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Abstract 

The purpose of this study was to explore the role of cognitive bias in the flight deck of 

commercial aircraft through historical aviation accident and incident reports, to establish the 

most common types of biases and whether a set of pre-existing conditions in the flight deck 

environment influence their presence during critical events. The role of cognitive biases in 

aviation decision making is of growing interest and their impact is noted in this study as their 

role in some of aviation’s biggest disasters and near misses in the past 15 years is revealed. 

The research on cognitive bias applied to this setting is somewhat in its infancy, with little 

research on what elements in the flight deck influence bias. A mixed methods approach was 

adapted, and content analysis was applied to quantitively measure the qualitative data 

contained in 25 official commercial aviation accident and incident reports in which cognitive 

bias was mentioned in the report as having affected or influenced the crew. The Bowtie risk 

analysis framework, which is a model to establish causal relationships in high-risk scenarios, 

was adapted and provided structure to the data collection and analysis.  Several 

characteristics pertaining to the flight crew, the operation and the environment were collected 

and analysed for each report, alongside the types of biases present and the outcome detailed 

in the report. This study revealed that cognitive bias disproportionally involved more 

accidents than incidents during conditions that tended to be more favourable than not. The 

flight crew were experienced and disproportionately not suffering from fatigue, with the 

captain occupying the pilot flying role more frequently. Certain biases were found to be more 

present at different phases of flight and there was disproportionally no aircraft malfunction 

during the events analysed. Cognitive bias also didn’t appear to discriminate between 

daylight or darkness, good or poor weather conditions. This research provides valuable 

insight into the impact of cognitive bias on flight safety and reveals some of the conditions 

under which cognitive bias thrives in the environment of commercial aircraft. This study sets 
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the foundations for future research which should focus around developing supporting flight 

crew with debiasing education and techniques to further improve the safety of the industry. 
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1. Introduction 

On the evening of 7th July 2017 Air Canada 759 (ACA759) with 135 passengers on 

board was on final approach to runway 28 Right in San Francisco after an uneventful flight 

from Toronto. The parallel runway, 28 Left, was closed that night and its lights were 

switched off. From the cockpit of ACA759 the crew would have seen the illuminated 28R 

runway on which they were cleared to land, and to the right taxiway Charlie on which four 

passenger aircraft were sitting waiting for ACA759 to land so they could depart. However, 

ACA759 had mistakenly lined up with taxiway Charlie instead of 28R, and despite multiple 

cues available to the crew (one being the lighting is distinctively different between runways 

and taxiways), a go-around was not initiated until the aircraft was less than 100 feet above 

taxiway Charlie, and reportedly came within 4 meters of colliding with one of the aircraft 

sitting on the taxiway. The official investigation report attributed the crew’s expectation and 

confirmation bias as contributing factors (NTSB, 2018).  

The ACA759 event was not the first cognitive bias related event, Brafman and 

Brafman (2008) found that on board KLM4805 the cognitive bias loss aversion influenced 

the crew’s decision to take-off without clearance, and resulted in the most serious accident in 

aviation history killing 583 people in the year 1977 (pp. 9–24).  

Fatal accidents in modern aviation are rare, thanks in large part to the strict 

regulations and high standards set and enforced by government bodies, training organisations 

and airlines. Human factors and performance problems however, still account for a 

significant number of accidents and incidents during commercial aircraft operations 

(European Aviation Safety Agency., 2020, p. 45). 

The researcher is interested in understanding the impact and effects of cognitive 

biases in the cockpit. The proposed hypothesis is that there are certain elements of the cockpit 
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environment of commercial airliners that contribute to cognitive bias in flight crew during 

accidents and incidents, and that certain cognitive biases result in different outcomes. To 

accept or reject the hypothesis, a detailed analysis of publicly available official commercial 

aircraft accident and incidents reports where cognitive bias was noted in the report to affect 

or influence the crew. 

There exists a gap of knowledge surrounding the impact of cognitive bias on flight 

safety. This study will reveal the impact of cognitive bias in aviation accidents and incidents 

and suggest that cognitive bias in the flight deck of commercial aircraft disproportionately 

occurs during optimal conditions.  

1.1 Aims and Objectives 

The primary purpose of this research was to explore the phenomenon of cognitive 

bias in the commercial aircraft flight deck environment during accidents and incidents 

through the analysis of historical investigation reports, with the aim of understanding the 

impact of cognitive bias related events and whether there exist conditions within the 

environment that favour cognitive bias.  

The research questions proposed include: what are the most common types of 

cognitive bias in the flight deck environment of commercial aircraft that occur incidents and 

accidents? Are there a common set of factors present in the flight deck during accidents and 

incidents in which cognitive bias was identified to have affected the flight crew? 

1.2 Thesis contribution 

This thesis aims to uncover valuable information that contributes to and helps with 

future research on cognitive bias in commercial airlines to ultimately improve flight safety. It 

is hoped that airlines, training organisations and pilots alike will use this thesis as a means of 
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discussion and basic education on the impact and pre-existing conditions in the flight deck 

during cognitive bias related events. 
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2. Literature Review 

2.1 Introduction 

The aim of this chapter is to explore the evolution of human factors in aviation and 

cognitive bias in the aviation setting through a review of the literature. Books, journal articles 

and accident/incident reports alongside manuals and regulations were reviewed to provide 

context to the research questions.  

Human factors is a vast subject that encompasses almost all aspects of human 

performance and is a complicated and multidisciplinary science that incorporates 

contributions from various fields, such as psychology, physiology, sociology, engineering, 

anthropology, and informational sciences, and aims to examine and improve the safety and 

efficiency of how human beings interact with their environment, within a system, and with 

each other (Bennett, Degan, and Spiegel, 1963; Orn, 2018). The science base of human 

factors has expanded greatly throughout the years, and the increase of knowledge has led to 

further specialisation and application in a wide range of industries, from healthcare to 

transportation, to consumer products.  

Much of the literature establishes the foundation of modern human factors and 

performance within the aviation domain with the work carried out during and after World 

War II to assist with the design and operation of increasingly complex aircraft systems, 

following an increase of accidents and incidents involving perfectly functional aircraft. 

Investigation into different cockpit designs and their causal effect on accidents during this 

period, for example, led to what is now known as design induced error. The emergence of 

studies surrounding the impact of pilot fatigue also occurred during this time with research 

carried out by Drew (1940) who established that control inputs were different by a fatigued 

pilot versus a non-fatigued pilot. During the 1970’s the Crew Resource Management (CRM) 
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revolution began, which “introduced applied social psychology and management science onto 

the flight deck”  (Harris, 2012, p. 3), to allow pilots make more efficient use of the resources 

in the cockpit. CRM has evolved to be the main tool to educate pilots on the different areas of 

human factors and performance as their role in the cockpit shifted from a hands-on flying role 

to a manager of flight deck resources. Human factors investigation has evolved over time, 

with frameworks adopted from Reason’s (1990) model of accident causation, and guidance 

issued by regulatory bodies and investigating bodies. However, there still appears to exist a 

lack of consistency amongst investigating agencies and uncertainty on the level of knowledge 

on human factors issues investigators should have. 

Given the complexity of modern aircraft systems and the operating environment, for 

effective decision making to take place flight crew require a good level of situational 

awareness, experience, and knowledge (Kanki, Anca and Chidester, 2019). Situational 

awareness is important to this study due to its role in decision making in dynamic and 

complex environments (Endsley, 1995) and appears to be directly linked to human 

performance.  

Cognitive bias is described as a “systematic (that is, non-random and, thus, 

predictable) deviation from rationality in judgment or decision-making” (Blanco, 2017, p. 1), 

that often occurs during decision making as a result of relying on heuristics, and can 

negatively impact one’s perception of reality. Heuristics are mental shortcuts that humans 

develop to reduce cognitive strain when making decisions and can be quite useful (Sternberg 

and Sternberg, 2015, p. 442). However, when relied on in high-risk scenarios they can often 

lead to errors. The three more common types of bias identified in the aviation literature are 

reviewed in this chapter: plan continuation, expectation, and confirmation bias. 
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There exists significant amount of research on the impact of cognitive bias in areas 

such as medicine (O’Sullivan and Schofield, 2018; Whelehan, Conlon and Ridgway, 2020), 

law (Rand, 2002), amongst many others. Despite its proven significance in aviation disasters, 

there is a gap of knowledge and a lack of research on how cognitive bias impacts the decision 

making of commercial pilots during critical events.  

 

2.2 Human factors and performance on the flight deck. 

As previously described, Human Factors is a vast, interdisciplinary science that 

incorporates a multitude of contributions from the fields of psychology, engineering, 

biomechanics, sociology, etc. and contributes not just to the field of aviation but many more, 

such as healthcare, the military, information technology, etc. There exist many definitions of 

Human Factors throughout the literature, the Human Factors and Ergonomics Society (HFES) 

outlines the concept as being “concerned with the application of what we know about people, 

their abilities, characteristics, and limitations to the design of equipment they use, 

environments in which they function, and jobs they perform” (HFES, n.d.) and Stramler 

(1992) describes Human Factors as the “field which is involved in conducting research 

regarding human psychological, social, physical, and biological characteristics…and working 

to apply that information with respect to the design, operation, or use of products or systems 

for optimising human performance, health, safety, and/or habitability” (p.148). The terms 

Human Factors and Ergonomics are often considered synonyms and used interchangeably 

(Stramler, 1992). “Ergonomics” derives from the Greek “ergon”, which means work, and 

“nomoi” meaning law. When combined they form a word meaning the science of work 

(Adams, 2019). However, research suggests there are clear differences between both, and that 

definitions of ergonomics tend to refer more to the physical aspects of the work environment 

(workplace layout, tools and equipment, lighting and temperature…) while human factors is 
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more concerned with the system in which people work as a whole (Licht, Polzella and Boff, 

1989). 

The field of human factors generally deals with systematic issues and applies theory 

and principles from several disciplines, including anthropometry, engineering, psychology, 

and physiology, to improve the design of tasks, products, and systems. Cognitive, 

organisational, and physical factors along with the interactions between humans are all 

considered. The Venn diagram in figure 1 shows the relationship among the different factors, 

with human factors and ergonomics depicted as the intersecting point. 

 

Figure 1: Venn diagram depicting the interrelationship between the organisational, physical, and cognitive 

factors, that form the basis of human factors and ergonomics. Source: International Ergonomics Association, n.d.) 

 

2.2.1 The field of Human Factors 

Structurally sound aircraft plummet to earth, ships run aground in calm seas, 

industrial machines run awry, and the instruments of medical science maim and kill 

unsuspecting patients, all because of incompatibilities between the way things are 

designed and the way people perceive, think, and act. 

(Casey, 1993, p. 9) 
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Much of the literature identifies the founding of the human factors’ era with World 

War II, however the foundational work on human factors and performance can be traced as 

far back as the late 19th and early 20th century with the work of Frederick W. Taylor (1856-

1915), and Frank (1868-1924) and Lillian Gilbreth (1878-1972). Taylor conducted one of the 

first human factors studies by systematically investigating human performance and 

productivity in an applied setting. Through scientific observations of shovelling tasks at a 

steel plant, Taylor designed different shovels and methods more appropriate for different 

materials. Taylor went on to make several contributions to enhancing productivity in the 

workplace, and some of his methods such as task analysis still form part of modern human 

factors (Proctor and Zandt, 2018). Lillian Gilbreth’s psychology education complemented 

Frank Gilbreth’s engineering background, and together they applied social science to 

industrial management. Their work cantered around time and motion studies and provided a 

systematic way of analysing the number of movements and time needed to complete a task, 

with the aim to increase workplace efficiency and wellbeing of workers (Bridger, 2017). 

Their work in the fields of surgery, military and industrial management along with the design 

of kitchens and household appliances are still seen today, and their study Fatigue (1916) 

introduces the concept of ergonomics as we know it today (Gilbreth, 1916). 

World War II was the catapult that established human factors and ergonomics as a 

discipline with industrial and academic recognition. The war brought with it complex 

machinery and systems which led to the collaboration of psychologists and engineers to 

consider human characteristics during the design of complex weaponry, aircraft cockpits and 

radar systems, amongst others (Proctor and Zandt, 2018). The development of human factors 

as a profession was born as a result of the interdisciplinary efforts throughout this time and 

formalised through the establishment of the Human Research Group in 1949 and the Human 

Factors Society in 1957. From this period on, several journal publications devoted to human 
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factors began to emerge along with further establishment of societies and associations 

(Meister, 2018). The latter part of the 20th century saw the field of human factors and 

ergonomics grow tremendously and branch out to broad range of professions such as health 

care, forensics, product design, computer systems, etc. (Proctor and Zandt, 2018; HFES, 

n.d.). Human factors and ergonomics are still heavily present in the military, but also impact 

people’s everyday lives through the design of automobiles and office furniture (Gkikas, 2012; 

Peteri, 2017).  

Overall, the field of human factors has expanded hugely from its original focus on the 

design of military machinery to playing a significant role in a broad range of simple and 

complex human systems, and many different fields such as commercial aviation, global 

manufacturing, engineering, product design, computer science, amongst many others. 

 

2.2.2 Human Factors in the Aviation Context 

The roots of human factors lie within the aviation domain with the work carried out 

during and after World War II by institutions like the Aero Medical Laboratory in the U.S 

(Harris, 2012). A good example of the initial work carried out in the field can be found 

during the 1940s in the work of Chapanis (1917-2002), an American psychologist known for 

his pioneering work in the field of human factors, who was tasked with investigating why 

pilots were accidently retracting the landing gear instead of the flaps after landing in certain 

types of aircraft. Chapanis found that the controls for both systems were located beside each 

other and were identical in shape. He proposed changing the location and redesigning the 

shape of the controls to match their corresponding component, so the flap control is shaped 

like a wing and the landing gear control like a wheel. This simple example is human factors 
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and ergonomics at its finest, and his design lives on in modern cockpits today (Chapanis, 

1999). 

The ICAO Safety Management System (SMM) describes human factors as 

“understanding the ways in which people interact with the world, their capabilities and 

limitations, and influencing human activity to improve the way people do their work” (ICAO, 

2018, p. 25), and highlights its importance as part of an effective safety management system 

in risk identification and mitigation. Aviation is considered a socio-technical system that 

consists of complex interactions between people, social and organisational factors, linked by 

essential functional and social processes (Harris, 2012). That system is not just made up of 

pilots, procedures, and aircraft, but also the environment in which they operate and 

management of the organisation for whom they fly for. By optimising the relationship 

between each, the system can become safer and more efficient (Moriarty, 2014). The 

European Strategy for Human Factors in Aviation (2012) highlights that the safety, efficiency 

and effectiveness of the whole aviation system depends on actions and performance of 

people. 

