerileri gelistirmeyi amaglamaktadir (Cetingug, 2016).

EKY egitim programlarimin etkili olmasi, 6grenilen bilgilerin davranislara
dontismesine baghdir. EKY’i degerlendirmek i¢in tutum ve davranislara odaklanan
cesitli dlgiim araclari gelistirilmistir. Ornegin, Kokpit Yénetim Tutumlar: Olgegi ile
EKY’e yonelik olumlu tutumlar tespit edilmistir (Helmreich & Wilhelm, 1991).
Ancak, EKY davraniglarini degerlendiren ¢aligmalar sinirli kalmis ve sonuglarda fikir
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birligi saglanamamistir. Thomas (2004), is birligi ve durum farkindaligi gibi
ozelliklerin hata yonetimiyle iliskili oldugunu bulurken, Serin (2016) EKY

davranislari ile emniyetsiz davranislar arasinda bir iligki bulamamustir.

EKY davranislarin1 degerlendirmek i¢in kapsamli davranigsal gostergeler
gelistirilmistir, ancak bu araglarin kullanimi 6zel egitim ve kokpitte gozlem
gerektirdigi i¢in arastirmacilar i¢in erisimi sinirlidir. Bu nedenle, kolay uygulanabilir,
0z-bildirime dayali yeni EKY 06l¢iim araglarina ihtiya¢ duyulmaktadir. Ayrica, EKY
egitim programlariin basarisi, pilotlarin 6grendikleri becerileri is ortaminda
uygulayabilme yeterliligine baghdir (MacLeod, 2021). Giinliimiizde bu egitimler,
yeterlilige dayali yaklasimlarla birlestirilerek bu becerilerin uygulanabilirligi

artirllmaya ¢aligilmaktadir (Bagdemir, 2020).

Bu baglamda, Calisma 1, Tiirkiye’deki ticari havayolu pilotlarinin EKY
yeterliliklerini kesfetmeyi ve kolay uygulanabilir, 6z-bildirime dayali bir EKY

yetkinlik 6l¢iim araci gelistirmeyi hedeflemektedir.

Yontem
Katihmeilar

Yagslar1 30 ila 54 arasinda degisen 12 ticari havayolu pilotu ile miilakatlar
gerceklestirilmistir. Bunlardan 5 tanesi F/O olarak caligsmakta, 7 tanesi de kaptan pilot
olarak ¢aligmaktadir.
Prosedur

flk olarak, ODTU insan Arastirmalar1 Etik Kurulu’ndan etik izin almmustir.
Katilimcilarla online goriisme yontemiyle miilakatlar gerceklestirilmistir. Goriisme
baslangicinda katilimcilara ¢aligmanin amaci ile ilgili bilgi verilmis ve calismaya
goniillii katildiklarina dair s6zIlii onay alinmistir (Onam Formu icin EK B’ye bakiniz).
Olgekler

Katilimcilarla, demografik sorulari, EKY yetkinlikleri ve emniyetsiz
davraniglar ile ilgili sorular1 igeren yar1 yapilandirilmis miilakatlar gergeklestirilmistir.
Miilakat sorulari i¢in EK C’ye bakiniz.
Sonuclar
Pilot Davramis Envanteri Revizyonu

PDE maddelerinin revizyonu icin katilimcilar tarafindan ifade edilen her hata

ve ihlal, birebir kaydedilerek bir Word dosyasina yazilmistir. Maddeler, mastar
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formunda ve birinci tekil sahis zamirleriyle liste haline getirilmistir. Orijinal PDE 'de
yer alan maddeler de bu listeye eklenmistir. ilk madde havuzu toplamda 138 davranis

maddesinden olusmustur.

Aragtirmacilar, listeyi okuyarak tekrar eden maddeleri isaretlemis ve bu
maddelerden sadece bir tanesi havuzda birakilmistir. ilk degerlendirmeyi takiben,
madde havuzunda 72 madde kalmigtir. Bu maddelerden 40 tanesi, orijinal PDE’deki
maddelerle birebir drtiismektedir. ikinci degerlendirme, kaptan pilot ve EKY egitmeni
olan bir uzman tarafindan gerceklestirilmistir. Degerlendirme, maddelerin havacilik
terminolojisine ve emniyet prosediirlerine uygunlugu temel alinarak yapilmistir. Bu

asamada, madde havuzunda 68 madde kalmistir.

Son olarak, maddeler aktif olarak ugus yapan 6 pilot uzmana gonderilmistir.
Uzmanlardan, verilen hata ve ihlal tiirlerinin tanimlarini inceleyerek her bir maddeyi
en uygun boyuta atamalar1 istenmistir. Degerlendirme sonucunda, 68 maddenin 57
tanesi ayn1 boyutlara yerlestirilmis ve bu durum uzmanlar arasinda %83’liik bir fikir
birligi oldugunu gostermistir. Kalan maddelerden 5 tanesi, en az {i¢ uzman tarafindan
aynit boyuta atanmistir. Ancak, uzmanlar 6 madde iizerinde uzlasamamis ve bu
maddeler envanterden ¢ikarilmigtir. Sonug olarak, PDE’nin son hali 62 maddeden

olusmus ve PDE-R olarak isimlendirilmistir.

EKY Yetkinlikleri Ol¢egi Gelistirilmesi

Katilimcilar tarafindan ifade edilen her bir yetkilik, bire bir kaydedilerek bir
Word dosyasina yazildi. Tim yetkinlikler liste halinde bir araya getirilmis ve birinci
tekil sahis zamirleriyle mastar bi¢iminde yeniden diizenlenmistir. Bu asamada
olusturulan ilk madde havuzu 165 maddeden olusmaktadir. Liste taranarak tekrar eden
maddeler isaretlenmis ve yalnizca bir tanesi havuzda birakilmistir. Bu degerlendirme

sonrasinda havuzda 98 madde kalmustir.

Ikinci degerlendirme, kaptan pilot ve EKY egitmeni olan bir uzman tarafindan
gerceklestirilmistir. Degerlendirme, maddelerin teorik benzerlikleri ve EASA ana
yetkinlikler cercevesine uygunlugu temel alinarak yapilmistir. Bu asamadan sonra
havuzda 82 madde kalmistir. Daha sonra, bu maddeler aktif olarak ugus yapan 6
havayolu pilotu uzmana génderilmis, uzmanlardan, EASA ana yetkinlik boyutlarinin
tanimlarini inceleyerek her bir maddeyi en uygun boyuta atamalar1 istenmistir.

Degerlendirme sonucunda 75 madde, uzmanlar arasinda %91°lik bir fikir birligi ile
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ayni boyuta atanmistir. Ancak, 7 madde konusunda ii¢ uzman ayni1 boyutu segerken
diger li¢ uzman farkli goriis bildirmistir. Bu durum, séz konusu maddelerin ifade
sorunlart icerdigini gostermistir. Bu 7 madde yeniden yazilmig ve uzmanlarin netlik
konusundaki goriigleri alinmistir. Uzmanlar maddelerin net oldugunu onayladiktan
sonra bu maddeler 6lgekte yer almistir. Sonug olarak, EKY-YO’niin son hali 82

maddeden olusmustur.

Tartisma

Caligsma 1, ticari havayolu pilotlarinin EKY yetkinliklerini degerlendirmek i¢in
EKY-YO adinda yeni bir 6lcek gelistirmis ve pilotlarin emniyetsiz davranislarini dlgen
PDE o6lcegini revize etmistir. Calismada, aktif olarak ucan 12 ticari pilotla yari
yapilandirilmig goriismeler gergeklestirilmis ve igerik analizi uygulanmistir. Bu analiz
sonucunda EKY-YO olgegi 82 maddeden olusmus ve alti temel boyutta
smiflandirilmistir: bilgi ve prosediirlerin uygulanmast, iletisim ve koordinasyon, ugus
yonetimi, liderlik ve ekip ¢alismasi, durumsal farkindalik ve karar verme ile is yiikii

yOnetimi.

PDE-R ise 62 maddeye indirilmis ve beceri tabanli hatalar, karar hatalari,
algisal hatalar ve ihlaller olmak iizere dort temel boyuta ayrilmistir. Calismada
kullanilan nitel yontemler, dlgeklerin kapsamini genisletmis ve teorik temellerini
giiclendirmistir. Pilotlarin ve EKY egitmenlerinin katilim1 sayesinde bilgi ¢esitliligi
saglanmis, l¢eklerin igerigi havacilik jargonuna ve emniyet diizenlemelerine uygun

sekilde yapilandirilmistir.

Bu c¢alismanin EKY-YO ve PDE-R olcekleriyle elde edilen kuramsal ve
ampirik bilgiler, ugus emniyeti ve havacilik psikolojisi literatiiriine katkida bulunmay1
hedeflemektedir. ilerleyen arastirmalarda bu &lceklerin emniyet agisindan kritik
degiskenlerle iligkileri incelenecek ve ugus emniyetinin artirilmasina yonelik 6nemli

bilgiler sunulacaktir.

