
 

 
1 

 

Enhancing Aircraft Safety through 

Observations and Pilot Verbalisations 

 

 

Laurie Earl 

MSc, BSc (Hons) 

 

Department of Education and 

Research 

Griffith University 

 

August 2017 

 

 

 

 

Thesis submitted in fulfilment of the 

requirements for the degree of Doctor of 

Philosophy 



 

 
2 

Statement of Originality 
 

This work contains no material which has been accepted for the award of any other 

degree or diploma in any other university or other tertiary institution and, to the best 

of my knowledge and belief, contains no material previously published or written by 

another person, except where due reference has been made in the text. I give consent 

to this copy of my thesis, when deposited in the University Library, being made 

available for loan and photocopying subject to the provisions of the Copyright Act 

1968. 

 

 

Signed…………………………………………. Date……………………. 

 

Acknowledgement of Authorship  

 

I hereby certify that the work embodied in this Thesis is the result of original 

research, the greater part of which was completed subsequent to admission to 

candidature for the degree. 

 

 

Signed…………………………………………. Date……………………. 

 



 

 
3 

Dedication 

This thesis is dedicated to my family, who walked with me through a journey that 

started when I returned to study after my youngest child went to school and will 

conclude with the award of this PhD. Graham, Kevin and Paul this, the culmination of 

all that work, is for you. You have together been my inspiration, my support, my 

comfort and my belief. 

 

 

“Don't tell me the sky is the limit when there are footprints on the moon.”  Anon 

 



 

 
4 

Acknowledgements 

 

My thanks go in the first instance to my anonymous reviewers for their prolonged 

and exhaustive efforts to improve this thesis.  In addition I want to thank my proof 

reader – Catherine Cooper - who, not only did a professional review of my thesis, but 

also boosted my morale. 

I want to express my sincere appreciation to my supervisors, Associate Professors 

Tim Mavin and Ian Glendon, who stepped into the breach to ensure that this PhD was 

completed. Both Tim and Ian have become my friends, colleagues and mentors, and I 

probably couldn’t have finished this work without them. From brainstorming over 

cups of coffee to collaborating on research projects, they have been stalwarts. 

Thanks must also go to the supervisors who started me on this journey: Associate 

Professors Patrick Murray and Paul Bates, and Professor Sidney Dekker. Specific 

thanks to Patrick for sharing his knowledge of the industry and of LOSA whilst 

guiding me through the technical aspects of adapting a methodology to the single pilot 

environment. I would also like to express my gratitude to Eder Henriqson, who spent 

many long hours correcting my work and helping me in times of despair. Together 

with Betina Schuller, Roel van Winson and Kassandra Soo, Eder afforded me help, 

support, laughter and above all friendship, which will be with me always. 

Without the partnership of the Emergency Air Services Provider with whom we 

did the initial study, this research would neither have taken off nor landed safely. 

Their service is of infinite value to Australia, and their safety record and 

professionalism are of the highest order. Their willingness to assist in any way with 

our research and their openness to share their processes and procedures has been of 

fundamental importance in the creation of this work and demonstrates their 



 

 
5 

commitment to safety. Thanks must also go to the New Zealand airline who supported 

our second study and allowed us access to simulators and pilots’ on line checks. 

Finally, the most important people in my life – my family and friends – should 

receive their well-earned recognition. Without their support and their understanding 

when I was slaving over a computer instead of out playing, I wouldn’t have achieved 

my academic ambition.  

Above all, never forget the value of determination. It is what eventually leads you 

to a successful goal, despite all of the challenges along the way. 

 

 

  



 

 
6 

Abstract 

 

Safety in complex work environments is often an area of focus in the research 

community. Aviation is a multi-faceted field, but it remains one of the safest work 

environments in the world. For instance, despite passenger numbers increasing 

worldwide over many decades, the year 2013, when 3.1 billion passengers flew 

worldwide, is the safest year on record for aviation (Aviation Safety Network, 2017). 

That year resulted in only 29 fatal crashes and 265 deaths – one per 11,501,886 miles 

flown. Despite these impressive statistics, every disaster affects the lives of many 

people and attracts the attention of the general public, who demand answers. As a 

result, aviation has continually sought to discover new methods for increasing safety.  

Early in the twentieth century, when aviation was developing as an industry, 

accidents were decreasing steadily due to technical improvements, such as advances 

in aircraft structures and materials, aerodynamics, and systems. In the 1970s, as safety 

improvements plateaued, the link between human error and aviation accidents became 

increasingly apparent. This was emphasised in 1977, when 583 people were killed in 

a collision between two aircraft on a runway in Tenerife. The collision was found to 

have been the result of poor decision-making and miscommunication by pilots. In the 

aftermath of the crash, the Royal Dutch Airline KLM (the main protagonist) created 

the KLM Human Factors Programme. Recognising the part humans play in safety, the 

purpose of this programme is to improve communication and resource management 

skills among pilots.  