The late 1970s saw the introduction of Crew Resource Management (CRM) which 

evolved as a result of aircraft accidents being attributed to human error. CRM is described by 

EASA “as a management system, which makes optimum use of all available resources 

(equipment, procedures and people) to promote safety and enhance the efficiency of flight 

operations” (‘CRM Training Implementation’, 2017). CRM training is provided to aviation 

personnel on an annual recurring basis, and aims to train flight crew and other airline 

personnel on how to make better use of available resources to reduce human error 

(Helmreich, Merritt and Wilhelm, 1999). The evolution of CRM encouraged changes in 

practice to how pilots are trained and selected, with pilots shifting from a strictly hands on 

flying role to a management of flight deck resources role which encouraged the development 
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of communication, decision making and problem solving techniques (Harris, 2012). CRM is 

widely recognised as the primary tool to educate pilots in the different areas of human factors 

and performance and is the main source of education for aviation personnel on the topic of 

information processing, under which decision-making, cognitive biases and heuristics fall. 

Moriarty (2014) however identifies Information processing to be the most difficult and 

confusing subject to teach during CRM, and suggests many instructors do not give it the level 

of attention it deserves. Despite the evidence of its existence and importance in contributing 

to the unsafe operation of commercial aircraft, there is little structure to how human factors 

and performance is taught and assessed as part of pilot training. CRM is the only subject that 

is not formally assessed as part of pilot training which, as Moriarty (2014) points out, gives 

the impression that the subject is therefore not important especially considering the formal 

process for teaching and evaluating the pilot’s technical knowledge in operating aircraft. The 

reason behind this is unclear, but Moriarty suggests that “the science of human factors is so 

broad and so “messy” that we have not, as an industry, agreed on what is important and what 

is not” (Moriarty, 2014, p. xix). 

 

2.2.3 Human Factors investigation in aviation 

“Being a human being does not make oneself a human factors expert.” 

(Burban, 2016, p. 48) 

Commercial aviation is regarded as the safest form of transport (CAA, 2022; IATA, 

2022a). Between 2009-2018 there were just seven fatal accidents involving EASA 

Commercial Air Transport approved operators. In 2019 there were 268 fatalities from 

commercial aviation accidents worldwide, in comparison to the year 1972 during which there 

were 2365 fatalities (European Aviation Safety Agency., 2020, pp. 27–38). While thankfully 
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accident rate is low, the stakes are high in commercial aviation as the impact of a major 

aircraft accident is huge. Apart from the potential large loss of life, aircraft accidents can 

have significant financial impact on the airline’s stock value and profitability (Akyildirim et 

al., 2020). A study by Li et al., (2015) found that aircraft accidents significantly impact 

public perception towards the airline. The practical side of this perception is that there is 

always pressure to improve safety in the industry (Sanchez-Alarcos, 2019). 

As previously discussed, human factors is a broad topic, which as a result presents 

significant challenges for investigators in the aviation setting. Accident and incident reports 

are essential to improve flight safety as they provide valuable data to help identify hazards 

and provide an understanding and insight into the many elements present in the environment 

leading up to and during these events. While accident and incident investigations are 

mandatory throughout the world, the format, quality of content and analysis, including 

linguistic variation, along with the safety recommendations contained in the reports varies 

between each national authority, which in turn can present limitations in gaining a true and 

in-depth understanding of the events that occurred, including the associated human factors 

and performance. These investigations are quite often subject to the resources available in 

each country, but also heavily depend on human experts to identify the causal factors (Dong 

et al., 2021).  

To assist investigators, ICAO has published two documents: “Human Factors Digest 

No.7 - investigation of human factors in accidents and incidents” (1993), and the “Human 

Factors Training Manual” (1998) which detail the purpose behind investigating human 

factors in accidents and general guidelines for investigating the human factors elements of 

aviation accidents and incidents through the application of Hawkin’s SHELL model (1975) 

and Reason’s Swiss Cheese model (1990).   
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Reason’s (1990) “Swiss-Cheese” model of accident causation has become a popular 

model in many fields, including aviation, as an approach to the genesis of human error. The 

model provides a visual representation of how accidents and incidents in complex human 

systems such as aviation depend on successive breaches of multiple barriers, and that not one 

singular failure is enough to cause an accident. Reason’s model uses cheese slices in a 

diagram to show how accidents can occur unexpectedly when certain events or conditions 

line up at the same time in an unprotected system (figure 2). The holes represent weaknesses 

in the system or defences and arise due to the presence of latent conditions and active 

failures. An adverse event occurs when a hole in each slice momentarily aligns, and a hazard 

passes through (Reason, 2000). Reason’s model is useful in accident investigation as it forces 

investigators to look beyond errors committed by the flight crew. The human at the front line 

will often act as the last barrier of defence in an accident, and errors or unsafe acts on behalf 

of the front-line personnel such as pilots are what Reason deems active failures and may 

result in an adverse effect resulting in a harmful outcome. Working backwards through 

Reason’s model from the active failures, three levels of latent failures, or those that lie 

dormant in a system until activated by a specific set of circumstances, are highlighted. In the 

aviation context, the first deals with preconditions for unsafe acts and focuses on human 

performance issues or adverse mental and physiological states that might affect flight crew 

such as fatigue, loss of situational awareness, cognitive bias, and a breakdown of CRM. 

Reason identifies unsafe supervision as the third failure, which may stem from the effects of 

poor CRM, a failure in oversight or training, or a failure to enforce rules and regulations, 

amongst others, contribute to the negative event. Finally organisational influences are dealt 

with as the fourth element of human failure, which in the aviation context may be the safety 

culture or poor procedures. For each of the three mentioned latent failures, there exists 
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barriers or defence mechanisms intended to prevent escalation such as CRM training, fatigue 

risk management programs, improved cockpit design, etc.. 

 

Figure 2 Reasons (1990) Swiss Cheese model of accident causation Source: (Shappell and Wiegmann, 2000) 

 

In accident investigation surrounding human error, Reason’s model has been widely 

adopted as a framework, with derivative conceptual frameworks emerging such as the Human 

Factors Analysis and Classification System (HFACS) developed within the US military 

(Shappell and Wiegmann, 2000). HFACS is arguably the most widely used framework in 

analysing human factors in aviation accidents and incidents. As per figure 3 each of Reason’s 

four levels of human failure are further categorised into causal factors to assist with 

identification of latent and active failures. A failure at each level will result in an undesirable 

event, however if one of the failures is corrected or prevented, the unfavourable event will be 

avoided. 



26 
 

 

Figure 3 HFACS developed by Shappell and Wiegmann (2000) Source: (Human Factors Analysis and 

Classification System (HFACS), 2021) 

 

 The HFACS framework was first applied to commercial aviation accident reports by 

Shappell and Wiegmann (2001) and has since been used widely throughout the industry (Li, 

Harris and Yu, 2008). Burban (2016), however, points out the lack of research carried out to 

establish the type of knowledge investigators should have or how they should apply it when 

investigating human factors. Harris (2012) supports this claim stating “there are no hard and 

fast guidelines for incident/accident investigation and analysis” (Harris, 2012, p. 311).  
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2.3 The Human in the flight deck 

The cockpit environment of commercial aircraft can be a complex and bewildering 

man-machine interaction system, susceptible to several hazards. Error is defined as “an action 

or decision that results in one or more unintended negative outcomes” (Strauch, 2002), and 

the ICAO SMM outlines that all accidents are caused by human error as “humans design, 

manufacture, train, operate, manage, and defend the system. Therefore, when the system 

breaks down, it is of necessity due to human error” (International Civil Aviation 

Organization, 2009, pp. 7–14).  

 

2.3.1 Decision making 

Aeronautical decision making is defined as “a systematic approach to the mental 

process used by pilots to consistently determine the best course of action in response to a 

given set of circumstances” (FAA, 1991, p. 2). According to the research by Simpson (2001) 

pilots make decisions utilising intuitive rather than analytical tactics, and that the cognitive 

processes involved in decision making on the flight deck are not necessarily any different to 

those involved in other complex, high risk and high pressure situations (Harris, 2012). 

Making good decisions in this environment requires good situational awareness and 

experience, but also a high level of knowledge (Kanki, Anca and Chidester, 2019). 

A study carried out by Shappell and Wiegmann (2000) analysed the human factors 

elements of 119 accidents in the 1990s and found skill-based errors in 60% of the data, which 

they consider not surprising given the complexity of operating a commercial aircraft. Crew-

resource mismanagement alongside decision errors followed as two of the most common 

factors. Dismukes (2010) points out that human errors in highly skilled professionals such as 

pilots, are symptoms of a flawed system rather than root causes and should be viewed in the 
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context of the dynamic characteristics of the system in which they operate, and attributing 

blame to individual pilots is counterproductive. Furthermore, the suggestion by aviation 

designers that the problem surrounding human error could be resolved through computer 

automation is erroneous and overlooks the complexity of the resource constrained 

environment in which flight crew operate. Dismukes (2010) considers it unfortunate that the 

same cognitive functions that permit skilled professionals manage complex situations in 

resource constrained environments beyond computer capabilities, also make them vulnerable 

to errors.  

 

2.3.2 Situational Awareness 

Situational awareness (SA) is a rather new broad construct first appearing in the civil 

aviation literature in the early 1980s, and is defined as “the perception of elements in the 

environment within a volume of time and space, the comprehension of their meaning, and the 

projection of their status in the near future.” (Endsley, 1995, p. 36).  Over the years, the 

phenomenon has become the subject of much research. Its relevance in the aviation context is 

demonstrated through studies of accidents and incidents attributed to the lack or loss of SA. A 

study carried out by Endsley (1995) over a four year period examining accident investigation 

reports citing human error as a causal factor, found that 88% involved problems with SA.  

Endsley (1999) found that the quality of SA achieved by pilots is challenged by the 

limitations of human attention and working memory, and to achieve a sound level of SA will 

largely depend on their ability to overcome these limitations, alongside their expectations or 

preconceptions and their knowledge and experience of critical cues in the environment. 

Additionally, the quality of information and how it is presented, the complexity of the 

systems, stress and workload will also impact pilot’s ability to achieve SA (Endsley, 1995). 
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Endsley and Garland (2000) attribute a high level of SA as a “critical factor in achieving 

successful performance in aviation” (Endsley and Garland, 2000, p.1).  In the flight deck 

environment, achieving a high level of SA will allow for more effective decision making 

(Endsley, 1999).  

The importance of SA is highlighted throughout the aviation literature, Moriarty 

(2014) however, takes a different perspective on the topic and argues that when considering 

the definition of SA there is already ample research “in the fields of human attention, 

perception and decision making” (p. xxiv) that explain the phenomena, and that introducing a 

new term may be suggest that it is something new. “If we assume that situational awareness 

is a subject in itself, we will probably miss out on the huge volume of research that has 

already been carried out on the phenomena that it tries to replace” (Moriarty, 2014, p. xxiv). 

 

2.3.3 Time pressure  

According to Stiensmeier-Pelster and M. Schurmann (1993), time pressure affects the 

decision-making process in a number of ways and may cause cognitive resources to be 

reallocated to coping with stress instead of decision-making. Wright (1974) suggested limited 

time directly increases the complexity of a decision. Research on speed-accuracy trade-off is 

abundant (Brumby et al., 2013; Heitz, 2014; McIntosh, Mon-Williams and Tresilian, 2018) 

and has gained attention in contexts where human performance is important. It is described as 

“the complex relationship between an individual's willingness to respond slowly  and make 

relatively fewer errors compared to their willingness to respond quickly and make relatively 

more errors” (Zimmermann, 2011). Time pressure is particularly relevant to the aviation 

context as time pressure will form part of most decisions that pilots are forced to make in the 
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operational environment. When determining decision making tactics, an early consideration 

of time available by pilots will assist in the dynamic decision-making process.  

The NTSB (1994) through its analysis of 37 accident reports found that 55% of flights 

were delayed (NTSB, 1994, p. 21). McElhatton and Drew (1993) suggest time pressure 

contributed to the worst aviation disaster. Their study analysed aviation reports in which time 

pressure is said to have contributed to an ill outcome and found that 90% of time pressure 

human errors occurred in the pre-flight and taxi phases, and most were likely to occur during 

periods of high workload (McElhatton and Drew, 1993). Rao (2018) found that pilots with 

lower experience appeared to suffer on decision making ability under time pressure and 

Orasanu and Strauch (1994) concluded in their study that managing time and resources are 

skills that should be taught and practiced during flight crew training. 

 

2.3.4 Fatigue  

Fatigue is known as one of the “Dirty Dozen” in aviation, or one of the most common 

contributors to human error and flawed decision-making. The FAA characterise fatigue as “a 

general lack of alertness and degradation in mental and physical performance” (FAA, 2012, 

p. 2). In the operational environment there is a clear link between the factors that cause 

fatigue with poor performance resulting in accidents (Williamson et al., 2011). The primary 

underlying causes of fatigue are sleep and circadian factors (Caldwell, 2012). 

Fatigue was found to contribute to 15-20% of transport related accidents (Akerstedt, 

2000), while a study carried out by the NTSB on commercial aviation accidents suggested 

fatigue contributed to up to 7% of the accidents (NTSB, 1994). The same NTSB study 

analysed errors made by crew and found those who had been awake longer made an average 

40% more errors, specifically more procedural and tactical decision errors (NTSB, 1994). 
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Caldwell (2012) highlights the effects of fatigue on pilots in terms of performance, 

suggesting that an increase in fatigue leads to an acceptance of lower standards, timing and 

accuracy deterioration, attention narrowing and the ability to comprehend data from flight 

instruments diminishes, problem solving is slow and involuntary lapses into sleep along with 

perceptual illusions are common. “Overall, fatigue impairs the aviator’s ability to pay 

attention to flight instruments, radio communications, crew coordination, and navigational 

tasks” (Caldwell, 2012, p. 86).  

To conclude, the aviation system depends on the humans involved. The complex and 

high-risk environment in which flight crew operate presents challenges to the decision-

making process, and often requires that flight crew possess a high level of experience, 

knowledge, and situational awareness to make good decisions. These decisions are often 

made in a time constrained setting which can affect their quality. Fatigue’s contribution to 

aircraft accidents should not be underestimated and is found to negatively impact all three 

variables discussed in the chapter.  