Calisma 2: EKY Yetkinlikleri, Kurum Emniyet Iklimi, Yorgunluk, Kisilik
Ozellikleri ve Pilotlarin Emniyetsiz Davramislar1 Arasindaki Iliskini incelenmesi
Giris

EKY egitim programlarinin amaci, miirettebat iiyelerine EKY uygulamalarini
etkili bir sekilde kullanmay1 6gretmek ve olumsuz olaylara yol agmadan emniyetsiz

davranislart yonetmektir (Helmreich & Foushee, 2010). Ancak, literatiirde EKY ile
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ticari havayolu pilotlarinin emniyetsiz davranislari arasindaki iligkiyi inceleyen sinirh
sayida calisma bulunmaktadir. Thomas (2004) tarafindan yapilan bir arastirma,
durumsal farkindalik, dikkat, bilgi paylasimi ve karar verme becerilerinin ugus
sirasinda yapilan hatalarla olumsuz iligkili oldugunu goéstermistir. Buna karsilik, Serin
(2016), EKY'nin davranigssal yansimalar1 ile 0z-bildirime dayali emniyetsiz
davranislar arasinda anlamli bir iliski bulamamuastir. Bu ¢eliskili sonuglar, bu iliskinin

daha fazla arastirilmasi gerektigini gostermektedir.

Pilotlarin emniyetsiz davraniglarini etkileyebilecek diger bir énemli faktor
yorgunluktur. Yorgunluk, uzun saatler boyunca u¢ma, gece operasyonlari, zaman
dilimi degisiklikleri ve sinirli uyku nedeniyle sik¢a yasanan bir sorundur (Caldwell,
2012; Olaganathan vd., 2021). Literatiirde yorgunlugun psikomotor yetenekler, dikkat,
gorsel algi ve problem ¢dzme becerileri lizerindeki olumsuz etkileri iyi bir sekilde
belgelenmistir (Killgore vd., 2009; Tucker vd., 2010). Yen ve arkadaslari (2009)
tarafindan yapilan bir ¢alisma, pilotlarin fiziksel ve zihinsel yorgunluk belirtileri
yasadigini ve bunun, karar verme siireglerinde ve emniyet prosedurlerine uyumda

olumsuz sonuglara yol actigini ortaya koymustur.

Yorgunluk yonetimi stratejileri (6rnegin, kokpitte uyku molalar1 ve artan
aydinlatma) etkili olsa da bu tedbirlerin bagariya ulagmasi i¢in pilotlarin yorgunluk
belirtilerini tanimasi ve iletisim kurmasi gerekmektedir. EKY'nin burada 6nemi bir kez
daha ortaya ¢ikmaktadir, ¢iinkii EKY uygulamalari, yorgunlugun etkilerini azaltarak

emniyetsiz davranislarin yonetiminde yardimci olabilir.

Kurum emniyet iklimi de emniyetsiz davranislar iizerinde etkili olabilir. Pozitif
bir emniyet iklimi, emniyeti Onceliklendiren, agik iletisim saglayan ve emniyet
kaygilarin1 bildirmeyi tesvik eden bir ortam olarak tanimlanir (Zohar, 2010). Pilot
orneklemleri Uzerinde yapilan calismalar, pozitif bir emniyet ikliminin emniyet
uyumunu ve katilimini artirdigint géstermistir (Fernandes vd., 2018). Ayrica, pozitif
bir emniyet iklimi yorgunluk yénetiminde de etkili olabilir, ciinki kurumlar, pilotlarin

dinlenme ihtiyaglarini belirleyerek operasyonel riskleri minimize edebilir.

Son olarak, pilotlarin kisilik 6zelliklerinin de emniyetsiz davranislar iizerinde
etkili olabilecegi belirtilmistir. Literatiirde, stiriicii 6tkesi ve diismanlik, duygusal
stabilite eksikligi ve yliksek his arayisi gibi kisilik 6zelliklerinin siirliciiler arasinda

emniyetsiz davranislarla iligkili oldugu gosterilmistir. Ancak, pilot 6rneklemleri
165



iizerinde kisilik ozelliklerinin etkileri daha az belirgin olabilir, ¢iinkii ise alim
siire¢lerinde kisilik degerlendirmeleri yapilmaktadir. Bununla birlikte, kisilik
ozellikleri, EKY ve emniyetsiz davraniglar arasindaki iliskiyi diizenleyen bir

diizenleyici olarak ele alinabilir.

Calisma, EKY yetkinlikleri ile emniyetsiz davranislar arasindaki iligkileri
incelemenin yani sira, organizasyonel emniyet iklimi ve yorgunlugun araci roliinii ve
kisilik ozelliklerinin bu iliskideki diizenleyici etkisini arastirmayi amaglamaktadir.
Ayrica, EKY-YO ve revize edilmis PDE &lgeklerinin faktdr yapilari ve psikometrik

Ozellikleri analiz edilecektir.

Yontem
Katihmeilar

Yaglart 25 ila 62 arasinda degisen 176 ticari havayolu pilotu ana calismaya
katilmistir. Bunlardan 91’1 kaptan pilot, 85’1 F/O olarak calismaktadir. Ticari
havayollarindaki toplan ucgus siiresi, son aydaki toplam ugus siiresi ve ortalama stres
dizeyleri igin Tablo 1’¢ bakiniz.
Olgekler
Demografik bilgi formu i¢in Ek H’ye bakiniz.
EKY-YO igin Ek I'ya bakiniz.
PDE-R i¢in Ek J’ye bakiniz.
Havacilik Emniyet iklimi Olgegi icin Ek L’ye bakiniz.
Temel Kisilik Ozellikleri Envanteri i¢in Ek M’ye bakiniz.
Cok Boyutlu Yorgunluk Semptomlari-Kisa Versiyon i¢in Ek N’ye bakiniz.
Prosedur

Veriler katilimcilardan online veri toplama metoduyla toplanmaistir.
Sonuclar
EKY-YO Faktor Yapisi ve Psikometrik Ozellikleri

Yapilan analizler sonucunda EKY-YO igin 4-boyutlu yapinin uygun oldugu
bulunmustur. Toplam 49 madde bu faktorlerden birine yerlesmistir. Kalan 33 madde
ise boyut yiikleri .40 s gecemediginden dlgekten ¢ikarilmustir. ik boyut, Ugus
Izleme ve Yonetim Yetkinlikleri olarak isimlendirilmis ve toplam 21 maddeden
olusmustur. Bu boyutta temel olarak pilotlarin ugus boyunca izleme ve ugus plani ve

sistemlerini ydnetimi ile ilgili maddeler bulunmaktadir. ikinci boyut, Yorgunluk ve Is

166



Yonetimi olarak isimlendirilmis ve 13 maddeden olusmustur. Bu boyutta temel olarak
pilotlarin hem kendileri hem de diger ekip tiyeleri i¢in yorgunluk semptomlarini ve is
yiiklerini y&netim yetkinlikleri ile ilgili maddeler bulunmaktadir. Ugiincii boyut ise
Ekip Iletisim ve Koordinasyon Yetkinlikleri olarak isimlendirilmis ve toplam 15
maddeden olusmustur.

I¢ tutarlilik katsayilar1 EK'Y-Y O niin giivenilir bir dl¢ek oldugunu gdstermistir.
Ayn1 zamanda, test-tekrar test giivenilirlik katsayilart kabul edilebilir seviyede olup,
giivenilirligini gdstermistir (bkz. Tablo 3).

PDO-R’nin Faktor Yapisi ve Psikometrik Ozellikleri

Yapilan analizler sonucunda PDO-R’nin 4-boyutlu yap1 igin uygun oldugu
goriilmiistiir. Toplam 53 madde bu 4 faktdrden birine yerlesmistir. Ik boyut, 27
maddeden olusmus olup yetenek-bazli hatalar olarak isimlendirilmistir. ikinci boyut
10 maddeden olugmakta ve karar hatalari ile ilgili maddelerden olustugundan karar
hatalar: olarak isimlendirilmistir. Ugiinii boyut ise 7 maddeden olusmakta ve unutma
ile ilgili maddeleri i¢erdiginden hafiza hatalar: olarak isimlendirilmistir. Son boyut ise
temelde bilingli prosediirel sapmalari iceren 8 maddeden olustugundan prosedirlere
uymama boyutu olarak isimlendirilmistir. Boyutlarin i¢ tutarlilik katsayilar1 PDE-
R’nin giivenilir bir 6lgek oldugunu géstermistir.