In an ongoing effort to improve safety, the aviation industry continues to develop 

more initiatives based on “human in the cockpit” principles, both in design and in 

operation. One such strategy is the Line Operations Safety Audit (LOSA). Developed 
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in the 1990s at the University of Texas, the goal of this initiative is to audit pilots’ 

behaviour during normal flight operations for the purpose of improving air safety. It is 

a methodology whereby  observers sit in aircraft flight decks and unobtrusively 

monitor pilots’ communications, the threats they face, the errors they make, and how 

they mitigate these threats and errors. In other words, it is a snapshot of pilot 

responses to factors impacting safety in normal flights as opposed to a line check by 

an examiner, where pilots display “angel behaviour” during a flight assessment. Many 

commercial airlines now use LOSA in their multi-crew operations in order to identify 

any patterns in behaviour, communication or systems that may need to be changed to 

improve aviation safety. 

Whilst commercial aviation generally has a very good safety record, single-pilot 

operations lag considerably behind, therefore safety in single-pilot operations needs to 

be further investigated. Past initiatives for improving the safety of single-pilot 

operations have been less than successful, so new and innovative approaches must be 

considered. To date, LOSA has not been used in single-pilot operations, and no 

studies have investigated its applicability in the single-pilot context. This thesis 

examines the possibility of adapting the LOSA methodology into the single pilot 

environment, a variation here known as LOSA:SP.  

The first study conducted for this thesis by the author, implemented the LOSA 

methodology with pilots working for an emergency services company in Australia. It 

was clear from the study that the threat and error conceptual framework and 

observational methodology that are key elements of LOSA were applicable to these 

single-pilot operations. The results initially supported the view that with minor 

modifications, the LOSA methodology may be applied to single-pilot operations.  
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In the LOSA:SP study, when pilots were observed to talk aloud during flight, it 

was referred to as verbalisation. During the study, it became apparent that some pilots 

used verbalisation as a method for improving their cognitive performance. Further, 

this verbalisation actually assisted the unobtrusive observers during the LOSA:SP 

study because it made available to the observers the process of how the pilots’ 

reached certain decisons. This is significant because two-pilot crews normally discuss 

their reasoning and decision-making out loud to each other, but this form of 

verbalisation does not always occur in single-pilot flights.  

For verbalisation to be viable in the single-pilot environment, limitations must be 

considered, including safety. A further study was conducted using transcripts and data 

from a current research project exploring verbalisation in multi-crew operations under 

simulator conditions. The research aim was to examine the viability of verbalising 

during different workload phases of flight, such as taxi, take-off, and landing. A 

method consisting of both concurrent and retrospective verbalisation was used to 

examine a captain and first officer (second in command) over two simulated flights. 

The pilots were asked to verbalise during simulated scenarios, and each simulation 

was audio-visually recorded. Soon afterwards, the pilots were shown these recordings 

in a separate debriefing room and asked to comment on their performance. Special 

attention was paid to verbalisations made during three different degrees of workload: 

low, medium, and high. A total of five overall themes emerged from this study. The 

most significant were that pilots said that verbalisations during periods of low and 

medium workload assisted them with their cognitive processes, but verbalisations 

during periods of high workload were minimal and were perceived by pilots as 

interfering with their tasks.   
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This second study suggested two findings: that safety could be compromised if 

pilots were forced to verbalise under periods of high workload and that retrospective 

verbalisation (or debriefings) were extremely helpful in gaining context supporting 

thoughts and actions that allowed participants to realise and learn from mistakes and 

good practices. 

To determine whether these findings were applicable to SPO, a  third study, in the 

form of a literature review and thematic analysis of LinkedIn data and Focus Group 

transcripts was undertaken. This study identified that verbalisation is used by many 

single pilots and flight instructors as a means of enhancing cognitive ability. Yet 

mulit-crew operators had significantly different views, believing that verbalisation 

was less useful. Additionally, the literature review uncovered many other applications 

of verbalisation in other transport and safety conscious industries. The LinkedIn data 

and Focus Group correspondents also gave opinions on the viability of the LOSA 

methodology for single pilot operations resulting in a wide variety of discussion. 