2.4 Cognitive bias in the aviation setting. 

Commercial airline pilots often subconsciously rely on heuristics during critical 

decision-making in the flight deck (Simpson, 2001). Heuristics are mental shortcuts, or “a 

simple procedure that help find adequate, though often imperfect, answers to difficult 

questions” (Kahneman, 2011, p. 98). When heuristics are relied on during decision-making, 

they can often lead to cognitive biases. Cognitive biases are subconscious systemic flaws that 

can lead to a misunderstanding of a situation's reality and act as a filter that results in 

deviations from proper decision-making (FRAeS, 2014). Heuristics and biases play a 

significant role during decision-making.  
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Heuristics can be quite useful, but they can also lead to serious and systematic errors 

in certain situations, particularly when making high-risk decisions (Tversky and Kahneman, 

1974). Murata, Nakamura and Karwowski (2015) outlined that recognising and eliminating 

cognitive biases is critical to avoiding disasters, while Orasanu (1993) highlighted that 

“cockpit decisions are heuristics” (p. 139).  

Perkins (2021) suggests that safety in aviation cannot be enhanced without an 

improved understanding of the role cognitive bias plays in the safety on board aircraft and the 

organisational safety culture as a whole, “contemporary cognitive science research is the new 

era of aviation safety” (Perkins, 2021). In an FAA safety briefing Chao et al., (2020) found 

confirmation bias, expectation bias and plan continuation bias to be the most common that 

affect pilots. 

2.4.1 Plan continuation bias 

Dismukes, Berman and Loukopoulos (2007) in their analysis of 19 major aircraft 

accident reports between 1991 and 2000 in which pilot error was cited as a contributing 

factor by the NTSB, found that plan continuation bias contributed to nine of the accidents. 

Plan continuation bias is described as “a deep-rooted tendency of individuals to continue their 

original plan of action even when changing circumstances require a new plan” (Dismukes 

and Berman, 2006, p. 28). Forrest (2008) highlights this form of bias to be one of the most 

dangerous and that in most situations the information being ignored by the flight crew is 

crucial to maintaining safety margins and that as a result the best decision is to abandon the 

original plan. Forrest relates the phenomena to that of a greyhound chasing an elusive rabbit 

where “the focus is so intense that a greyhound in chase may ignore external and internal 

variables that are detrimental to its health…A greyhound can literally run itself to death under 

the right circumstances if it fixates on the target and fails to process changing conditions” 

(Forrest, 2008, p. 13). Failure by the flight crew to identify and react appropriately to the 
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changing environment may result in a loss of SA which can impact the decision-making 

process (Orasanu, Martin and Davidson, 2001), 

A NASA study carried out by Orasanu, Martin and Davison (1998) into 51 decision 

errors made by flight crew in 37 aircraft accidents identified plan continuation bias to be a 

common theme, present in 75% of the decision errors committed. The study outlines that 

while it is useful to identify that cognitive bias is present, understanding why is much more 

difficult (Orasanu, Martin and Davison, 1998). Dekker (2006) suggests that if flight crew 

believe the initial plan is strong based on the available information at that time, considering 

cues that indicate the contrary at a later stage will be much more challenging. Forrest (2008) 

suggests that time pressure plays a key role in influencing plan continuation bias, and that the 

research suggests this type of bias is more prone to occur at the end of flight crew’s duty, and 

that the only way to overcome this type of bias is to maintain accurate SA (Forrest, 2008). 

Dismukes and Berman (2006) found that organisational influence, limitations of human 

cognition and incomplete information lead to this type of bias, and while safety is or should 

be the highest priority in commercial airline operations, there will always be “an inevitable 

trade-off between safety and the competing goals of schedule reliability and cost 

effectiveness” (Dismukes and Berman, 2006, p. 31). 

 

2.4.2 Expectation bias 

Expectation bias occurs “when an individual's expectations about an outcome 

influence perceptions of one's own or others’ behaviour” (Williams et al., 2012, p. 1).  It is a 

psychological notion connected with decision-making and perception that may permit a false 

judgment to remain (Bhattacherjee, 2001). 
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From a flight crew perspective, the phenomenon occurs when a pilot observes 

something either in the flight deck or the surrounding environment which they expect to 

observe rather than what is actually happening, and act on the basis of what they perceive to 

be occurring (Skybrary, 2021). It may be influenced by routine, familiarity, or experience 

(Chao et al., 2020). The different tasks pilots are expected to carry out whilst operating an 

aircraft are relatively standardised and can become repetitive, quite often pilots will fly in and 

out of the same airport and rarely encounter anomalies. While this may be beneficial to flight 

safety, it inadvertently can lead to expectation bias occurring in the flight deck. The FAA 

Safety team (2012), following an analysis of runway incursion incident reports, issued a 

safety notice to pilots highlighting the dangers of expectation bias (FAASTeam, 2012). 

Dismukes, Berman and Loukopoulos (2007) in their NASA study, found that expectation bias 

is exacerbated when pilots are required to integrate new and incomplete information 

presented at irregular intervals due to the limited capacity of human working memory 

alongside the cognitive strain to process the information during periods of increased 

workload such as the approach phase of a flight.  

During post incident interviews of the ACA759 flight mentioned in the introduction 

of this study, the crew outlined the several cues that supported their perception that they were 

lined up with runway 28 right which included different lighting from the aircraft waiting on 

the taxiway to the right of the runway. The report outlines that the expectation bias 

outweighed other available conflicting cues. The NTSB highlights in the report that 

expectation bias is not uncommon in incidents and accidents, and often occurs during hours 

of darkness in clear weather (NTSB, 2018) 
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2.4.3 Confirmation bias 

Confirmation bias is defined by Wickens and Hollands (2000) as a tendency “for 

people to seek information and cues that confirm the tentatively held hypothesis or belief, and 

not seek (or discount) those that support an opposite conclusion or belief” (p. 312). Evans 

(1989) outlined it to be “the best known and most widely accepted notion of inferential error 

to come out of the literature on human reasoning” (p. 41). Confirmation bias can have 

devastating effects on decision making, and has been identified as a contributor in accidents 

and incidents in different high risk environments (Murata, Nakamura and Karwowski, 2015). 

Pilots may be susceptible to this phenomenon should they look for cues in the operational 

environment that confirm their hypothesis and ignore or under weigh contradictory 

information. Hypothesis could be related to the mechanical status of the aircraft, lining up 

with an incorrect runway or operating into unsuitable weather. A study carried out by 

Madhavan and Lacson (2006) examined the psychological factors affecting pilots decisions 

to navigate into deteriorating weather and found that confirmation bias typically affects pilots 

in the initial stages of decision-making, or the stage of information acquisition, where pilots 

are seeking cues from the environment, often under stressful conditions. Gilbey and Hill 

(2012) examined the effects of confirmation bias on lost pilots through a number of 

experiments on the ground utilising several map based tasks. Overall, the study found that 

pilots performed particularly poor in determining their location and had an overwhelming 

tendency to adapt a confirmatory approach in their decision making. Rowntree (2012) 

highlights that the underlying triggers of confirmation bias are still unknown, and in his 

research found that pilots are still equally susceptible to confirmation bias regardless of their 

experience, training and practice. 

The accident of Comair 5191 which saw the aircraft depart from an incorrect and 

shorter runway killing 49 people, is a prime example of confirmation bias, with the official 



36 
 

NTSB (2007) report listing confirmation bias as a contributor; “Adequate cues existed on the 

airport surface and available resources were present in the cockpit to allow the flight crew to 

successfully navigate from the air carrier ramp to the runway 22 threshold…The flight 

crewmembers failed to recognise that they were initiating a take-off on the wrong 

runway…they were likely influenced by confirmation bias” (NTSB, 2007, p. 103). 

It is predicted that there will be a common set of variables related to the human, the 

operation and the environment present in these reports. This study plan to identify these 

variables and explore the impact of cognitive bias in the flight deck and assist further 

research in the effects and possible preventive measures for cognitive bias in the flight deck 

of commercial airlines. 
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3. Methodology 

Research Methodology outlines the process of how the research was carried out to 

answer the research questions. This section provides details on the research design, 

philosophy, data collection and analysis, along with the ethical considerations. 

3.1 Research Philosophy 

The research philosophy is described as “a system of beliefs and assumptions about 

the development of knowledge” (Saunders, Lewis and Thornhill, 2019, p. 130), or simply 

put, “the ways in which data about a phenomenon should be collected, analysed and used” 

(Dudovskiy, n.d.). There exist several research philosophies, each with their own assumptions 

about the nature of reality (ontology), knowledge (epistemology), and the role of value and 

ethics (axiology).  These assumptions shape the researchers understanding of the research 

questions, the methods and interpretation of the findings (Saunders, Lewis and Thornhill, 

2019).  

The aim of this research is to explore the phenomenon of cognitive bias in the 

commercial aircraft flightdeck through the analysis of cognitive bias related accidents and 

incidents that occurred between 2005 and 2021, to better understand the impact on flight 

safety. This type of research relates to a pragmatist research philosophy as the researcher is 

interested in contributing practical solutions to an identified problem, rather than abstract 

distinctions (Saunders, Lewis and Thornhill, 2019). Pragmatism adopts the epistemological 

view that the research should focus on real-world problems instead of abstract disputes on the 

nature of truth and reality (Cordeiro and Kelly, 2019). Pragmatists often employ a mixed 

methods approach that can vary in objectivity and subjectivity (Saunders, Lewis and 

Thornhill, 2019). 
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3.2 Research Design 

The methodology chosen for this research is a mixed methods model, as both 

quantitative and qualitative data will be gathered and analysed. Aspects of the research 

approach are deductive with defined variables and hypothesis following a review of the 

existing literature and informed the research design of the data collection and analysis. The 

deductive approach allowed the researcher to establish a priori codes in line with the Bow tie 

risk analysis framework. The data analysis will also allow for an inductive approach which 

will allow for flexibility as the research evolves.  

The type of research is applied research, which is defined as an “original investigation 

undertaken in order to acquire new knowledge…directed primarily towards a specific, 

practical aim or objective” (‘Definitions of Research and Development: An Annotated 

Compilation of Official Sources’, 2018, p. 2). This type of research is often associated with 

studies aiming to develop solutions to real world problems, and so was deemed appropriate. 

Given the lack of previous research focussing specifically on cognitive bias in commercial 

aviation, the nature of the study is exploratory as it is an attempt at investigating a problem 

that has not been clearly defined, and the study plans to set the foundation for further 

research. The research design is correlational by nature, in that different variables are 

measured without being manipulated to test whether and how strongly they are related. This 

study is cross-sectional, and the strategy archival as it involves extracting information from 

historical reports between 2005-2021. 

Given the design of the study, content analysis was deemed as the most appropriate 

research method. Content analysis is a qualitative research technique that allows the 

researcher to quantify qualitative information and is defined as “any technique for making 

inferences by objectively and systematically identifying specified characteristics of 

messages.” (Holsti, 1969, p. 14). Content analysis allows for a systematic analysis of 
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qualitative data to convert it to qualitative data, which in this paper will be applied to certain 

aspects of historical commercial aircraft accident and incident reports between 2005-2021 

where cognitive bias was identified in the report to affect at least one of the crew members. 

The Bowtie risk analysis method provides a simple framework to visualise, “analyse 

and demonstrate causal relationships in high-risk scenarios” (CGERisk, 2013). It is a visual 

tool that allows for identification and assessment of safety barriers, or the lack of, between 

safety events and outcomes (CAA, 2021).  The framework will provide structure to the data 

collection and analysis. Appendix 4 contains further details on the Bowtie framework and 

how it is applied to the aviation industry and this study. 

3.3 Data Collection 

Data collection is defined as “the process of gathering and measuring information on 

variables of interest, establishing a systematic procedure that that enables to answer the 

research questions, test hypotheses, and evaluate the outcomes” (Kabir, 2016, p. 202). For 

this study, the type of data is secondary in the form of official aviation accident and incidents 

reports. 

The first objective of the study was to identify commercial aircraft accident and 

incidents between 2005 and 2021 where a form of cognitive bias is identified in the report to 

have affected at least one of the crew members. Following this, content analysis was carried 

out on the data with the aim of identifying different factors that appeared to be 

disproportionately present in the flight deck environment when crew where suffering from 

cognitive bias. The Bowtie Risk Analysis Framework provided structure to the data 

collection and analysis. 
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3.3.1 Inclusion criteria 

A report was included in the study if it was an official investigation report of an 

accident or incident as defined by ICAO (see Appendix1 for definitions), that occurred 

between 2005-2021, and at least one form of cognitive bias was identified in the report to 

have affected or likely affected at least one of the crew members or identifies their behaviour 

to be consistent with a bias, before or during the accident or incident.  

Only commercial aviation reports were included in the data set. General aviation 

reports were excluded due to the different parameters they operate within. 

3.3.2 Data sources 

A data search was performed through the “Skybrary” website database, a publicly 

available database that contains reports on 1322 aviation accidents and incidents from around 

the world. A key word search for “bias” was conducted to filter the database to only the 

accidents and incidents where some form of bias is mentioned in the report. The search 

yielded circa 330 results which was further filtered to only include accident and incident 

reports between 2005-2021. Official investigation reports were accessed via the Skybrary 

website, and each report was reviewed and critiqued and only those which met the inclusion 

criteria mentioned above were included. Only information contained in the official 

accident/incident reports issued by the competent authority was considered for the data 

collection and analysis. In total 25 reports fulfilled the selection criteria, 7 incidents and 18 

accidents. See Appendix 2 for a table detailing the reports analysed. 

3.4 Data Analysis 

To systematically analyse the data a codebook was created in Microsoft Excel. A 

template was created and used for the data collection of each accident and incident report 

(See Appendix 3 – Codebook template sheet). There are total of 26 sheets in the codebook, 
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each sheet contains analysis of 1 of the 25 accident/incident reports, followed by an overall 

summary sheet.  

The Bowtie framework was adapted to provide structure to the codebook, whereby 

the “causes” or “threats” were characteristics associated with the decision maker (pilots), the 

operation and the environment, the “event” was the cognitive bias or biases, and the 

“consequences” were the different types of accidents and incidents. Figure 5 depicts how the 

framework was adapted to provide structure to the analysis.  

 

Figure 4 Adapted Bowtie framework to provide structure to the data analysis 

Each template contains a header that provides general information about the flight 

report such as date, flight number, nature of the flight, etc., and the reference for each report. 