Hiyerarsik Regresyon Analizi Sonuclar

PDE-R boyutlarinin agiklanan degiskenler olarak yer aldigi dort farklh
hiyerarsik regresyon analizi gergeklestirilmistir. Bu analizlerin her birinde, ilk
basamaga yas, ticari havayollarinda toplan ucus siiresi, son ayda gerceklestirilen ucus
stiresi ve stres dlizeyi kontrol degiskenleri olarak eklenmistir. Ikinci basamakta kisilik
ozellikleri agiklayici degiskenler olarak yer almistir. Ugiincii basamakta yorgunluk
semptomlart agiklayici degiskenler olarak eklenmistir. Dordiincti basamakta kurum
emniyet boyutlar1 aciklayici degisken olarak yer alirken son boyutta EKY-YO’niin
boyutlar1 agiklayic1 degisken olarak eklenmistir.

Beceriye dayali hatalarin agiklanan degisken oldugu ilk analizde, nevrotiklik
ile bu davranislar arasinda pozitif yonlii bir iliski bulunurken deneyime agiklik ile
negatif yonli bir iligski oldugu bulunmustur. Ayn1 zamanda, zihinsel yorgunlugun bu
davranislarla pozitif yonlii iligkisi oldu goriilmiistiir. Kurum emniyet iklimi boyutlar1
ile anlamli bir iliski bulunmazken EKY-Y O niin yorgunluk ve is ydnetimi boyutu ile

negatif yonlii bir iliski oldugu goriilmiistiir.
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Karar hatalarinin agiklanan degisken oldugu ikinci analizde, nevrotiklik ile bu
davraniglar arasinda pozitif yonlii bir iliski bulunmustur. Benzer sekilde, zihinsel
yorgunluk ve duygusal yorgunluk ile pozitif yonlii iliskili oldugu goriilmiistiir. Ancak,
kurum emniyet iklimi boyutlar1 ve EKY-YO boyutlar1 ile anlamli bir iliski
bulunamamustir.

Hafiza hatalarinin agiklanan degisken oldugu {i¢iincili analizde, nevrotiklik ile
bu davranislar arasinda pozitif yonlii bir iliski bulunmustur. Bunun yani sira olumsuz
degerlik boyutu ile negatif yonlii bir iliski bulunmustur. Ayn1 zamanda zihinsel
yorgunluk ile pozitif yonli bir iliski saptanirken genel yorgunluk semptomlari ile
negatif yonlii bir iligki goriilmiistiir. Kurum emniyet iklimi boyutlar1 ile anlamli bir
iliski bulunmazken EKY-YO’niin ekip iletisim ve koordinasyon yetkinlikleri boyutu
ile negatif yonlu bir iliski oldugu goriilmiistiir.

Prosediirlere uymama davraniglarinin aciklanan degisken oldugu son analizde,
nevrotiklik ile bu davranislar arasinda pozitif yonlii bir iliski bulunurken sorumluluk
boyutu ile negatif yonlii bir iligski saptanmistir. Ayn1 zamanda zihinsel yorgunluk ile
pozitif iliskili oldugu gértilmistiir. Ancak, kurum emniyet iklimi boyutlar1 ve EKY-
YO boyutlari ile anlamli bir iliski bulunamamistir.

EKY Yekinkileri ile Pilot Davramslari Arasindaki Iliskide Kurum Emniyet Ilkini
ve Yorgunlugun Araci Rolii

Kurum emniyet iklimi ve yorgunlugun araci roliinii belirlemek amaciyla 12
farkli aracilik analizi yapilmistir. Bu analizlerde yas, ticari havayollarinda toplan ugus
stiresi, son ayda gerceklestirilen ugus siiresi ve stres diizeyi kontrol degiskenleri olarak
bulunurken PDE-R boyutlar1 agiklanan degiskenler ve EKY-YO boyutlar1 agiklayici
degiskenler olarak analize eklenmistir. Kurum emniyet iklimi ve yorgunluk
Olceklerinin toplam skorlart araci degiskenler olarak her bir analize eklenmistir.

Analiz sonuglarina gore, kurum emniyet iklimi ve yorgunluk, EKY
yetkinlikleri ve beceriye dayali hatalar arasindaki iliski ile EKY yetkinlikleri ve karar
hatalar1 arasindaki iliskiye aracilik etmistir. Buna gore, pilotlar EKY yetkinliklerini
yuksek olduklarimi raporladiklarinda kurum emniyet iklimine karsi pozitif tutumlar
raporlarmis ve daha az yorgunluk semptomlari deneyimlediklerini belirtmislerdir.
Dolayisiyla daha az beceriye dayali hatalar ve karar hatalar1 yaptiklarini

raporlamiglardir.
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EKY Yekinkileri ile Pilot Davramslar1 Arasindaki lliskide Kisilik Ozelliklerinin
Duzenleyici Roll

Kisilik ozelliklerinin diizenleyici roliinii belirlemek amaciyla 72 farkli
diizenleyici analizi yapilmistir. Bu analizlerde yas, ticari havayollarinda toplan ugus
stiresi, son ayda gerceklestirilen ugus stiresi ve stres diizeyi kontrol degiskenleri olarak
bulunurken PDE-R boyutlar1 agiklanan degiskenler ve EKY-YO boyutlar1 agiklayici
degiskenler olarak analize eklenmistir. Temel Kisilik Ozellikleri Envanterinin
boyutlar1 ise analizde diizenleyici degiskenler olarak yer almistir.

Yapilan analizlerde prosediirlere uymama davranisi i¢in iki analizin anlamh
oldugu goriilmiistiir. Sonuglara gore nevrotiklik diizeyinin ugus izleme ve yonetim
yetkinlikleri ve prosediirlere uymam davranisi ile yorgunluk ve is yonetimi
yetkinlikleri ve prosediirlere uymama davranisi arasindaki iliskide diizenleyici rolii
oldugu goriilmiistiir. Bu rol nevrotiklik diizeyi diisiik oldugunda ortaya ¢ikmis ancak
yliksek nevrotiklik diizeyinde anlamli bir fark bulunmamustir.

Tartisma
EKY-YO’niin Boyut Yapisinin ve Psikometrik Ozelliklerinin Degerlendirilmesi

Bu calismada, 49 maddeden olusan EKY-YO’niin {ic boyutlu yapisi
gosterilmistir: ugus izleme ve yonetimi, yorgunluk ve is yonetimi ve ekip iletisimi ve
is birligi. Bu ti¢ faktorlii yapi, EASA (2023) temel yetkinlik ¢ercevesi, Helmreich ve
arkadaslarinin (1997) Line/LOS kontrol listesi ve O’Connor ve arkadaglarinin (2002)
NOTECHS ¢ergevesi tarafindan 6nerilen EKY yetkinliklerinin ¢ok boyutlu dogasini
desteklemistir. Ayrica, EKY-YO, boyutlar arasinda capraz yiikleme olmayan bir
faktor yapisi sergilemistir; bu da pilotlarin yetkinlik algilarinda boyutlar arasindaki
pratik ayrim1 gostermektedir.

Boyutlar, ticari havayolu pilotlart arasinda EKY yeterliliklerinin farkli
yonlerini ortaya koymaktadir. Ornegin, ucus izleme ve yonetimi yeterlilikleri,
prosediirler ve diizenlemelerle ilgili bilgi uygulamasini, manuel kontrol ve otomasyon
altindaki ugus yonetimi yeterliliklerini icermektedir. Bu faktor, EASA cercevesindeki
durum farkindaligi ve karar verme siireglerinden ayr1 olarak ele alinsa da bu
yetkinliklerin pratikte birbirinden ayrilmaz oldugunu gostermektedir. Pilotlar, ugus
planindaki sapmalar1 yonetmek ve sistemdeki ¢evresel degisikliklere gore karar almak

zorundadir.
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Yorgunluk ve is yonetimi yetkinlikleri, pilotlarin ve ekip tiyelerinin yorgunluk
ve is yiikiinii yonetme ile ilgilidir. Bu faktor ayrica, yorgunluk belirtilerini tespit etme
ve Onlemek icin liderlik yetkinliklerini de kapsamaktadir. EASA ¢ergevesindeki
liderlik, bu ¢alismada yorgunluk ve is yonetimi ile i¢ i¢ce ge¢mis bir faktdr olarak
bulunmustur. Bu durum, pilotlarin ekip tiyelerinin yorgunluk ve is yiikiinii yonetmek
icin liderlik yetkinliklerini kullanmalarinin gerekliliginden kaynaklanmaktadir.

Ekip iletisimi ve koordinasyon yetkinlikleri, ekip tiyeleri arasinda agik iletisim
ve ucus operasyonlarinda etkili koordinasyonu igcermektedir. Bu faktor, ekip karar
verme siireclerini de kapsamaktadir. EASA cercevesinde karar verme, ayr1 bir bilesen
olarak ele alinsa da bu calisma pilotlarin etkili ve uygun kararlar almak igin agik
iletisim ve koordinasyonu birbirinden ayr1 gormediklerini gostermektedir. Ekip
iiyelerinin bilgileri paylagarak koordineli bir sekilde ¢alismasi, hatalar1 azaltmaya ve
dogru kararlar almaya yardimci olabilir.