 In discussing these results in relation to the application of LOSA in a single-pilot 

environment, several considerations are suggested in this thesis. One is that the value 

of verbalisation depends on the situation in which it is used. Another important factor 

to consider is the familiarity pilots have with verbalisation and how comfortable they 

are verbalising. Requiring a pilot to verbalise for the purpose of a LOSA:SP may 

reduce pilot performance in high workload scenarios (with obvious safety 

consequences). This limits complete transferability of the LOSA methodology to 

single-pilot operations, where having access to pilot thought processes is 

fundamental. However, retrospective debriefing may be a useful technique for 

regaining some of the merits of LOSA:SP as a safety intervention. The willingness of 

a company to introduce a LOSA seems to suggest an increased awareness of safety, 
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which can only be positive and many respondents found success in adaptations of the 

methodology to certain routes or conditions. Even without cross-talk between crews, 

LOSA:SP has sufficient merit for industry to be interested in replicating it.  
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CHAPTER 1: Introduction 

1.1 Introduction 

Aviation has by its very nature always been hazardous, with humans entering a 

new domain that tests the limits of both speed and human fallibility in previously 

unknown ways. In this pioneering industry, accidents have occurred due to pilot 

inexperience, poorly constructed aircraft, and inattention to human vulnerabilities, 

such as fatigue (Nevin, 1980). 

As aviation developed, technological advances caused accident rates to decrease 

until they reached a plateau in the 1970s. Since that time, accidents have been 

overwhelmingly caused by the weakest link in the system—human error. A new 

discipline called Human Factors emerged to address this weakness, and research in 

this field has sought to identify and mitigate the effects of human error in aviation. 

One such study was the Line Operations Safety Audit (LOSA), which consists of an 

observational methodology on the flight deck of an airliner during normal operations. 

This thesis is an investigation into the applicability of LOSA to single-pilot 

environments, where safety targets lag behind those of multi-crew operations. It 

considers the limitations of the adaptation and how these can be mitigated. During the 

study, a technique known as verbalisation was observed amongst some pilots. This 

prompted further studies into the viability of verbalisation as an enhancement to the 

LOSA:SP methodology.    

1.2 Early years of aviation 

In the early years of aviation, accidents were more common than they are today. In 

the early twentieth century, aircraft theory was in its infancy, flight safety developed 

predominantly through trial and error and pioneer aviators such as Richard Pearse, the 
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Wright Brothers, Jean Batten, and Charles Kingsford Smith flew very basic aircraft. 

Pilots discovered the vagaries of flight by making mistakes, and lessons were often 

learned at the expense of pilots’ lives (Villard, 2002). Early aviators expected to have 

several crashes in their lifetimes, and life expectancy among pilots was relatively 

short (Braithwaite, Caves, & Faulkner, 1998; Grantlee, 2013). Flying was considered 

to be “doomed by its insurmountable technical limitations” (Villard, 2002, p. 10). At 

this stage of aviation development, pilots were generally alone in the cockpit, relying 

on their wits, experience and no small amount of luck. As commercial aviation 

developed, airlines adopted multi-crew operations (MCO) to contend with 

increasingly complex operational systems. 

With the advent of aviation as a form of commercial transport, safety became more 

relevant for a growing clientele of air travellers. In 1919, the Royal Dutch Airline 

KLM became the first airline to carry commercial passengers. In 1920, QANTAS 

(Queensland and Northern Territories Aerial Services Ltd.) began to offer commercial 

flights with service from Queensland, Australia, to the Northern Territories. As these 

commercial airlines emerged, it became necessary to develop and upgrade air traffic 

control (ATC), and additional pilots were needed to operate the new equipment. 

1.2.1 Human factors in aircraft accidents 

With progress in engineering and manufacturing techniques and the establishment 

of robust regulating bodies to ensure and maintain safety standards, plus enhanced 

methods for investigating and accurately identifying accident aetiology, accidents 

decreased exponentially (Jedick, 2014). Despite this advancement, hazards still 

existed, and it became apparent that the biggest weakness in the system was the 

Human Factor. 
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In 1948, in possibly the first study of aviation incidents and near misses, the United 

States Army Air Corps determined that the most critical factor in accidents was 

human performance rather than aircraft technology (Flanagan, 1954). During the 

1980s and 90s, the theory of accident causation was extended to recognise 

organisational factors as contributing to human failures with more research focusing 

on Human Factors (HF) areas (Reason, 1997). Around this time, incident and accident 

rates that had previously plateaued began to fall again (Mayes, 1997). 