The template is then divided into five different sections and is colour coded for ease of 

distinction between sections and characteristics being analysed. In cases where the data 
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cannot be found in the report or is not present, the acronym NI (Not Included) is inserted 

accordingly.  

 3.4.1 Section 1 – Cognitive bias 

In the first section the types of bias identified in the reports are recorded along with 

excerpts that provide further insight surrounding the situation revolving around the bias, or 

the effects it was found to cause. The type of data is nominal in that there is no specific order 

to the biases being recorded.   

3.4.2 Section 2 – Characteristics of the decision maker, operations and environment 

analysed 

The second section contains data recorded on characteristics associated with the 

decision makers, the operation, and the environment, as shown in figure 5: 

Table 1 - Decision maker characteristics analysed in the reports and recorded in the 

codebook.  

Decision maker characteristics Method for recording in codebook in 

brackets 

Data type 

Gender Male (M) or Female (F) Nominal 

Rank Captain (CP) or First Officer (FO) Ordinal 

Experience – total flying hours 

and flying hours on type 

(Hours) Discrete 

Hours on and off duty before 

accident/incident occurred 

(Hours) 

Role Pilot Flying (PF) or Pilot Monitoring 

(PM) 

Ordinal 

Fatigue  (Y) – Where the report identifies this 

having occurred 

(N) – Where the report identifies this did 

not occur 

Nominal 

Communication failure 

Situational awareness loss 

 

Table 2 - Operation characteristics analysed in the reports and recorded in the 

codebook. 



43 
 

Operation characteristics 

analysed 

Method for recording in codebook (in 

brackets) 

Data type 

Phase of flight (see appendix 1 

for definitions of phases of 

flight) 

 

(TO) – Take-off 

(CRZ) – Cruise  

(APP) – Approach  

(LDG) – Landing 

(TAXI) – Taxi  

Ordinal 

Normal Ops Indicated using (Y) where the flight in 

question was not a training flight, and (N) 

where the flight was a training flight 

Nominal  

Aircraft malfunction  (Y) – Where the report identifies this 

having occurred 

(N) – Where the report identifies this did 

not occur 

Deviation from SOPs 

 

Table 3 - Environment characteristics analysed in the reports and recorded in the 

codebook. 

Environment characteristics 

analysed 

Method for recording in codebook (in 

brackets) 

Data type 

Time of occurrence 

 

 (hh:mm) – 24 hour notation Discrete  

Daylight as identified in the 

reports 

(Y) – Daylight 

(N) - Darkness 

Nominal 

Weather (See appendix 1 for 

definitions on VMC and IMC) 

(VMC) – Visual Meteorological 

Conditions 

(IMC) - Instrument Meteorological 

Conditions 

Nominal 

 

3.4.3 Section 3 – Outcome of the flights analysed 

The outcome of each report was recorded and categorised as per the table. 

Table 4 Outcome of the flights analysed and recorded in the codebook. 

Outcome of flights analysed Method for recording in the 

codebook (in brackets) 

Data type 

Consequence/Outcome of event (A) – Accident  

(I) – Incident  

Nominal 
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Accident/Incident type (see 

appendix 1 for definitions) 

 

(RE) – Runway Excursion 

(RI) – Runway Incursion 

(CFIT) – Controlled Flight into 

Terrain 

(LOC-I) – Loss of Control Inflight 

Ordinal 

Deaths/Injuries (Number identified in the report) Discrete 

Damage to aircraft (As identified in the report) 

 

3.4.4 Section 4 – Additional information deemed relevant 

This section contains excerpts from the reports in relation to characteristics of the 

decision maker, operation, and environment, in cases where the information was deemed 

relevant to the research and can be used as part of the analysis and discussion. 

3.5.5 Section 5 – Additional information collected 

Additional information was collected regarding whether it was possible to identify an 

event that triggered the bias, if there were barriers in place, recommendations identified in the 

report, and whether an aspect of organisational was mentioned. The researcher accepts there 

is a level of subjectivity in this section and as a result the data was not used as part of the 

analysis. 

Overall, the codebook facilitated the gathering of a solid balance of quantitative and 

qualitative data which facilitated the data analysis. The Microsoft Excel codebook was used 

to collect and analyse the quantitative and qualitative data. Given the size of the data set it 

was not deemed necessary to employ other analysis software.  

3.5.6 Statistic models used to analyse the data 

In this study a combination of descriptive statistics and inferential tests were used to 

present and analyse the data recorded in the codebook to help draw conclusions and answer 

the research questions. In descriptive statistics data is organised and summarised using tables, 

graphs, and summary measures. Measures of central tendency and variability were used to 
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analyse the flight crew experience and duty length variables whereby the range, mean, 

median and standard deviation were calculated and presented in tables. This allowed the 

researcher to understand the average of the data set and how dispersed the data was. 

Descriptive statistics cannot be used to make inference or suggest a relationship between 

variables. For this, inferential statistics were used to allow the researcher draw conclusions on 

relationships between variables.  

Inferential statistics allow for conclusions or inferences to be drawn from the dataset 

(Kalish and Thevenow-Harrison, 2014). There are many types of inferential statistics, and for 

the hypothesis testing in this study the Chi-square statistic method was deemed appropriate to 

allow the researcher draw conclusions on how variables may be interrelated. The Chi-Square 

goodness of fit test, also known as Pearson’s Chi-square test, is described as a “statistical 

hypothesis test used to determine whether a variable is likely to come from a specified 

distribution or not” (JMP, 2022), was used throughout the data analysis. A null hypothesis 

was proposed for each chi-square test, and generally assumed no significant difference 

between the observed and expected values. The observed and expected frequencies for each 

variable being tested were calculated using data from the codebook. The researcher 

considered that in some reports data was not available and adjusted the expected values 

accordingly. The researcher was also conscious that certain biases may co-occur during 

events, which may lead to an artificial inflation of observations. To mitigate against 

misleading results, where appropriate the total number of biases observed as opposed to 

number of reports was used for the chi square tests. The Chi-square formula used is presented 

below, whereby X2 is chi squared, Oi is the observed values, and Ei is the expected values: 
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Each test produces a p value, or significance probability. To be able to reject the null 

hypothesis in this study a significance level of 0.05 was used, as a value less than this is 

considered to be good evidence against the null hypothesis (Kuhar, 2010). 

Where the null hypothesis is rejected, the alternative hypothesis is described in the 

data analysis. It is important to note that due to the small sample size the statistical power of 

the analysis is negatively impacted. 

3.5 Ethical Considerations 

The data sample contains information on commercial airline pilots limited to flight 

hours accumulated (experience), gender, and rank, who do not belong to a vulnerable group 

in society. Any information used in this study is already in the public domain. 

There is no risk associated with this research project. Training organisations, airlines 

and other aircraft operators seek to benefit from the findings in this research through better 

understanding of the effects of bias in the flight deck and they may use the finding to improve 

training and preventative barriers. 

The researcher is not a pilot, accident investigator or involved in any training 

organisation. There is no conflict of interest that could affect this research project. 

3.6 Limitations of Methodology 

Given the nature of the study, the quality of the data extracted from the reports 

depended greatly on the quality and detail of their content. National aviation authorities that 

carry out investigations each have different standards and expectations. Some of the accident 

and incident reports were lengthy full investigation reports while others were much shorter, 

but still complete, investigation reports. Not all the reports contained the desired amount of 

detail on the influence cognitive bias played in the event and elements associated with the 

flight crew. Additionally, information about barriers in place and events that triggered loss 



47 
 

over control of the bias could not always be collected. However, the reports analysed 

revealed enough data to carry out a valid data analysis.  

A total of 25 official accident and incident reports were identified and analysed, 

which may be considered a small sample size and is possibly the biggest limitation to the 

study. Small sample sizes reduce the power of a study and may increase the margin for error 

(Deziel, 2018). However, given the lack of research to date, the researcher deemed the study 

valuable to at a very least set the foundation for further research around cognitive bias 

applied to the commercial airline flight deck.  

During the data collection and population of the codebook, the researcher followed 

the inclusion criteria strictly. This is partly the reason for the small data set, as in many 

reports one could deduce that the crew were suffering from some form of cognitive bias from 

the information described. However, as the researcher is not suitably qualified to make 

assumptions on the crew’s mental state, it was decided to not include these types of reports.  

The data set was also limited to only publicly available reports. Airlines and aircraft 

operators would possess large confidential databases of internal safety and investigation 

reports that the researcher did not have access to. This is also considered a limitation. 
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4. Data Results 

4.1 Introduction 

This chapter examines the different characteristics associated with the 25 commercial 

aircraft accidents and incidents in which one form of cognitive bias was identified in the 

investigation reports as having affected at least one of the crew members. It contains 

descriptive and inferential statistics of the variables that describe the overall environment in 

which flight crew operate. Hypothesis testing to address the research questions are presented 

with the method used to test each hypothesis described along with the results.  

The first section outlines the types of biases identified in the reports and aims to 

answer the research question: What are the most common types of cognitive bias in the flight 

deck environment of commercial aircraft that occur during incidents and accidents? The 

second section discusses the types of accidents and incidents that were observed to occur 

disproportionately when cognitive bias was identified in the reports. 

The final three sections analyse different characteristics associated with the decision 

maker, operation, and flight deck environment, and aims to answer the research question: Are 

there a common set of factors present in the flight deck during accidents and incidents in 

which cognitive bias was identified to have affected the flight crew? 

4.2 Cognitive biases observed in the analysed reports 

Three different types of cognitive bias were observed in the 25 accident and incident 

reports analysed: Plan continuation bias, confirmation bias and expectation bias. In 18 of the 

reports (72%) one cognitive bias was observed, and in the remaining 7 reports (28%) two 

cognitive biases were observed to co-occur in the same report. 
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Figure 5 Frequency analysis of types of cognitive bias identified in the analysed reports. 

As observed in figure 5, some of the biases co-occurred in the same accident and 

incident. Confirmation bias is observed more frequently throughout the reports, eight 

occurrences by itself, four in conjunction with plan continuation bias and the remainder two 

with expectation bias. Plan continuation bias follows just behind with seven observations 

alone, four co-occurring with confirmation bias and one with expectation bias. Expectation 

bias was observed the least. 

 

4.3 Types of accidents and incidents in the analysed reports 

Information on the outcome of each report analysed in which cognitive bias 

contributed to the outcome of the event was available for all 25 of the accident and incident 

reports. The variables observed included whether the outcome was considered an incident or 

accident, the type of event, injuries, deaths, and damage to the aircraft.  
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Table 5 - Frequency analysis of number of observations of the variables used to describe 

the outcome of the 25 accident and incident reports. 

Observed variable Number of reports in which 

data is available out of a total 

of 25 

Accident or Incident 25 

Type of accident or incident 

that occurred 

25 

Deaths, injuries & damage to 

aircraft 

25 

 

18 of the 25 (72%) reports analysed involved an accident while the remaining 7 

reports (28%) involved an incident.  

 

Figure 6 Number of accident and incident reports analysed 

A chi-square goodness of fit test was carried out to determine if there is sufficient 

evidence to suggest that when cognitive bias was present in the flight deck during events that 

led to an accident or incident, the outcome was more likely to be an accident.  

 

H0: The presence of cognitive bias in the flight deck during accidents and incidents 

has no effect on the outcome.  

Table 6 - Observed and expected frequencies for H0 

18, 72%

7, 28%

Accident

Incident



51 
 

 Outcome of event 

Cognitive bias Accident Incidents 

Observed 18 7 

Expected 12.5 12.5 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (1, N=25) = 

4.84, p = .02. The result was statistically significant and indicates there is enough evidence to 

reject the null hypothesis. The data suggests that in cognitive bias situations in the flight deck 

there tends to be a greater number of accidents than incidents, which is quite an alarming 

finding considering that 10 of the 18 accidents also involved at least one fatality.   

Figure 7 presents the number of different types of accidents that occurred in the 

analysed reports (see appendix 1 for definitions). The singular “other” type is excluded from 

further analysis in this section. 

 

Figure 7 Number of different types of accidents/incidents that occurred in the analysed reports 

Figure 8 presents the number of deaths and injuries for the different types of accident 

and incidents observed in the reports. 
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Figure 8 Number of deaths and injuries associated with each of the accident and incident types from the reports 

analysed 

There was a total of 482 deaths and 124 injuries in the 25 cognitive bias related 

accidents and incidents that were analysed in this study. The largest death toll in a single 

event was 228 people in the case of AF447, the worst crash in the history of Air France 

which unexpectedly crashed into the Atlantic Ocean on a scheduled flight from Brazil to 

France. The report discusses how the confirmation and expectation bias that had formed in 

the flight deck created a false sense of normality and likely influenced the lack of perceived 

required preventive action as the aircraft approached an area of extreme weather. As the crew 

were anticipating turbulence on entering the storm, they deemed the aircraft’s unusual 

behaviour (pitch attitude, shaking, and loss of altitude) to be normal until the disconnection of 

the autopilot because of a malfunction caused by the weather surprised the crew, and 

ultimately resulted in a total loss of cognitive control over the situation.  

Another well-known accident analysed is the case of Spanair flight JKK5022 which 

crashed on departure from Madrid killing 154 people on board, after the aircraft had not been 
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configured correctly for take-off. The flight was making its second take-off attempt after the 

first had been aborted due to an aircraft malfunction. There was a significant delay between 

attempts as the engineers tried to resolve the malfunction, which the report suggests added to 

the frustration and stress of the crew. On the second attempt for departure, the first officer 

omitted to configure the flaps and slats, a crucial wing surface configuration that helps 

generate more lift during take-off. The report found that the first officer was affected by 

expectation bias, likely because during the first take-off attempt the aircraft flaps and slats 

had been configured, which prevented him carrying out an effective check on the 

configuration of the wing surfaces. 

Figure 9 presents the common types of cognitive bias identified in the reports. Of note 

is the frequency of plan continuation bias during runway excursions and confirmation bias 

during runway incursions.  

 

Figure 9 Different types of cognitive bias and the number of accident and incident types they were associated with 

in the analysed reports 
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The chi-square goodness of fit test was carried out to determine if there is sufficient 

evidence to suggest that when cognitive bias was present in the flight deck during RE and RI 

events, plan continuation and confirmation bias respectively are more present. 

H0: Plan continuation bias occurs proportionally in different types of accidents and 

incidents. 

Table 7 - Observed and expected frequencies for H0. 

 Accident/incident type 

Plan continuation CFIT LOCI RE RI 

Observed 2 2 7 0 

Expected 2.75 2.75 2.75 2.75 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (3, N=11) = 

9.727, p = .02. The null hypothesis is rejected and there is sufficient evidence to suggest that 

plan continuation bias disproportionally in cognitive bias events, in particular runway 

excursions which sole occur and the final phases of flight. 