Sonug olarak, 3 faktorlii yapi, veriye en uygun olan yap1 olarak kabul
edilmistir. Teorik EKY-YO yapis1 6 faktorlii olsa da veri tabanli analiz 3 faktorlii
yapiy1 daha uygun bulmustur. Bu farklarin iki ana nedeni olabilir: pilotlarin bazi
bilesenleri ayrilmaz olarak gormesi ve 6rneklem biiyiikliigiiniin nispeten diisiik olmasi,
bu da faktdrlerin ayrilmasinda zorluk yaratabilir. EKY-YO, ticari havayolu pilotlarmin
EKY yeterliliklerini 6l¢gmede 6nemli bir katki saglayacaktir.

EKY-YO, guvenilirlik (i¢ givenilirlik ve test-tekrar test giivenilirligi) ve
gecerlilik (birlestirici ve ayirt edici gegerlilik) agisindan iyi psikometrik o6zellikler
gostermektedir. EKY-YO faktorleri icin Cronbach’s alpha katsayilari ile dlgiilmiistiir.
Ozellikle, EKY-YO faktorleri Cronbach’s alpha katsayilari olarak .87 ve iizeri
degerler gostermektedir. Bu giivenilirlik dl¢iiml, EKY-YO'nin EKY yetkinliklerini
6lgmede giivenilir bir ara¢ oldugunu gostermektedir.

PDO-R’nin Boyut Yapisi ve Psikometrik Ozelliklerinin Degerlendirilmesi

Yenilenmis 53 maddelik PDE-R, ticari havayolu pilotlarinin emniyetsiz
davranislarini 6lgmek icin gelistirilmis bir aractir ve dort faktorlii bir yapiya sahiptir:
beceriye dayali hatalar, karar hatalari, hafiza hatalar1 ve prosedurlere uymama
davraniglar1. Bu faktorler, ticari havayolu pilotlarinin emniyetsiz davraniglarinin farkli
yOnlerini yansitmaktadir.

Beceriye dayali hatalar, ucus prosediirlerinin hatali uygulanmasi ve teknik bilgi

eksikliklerinden kaynaklanan hatalar1 kapsar. Bu hatalar genellikle aligkanlik haline
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gelmis ve otomatiklesmis davranislardan dogar. Karar hatalari, yanlis kararlar almay1
veya duruma uygun olmayan prosediirlerin uygulanmasini igerir. Hafiza hatalar1 ise
bir seyin unutulmasi veya yanlis oldugunu fark etmeme durumlarini ifade eder.
Prosediirlere uymama davranislari ise, kasitli olarak ugus prosediirlerinden sapma
davraniglarini kapsar.

PDE-R, giivenilirlik acisindan iyi sonuglar sunmustur. Faktorlerin Cronbach’s
alpha katsayilar1 .70 ve iizeri degerlerde bulunmus, test-tekrar test giivenilirligi ise bir
ay sonra yapilan testte .75 ve lizeri korelasyonlar gdstermistir. Bu sonuglar, aracin
glvenilirligini destekler.

Gegerlilik agisindan, EKY-YO ile yapilan karsilastirmalar PDE-R’nin EKY
yetkinliklerinden farkl1 bir yapiy1 6l¢tiigiinii gdstermektedir. iki arag arasindaki diisiik
ila orta diizeydeki negatif korelasyonlar, her iki aracin farkli yapilar1 6l¢tiigiinii ve
PDE-R’nin pilotlarin emniyetsiz davranmiglarim1 EKY  yetkinliklerinden ayirt etme
konusunda etkili oldugunu kanitlamaktadir.

Sonug olarak, revize edilmis PDE-R, ticari havayolu pilotlarinin emniyetsiz
davraniglarin1 6lgmek i¢in giivenilir ve gecerli bir ara¢ olarak ortaya ¢ikmistir. Bu
revize versiyon, daha fazla maddeden olustugu igin 6nceki versiyona gore daha genis
bir davranis Ornegi sunmaktadir ve pilotlarin ugus sirasindaki emniyetsiz
davranislarini daha etkili bir sekilde degerlendirmektedir.

Hiyerarsik Regresyon Analizi Sonuclarinin Degerlendirilmesi

Bu calisma, ticari havayolu pilotlarinda kisilik ozelliklerinin emniyetsiz
davranislarla olan iligkisini incelemistir. Calismada, pilotlarin beceriye dayali hatalar,
karar hatalari, hafiza hatalar1 ve prosediirlere uymama davranigi gibi dort tur
emniyetsiz davranigla kisilik 6zelliklerinin iliskisi ele alinmistir. Elde edilen bulgular,
kisilik 6zelliklerinin bu emniyetsiz davranislarla anlamli iligkiler gosterdigini ortaya
koymustur.

Ik olarak, nevrotiklik tim emniyetsiz davranis faktorleriyle pozitif bir iliski
gostermistir. Yani, yiiksek nevrotiklik sahip pilotlar, beceriye dayali hatalar, karar
hatalar1, hafiza hatalar1 ve prosediirlere uymam davranislari gibi daha fazla emniyetsiz
davranis raporlamiglardir. Bu bulgu, literatiirdeki 6nceki ¢aligmalarla uyumludur ve
nevrotiklik, kaygi, sabirsizlik ve endise gibi oOzelliklerle iliskilendirildigi
belirtilmektedir (Gengdz & Onciil, 2012; McCrae, 2010). Yiksek nevrotiklik sahip

bireyler, stresli durumlari daha fazla algilar ve bu durum, bilissel siireglerde
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aksamalara yol agarak hatalarin artmasina neden olabilir (Mohiyeddini et al., 2015;
Schneider, 2004). Ugus operasyonlar1, dogal olarak stresli durumlar icerdigi i¢in,
nevrotikligi yiiksek pilotlar, bu stresle daha fazla basa ¢ikmakta zorluk c¢ekebilirler.

Deneyime aciklik ise beceriye dayali hatalarla negatif bir iliski gdstermistir.
Bu bulgu, siiriis baglamindaki arastirmalarla ¢elismektedir; o arastirmalarda yiiksek
deneyime agiklik, daha fazla kural ihlaliyle iliskilendirilmistir (Hussain et al., 2020;
Wei et al., 2021). Ancak havacilikta, yiiksek deneyime agiklik diizeyine sahip pilotlar,
ucus becerilerinde daha fazla kendine giiven duyarlar ve bu giiven, beceriye dayali
hatalarin azalmasina yol agar. Pilotlar, ugusa dair birgok farkli durumu 6grenip tekrar
ederler, bu nedenle kendine giiven duyan pilotlar, uygun davranislari segerek
hatalardan kaginabilirler.

Olumsuz degerlik ise hafiza hatalariyla negatif bir iliski gostermistir. Bu,
literatlirde beklenmedik bir bulgudur c¢unki Olumsuz degerlik, genellikle kaygt,
sinirlilik ve stresle iliskilendirilir (Gengdz & Onciil, 2012). Ancak bu ¢aligsma, yiiksek
olumsuz degerlilige sahip pilotlarin, daha az hafiza hatas1 yaptigini ortaya koymustur.
Bu durum, yiksek olumsuz degerlilige sahip kisilerin daha fazla kaygi hissettigi ve
duygusal basa ¢ikma stratejileri kullandigi, bu sayede duygusal diizenlemelerini daha
iyi yaparak, biligsel siireglerini (6rnegin hafizayi) daha iyi yonetebildikleri anlamina
gelebilir.

Sorumluluk ise prosedirlere uymama davraniglart ile negatif bir iliski
gostermistir. Yani, yliksek sorumluluga sahip pilotlar, prosediirlere ve diizenlemelere
daha ¢ok uyum saglamakta ve daha az prosediir dis1 uyumsuzluk sergilemektedir. Bu
bulgu, Onceki surtct orneklemleriyle uyumludur (Tinella et al., 2022). Yuksek
sorumluluk diizeyine sahip pilotlar, emniyeti daha fazla 6n planda tutar ve proseddirleri
takip etme egilimindedirler. Bu pilotlar, ugus emniyeti konusunda daha dikkatli ve
sorumlu olduklarindan, kurallara ve prosedurlere uyum gosterirler.