H0: The presence of confirmation bias in the flight deck does not lead to 

disproportionately more runway incursions than other types. 

Table 8 - Observed and expected frequencies for H0. 

 Accident/incident type 

Confirmation CFIT LOCI RE RI 

Observed 3 4 2 5 

Expected 3.5 3.5 3.5 3.5 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (3, N=14) = 

1.429, p = .69. The null hypothesis is retained. 
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4.4 Characteristics of the flight crew members  

The reports analysed involved 50 pilots: 26 captains and 24 first officers. Three of the 

reports involved an augmented crew of 3 pilots whilst two of the reports involved single pilot 

operations. In some cases, another crew member was travelling on the jumpseat in the flight 

deck, these individuals were not included in the analysis due to the small number and lack of 

contribution in the reports analysed. 

The following section analyses the relevant variables associated with the flight crew 

including characteristics associated with the crew member such as experience and role, along 

with other human factor and performance elements that were observed in the reports to have 

perhaps influenced cognitive bias during the decision making.  

Table 9 - Frequency analysis of number of observations available for flight crew 

characteristics broken down for captains and first officers. 

 Number of captains and first officers for whom data 

was available in the reports 

Characteristic of flight 

crew 

Captain (26 in total) First Officer (24 in total) 

Experience (total flying 

hours) 

25 23 

Experience (hours on type) 25 23 

Role in the flight deck 

during the event: Pilot 

Flying vs Pilot Monitoring 

26 24 

Hours on duty before event 21 18 

Hours off before start of 

duty 

16 15 

Fatigue status 24 22 

Observation on the 

contribution of 

communication to the 

outcome of the event 

22 23 

Observation on the 

contribution of situational 

16 13 
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awareness to the outcome of 

the event 

 

4.2.1 Relationship between flight crew experience and cognitive bias in accidents and 

incidents.  

Two aspects of flight crew experience were obtained from the data; total flying hours 

and hours of experience on aircraft type, that is the specific model of aircraft, regardless of 

position held. Both types of experience are measured in flight hours. 

Table 10 - Descriptive statistic of the total flying experience observed in the reports 

measured in flight hours for captains and first officers. 

Total flying experience 

measured in flight hours 

Captains (26 in total) First Officers (24 in total) 

Number of observations 

available 

25 out of 26 23 out of 24 

Range 1723 – 21134 167 – 14530 

Mean 10110.32 4464.61 

Median 10000 2854 

Standard Deviation 4944.54 3965.76 

 

Total experience hours were obtained for 25 of the 26 captains. Half of the captains 

had more than 10000 hours, the least experienced had accumulated 1723 hours, and the most 

experienced 21134 hours. Total experience hours were obtained for 23 out of the 24 first 

officers. Half of the first officers had more than 2854 flight hours with the most experienced 

having logged 14530 hours. 6 of the 24 first officers had not yet met the minimum hour 

requirement of 1500 total flight hours to hold an Air Transport Pilots License (ATPL), 

restricting them in certain operational aspects. 

Because of the different types of aircraft and cockpit designs, flight crew are required 

to obtain a type rating to be allowed operate specific aircraft. This is a separate requirement 
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to their initial flight training and flight crew will often obtain various type ratings throughout 

their career. A crew members level of experience and familiarity with different aircraft 

information displays, systems and controls may leave them more susceptible to cognitive 

bias.  

Table 11 - Descriptive statistic of the total experience on aircraft type observed in the 

reports measured in flight hours for captains and first officers. 

Experience on aircraft 

type measured in flight 

hours 

Captains First Officers 

Number of data available 25 out of 26 23 out of 24 

Range 131 – 12943 18 – 6392 

Mean 3806.6 1153.20 

Median 3082 639 

Standard Deviation 3236.18 1631.57 

 

Experience on type for captains and first officers is shown in table 3. The reports 

analysed recorded data for 25 of the 26 captains, with half recording upward of 3082 hours 

on type. Data was available for 23 out of the 24 first officers.  11 of the 23 first officers 

(48%) logged less than 200 hours on type, in comparison to captains of which just 2 (8%) 

logged less than 200 hours.  

In 12 of the 24 reports (50%) for which flight crew experience on type was available, 

at least 1 crew member had accumulated less than 200 hours. In one example, flight 

KYE4854, investigators attributed the captains lack of experience on type (166 hours), in 

conjunction with the crew’s inaccurate situational awareness, to have created conditions that 

facilitated the development of cognitive biases (Transportation Safety Board of Canada, 

2018).   
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Overall, the data on flight crew experience does not suggest that having lower 

experience makes crew more susceptible to suffer from cognitive bias. In fact, all 25 of the 

captains and 17 of the 23 first officers would have been considered experienced crew 

members, having accumulated enough total flying experience (>1500 hours) to obtain a valid 

ATPL.  

 

4.2.2 The contribution of cockpit authority gradient in cognitive bias related events 

While a high level of experience in flight crew is generally a good thing, an imbalance 

in experience may contribute to the development of a steep cockpit authority gradient which 

can adversely affect human performance (Alkov et al., 1992). The report on Air Vanuata 

flight AV241 (2015) highlighted the steep authority gradient between the flight crew affected 

the first officer’s assertiveness and ability to be an effective crew member.  

Data on flight crew experience was available for 24 of the 25 reports. Four reports 

were excluded from analysis as two involved single pilot operations, and the other two 

involved an augmented crew. To analyse the authority gradient in the reports between 

different ranks, the difference in flight crew experience was calculated by subtracting the CPs 

experience hours with the FOs. 

Table 12 - Frequency analysis of total flight experience measured in hours broken down 

for rank, ordered by difference in experience between CP and FO. 

Flight number 

CP total 

experience 

(flight hours) 

FO total 

experience 

(flight hours) 

Difference in experience (CP 

total experience – FO total 

experience) measured in flight 

hours  

WEW282 5990 15769 -9779 

NI487 12003 14530 -2527 

COM5191 4710 6564 -1854 

UAE521 7457 7957 -500 
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BSK293 7500 7500 0 

ACA624 11765 11300 465 

EV7804 2381 1504 877 

MAC 1723 532 1191 

CHI91 5997 2854 3143 

NUK107 4288 395 3893 

JZA7795 12000 6630 5370 

AV241 7205 1629 5576 

JKK5022 8476 1276 7200 

FAB6560 12910 4848 8062 

AIE820 10186 1055 9131 

ACA759 20000 10000 10000 

Horizon2184 13528 1582 11946 

PEN3296 14761 1447 13314 

EY250 15179 1670 13509 

KYE4854 21134 7404 13730 

 

It is interesting to observe that in 4 of the reports the FO was more experienced than 

the CP, and in 1 both CP and FO had the same total experience hours. A chi square goodness 

of fit test was used to determine whether experience between ranks is proportionate. 

H0: During cognitive bias accidents and incidents, the total experience between 

captain and first officer is proportionate. 

Table 13 - Observed and expected frequencies for H0. 

 Captains experience in relation to FO 

Cognitive bias Higher Equal or lower 

Observed 15 5 

Expected 10 10 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (1, N=20) = 

5, p = .025. The result allows for rejection of the null hypothesis and suggest that in accidents 

and incidents where bias occurs, the captain is disproportionately more experienced than the 

first officer. 
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4.2.3 The relationship between flight crew rank and their role in cognitive bias 

related events 

In multi-crew flight decks the captain will usually occupy the left-hand seat, while the 

first officer the right-hand seat. At the beginning of each flight the crew will decide who will 

assume the duties of pilot flying (PF) and pilot monitoring (PM) for all or specified parts of 

the flight. Where the crew are operating multiple flights together, roles tend to be alternated 

at the beginning each. The responsibilities of each role are laid out in the operator’s manual, 

but in general the PF will be engaged in operating the aircraft controls while the PM is 

responsible for monitoring the various aspects of the flight path, communication with ATC, 

checklist reading and supporting the PF by increasing situational awareness and identifying 

potential threats. 

Flight crew role for all 25 accidents and incidents was identified in the reports. 2 of 

the reports were excluded as these involved single pilot operations. One further report was 

excluded as it involved two captains occupying both roles. In 18 out of 22 (82%) accidents 

and incidents the captain was the PF, in the remaining 4 the first officer was the PF. A chi-

square goodness of fit test was carried out to determine if there is sufficient evidence to 

suggest the captain is disproportionally the PF in these types of accidents/incidents. 

H0: During cognitive bias accidents and incidents, there is no correlation between 

rank and role. 

Table 14 - Observed and expected values for H0 

 Rank  

Role PF PM 

Observed 18 4 

Expected 11 11 
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The results of the chi-square goodness of fit test for H0 are as follows, X² (1, N=22) = 

8.909, p = .002. The result was statistically significant, and the null hypothesis can be 

rejected. This suggests the captain assumes the PF role in a disproportionate amount of 

cognitive bias related accidents/incidents. 

 

4.3.4 Does the length of crew duty contribute to the onset of different cognitive biases  

The duty time or number of hours from the crew report time to the time of the 

accident/incident was observed in 18 reports. In 14 of the reports the elapsed duty time at the 

time of the accident/incident was the same for all crew members. In 4 reports duty time 

differed for crew members, for ease of analysis the average time was calculated between 

duties and included in the analysis. 

Table 15 - Descriptive statistic of flight crew’s elapsed duty time at time of 

accident/incident as observed in the reports measured in minutes. 

Number of reports for which 

data was considered for 

analysis 

18 out of 25 

Range 60 – 810 minutes 

Mean 386.11 minutes 

Median 300 minutes 

Standard Deviation 224.85 minutes 

 

The analysis suggests that the average time between reporting for duty and a cognitive 

bias related accident/incident occurring is approximately 6 hours 25 minutes. 

For analysis purposes, 11 reports were categorised into long duty as the crew’s duty 

time was at or above the median, 7 reports categorised as short duty as the crew’s duty time 

below the median.  



62 
 

 

Figure 11 Types of cognitive bias identified in the reports categorised by crew member's duty time 

Figure 11 shows the different biases identified in the analysed reports during shorter 

and longer duties. The graph suggests that plan continuation bias occurs disproportionately in 

longer duties, a chi-square goodness of fit test will be carried out to determine if there is 

sufficient evidence to verify this. 

H0: Duty length occurs proportionately in long and short duties. 

Table 16 - Observed and expected frequencies for H0. 

 Duty length  

Plan continuation bias Long duty Short duty 

Observed 7 2 

Expected 4.5 4.5 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (1, N=9) = 

2.778, p = .09. While the result is not statistically significant and the null hypothesis is 

retained, the researcher suggests that a larger data set would likely see a significance in chi 

square result.  
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4.2.5 The presence of communication failure in the flight deck in cognitive bias 

related events 

The accident and incident reports were analysed for instances where communication 

failure by at least one flight crew member was found to have occurred. The two reports of 

single pilot operations were excluded from analysis. Observations on the contribution of 

communication was available for 21 of the possible 23 reports. Of the 21 reports, 16 

identified a communication failure by any member of the crew occurred.  

 

A chi-square goodness of fit test will be carried out to determine if there is sufficient 

evidence to suggest communication failure is disproportionally present in cognitive bias 

related accidents and incidents. 

H0: Communication failure is not disproportionally present during cognitive bias 

related accidents and incidents. 

Table 17 - Observed and expected frequencies for H0. 

21
2

Number of reports in which data is available

Number of reports in which data is not available

16 5

Number of reports where

communication failure was

observed

Figure 12 Frequency analysis on the number of reports where information on communication contribution is available, and of the 
available data where a failure was observed 
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 Communication failure 

Accidents & incidents Yes No 

Observed 16 5 

Expected 10.5 10.5 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (1, N=21) = 

5.76, p = .01. The result was statistically significant, and the null hypothesis can be rejected. 

This suggests that communication failure disproportionately co-occurs with biases in the 

flight deck during cognitive bias related accidents and incidents.  

 

4.2.6 The influence of situational awareness loss in cognitive bias related events. 

The accident and incident reports were analysed for instances in which a loss of 

situational awareness by at least one flight crew member was found to have occurred. 

Observations on the contribution of situational awareness were available for 16 of the 

possible 25 reports. All 16 reports observed a loss of situational awareness to have co-

occurred with different biases, suggesting situational awareness loss is disproportionally 

present in cognitive bias related events. 

In the case of flight NUK107 (2018), the lack of effective communication between the 

crew meant they no longer had shared situational awareness, and both were unsure what each 

other’s intentions and expectations were on the approach, which contributed to the PFs plan 

continuation bias. The accident report of flight JZA7795 (2015) which landed short of the 

runway in poor weather, found that a reduction in situational awareness on approach 

influenced the false perception that the aircraft was in a stable condition, and the crew’s 

confirmation bias focussed on the factors that indicated the approach was safe while ignoring 

those that did not. 
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4.2.7 Fatigue 

Data on whether the pilots were deemed fatigued during the analysed 

accidents/incidents was obtained for 24 captains out of a possible 26, and 22 first officers out 

of a possible 24. Surprisingly, the number of crew members identified as being fatigued was 

very low; 3 first officers (13.6%) and 2 captains (8.3%), which suggests that during cognitive 

bias related events crew disproportionally crew are not fatigued. 

 

4.2.8 Recap of analysis 

To recap, the data analysis on flight crew involved in cognitive bias related events 

suggests the below: 

➢ Having lower flying experience does not make one more susceptible to bias.  

➢ Captains tend to be disproportionately more experienced than first officers. 

➢ Captains also disproportionately occupy the pilot flying role while the first 

officer the pilot monitoring role during cognitive bias related events. 

➢ The average elapsed duty time in the analysed events was 6 hours 25 minutes.  

➢ Plan continuation bias was observed more frequently in longer duties than 

shorter duties (though there lacks statistical evidence to support this finding).  

➢ Flight crews are disproportionately not fatigued.  

➢ Communication failure was found to co-occur with cognitive bias, as was 

situational awareness loss by at least one crew member. 

 

4.5 Characteristics of the operation  

The following section analyses different characteristics surrounding the operation of 

commercial aircraft. The different variables include phase of flight, type of operation, along 

with whether an aircraft malfunction was identified, or the crew deviated from SOPs.  
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Table 18 - Variables used to describe characteristics of the operation involved in the 25 

incidents and accidents, and the number of for which data was available. 