Disadoniikliik ve ulasabilirlik ise bu emniyetsiz davranis faktorleriyle anlamli
bir iliski gostermemistir. Striiclilerde, yiliksek disadoniikliikk ve diisiik hosgori
seviyelerinin daha fazla emniyetsiz davranigla iliskilendirildigi bulgulara rastlanmis
olsa da (Hussain et al., 2020; Tinella et al., 2022), bu ¢alismada disadoniikliik ve
hosgoriiniin pilotlardaki emniyetsiz davranislarla anlamli bir iligkisi bulunmamastir.
Bunun nedeni, disadontikliik ve hosgoriiniin daha ¢ok kisilerarasi davranislarla iligkili

olabilecegidir. Ornegin, disadoniik ve hosgoriilii pilotlar, ekip i¢i iletisimde daha etkili
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olabilir, bilgi paylasim1 ve is birligi yapabilirler. Bu da emniyetli ugus i¢in 6nemli olan
etkin EKY vyetkinlikleriyle iliskilendirilebilir. Ger¢ekten de disadoniikliik ve hosgorii,
EKY-YO boyutlariyla pozitif bir iliski gdstermistir, bu da bu kisilik 6zelliklerinin
etkin EKY yetkinlikleriyle baglantili olabilecegini gosterir.

Sonug olarak, bu ¢alisma, kisilik 6zelliklerinin ticari havayolu pilotlarinda
emniyetsiz davramslart 6ngdrmedeki onemli roliinii vurgulamaktadir. Ozellikle
nevrotikligin ve deneyime acikligin beceriye dayali hatalar, nevrotikligin karar
hatalari, nevrotikligin ve olumsuz degerliligin hafiza hatalari, nevrotikligin ve
sorumlulugun ise prosediirlere uymama davraniglart Uzerindeki etkilerini ortaya
koymustur. Ayrica, bu c¢alisma, olumsuz degerliligin emniyetsiz davraniglarla
iligkilendirilmesi lizerine yapilan ilk ¢alismalardan biridir ve bu konuda gelecekte
yapilacak arastirmalar i¢in 6nemli bir temel olusturmaktadir.

Yorgunluk semptomlar1 agisindan bakildiginda ise zihinsel yorgunluk,
duygusal yorgunluk ve genel yorgunluk semptomlarinin, ticari havacilikta pilotlarin
raporladigr emniyet ihlalleri ve hatalar tizerindeki etkilerini incelemistir. Sonuglar,
zihinsel yorgunlugun, beceri temelli hatalar, karar hatalar1 ve hafiza hatalariyla pozitif
bir iliski gosterdigini ortaya koymustur. Bu, literatiirde yorgunlugun biligsel
yetenekler iizerinde olumsuz etkiler yarattigina dair bir¢ok c¢alismanin bulgulariyla
uyumludur. Yorgunluk, psikomotor yeteneklerde bozulmalara, gorsel performansin
distisiine, dikkat eksikligine, ¢alisma bellegi kapasitesinin azalmasina, bilgi isleme
hizinin ve kalitesinin diigmesine ve akil yiirlitme yeteneginde bozulmalara yol
agmaktadir (Jackson vd.., 2011; Killgore vd.., 2009; Linde & Bergstrom, 1992). Ticari
havayolu pilotlari, uzun ugus saatleri, sik zaman dilimi degisiklikleri ve smirl uyku
stiresi gibi faktorler nedeniyle yorgunluk semptomlariyla sik¢a karsilagsmaktadir
(Caldwell, 2012; Gawron, 2016). Bu nedenle, zihinsel yorgunlugu yiiksek olan
pilotlarin biligsel yeteneklerindeki bozulmalar nedeniyle daha fazla hata yapmalari
beklenmektedir.

Duygusal yorgunluk da karar hatalar1 ve prosediirlere uymama davranislar ile
pozitif bir iligki gdstermistir. Duygusal yorgunluk, kronik duygusal tiikenmislik ve
depresif hislerle karakterizedir ve bu durum stirekli dikkat kaybina yol agabilir (Linden
vd., 2005; Orena vd., 2013; Osterberg vd., 2009). Bu durum, pilotlarin kritik bilgileri
algilamada zorluk yasamasina, dolayisiyla hatali kararlar almasina neden olabilir.

Ayrica, duygusal tiikenmisligin, emniyet motivasyonu ve emniyet uyumuyla negatif
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iliskili oldugu da literatiirde yer almaktadir (Chen & Li, 2020; Liu vd., 2024). Bu da
duygusal yorgunluk yasayan pilotlarin emniyet prosedirlerine uymada azalma
yasadigini ve bu nedenle daha fazla prosediirlere uymam davranisi sergileyebilecegini
gOsterir.

Bununla birlikte, genel yorgunluk semptomlarinin hafiza hatalariyla negatif bir
iliski gosterdigi bulunmustur. Genellikle, yorgunluk semptomlar1 yasayan bireylerin
hafiza hatalar1 yapma olasilig1 yiiksektir ¢linkii yorgunluk biligsel islevlerde azalmaya
yol acar (Neri vd., 1992; Smith vd., 2002; Tyagi vd., 2009). Ancak, ticari havacilikta
pilotlar, bu literatiirle ters bir egilim gostermistir. Pilotlar, yorgunluk semptomlarini
(6rnegin, bitkinlik ve tiikkenmislik) daha iyi algilayabilir ve bu durumlarda uygun
prosediirleri uygulamak icin kontrol listelerini takip etme egiliminde olabilirler. Bu
nedenle, genel yorgunluk semptomlar yiiksek olan pilotlar, hafiza hatalarindan daha
az etkilenmis olabilirler. Bu iliski hakkinda daha fazla bilgi edinmek i¢in gelecekte
yapilacak ¢aligmalar 6nemlidir.

Sonug olarak, bu ¢alisma, zihinsel ve duygusal yorgunlugun ticari havacilikta
emniyet ihlallerine ve hatalara olan etkisini vurgulamaktadir. Ayrica, genel yorgunluk
semptomlarmin hafiza hatalartyla olan negatif iligkisi, gelecekte yapilacak
caligmalarda daha ayrintili olarak incelenmesi gereken ilging bir bulgu sunmaktadir.
Duygusal yorgunlugun, karar hatalar1 ve prosediirlere uymama davraniglar1 tizerinde
ongoriicli bir etkisi oldugu da bu ¢calismada vurgulanmaktadir.

Bu calisma, kurum emniyet iklimi boyutlarini, kontrol degiskenleri, kisilik
faktorleri ve yorgunluk semptomlari sonrasinda modele dahil etmistir. Kontrol
degiskenleri, kisilik faktorleri ve yorgunluk semptomlari ile agiklanan varyans disarida
birakildiginda, kurum emniyet iklimi boyutlarinin, ticari havayolu pilotlarinin
gerceklestirdigi emniyetsiz davranislarin hicbiriyle anlamli bir iliski gostermedigi
bulunmustur. Literatiirde, pozitif bir emniyet ikliminin stiriiciilerdeki hata ve ihlallerle
negatif bir iliski icinde oldugu belirtilmistir (Chu vd., 2019; Oz vd., 2010, 2013;
Simsekoglu & Nordfjern, 2015; Zhang vd., 2018). Ancak, bu calismada, kurum
emniyet iklimi ile pilotlarin emniyetsiz davramiglart arasindaki iligki
desteklenememistir. Bu durumun olasi bir nedeni, pozitif bir emniyet ikliminin, ekip
uyelerinin emniyeti onceliklendirme ve emniyeti artirmak icin gerekli kaynaklar
saglama algilartyla iligkili olmasidir (Gao vd., 2013; Zohar, 2010). Havacilik

psikolojisi literatiri de pozitif bir emniyet ikliminin, emniyet uyumu ve emniyet
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katilimu ile pozitif bir iliski i¢inde oldugunu 6ne siirmistiir (Fernandes vd., 2018; Lin,
2012; Maneechaeye & Potipiroon, 2022a, 2022b; Xu vd., 2022).

Bu caligmalarda olgiilen emniyet uyumu ve emniyet katilimi, kurallara ve
prosediirlere uyum gdsterme tutumlar1 ve emniyet ile ilgili meselelerde (6rnegin kaza
bildirimleri) yer alma niyetleriyle ilgilidir. Kurumun emniyet iklimine yonelik olumlu
tutumlar1 olan pilotlar, emniyet kurallarina uyum saglama ve emniyet ile ilgili
meselelerde yer alma konularinda olumlu tutumlar sergilemektedir. Bu baglamda,
EYK egitimlerinin, emniyet uyumu ve katilimi gelistirmede 6nemli araglar oldugu
onerilmistir (Reason, 1990; Shappell vd., 2007; Von Thaden vd., 2006).