Characteristic of operation Number of reports for which 

data is available 

Phase of flight 25 

Type of operation 25 

Aircraft malfunction 25 

Deviation from SOPs 23 

 

4.3.1 Are cognitive biases more present in different phases of flight? 

EASA identifies seven phases of flight, from the planning phase where the aircraft is 

standing at the gate before departure, through to landing at the aircraft’s destination (See 

Appendix 1 for definitions). Different phases of flight are associated with higher levels of 

required concentration from pilots and higher workload. There are also different procedures 

to be followed as outlined in the operator’s manual.  Critical phases of flight are established 

as take-off, final approach, missed approach and landing (Commission Regulation (EU) No 

965/2012, 2012). The EASA 2021 Annual Safety Report identified the take-off, cruise and 

approach phases as those where the majority of accidents and incidents occur (EASA, 2021).  

Six different phases of flight are identified in all 25 of the reports analysed. The 

research is interested in the different cognitive biases associated with the different phases of 

flight in the analysed reports. 60% of accidents and incidents occurred in the final phases of 

flight, approach and landing. Figure 13 outlines the phase of flight at which the accident or 

incident occurred according to the reports analysed. 
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Figure 13 Number of cognitive bias related events that occurred at different stages of the flight analysed 

A chi-square goodness of fit test will be carried out to determine if there is sufficient 

evidence to suggest cognitive bias related accidents and incidents occur more frequently at 

different phases of flight. 

H0:  Cognitive bias occurs proportionately to different phases of flight. 

Table 19 - Observed and expected frequencies for H0. 

 Phase of flight 

Cognitive bias Landing Approach Cruise Take-off Taxi 

Observed 5 10 3 6 1 

Expected 5 5 5 5 5 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (4, N=25) = 

9.2, p = .05. The null hypothesis is rejected, and the evidence suggests that cognitive bias 

occurs disproportionally to different phases of flight.  
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Figure 14 Types of cognitive bias that occurred at different phases of flight in the analysed reports 

Figure 14 presents the different types of bias identified during the accident and 

incidents in the reports analysed. Confirmation bias appears to occur more often in incidents 

and accidents at the take-off phase, while plan continuation bias is more present in the latter 

stages of flight. To confirm both hypotheses, a chi-square goodness of fit test is carried out 

below. 

H0:  Plan continuation bias occurs in proportion to phases of flight. 

Table 20 - Observed and expected frequencies for H0. 

 Accident/incident type 

Plan 

Continuation 

Landing Approach Cruise Take-off Taxi 

Observed 3 7 1 1 0 

Expected 2.4 2.4 2.4 2.4 2.4 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (4, N=12) = 

13, p = .01. There is sufficient evidence to reject the null hypothesis. The data suggests that 

plan continuation occurs disproportionally to phases of flight.  
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H0:  Confirmation bias occurs in proportion to phases of flight. 

Table 21 - Observed and expected frequencies for H0. 

 Accident/incident type 

Confirmation Landing Approach Cruise Take-off Taxi 

Observed 1 5 2 5 0 

Expected 2.6 2.6 2.6 2.6 2.6 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (4, N=13) = 

8.154, p = .08. There is insufficient evidence to reject the null hypothesis.  

 

4.3.2 Is an aircraft malfunction present disproportionately in accidents and incidents 

where cognitive bias is identified to have affected at least one of the crew?  

Information on whether an aircraft malfunction contributed to the accident or incident 

was obtained from all 25 reports analysed. Aircraft malfunctions in flight can cause an 

increase in stress and workload for flight crew and may be faced with having to make 

decisions outside of the norm under time pressure, during which they may rely on heuristics. 

7 of the 25 reports analysed (28%) involved some malfunction of the aircraft. 

In the case of flight AV241 (2018) which suffered an engine failure and smoke in the 

cabin, the crew were dealing with an unfamiliar emergency situation and the associated 

abnormal tasks. Investigators found that ambiguous warnings caused by the aircraft 

malfunction in a time critical situation contributed to confirmation bias. In the case of flight 

AF447 (2009) the disconnection of the autopilot caused by the pitot probe malfunction 

contributed to the total loss of cognitive control of the situation. A chi-square goodness of fit 

test will be carried out to determine if there is sufficient evidence to suggest an aircraft 

malfunction occurs disproportionally to cognitive bias related accidents and incidents. 
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H0: Cognitive bias related events proportionally involve an aircraft malfunction 

aircraft. 

Table 22 - Observed and expected frequencies for H0. 

 Aircraft malfunction 

Accidents & incidents Yes No 

Observed 7 18 

Expected 12.5 12.5 

 

The results of the chi-square goodness of fit test for H1 are as follows, X² (1, N = 25) 

= 4.84, p = .02. The result was statistically significant and as a result the null hypothesis is 

rejected. During an aircraft malfunction, pilots tend to follow strict procedures and checklists 

with the aim of resolving the problem and preventing a negative outcome. These 

malfunctions likely induce a heightened state of alert and concentration. Does perhaps 

cognitive bias favour situations in which the crew are operating in “autopilot”? 

 

4.3.3 Do deviations from SOPs co-occur with cognitive bias related events? 

Standard Operating Procedures (SOPs) are a set of procedures established by the 

operator to assist pilots in safely and reliably operating aircraft. They detail how to complete 

different tasks in a step-by-step manner in routine operations and abnormal situations.  

Information on adherence to SOPs was identified in 23 of the 25 reports. In 18 of the 

reports (78%) a deviation from SOPs occurred on behalf of the captain and/or first officer.  
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The accident report of FAB6560 (2011) suggests that the non-standard language 

between crew members led to a movement away from SOPs and into a situation where 

coordinated actions and shared expectations would not be possible to maintain. A chi-square 

goodness of fit test will be carried out to determine if there is sufficient evidence to suggest a 

deviation from SOPs co-occurs disproportionally with cognitive bias. 

H0: A deviation from SOPs occurs proportionally with cognitive bias related events 

Table 23 - Observed and expected frequencies for H0. 

 Deviation from SOPs 

Cognitive bias related events Yes No 

Observed 18 5 

Expected 11.5 11.5 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (1, N=23) = 

7.34, p = .006. The result was statistically significant and indicates there is strong evidence to 

reject the null hypothesis. In the analysed reports a deviation from SOPs co-occurred 

disproportionately with cognitive bias.  

 

232

Number of reports in which data is available

Number of reports in which data is not available

18 5

Number of reports where deviation of

SOPs observed

Number of reports where deviation of

SOPs not observed

Figure 15 Frequency analysis on the number of reports where information on adherence to SOPs is available, and of the 
available data where a deviation was observed 
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4.6 Characteristics of the operating environment  

The following section analyses the relevant variables associated with the operating 

environment of the 25 accident and incidents analysed, including characteristics associated 

with time of day the event occurred, the weather, along with other elements identified in the 

reports that may have influenced cognitive bias.  

Table 24 - Frequency analysis of number of observations of the variables used to 

describe characteristics of the environment involved in the 25 incidents and accidents. 

Characteristic of the 

environment 

Number of reports in which 

data is available out of a total 

of 25 

Time of day of occurrence 25 

Daylight status 25 

Weather conditions 25 

Delay status of flight 16 

 

4.6.1 Are time of day and daylight conditions relevant in cognitive bias scenarios? 

The number of hours pilots can work during a day, week, and month is strictly 

regulated, with certain restrictions imposed depending on the time their duty starts and the 

quantity of flights they’re expected to fly. There is however no particular restriction on times 

of day when they can or cannot operate, which means they sometimes will have particularly 

early morning starts or might find themselves flying throughout the night. There is much 

research carried out on how the time-of-day impacts decision making (Powell et al., 2007; 

Leone et al., 2017). It is of interest to the researcher the relevance of time of day and daylight 

conditions in cognitive bias related events. 
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Table 25 - Frequency analysis of number of accidents and incidents that occurred 

during different periods of the day, categorised according to the time in which they 

occurred. 

Period of the day categorised by time of 

day 

Number of accidents or incidents that 

occurred from the reports analysed (25 

in total) 

Morning (0500-1259) 7 

Afternoon (1200-1659) 6 

Evening (1700-2059) 7 

Night (2100-0459) 5 

 

The analysis suggests a similar number of events occur during different periods of the 

day. There were also similar number of events that occurred during hours of daylight as of 

darkness. 13 of the events happened during daylight, while the remaining 12 happened during 

darkness. Figure 16 outlines the different types of biases identified in the reports that were 

present in the flightdeck during hours of daylight and darkness. 

 

Figure 16 Types of cognitive bias identified in the reports during daylight and darkness conditions 
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The data suggests that confirmation bias occurs more often during accidents and 

incidents in daylight conditions. A chi-square goodness of fit test was carried out to 

determine if there is sufficient evidence to suggest confirmation bias occurs disproportionally 

during daylight.  

H0: Confirmation bias occurs proportionally during daylight and darkness.  

Table 26 - Observed and expected frequencies for H0. 

 Daylight 

Confirmation bias Yes No 

Observed 8 5 

Expected 6.5 6.5 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (1, N=13) = 

0.692, p = .40. The null hypothesis is retained as a result. 

In the accident report of flight JZA7795 (2015) which landed short of the runway in 

darkness and poor weather, investigators found that although the loss of visual reference with 

the runway required a go-around, the crew continued the approach to land as a result of plan 

continuation bias.  

 

4.4.2 The relevance of weather conditions in cognitive bias related events 

For the purpose of this study the weather conditions in the report were classified in to 

either Visual Meteorological Conditions (VMC), which is essentially good weather with good 

visibility conditions whereby the crew don’t necessarily need to rely on their instruments to 

fly the aircraft, or Instrument Meteorological conditions (IMC), which is the opposite, and the 

crew may be “head-down” in the cockpit flying the aircraft using instruments (Appendix 1 

contains definitions). Some of the reports state whether the flight was operating in IMC or 
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VMC conditions, in others the researcher classified the conditions based on the definitions 

laid out in ICAO Annex 2. 

Eleven (44%) of the accidents and incidents analysed occurred in IMC conditions, 

while the remaining fourteen (56%) occurred in VMC conditions.  

 

Figure 17 Number of reports analysed where the accident or incident occurred during IMC and VMC conditions. 

It is interesting to note that the analysed reports show the events occurred almost 

evenly in both types of weather, with a slight trend towards occurring in good weather 

conditions. This is somewhat contradictory to what one would expect, and while it is 

difficult to draw hard conclusions, partly due to the small data set, it is a valuable finding.  
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Figure 18 Types of cognitive bias identified in the reports during accidents and incidents in IMC and VMC 

weather conditions 

Confirmation bias was observed more frequently during flights in good weather 

conditions, or VMC. A chi-square goodness of fit test was carried out to determine if there is 

sufficient evidence to suggest a relationship between confirmation bias and VMC conditions. 

H0: Confirmation bias occurs proportionally in VMC and IMC conditions.  

Table 27 - Observed and expected frequencies for H0. 

 Weather 

Confirmation bias VMC IMC 

Observed 9 4 

Expected 6.5 6.5 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (1, N=13) = 

1.923, p = .16. The result was not statistically significant and as a result the null hypothesis is 

retained. 

While insufficient evidence to suggest a correlation between VMC conditions and 

confirmation bias, the reports reveal an interesting insight into this potential relationship, and 
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the researcher suggests that perhaps a larger data set would reveal a trend. The investigation 

of flight AFL212 (2010), which took off from a taxiway instead of a runway in VMC 

conditions, found that the crew’s confirmation bias was supported by being able to visually 

identify cues that supported their mental model such as yellow markers on the taxiway which 

were perceived to be yellow runway markers. Similarly for flight Comair 5191 (2006) which 

took off from the incorrect runway in darkness and VMC conditions, the investigation found 

that the visual cues available to the crew induced a state of confirmation bias which led them 

to ignore other evidence, such as the aircraft instruments, that would contradict the aircraft’s 

position.  

 

4.4.3 The role of flight delays in cognitive bias related events 

The 25 accident and incident reports were analysed to establish the number of flights 

that were operating with a delay from their original schedule. In this study a flight was 

considered delayed if it departed more than 15 minutes after its original scheduled departure 

time. Flight delays can be a source of time pressure and invoke stress on flight crew members 

which can impact their decision-making process. There is a huge emphasis on on-time 

performance within the industry as flight delays cost airlines money. Research carried out by 

McElhatton and Drew (1993) found that 90% of time-pressure human errors occurred at the 

early phases of flight before take-off. Figure 19 outlines the number of reports with delay 

status available.  
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A chi-square goodness of fit test was carried out to determine if there is sufficient 

evidence to confirm whether accidents/incidents are more likely to occur during flight delays. 

H0: Flight delays occur proportionally with cognitive bias related events. 

Table 28 - Observed and expected frequencies for H0. 

 Flight delay 

Accidents & Incidents Yes No 

Observed 9 6 

Expected 7.5 7.5 

 

The results of the chi-square goodness of fit test for H0 are as follows, X² (1, N=15) = 

0.6, p = .438. The result was not statistically significant and as a result the null hypothesis is 

retained. 

In the case of flight JKK5022 (2008) which crashed after take-off following a 

significant delay related to a mechanical issue with the aircraft, the investigation found that 

the captains self-imposed frustration and stress as a result of the delay to the schedule forced 

1510

Number of reports in which data is available

Number of reports in which data is not available

9 6

Number of reports in which a delay

observed

Number of reports in which a delay was

not observed

Figure 19 Frequency analysis of number of accidents and incidents that were determined to be operating with a delay based 
on the available data. 
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him to act precipitately leading to a number of mistakes, such as omissions in verification of 

checklists, and a failure of communication and coordination with the other crew, including 

ignoring concerns expressed by the first officer in relation to the auto throttle system. In the 

case of flight WEW258 (2017) which crashed on take-off due to ice contamination on the 

wings, while this flight was not delayed the crew decided to depart with known 

contamination on the wings, contrary to SOPs, as the airport was not suitably equipped with 

the appropriate de-icing equipment. The accident report concluded that while the flight crew 

were aware of the icing conditions, “their decision to continue with the original plan to depart 

was influenced by continuation bias, as they perceived the initial and sustained cues that 

supported their plan as more compelling than the later cues that suggested another course of 

action” (Transportation Safety Board of Canada, 2021, p. 184).  
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5. Discussion 

The primary purpose of this research was to explore the phenomenon of cognitive 

bias in the commercial aircraft flight deck environment during accidents and incidents 

through the analysis of historical investigation reports, with the aim of understanding the 

impact of cognitive bias related events and whether there exist conditions within the 

environment that favour cognitive bias. To gain an understanding of the environment in 

which cognitive bias presents itself, several characteristics surrounding the flight crew, the 

operation, and the environment were analysed to address the hypothesis that there are a 

common set of factors present in the flight deck during accidents and incidents in which 

cognitive bias was identified to have affected the flight crew. 

In the immediate aftermath of an aircraft accident, initial speculation tends to focus on 

something having gone wrong, whether it be a malfunction of the aircraft, operating in poor 

weather conditions, or perhaps the flight crew were fatigued or inexperienced. And while 

these assumptions are not unfounded, the findings in this report suggest that the dangers of 

cognitive bias lurk in the background and on many occasions present themselves during what 

one may consider optimal flying conditions. As discussed in previous chapters, the 

foundation of modern human factors research and CRM was established through the attempt 

to understand why aviation accidents were occurring in perfectly functional aircraft, in many 

of the reports analysed not only is there nothing wrong with the aircraft but the flying 

conditions are also optimal.  

5.1 The impact of cognitive bias related events.  

There were three types of cognitive bias found to affect pilots observed in the reports, 

in line with research carried out by Chao et al., (2020): confirmation bias, expectation bias 

and plan continuation bias. In some of the analysed reports biases were found to co-occur, 
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however there was nothing to suggest that biases co-occurring led to a worse outcome than a 

single bias affecting the flight crew.   

The first rather concerning finding was that when cognitive bias was identified in the 

flight deck, there were a disproportionate number of accidents in comparison to incidents that 

had occurred, 18 accidents versus 7 incidents to be exact. One must remember that the 

aviation industry prides itself on being the safest form of transport, and as previously 

discussed, accidents have a huge impact on the industry, both financially for the airline but 

also on public perception. The rather staggering death and injury toll in cognitive bias related 

events is also quite alarming, 482 people were killed and 124 injured. What adds to 

significance of this number is that these all occurred in just 16 accidents and incidents (in the 

other 9 reports analysed there were no deaths or injuries recorded). Also, some of the reports 

analysed involved high-profile accidents such as the AF447 flight which sent shockwaves 

around the globe and involved 228 fatalities, the Spanair flight JKK5022 involving 154 

fatalities or the Comair flight 5191 in which all 47 people on board perished.  

Airbus (2022) identified between 2001-2020 LOC-I events involved the highest level 

of fatalities (33%), followed by CFIT events (21%) and Runway Excursions (16%) (p.28). 

This is followed up by Boeing (2021) who also highlight LOC-I events as causing the largest 

number of fatalities between 2011-2020 (p.13). The Boeing (2021) report identified 8 LOC-I 

accidents between 2011-2020 having occurred worldwide, 3 of which feature in this dataset 

and 5 CFIT accidents of which 3 feature in this study (p.13). There were an equal amount of 

LOC-I and CFIT events in the analysed reports (5 each), and both involved the highest level 

of fatalities and injuries. 9 of the analysed events involved a runway excursion, in which an 

aircraft exited the runway during the final stages of flight, and during 7 of those events plan 

continuation bias was found to have influenced the crew. There was sufficient statistical 

evidence to support a relationship between RE events and plan continuation bias in this study, 
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which is an interesting finding and supports much of the research surrounding the “get-there-

it is” syndrome, described as a disposition that “clouds the vision and impairs judgment by 

causing a fixation on the original goal or destination combined with a total disregard for 

alternative course of action” (FAA, 2009, p. 46) which is in essence the definition of plan 

continuation bias. 

The nature of events in which cognitive bias appears to be involved in and the 

potential loss of life further emphasises the danger this phenomenon presents to flight crew. 

The lack of research carried out on cognitive bias applied to the flight deck setting seems 

rather strange considering the impact revealed in this study. It appears, however, that the 

topic is gaining attention in the industry with studies by (Walmsley and Gilbey, 2019; Wang 

and Li, 2019) and suggestions by pilots and researchers such as Perkins (2021) that the future 

of safety in aviation relies on a better understanding of the role of cognitive bias in the flight 

deck. 

 

5.2 The type of flight crew in which cognitive bias strives 

First, the researcher was interested in understanding the role flight crew experience 

plays in cognitive biases in the flight deck based on studies on the correlation between job 

experience and performance (McDaniel, Schmidt and Hunter, 1988; Schmidt and Hunter, 

1992), whereby an increase in experience leads to an increase in knowledge and work 

performance. The researcher expected to encounter lower levels of overall flight experience 

by the crew members during the events analysed, however this was not the case as the 

analysis revealed the median number of flight hours accumulated was 10000 hours and 2854 

hours for captains and first officer respectively. Furthermore, the data suggests that having 
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lower flying experience does not necessarily make one more susceptible to cognitive bias as 

it was found to affect highly experienced flight crew. 

Research on cockpit authority gradient (Wheale, 1983; Alkov et al., 1992) found a 

steep gradient to be detrimental to flight safety as it contributes to poor communication and 

coordination amongst crew. In several reports analysed, a steep cockpit authority gradient 

was observed by investigators and was found to have affected the less experienced first 

officer’s assertiveness and their ability to be an effective crew member, in line with previous 

research. In 65% of the reports for which data was available, there was a difference of over 

2000 flying hours experience between captain and first officer and the analysis found that 

captains tend to be disproportionately more experienced than the first officers in cognitive 

bias related events. 

Several studies on flight crew role assignment identified that certain types of errors 

are more likely to occur when different ranks are assigned certain roles in the flight deck, and 

findings from one study implied that when the captain is assigned PF there exists a larger 

number of inherent obstacles to optimal crew performance (Orlady, 1982; Beveridge et al., 

2018). The findings in this study suggest that the captain assumes the pilot flying role in a 

disproportionate amount of cognitive bias related events, which is quite interesting as in most 

cases the captain is also the most experienced crew member. One might assume that having a 

more experienced captain occupying the pilot flying role would lead to a more favourable 

outcome, but the analysis suggests different during cognitive bias related events.  

Much of the research on the impact of duty time in flight crew revolves around its 

correlation with fatigue (Goode, 2003; Caldwell, 2005; Powell et al., 2007; Karanikas, 2019) 

with no specific research to date on its influence on different biases in commercial aviation. 

Of note from the analysis is the apparent relationship between longer duty periods with the 
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onset of plan continuation bias, in line with research by Forrest (2008) who found this type of 

bias tends to occur towards the end of crew’s duty. Despite there being insufficient statistical 

evidence to confirm the finding, possibly due to the small sample, the researcher finds it 

valuable as it might serve to help paint the bigger picture and ties in with the previous 

discussion surrounding the prevalence of plan continuation bias during runway excursions at 

the final stages of flight. There exists ample research on the negative effects of fatigue on 

flight crew performance (McDaniel, Schmidt and Hunter, 1988; Caldwell, 2005, 2012). The 

data suggests that during cognitive bias related events crew disproportionally crew are not 

fatigued, which adds an interesting piece to the puzzle and contributes to the theory that 

cognitive bias occurs even in optimal conditions. 

The findings in this study indicated significant statistical evidence to suggest that 

communication failure on behalf of at least one crew member in the flight deck co-occurs 

disproportionally in cognitive bias related events. There was similar statistical evidence to 

suggest situational awareness loss also co-occurs in these types of events. Since it is not 

possible to determine if communication failure or situational awareness loss occurred before 

the bias, the researcher suggests they seem to disproportionately occur together. These 

findings are not surprising, as research by (M. R. Endsley and Garland, 2000; Forrest, 2008) 

found situational awareness to be one of the key contributors to human error in aviation 

accidents. 

To recap, the data has revealed an interesting insight into the conditions in which 

cognitive bias presents itself in the flight deck. This study has revealed that having lower 

experience does not make one susceptible to bias, in fact most of the reports analysed 

involved highly experienced crew, with the captain being the most experienced in most cases. 

One may attribute higher experience as a good thing specially when flying a complex 

machine, but cognitive bias does not appear to discriminate between levels of experience. 
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Regarding authority gradient, the analysis revealed that not all the reports involved an 

experienced captain working with an inexperienced first officer, in four of the cases it was 

quite the opposite. However, it was found that during the analysed events the captain was 

disproportionately more experienced than the first officer. Which leads quite nicely into the 

different roles of the flight crew during these events, where it was found that the captain took 

on the role of pilot flying in 18 of the 22 analysed reports, suggesting having a more 

experienced captain occupying the pilot flying may not always be favourable during 

cognitive bias related events. Communication failure was found to co-occur with cognitive 

bias as was situational loss. Surprisingly, fatigue did not appear to play a role in most of the 

events. 

 

5.3 Operational aspects in which cognitive bias strives 

The findings in this study suggest that cognitive bias occurs disproportionally in 

different phases of flight. The landing and approach phases of flight were observed as the 

most common phases where cognitive bias related accidents and incidents occurred (64%). 

Airbus (2022) identified the approach and landing phase as the most complex and demanding 

on crew resources, and in their statistical analysis of accidents between 2002-2021 identified 

the landing, approach and take-off phases of flight as those in which accidents occur more 

often. Research carried out by Boeing (2021) found the take-off phase accounted for 13% of 

accidents between 2011-2020, while the final phases of flight accounted for a staggering 54% 

of accidents during the same period. Plan continuation bias was observed more frequently 

during the final phases of flight in the analysed reports, and there was sufficient statistical 

evidence to support this finding. This adds to the bigger picture surrounding plan 

continuation bias, in that it appears to occur in frequently during runway excursions on 

landing, after longer duties and at the latter stages of flight. 
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A study by Boeing (2021) found that an aircraft system malfunction or failure 

contributed to a total of four accidents over a nine year period from 2011-2020, with Airbus 

(2022) attributing the continued decline in accidents in large part to the advances in 

technology, with the average fatal accident at an all-time low of 0.03 per million flights 

(p.19). However, aircraft malfunctions still occur in modern aircraft and will quite often 

inflict an element of surprise and an abnormal set of tasks on the flight crew which has the 

effect of unexpectedly increasing the workload. In a disproportionate amount of cognitive 

bias related events there was no aircraft malfunction, and there was sufficient statistical 

evidence to support this finding. The researcher suggests the finding provides valuable 

insight into cognitive bias in the flight deck. When an aircraft malfunction occurs, pilots are 

trained to follow specific procedures and checklists, they practice these regularly and even 

discuss some of them before each flight. These situations are quite stressful, involve high 

levels of concentration and usually a significant increase in workload. Cognitive biases are 

often the result of a reliance on heuristics in decision making, the procedures and checklists 

mentioned above likely mean that pilots don’t necessarily need to rely on heuristics as much 

during malfunctions.  

Studies by Baker (2007) and Dismukes et al. (2007) showed that compliance with 

SOPs make operating aircraft safer, and that non-compliance can lead to accidents and 

incidents and is one of the key challenges airlines face. The findings from this study indicate 

a deviation from SOP on behalf of either crew member occurred in 78% of the 23 reports that 

qualified for analysis. The data suggests that cognitive bias and a deviation from SOP seem to 

disproportionately occur together. 
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5.4 The operating environment in which cognitive bias strives 

Research by Leone et al., (2017) showed that the most accurate decision-making takes 

place between the hours of 08:00 – 13:00, the process however tends to be slower than later 

on in the day when faster but less accurate decision making was found to occur. The analysed 

events occurred almost evenly throughout the 4 periods of the day, which might seem 

insignificant but in fact reveals that bias does not necessarily favour any time of day and adds 

a layer of complexity when trying to develop debiasing techniques for crew and somewhat 

contradicts studies by Powell et al. (2007) who found that time of the day had a significant 

impact on fatigue and performance in pilots, alongside duty length and number of flights 

operated, with the highest levels of errors recorded during the Window of Circadian Low 

(WOCL). Just three of the of the cognitive bias related accidents and incidents in this study 

occurred during the WOCL period.  

There were almost an equal number of events that occurred during daylight (13) and 

darkness (12). Confirmation bias was observed more frequently in reports during daylight, 

which the researcher suggest makes sense given the nature of confirmation bias, as daylight 

offers favourable sensory conditions and for example would allow the crew look out the 

window to confirm their hypothesis instead of relying on perhaps more accurate information 

being displayed on their instruments.  

Adverse weather conditions continue to be a primary contributor in aviation accidents 

and incidents. Studies carried out Kulesa (2002) and the FAA (2010) in which accident 

reports were analysed found that weather contributed to the accident in 23% and 20% of 

cases respectively. EASA (2020) suggested crew’s handling of difficult circumstances 

brought on by aircraft malfunctions or bad weather is the most common cause of accidents. It 

is interesting to note then that in the cognitive bias related events analysed disproportionately 

involved no aircraft malfunction and slightly more events occurred during good weather 
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conditions (14 out of 25), although the number is not statistically significant to establish the 

finding, the researcher suggests there may even be a trend towards events occurring 

disproportionately if a larger data set was analysed. This was quite an interesting finding and 

adds to the trend of the study, that cognitive bias appears to occur in what one may deem 

optimal conditions. 

 

5.5 Putting the pieces together 

In a disproportionate number of cases there is present at least one highly experienced 

crew member, usually the captain, who is disproportionally occupying the role of pilot flying 

and has been on duty an average of 6 hours 25 mins and is disproportionately not fatigued. A 

communication failure is co-occurring in the flight deck in conjunction with cognitive bias, as 

is a loss of situational awareness, however it’s not possible to establish if one is occurring 

before the other. The flight is more likely in the latter phase and could be occurring at any 

time of the day, in daylight or darkness and in any type of weather, but potentially good 

weather conditions. An aircraft malfunction is disproportionality not occurring. It is possible 

that multiple biases are co-occurring, and if plan continuation bias is present it is 

disproportionately so at latter stages of flight, with runway excursions occurring 

disproportionately. A disproportionate number of accidents occurred, 18 accidents versus 7 

incidents in cognitive bias related events. 

 

5.6 Weaknesses & Strengths 

The biggest weakness to this study was perhaps the sample size, which made it 

difficult at times to draw conclusions that were founded by statistical evidence. 
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The biggest strength, but possibly also the biggest challenge to this study was its 

novelty. Review of the literature to date identified minimal research on cognitive bias applied 

to commercial aviation. However, it appears that the topic is gaining attention in the industry 

as previously discussed. 

Another strength to this research paper is the strict methodology that was followed, 

whereby only reports in which cognitive bias is identified by the investigators and featured in 

the investigation report were included in the data set for analysis. The researcher suggests 

that this adds value to the research, however it may also have contributed to the small data set 

which may be considered a weakness. 