Pozitif emniyet iklimi, emniyetin 6nemine dair ortak degerler, algilar ve
inanclarla karakterize edilir ve EKY egitim programlari, bu ortak degerlerin,
inanglarin ve algilarin olusturulmasinda organizasyonlara yardimeci olabilir. Bu
nedenle, etkili EKY egitim programlari, pilotlarmm emniyet katilimi ve uyumu
konusundaki tutumlarini ve niyetlerini gelistirmelerine yardimci olabilecegi gibi,
mevcut tiim kaynaklar1 etkin bir sekilde kullanmay1 6gretme konusunda da dnemli
olabilir. Bu durum, organizasyonun emniyet iklimine yonelik olumlu tutumlarin,
emniyetsiz davraniglar yerine etkili EKY uygulamalarinda kendini gdsterebilecegini
g6stermektedir. Bir baska deyisle, kurumun emniyet iklimine olumlu tutumlari olan
pilotlar, ugus emniyetini saglamak i¢in mevcut tiim kaynaklar1 kullanma konusunda
daha istekli olabilirler. Ancak, bu olumlu tutumlar dogrudan emniyetsiz davraniglarin
sikligin1 azaltmada etkili olmayabilir. Sonug olarak, bu tutumlarmn EKY ile emniyetsiz
davranislar arasindaki iliskiyi agiklayan olasi bir aracilar olarak ele alinmasi,
emniyetsiz davranislarin dogrudan agiklayicilari olarak ele alinmasindan daha degerli
bilgiler sunabilir.

Ozetle, bu ¢aligma kurum emniyet ikliminin, ticari havayolu pilotlarmin 6z
bildirimlerine dayali emniyetsiz davraniglarini agiklamada anlamli bir sonug
saglamadigin1 gostermektedir. Ancak, bu bilgi, gelecekteki calismalar i¢in kurum
emniyet iklimi ile emniyetsiz davranislar arasindaki olasi alt mekanizmalar1 incelemek
adima faydali olabilir.

Bu ¢alismada, kontrol degiskenleri, kisilik faktorleri, yorgunluk semptomlari
ve kurum emniyet iklimi faktorlerinden sonra EKY-YO boyutlart modele dahil
edilmistir. Kontrol degiskenleri, kisilik, yorgunluk semptomlar1 ve organizasyonel

emniyet ikliminin emniyetsiz davranislara etkisi disarida birakildiginda, EKY-YO
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boyutlarinin beceriye dayali hatalar ve hafiza hatalar1 ile anlamli iligkiler gosterdigi
bulunmustur.

Sonuglar, yorgunluk ve is yiikii yonetiminin (Y1Y), beceriye dayali hatalarla
negatif iliski icinde oldugunu gostermektedir. Yiiksek YIY yetkinliklerine sahip
pilotlar, diisiikk YIY yetkinliklerine sahip pilotlara gore daha az beceriye dayali hata
yapmaktadir. Bu durum, pilotlarin hem kendi yorgunluk semptomlarini hem de diger
ekip tyelerinin yikiinii etkili bir sekilde yonetebilmelerine duyduklar1 giiveni
yansitmaktadir. Yorgunluk ve is yiikii yonetimi, pilotlarin yorgunluk ve is yiiki
durumlarin1 gozlemleyerek ve buna gore hareket ederek, bu durumlarin sonuglarini
ortadan kaldirmalarin1 gerektirir. Literatiirde, yorgunlugun bilissel performans
tizerindeki olumsuz etkileri agik¢a belirtilmistir (Killgore vd., 2009; Linde &
Bergstréme, 1992; Olaganathan vd., 2021; Quant, 1992; Roach vd., 2012; Tucker vd.,
2010; Tyagi vd., 2009). Bilissel performanstaki bozulma, teknik bilgilerin ugus
yonetimine uygulanmasini, otomasyon sistemlerinin ve degisen ¢evrenin izlenmesini,
degisikliklerin tespit edilmesini ve uygun Onlemlerin alinmasim etkileyebilir. Bu
durum, beceriye dayal1 hatalarin meydana gelmesine yol agabilir. Durum farkindaligi
ve dikkatli olma diizeyinin yiiksek olmasi, pilotlarin yorgunluk semptomlarinin
etkilerini yonetmelerine yardimci olabilir ve dolayisiyla emniyetsiz davranislari
azaltabilir.

Ayrica, ekip ici iletisim ve is birligi (Eil), hafiza hatalar1 ile negatif iliski
gostermektedir. Yiksek Ell yetkinliklerine sahip pilotlar, diisiik Eil yetkinliklerine
sahip pilotlara gore daha az hafiza hatas1 yapmaktadir. Literatiir, iletisim sorunlarinin
havacilik kazalarina 6nemli katkilarda bulundugunu ve hatalarin meydana gelme
olasihigini artirdigini gostermektedir (Alharasees vd., 2023; Brown & Rantz, 2010;
Kanki, 2010; Mearns vd., 2001; Y1ldiz, 2024; Zieja vd., 2023). lyi iletisim ve is birligi
yetkinliklerine sahip pilotlar, ugus operasyonlart sirasinda kritik bilgileri paylasarak
ve prosediirleri koordineli bir sekilde yerine getirerek hatalar1 onleyebilirler.

Ancak, EKY-YO boyutlarmmn, karar hatalar1 ve prosediir uyumsuzlugu ile
anlamli bir iligkisi bulunmamistir. Bunun birkag¢ olasi nedeni vardir. Birincisi, kisilik
faktorleri ve yorgunluk semptomlarmin yiiksek tahmin giiciidiir. Bu faktorler, EKY-
YO boyutlarindan énce modele dahil edilmistir ve sonuglar, bu faktdrlerin karar
hatalar1 ve prosediir uyumsuzlugundaki varyansi biiyiik Olgiide agikladigim

gostermektedir. Bu da EKY-YO boyutlarinin tahmin giiciinii diisiirmiis olabilir. Diger
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bir olasilik, 6rneklem biiyiikliglidiir. Genel olarak, her bir agiklayici i¢in yaklagik 10
katilimer gerekmektedir (Wilson Van Voorhis & Morgan, 2007). Bu ¢alismada 21
aciklayict modele dahil edilmistir, bu da 6rneklem biiyiikliigiiniin 210 olmasi gerektigi
anlammna gelmektedir. Kiiciik bir 6rneklem biyiikligi, iligkilerin tespit edilme
olasiligin1 distirebilir. Bu nedenle, gelecekteki ¢alismalarin daha biiyiik 6rneklem
gruplariyla EKY-YO boyutlar1 ve karar hatalar1 arasindaki iliskiyi incelemesi
onerilmektedir.

Sonug olarak, bu ¢alisma, YIY ve Eil yetkinliklerinin, 6z bildirime dayal:
beceriye dayali hatalar ve hafiza hatalarinin siklig1 {izerindeki 6nemli rollinii
vurgulamaktadir. Gelecekteki ¢alismalar, EKY yetkinliklerinin ve bu yetkinliklerin
emniyetsiz davraniglarla iliskisini daha biiylik 6rneklem gruplariyla inceleyebilir.
Kurum Emniyet iklimi ve Yorgunlugun Araci Roliiniin Degerlendirilmesi

Bu caligmada, Hayes Macro 4.0 kullanilarak yapilan meditasyon analizi, ticari
havayolu pilotlarmin kurum emniyet iklimi ve emniyetsiz davranislarinin aracilik
roliinii incelemistir. EKY boyutlarmm agiklayici, PDO boyutlarinin ise agiklanan
degiskenler olarak kullanildig1 on iki meditasyon analizi yapilmistir. Bu analizlerin
altis1 anlaml1 sonuglar vermis ve beceri temelli hatalar ile karar verme hatalar1 anlamli
analizlerdeki aciklanan degiskenler olmustur.

Sonuglar, EKY boyutlarindan yiiksek yetkinlik seviyelerine sahip pilotlarin,
kurum emniyet iklimine karsi olumlu tutumlar sergiledigini, daha diisiik yorgunluk
semptomlar1 yasadigini ve ayrica daha az beceri temelli hata ve karar verme hatasi
yaptigmi gostermistir. Onceki ¢aligmalar, pozitif bir emniyet ikliminin, emniyet
uyumu ve emniyet katilimi1 konusunda olumlu tutumlar ve niyetlerle iligkili oldugunu
ortaya koymustur. EKY egitim programlarinin, emniyet ile ilgili ortak degerler,
inanglar ve algilar olusturarak emniyet uyumu ve katilimi konusunda tutumlar1 ve
niyetleri iyilestirmede onemli araglar oldugu vurgulanmistir.

EKY egitim programlari, pilotlara EKY yetkinliklerini 6gretmeyi amacladigi
icin, artan EKY yetkinlikleri, kurum emniyet iklimine yonelik olumlu
degerlendirmelerle sonuglanabilir. Hem yiliksek EKY yetkinlik seviyeleri hem de
kurum emniyet ikliminin olumlu degerlendirmeleri, emniyete Oncelik verme
tutumlarmi vurgular; bu da yorgunluk farkindaligimi artirma ve yorgunluk
semptomlarini azaltmak i¢in uygun onlemleri alma olasiligini artirabilir. Sonugta,

yorgunluk semptomlarindaki azalma, gorsel tarama, dikkat eksiklikleri, bilgi isleme
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hiz ve kalitesindeki azalmalar gibi biligsel yeteneklerdeki diislisiin ortadan
kaldirilmasma yol acgabilir. Bu bilissel yeteneklerdeki azalma, pilotlarin bilgi
uygulamalarini yonetme ve emniyetli uguslar saglama yeteneklerini artirarak beceri
temelli hatalar ve karar hatalarin1 6nlemeye yardimci olabilir.

Meditasyon analizi, iki dnemli sonuca ulasmustir. Birincisi, EKY-YO’niin tim
yetkinlik faktorlerinin, kurum emniyet iklimine yonelik olumlu tutumlar ve diisiik
yorgunluk semptomlari ile birlestiginde beceri temelli hatalar ve karar verme hatalarini
yapmada rol oynadigin1 gdstermistir. Hiyerarsik regresyon analizinde bazi EKY-YO
faktorlerinin beceri temelli hatalar ve karar verme hatalartyla anlamli bir iliski
gbstermemesi, meditasyon analizinde anlaml iligkiler ortaya c¢ikarmistir. Bu, EKY
yetkinliklerinin, diger emniyette kritik faktorlerle vurgulanarak, beceri temelli hatalar
ve karar hatalarinin azaltilmasindaki tahmin giiciiniin artirilabilecegini gostemektedir.
Ayrica, kurum emniyet iklimi ve yorgunluk semptomlar1, EKY-YO'niin tiim faktorleri
ile beceri temelli hatalar ve karar verme hatalar1 arasindaki iliskide kismi aracilik
yapmaktadir. Bu, EKY yetkinliklerinin beceri temelli hatalar ve karar verme hatalari
iizerinde dogrudan bir tahmin giiciline sahip oldugunu gostermektedir.

Ikinci 6nemli sonug, beceri temelli hatalar ve karar hatalar1 i¢in anlaml
araciliklar bulunmus olmasidir; bunlar havacilik kazalarimin baslica dogrudan
nedenleridir. Bu sonuglar, EKY egitim programlarinin nihai hedeflerine ulagsmadaki
etkinligini desteklemektedir. EKY egitim programlarinin nihai amaci, ugus
operasyonlari sirasinda insan hatalarmi azaltmaktir. Ilk baslatildiklarindan beri, EKY
egitim programlart evrilmis, gézden gecirilmis ve kapsamlar1 genisletilmistir; ancak
nihai hedef ayn1 kalmistir. EKY yetkinliklerinin, beceri temelli hatalar ve karar verme
hatalar1 ile negatif iliskili oldugu bildirilmesi, bu egitim programlarinin, kazalarin
baslica nedenlerini azaltarak havacilik kazalarini azaltma beklenen sonuglarini
verdigine dair bir kanit sunmaktadir.

Bu ¢alisma, EKY yetkinliklerinin, kurum emniyet iklimine dair olumlu algilar
ve diisiik yorgunluk semptomlar: ile birlestiginde, beceri temelli hatalar ve karar
hatalarinin sikligim1 azaltma tizerindeki 6nemini vurgulamaktadir. Beceri temelli
hatalar ve karar hatalari, havacilik kazalarinin baslica nedenleri oldugundan, daha
yuksek EKY yetkinlik seviyeleri, kurum emniyet iklimine dair olumlu algilar ve diisiik
yorgunluk semptomlari, havacilik kazalari i¢in koruyucu bir faktor olabilir.

Kisilik Ozelliklerinin Diizenleyici Roliiniin Belirlenmesi
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Bu calismada, kisilik &zelliklerinin, EKY-YO ve PDO arasindaki iliski
Uzerindeki diizenleyici rolii incelenmistir. Toplamda 72 moderasyon analizi yapilmis,
burada EKY-YO faktorleri tahmin edici degiskenler, PDE-R faktorleri ise bagimli
degiskenler olarak kullanilmistir. Bu analizlerden ikisi, prosediirel uyumsuzluk
konusunda anlamli sonuglar ortaya koymustur.

Sonuglar, ugus izleme ve yonetim yetkinlikleri (UTY) ile prosediirlere uymama
davraniglar1 arasindaki iligkinin, nevrotiklik ile diizenlendigini gostermektedir. Ayni
sekilde, YIY ile prosediirlere uymama davranislari arasindaki iliski de nevrotiklik
tarafindan diizenlendigi gosterilmistir. Bu diizenleme, diisiik nevrotizm seviyelerinde
anlamli olup, yiiksek nevrotiklik seviyelerinde anlamli bir etkisi bulunmamistir. Bu
sonug, yiksek UIY ve YIY yetkinliklerine sahip pilotlarin, nevrotiktik seviyeleri
diistikse daha az prosedirlere uymama davranislari sergiledigini gostermektedir. Orta
ve yuksek nevrotizm seviyelerinde diizenleyici etkisi anlamli bulunmamistir. Bu
durumun olas1 nedeni, nevrotikligin karakteristigiyle ilgili olabilir. Nevrotiklik, durum
kaygisi ile iligkili olabilir. Durum kaygisi, gegici bir duygusal durum olup, kaygi,
sinirlilik ve sabirsizlik hissi ile tanimlanirken, 6zellik kaygisi ise durumlar arasinda
kararli bir kaygi ve sinirlilik ile ilgilidir (Spielberger vd., 1970). Diisiik nevrotiklik,
Ozellikle acil durumlar gibi stresli durumlarda pilotlar i¢in yapici bir rol oynayabilir.
Cinki acil durumlar, pilotlarin kaygilarint ve sinirliliklerini daha iyi1 kontrol
etmelerini saglayabilir. Bu da pilotlarm UITY ve YIY yetkinliklerine giivenmelerine
yardimci olarak, prosediirlere uymama davranislart yapmadan basarili bir sekilde
davraniglar1 uygulamalarini saglayabilir.

Ayrica, pilotlarin genel niifusa gore daha diisiik nevrotiklik seviyelerine sahip
olduklar1 belirtilmektedir (Chang vd., 2018; Chaparro vd., 2020; Glicksohn & Naor-
Ziv, 2016). Ancak, ticari hava yolu pilotlar1 arasinda hala bireysel farkliliklar
bulunmaktadir. Bu farkliliklar, durum kaygisi ile birleserek prosediirlere uymama
davraniglar1 yapma riskini azaltic1 bir etki yaratmaktadir. Calismanin dizenleyici
sonuglari, diisiik nevrotikligin yapici rolii hakkinda bilgi sunmaktadir.

Onemli Notlar

Bu calismanin 6rneklemi, farkli organizasyonlardan aktif olarak ucan ticari
hava yolu pilotlarindan olusmustur. Veriler ¢evrimigi olarak ve kartopu 6rnekleme
yontemiyle toplanmistir. Pilotlara ulagsmak i¢in maksimum c¢aba harcanmis olsa da

sonuglarin genellenebilirligi bir dezavantaj olabilir. Gelecek calismalarin, bu
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caligmanin sonuglarin1 dogrulamasi onerilmektedir. Anket paketi, farkli degiskenlere
odaklanan 6 farkli 6l¢lim aracini igermektedir. Bu nedenle, pilotlarin tamamlamasi i¢in
ortalama 45 dakika siiren bir¢ok soruyu yanitlamasi istenmistir. Katilimcilara, ankete
ayn1 [P adresinden erisirlerse devam edebilecekleri bildirilmis olmasina ragmen, gogu
katilimer anketi tek oturumda tamamlamayi tercih etmistir. Bu da yanitlar sirasinda
dikkat diizeylerinin diismesine neden olmus olabilir. Ayrica, anketler 6z-bildirime
dayanmaktadir ve bu da sosyal olarak istenen yanitlar verme egilimini artirabilir
(Yilmaz vd., 2022). Literatiir, 6z-bildirim anketlerinde sosyal olarak istenen yanitlar
verme egiliminin anonimlik saglandiginda azalabilecegini 6nermektedir (Lajunen &
Summala, 2003). Katilimcilara, ankete katilmadan Once, anket paketinin kisisel ve
organizasyonel kimliklerine dair herhangi bir soru icermedigi ve yanitlarin tamamen
anonim olarak tutulacagi acike¢a belirtilmistir. Ancak, yine de katilimcilar goriislerini
yansitma konusunda tereddiit edebilirler. Gelecek g¢alismalar, sosyal olarak istenen
yanitlar verme egiliminden etkilenebilecek degiskenleri incelemek i¢in daha objektif
olcimler kullanabilir.