Not all the desired information was present in every report, and the level of detail 

greatly depended on the investigative authority which meant that a complete analysis of all 25 

reports was not possible, which is considered a weakness.  

 

5.7 Future research 

This study has revealed several areas for future research: 

➢ Adapt a similar structure to this study but with a much larger data set. Many of 

the publicly available investigation reports contain a significant amount of 

information which the researcher suggests that when analysed be a suitably 

qualified individual. different types of biases could be identified in the reports. 

Furthermore, airlines have huge safety databases that could analysed and 

contribute to future data sets. 

➢ Incorporate conditions that may induce a cognitive bias situation into a flight 

simulator-based exercise to observe and study flight crew reaction, with the 

intention of developing de-biasing techniques.  

➢ It is suggested that research surrounding the effectiveness of cognitive bias 

education through the CRM setting is carried out to establish whether different 

methods should be adapted to enhance pilot’s knowledge on cognitive bias. 
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6. Conclusion 

This study evolved over two years after a gap in the research was discovered 

concerning the concept of cognitive bias and how it affects flight crew operating commercial 

aircraft. The first research question aimed to establish what the most common types of 

cognitive bias in the flight deck environment of commercial aircraft that occur incidents and 

accidents are? The data set was considered too small to be able to draw any concrete 

conclusions other than confirmation, expectation, and plan continuation bias were the three 

most common biases present in the 25 reports analysed, and in some cases multiple biases 

were co-occurring in the same report. 

The impact of cognitive bias on aviation was explored through the reports and the 

analysis uncovered that where an accident or incident related to cognitive bias occurred, it 

was disproportionately an accident rather than an incident. 16 of the reports accounted for the 

loss of 482 people and 124 people were injured. Both these findings are significantly 

alarming and stress the need for further research in the area. 

The second research question aimed to understand if there are a common set of factors 

present in the flight deck during accidents and incidents in which cognitive bias was 

identified to have affected the flight crew. To answer this question several aspects pertaining 

to the flight crew, the operation and the environment were collected and analysed, and some 

interesting results emerged from the data analysis. It was initially assumed that cognitive bias 

would present itself more frequently in cockpits featuring, for example, inexperienced crew 

members, or fatigued crew, or during unfavourable conditions such as during aircraft 

malfunctions, during darkness or bad weather. But this was found to not necessarily be the 

case, as in a disproportionate number of cases at least one of the crew members was highly 

experienced and the crew were not found to be fatigued. It was also revealed that the captain 
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was disproportionally occupying the pilot flying role, while the first officer the pilot 

monitoring role. Communication failure and situational awareness were found to co-occur 

alongside cognitive bias, but it was not possible to establish if these were triggers of the bias 

or the undesired effect.  

The data suggested that an aircraft malfunction was disproportionately not occurring 

in the reports analysed and there did not seem to be a preference between daylight and 

darkness. Interestingly, poor weather was not found to be one of the conditions, in fact the 

slight opposite in most cases. A deviation from SOPs was found to have occurred 

disproportionality in the reports, however it was not possible to determine if this occurred 

because of the bias or was a trigger for the bias to occur. Finally, it was found that the 

cognitive bias plan continuation occurred disproportionally at the latter stages of flight and 

runway excursions were the most common outcome.  

To conclude, possibly one of the more alarming takes from the data was the apparent 

false sense of normality that cognitive bias appears to create in the cockpit. Also, the typical 

elements that one may associate with an aviation accident such as low experience, fatigue, an 

aircraft malfunction, poor weather, etc. don’t seem to necessarily be triggers of cognitive bias 

and the researcher suggests that this further adds to the challenge in future research. It is clear 

though from just a small data set the impact cognitive bias has on the safety of the aviation 

industry, and the dangers of cognitive bias should not be ignored by the industry. 
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7. Appendix 

1. Appendix 1 - Definitions 

Accident: “An occurrence associated with the operation of an aircraft…in which a 

person is fatally or seriously injured, or the aircraft sustains damage or structural failure, or 

the aircraft is missing or is completely inaccessible” (ICAO, 2012, p. 10).  

Incident: “An occurrence, other than an accident, associated with the operation of an 

aircraft which affects or could affect the safety of operation” (ICAO, 2012, p. 10). 

Commercial aviation: “an aircraft operation involving the transport of passengers, 

cargo or mail for remuneration or hire” (IAA, 2021) 

Flight phases: 

Taxi: The aircraft is moving under its own power prior to take-off or after landing. 

This phase includes the taxi to runway, the taxi to take-off position, and the taxi from runway 

until the aircraft stops moving under its own power. 

Take-off: From the application of take-off power, through rotation and to an altitude 

of 35 feet above runway elevation or until gear-up selection, whichever comes first. This 

phase includes rejected take-off.  

Enroute: From completion of initial climb through cruise altitude and completion of 

controlled descent to the Initial Approach Fix (IAF). 

Approach: From the IAF to the point of transition from nose-low to nose-high 

attitude immediately prior to the flare above the runway. 

Landing: The phase of flight from the point of transition from nose-low to nose-up 

attitude, immediately before landing (flare), through touchdown and until the aircraft exits the 

landing runway or when power is applied for take-off in the case of a touch-and-go landing, 

whichever occurs first. 

Accident types: 

CFIT: Controller flight into terrain, “refers to accidents in which there was an in-

flight collision with terrain, water, or obstacle, without indication of loss of control” (IATA, 

2022b). 
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LOC-I: Loss of Control In-Flight, “refers to accidents in which the flight crew was 

unable to maintain control of the aircraft in flight, resulting in an unrecoverable deviation 

from the intended flight path” (IATA, 2022c).  

RE: Runway Excursion, when a single aircraft is involved in “a veer off or overrun 

from the runway surface” (FAA, 2020). 

RI: Runway Incursion, “Any occurrence at an aerodrome involving the incorrect 

presence of an aircraft, vehicle or person on the protected area of a surface designated for the 

landing and take-off of aircraft” (ICAO, 2007). 

Weather: 

VMC: Visual Meteorological Conditions, Meteorological conditions expressed in 

terms of visibility, distance from cloud, and ceiling, equal to or better than specified minima: 

• When above 3,000ft or 1,000ft above terrain, whichever is higher: 

o 1500m horizontally and 1,000 ft vertically from cloud; 

o Flight visibility 5km below 10,000ft and 8km above 10,000ft. 

• When below 3,000ft or 1,000ft above terrain, whichever is higher: 

o Clear of cloud and in sight of the surface; 

o Flight visibility 5km. 

 

IMC: Instrument Meteorological Conditions, Meteorological conditions expressed 

in terms of visibility, distance from cloud, and ceiling, less than the minima specified for 

visual meteorological conditions. 

(ICAO ANNEX 2, 2005) 
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2. Appendix 2 - Information regarding the 25 investigation reports included in the data 

set 

 

Date 

Flight 

number 

Nature of 

flight 

 

Type of 

report 

 

Synopsis 

Deaths/ 

Injurie

s 

07/11/2018 KYE4854 Cargo Accident 

Aircraft exited the runway on 

landing following an unstable 

approach. The aircraft was 

destroyed. 

3 

injuries 

20/01/2020 AIE820 Passenger Incident 

Hard landing, aft fuselage 

struck the runway causing 

major damage to aircraft. 

Nil 

27/08/2006 CAW5191 Passenger Accident 

Aircraft crashed during take-

off from incorrect runway. 

49 

deaths 

01/06/2009 AF447 Passenger Accident 

Aircraft lost control and 

crashed into the Atlantic Ocean 

following an aircraft 

malfunction caused by bad 

weather. 

228 

deaths 

28/07/2018 AV241 Passenger Accident 

During cruise the number 2 

engine failed. On landing the 

crew loss control and collided 

with parked aircraft. 

Nil 

29/12/2017 QXE2184 Passenger Incident 

Aircraft accidently landed on a 

taxiway instead of runway. 

Nil 

03/05/2019 BSK293 Passenger Accident 

Aircraft exited the runway on 

landing and was destroyed. 

1 injury 

30/01/2019 TID Cargo Accident 

Aircraft exited the runway after 

hard landing. Aircraft 

substantially damaged. 

4 

injuries 

24/02/2015 JZA7795 Passenger Accident 

Aircraft impacted with terrain 

on approach in poor weather. 

Nil 

23/02/2018 EXP640 Passenger Accident 

Aircraft lost control after take-

off and impacted the ground in 

poor weather. 

9 

injuries 

26/02/2018 NUK107 Passenger Accident 

Aircraft exited the runway on 

landing in heavy snow 

conditions. 

2 

injuries 
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13/12/2017 WEW282 Passenger Accident 

Aircraft lost control on take-off 

and collided with terrain after 

ice had accumulated on the 

wings. 

21 

injuries 

& 1 

death 

20/08/2011 FAB6560 

Passenger 

& Cargo Accident 

Aircraft collided with a hill on 

final approach 1 mile east of 

the airport. Aircraft was 

destroyed. 

3 

injuries 

& 12 

deaths 

07/07/2017 ACA759 Passenger Accident 

Aircraft accidently lined up 

with a taxiway instead of a 

runway on approach. Almost 

collided with 4 aircraft on the 

taxiway. 

Nil 

17/10/2019 PEN3296 Passenger Incident 

Aircraft existed the runway on 

landing following an unstable 

approach and a malfunction 

with the brakes. 

1 injury 

& 1 

death 

29/03/2015 ACA624 Passenger Accident 

Aircraft collided with terrain 

short of the runway on 

approach during poor weather. 

25 

injuries 

06/11/2017 NI487 Passenger 

Incident Aircraft initiated the take-off 

roll on a taxiway instead of a 

runway. 

Nil 

20/06/2019 EY250 Passenger 

Incident The Aircraft touched down to 

the right of the runway 

centreline, and the right main 

landing gear then struck five 

runway edge lights. 

Nil 

28/04/2018 QF567 Passenger 

Incident On landing, the aircraft entered 

an active runway on which 

another aircraft was taking off, 

passing 15 metres between 

each other. 

Nil 

25/02/2010 AFL212 Passenger 

Incident Aircraft accidently took off 

from a taxi way instead of a 

runway. 

Nil 

20/08/2008 JKK5022 Passenger Accident 

Aircraft lost control on take-off 

and crashed after the aircraft 

had not been configured 

correctly. 

18 

injuries 

& 154 

deaths 

26/01/2020 N72EX Passenger Accident 

Helicopter lost control after 

entering poor weather 

conditions. 

9 

deaths 
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03/08/2016 UAE521 Passenger Accident 

Aircraft collided with terrain 

after a failed go-around 

procedure following an 

unstable approach. Aircraft 

was destroyed. 

32 

injuries 

& 1 

death 

12/03/2009 CHI91 Passenger Accident 

Helicopter ditched into water 

following an engine failure 

17 

injuries 

& 1 

death 

20/04/2016 EV7804 Passenger Accident 

Aircraft exited the runway on 

landing in poor weather.  

3 

injuries 
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3. Appendix 3 - Codebook Template 

Date Flight number Nature of flight Aircraft type Pax number Crew composition Schedule

On time 

dep? Flight duration

Flight which event 

occurred out of total

Investigative 

Authority

Reference:

Type of Bias

Decision Maker (DM) Characteristics Gender Rank Experience (Hours on type) Role Hours on before event

Hours off before 

work start of duty Fatigue

Communication 

failure

Situational awareness 

loss

DM1

DM2

DM3

Operation Charateristics Phase of flight Normal ops Aircraft malfunction

Deviation 

from SOPs?

Environment Characteristics

Time of 

occurrence Daylight Weather

Consequence/outcome of event Type Injuries Deaths

Damage to 

aircraft

Interesting/Additional info

Event that triggered loss of control 

over bias

Barrier in place

Recommendations in report

Organisational failure Example

Example

Example

Example

Example



 
 

4. Appendix 4 - Bowtie Risk analysis framework 

Like many other industries in which complex machinery, systems and humans interact, 

aviation will never be completely risk free, therefore it is imperative that hazards are identified to 

manage risk and reduce the possibility of accidents and serious incidents. There exist many 

different frameworks and research surrounding risk analysis in the aviation context (Mosleh et 

al., 2004; Shyur, 2008; Insua et al., 2018). For this research study the Bowtie risk analysis 

framework will provide structure to the data analysis. 

The BowTie risk analysis framework used to identify causal relationship in high-risk 

scenarios. Since its first implementation in the oil and gas industry in the 90’s, the framework 

has spread throughout several industries, including aviation. The UK CAA adapted the BowTie 

framework to analyse the risk associated with and the safety barriers in place in what it 

concerned to be the “Significant Seven” safety issues in the aviation industry (CAA, 2012).  

The framework gets its name from the shape of the diagram produced and attempts to 

provide a visual summary of the possible scenarios that exist around a hazard and the safety 

barriers in place to control such scenarios. Like Reason’s “Swiss-Cheese” model previously 

discussed, the framework adapts a barrier-based approach in risk management. Successfully 

conducting a Bowtie analysis will concisely summarise an aviation hazard and convey the same 

information as a lengthy report would (Howell, 2016). 
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Britton (2021) outlines the steps for implementing the framework in the aviation domain. 

The first step in the process is to identify the hazard or event, in the aviation context a hazard is 

defined by the FAA as “a condition that could foreseeably cause or contribute to an aircraft 

accident” (FAA, 2015, p. 7). This step sets the context for the framework and is not necessarily 

something negative but rather a normal part of the operating environment, such as cognitive bias.  

On the left side of the model the threats are listed, which may be direct causes of the 

event. In this study the threats are characteristics associated with the flight crew, the operation 

and the environment. On the right side of the model the consequences of the event are listed, 

which in this study are runway excursion, runway incursion, controlled flight into terrain, and 

loss of control in flight (appendix 1 contains definitions).  

Figure 20 Bowtie Risk Analysis model Source: (CGE, 2021) 
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Finally, consideration must be given to the defensive barriers in place and their suitability 

in preventing escalation of the hazards into catastrophic events. While multiple barriers are 

usually present in the aviation system, each will usually have weaknesses associated with them 

and under certain circumstances lead to an undesired outcome (ICAO, 2018). It is however not 

within the scope of this study to analyse the barriers and mitigations in place. 

The bowtie framework will help shape the data collection and analysis and assist with 

identifying causal relationship with different threats in the flight deck, cognitive biases, and the 

subsequent outcomes through the analysis of previous aircraft accident and incident reports 

where some form of cognitive bias was identified in the reports.  
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5. Appendix 5 – Gantt chart 
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