Pratik Cikarimlar

Bu ¢alismanin bulgulari, havacilik psikolojisi ve havacilik endiistrisi i¢in
onemli pratik uygulamalar sunmaktadir. EKY-YO ile pilotlarm EKY yetkinliklerini
belirlemek ve gelistirilmesi gereken alanlar1 ortaya koymak miimkiindiir. Bu 6lgek,
egitim programlarinin tasarlanmasi, pilotlarin gelisimini izleme ve kurumlarin
emniyet iklimini degerlendirme agisindan degerli bir aragtir. Ayrica, PDE &lgeginin
revizyonu, pilotlarin emniyetsiz davraniglarinin sikligini belirleyerek bu davranislarin
azaltilmasina yoOnelik hedeflenmis Onlemler gelistirilmesine olanak saglar. Bu
Olciimler, bireysel pilot performansinin izlenmesinin yani sira kurumlarin emniyet
performansinin da degerlendirilmesine yardimci olabilir.

Bu ¢aligma, pilotlarin emniyetsiz davraniglarinin belirleyicileri hakkinda EKY
yetkinlikleri, yorgunluk belirtileri, kisilik 6zellikleri ve organizasyonel giivenlik iklimi
acisindan degerli bilgiler saglamaktadir. Farkli EKY yetkinlikleri ile farkli emniyetsiz
davranis tiirleri arasindaki iligskinin belirlenmesinin, bu tiir davranislarin azaltilmasina
katki saglayacag: diisiiniilmektedir. Havayolu sirketleri, pilotlariin sergiledikleri
emniyetsiz davranig tlirlerini belirleyerek, bu davranislarla iligskilendirilen EKY
yetkinliklerini gelistirmeyi hedefleyebilir. Ayrica, kisilik 6zellikleri ile emniyetsiz

davranig tiirleri arasindaki iligki, pilot alim siire¢lerinde kisilik degerlendirmelerinin
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etkinligi hakkinda bilgi verebilir. Pilotlar, kisilik degerlendirmeleri araciligiyla belirli
ozelliklere gore ise alinirken, aralarindaki kii¢iik varyasyonlar hala mevcut olabilir. Bu
varyasyonlar, 0Ozellikle duzenlemelere uyumsuzluklar ve standart operasyon
prosediirlerinde hatalar gibi emniyetsiz davranislar sergileyerek kendini gdsterebilir.

Mevcut c¢alismanin  bulgulari, ayn1 zamanda, Yyorgunluk belirtilerinin
emniyetsiz davraniglarin siklig1 tizerindeki kritik roliinii vurgulamaktadir. Belirli
diizenlemeler, pilotlarin yorgunluklarini &nlemek amaciyla minimum dinlenme
surelerini belirlemistir. Ornegin, EASA, bir sonraki ucus gérevi 6ncesinde 12 saatlik
minimum bir dinlenme siiresi belirlemistir. Bu silire, ucak park pozisyonuna gelip
motor kapattiginda baslamaktadir. Ancak, ulasim siiresi ve kisisel ihtiyaglarin
kargilanmasi gibi faktorler géz oniinde bulunduruldugunda, bu minimum dinlenme
stiresi, yorgunluktan tam anlamiyla iyilesmek igin yeterli olmayabilir ve zamanla
biriken yorgunluk sorununa yol agabilir. Bu ¢alismanin sonuclari, kurumlarin ugus
operasyonlarini planlarken bu hususlari goz onilinde bulundurmasi gerektigini ve
yorgunlukla ilgili emniyetsiz davranislar1 azaltmak i¢in onlem almasi gerektigini
gosterebilir.

Ayrica, bu calismanin bulgulari, organizasyonlarin daha pozitif ve proaktif bir
giivenlik iklimi olusturma konusunda nasil ilerleyebilecegine dair degerli bilgiler
sunmaktadir. Kurumsal emniyet iklimi ile pilotlarin emniyetsiz davraniglari arasinda
dogrudan bir iliski olmasa da emniyet ikliminin, yorgunlukla birlikte, CRM
yetkinlikleri ile emniyetsiz davranislar arasindaki iliskideki aracilik rolii, kurumlarin
emniyet iklimini gelistirerek emniyetsiz davraniglari ve sonug olarak ugus emniyetini
artirabileceklerini gostermektedir. Sonug olarak, guclu bir emniyet ikliminin
gelistirilmesine 6ncelik veren kurumlarin, ugus emniyetini artirma, daha iyi sonuglar
elde etme ve insan hatasi ile iliskili riskleri en aza indirme konusunda daha basarili
olabilecegi sdylenebilir.

Sonug

Bu calisma, havacilik psikolojisi alanina O6nemli katkilar sunmay1
hedeflemistir. EKY, pilot hatalarin1 6nlemek ve azaltmak i¢in kritik bir 6neme sahiptir.
Yillar iginde gelisen EKY egitim programlari, ekip Uyelerinin teknik olmayan
becerilerini artirarak, tiim mevcut kaynaklar etkili sekilde kullanmalarin1 saglamay1
amaclamaktadir. Ancak, bu programlarin etkilili§i {izerine c¢esitli sorular

bulunmaktadir. EKY becerilerini ve davranislarin1 6lgmek i¢in gelistirilen mevcut
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araclar, uzmanlik ve egitim gerektiren gézlemci degerlendirmelerine dayanmaktadir.
Bu nedenle, bu ¢alisma, EKY’yi 6l¢gmek i¢in kullanici dostu ve kolayca uygulanabilir
bir dlglim araci gelistirmeyi amaglamistir. Bunun sonucunda, EKY Yetkinlikleri
Olgegi (EKY-YO) gelistirilmis ve giivenilirligi ile gegerliligi dogrulanmustir.

Ayrica, ilk olarak gelistirilmis Pilot Davranis Envanteri (PDO) gozden gecirilmis ve
ticari hava yolu pilotlarinin emniyetsiz davraniglarii 6lgmeye yonelik daha fazla
ornek eklenmistir. Bu PDE-R de giivenilir bir 6l¢iim araci olarak degerlendirilmistir.
Bu durum, gelecekteki arastirmalarin, emniyetsiz davraniglarin sikligin1 ve olasi
altinda yatan nedenleri incelemeleri i¢in 6nemli bir firsat sunmaktadir.

Calisma ayrica, kisilik 6zellikleri, yorgunluk belirtileri, kurum emniyet kiiltiirii
ve EKY vyetkinliklerinin, emniyetsiz davraniglarin agiklayicilari olup olmadigini
incelemistir. Yapilan analizler, bu faktorlerin emniyetsiz davraniglar iizerinde etkili
oldugunu géstermektedir. Ozellikle, yiiksek EKY yetkinlikleri, pozitif kurum emniyet
iklimine sahip olmak ve diisiik yorgunluk belirtileri ile birlikte, ugus kazalarinin en
yaygin nedenlerinden olan beceriye dayali hatalar ve karar hatalarini azaltma
potansiyeline sahiptir. Bu sonuglar, EKY yetkinliklerinin emniyetsiz davraniglart
azaltmadaki 6nemini vurgulamaktadir.

Ayrica, bu calismada kurum emniyet kiiltiirii ve yorgunluk belirtilerinin, EKY
yetkinlikleri ile emniyetsiz davraniglar arasindaki iliskide aracilik rolii oynadigi
bulunmustur. Yiiksek EKY yetkinliklerine sahip pilotlarin, pozitif bir emniyet
iklimine sahip olduklarinda ve yorgunluk belirtileri diigiikk oldugunda, emniyetsiz
davraniglar daha az sergiledigi gozlemlenmistir. Bu bulgu, kurum giivenlik ikliminin
ve yorgunlugun bu iligkiyi nasil sekillendirebilecegine dair daha fazla arastirma
yapilmasi gerektigini ortaya koymaktadir.

Calisma, ayrica kisilik oOzelliklerinin EKY yetkinlikleri ile emniyetsiz
davranislar arasindaki iliskide diizenleyici roliinii incelemistir. Ozellikle, nevrotikligin
UlY ve YIY ile prosediirlere uymama davranislar1 arasindaki iliskide diizenleyici
olarak rol oynadigi bulunmustur. Bu bulgu, kisilik o6zelliklerinin, o6zellikle de
nevrotikligin, emniyetsiz davranislarin yonetilmesinde 6nemli bir rol oynadigim
gostermektedir. Nevrotikligi diisiik olan pilotlarin, stresli durumlarla basa ¢ikmada
daha basarili olabilecegi ve bu durumun emniyetsiz davranislari azaltabilecegi

diistiniilmektedir.
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Sonug olarak, bu ¢alisma, EKY yetkinliklerinin ve emniyetsiz davraniglarin
aciklayicilar1 konusunda 6nemli bir anlayis gelistirmistir. Ayrica, kurum emniyet
iklimi ve yorgunluk belirtilerinin aracilik rolii ve kisilik 6zelliklerinin duzenleyici
etkisini inceleyerek, bu iligkileri daha iyi anlamamiza olanak tanimaktadir. Bu ¢alisma,
giivenilir ve gecerli 6l¢ltim araglar1 gelistirmis olup, gelecekteki arastirmalara EKY
yetkinlikleri, emniyetsiz davranislar ve bunlarla iliskili faktorleri incelemek igin

degerli araglar sunmaktadir.
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