1.2.2 A new era of accident causation 

As aviation moved into the automation era, accidents decreased due to the 

advancement of technically sophisticated systems that took the pilot (the weak link) 

out of the chain. However, new computerised and automated systems created “new 

burdens and complexities for the individuals and teams of practitioners responsible 

for operating, troubleshooting, and managing high-consequence systems” (Woods, 

1996, p. 3).  

There is no doubt that cockpit automation and computerisation systems improved 

safety, but pilots had to adapt to a new role in programming these systems, 

monitoring their execution and overriding them in emergencies (Sarter, Woods, & 

Billings, 1997). This adaptation was more difficult than expected, and the Human 

Factors challenges it presented can be divided into two categories: transient 

difficulties due to a change in habits and more permanent problems such as loss of 

situational awareness (SA). In other words, the consequence of errors has been shifted 

to the future (resident pathogen errors), and the technology itself now had the 

potential for generating errors, turning aids into liabilities (Lutzhoft & Dekker, 2002). 

Therefore accidents simply changed in nature and context, often occurring due to 
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unexpected behaviours of automated systems (Sarter, Woods, & Billings, 1997). For 

example, in 2009, Air France Flight 447, an Airbus A330, entered an unrecoverable 

stall after the pilot misinterpreted information from the flight management system. 

“…the failure of the crew attempt to understand the situation and the disruption of 

crew cooperation, all of which had a multiplying effect, inducing total loss of 

cognitive control of the situation” (BEA, 2012 p. 3/5). The value that research now 

plays in understaning these issues is imperative to aviation safety. 

1.3 The contribution of research  

The concept of learning from deficiencies was promulgated in aviation even before 

the Second World War. Safety was viewed as an industry-wide problem, rather than 

an individual one pertaining to each operator, manufacturer or jurisdiction (Stoop & 

Kahan, 2005). As aviation progressed, it became apparent that research was a 

valuable instrument through which failures could be identified, explored, and 

understood in an attempt to reduce and respond to threats. A collaborative move by 

airlines and aircraft manufacturers to create a collective data pool proved a valuable 

tool in striving towards greater safety (O’Connor, O’Dea, Kennedy, & Buttrey, 2011). 

The way that data were managed could determine the difference between a safe and 

an unsafe industry. 

1.3.1 Safety culture 

A model of cultural maturity based on Westrum (1993) shows an evolution of 

safety culture in the aviation industry that moves from a reactive (through data 

collection) to a proactive and finally a generative culture. The latter achieves a much 

higher standard of safety and performance than a reactive culture in which individuals 

are held to account for errors made in isolation.  
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The International Civil Aviation Organisation (ICAO) – the United Nations body 

supporting the principles and practices for aviation – emphasises the need for a 

proactive safety culture in aviation. In conjunction with member states, the ICAO has 

developed clear standards and rigorous requirements and now has internationally and 

statewide-accepted regulations based on “…a substantial body of knowledge and 

required processes” embodied in the ICAO’s Standards and Recommended Practices. 

Although not systematic, these recommendations do  “…form a repository of good 

practice and safe design” (Hudson, 2003, p. 18). 

Furthermore, current safety and operational performance levels have been achieved 

by fostering and maintaining positive attitudes toward safety enhancement and 

systematic hazard management (Hudson, 2003). In order to safeguard public trust in 

the industry, officials deemed it necessary to keep investigations separate from 

judicial processes, which tend to focus on individual liability (Stoop & Kahan, 2005). 

This could be said to be a precursor to the concept of just culture, in which genuine 

errors are not blamed on individuals but viewed as lessons to be learned in order to 

achieve a greater level of safety (Dekker, 2007). 

1.3.2 The concept of resilience 

Rochlin, La Porte, & Roberts (1998) introduced the concept of high reliability 

organisations (HROs). These organisations learn from (a) what is done correctly and 

(b) by concentrating on successes rather than failures. Rochlin et al. (1998) conducted 

their research by observing air traffic control, Pacific Gas and Electric works, and US 

military naval carrier flight operations at sea – all highly technical and inherently 

hazardous industries. In industries of tight coupling and time pressure, failures are an 

anticipated aspect of operations – something Perrow (1981) calls expected or normal 
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accidents. Yet previous studies showed that operators in these industries learned from 

failures and passed  their knowledge on to others, making it clear to Rochlin et al. that 

this variable has a unique role in supporting enhanced safety “Things tend to be done 

in proven ways and changed only when some unit has demonstrated and documented 

an improvement in the field.” (Rochlin et al., 1998, p. 7).  

1.4 Maintaining a safety record 

As the commercial flying world develops further and passenger numbers continue 

to increase, complacency is not an option. The industry has to continue to identify 

developing threats and risks in order to maintain and improve on its safety record. 

Passenger traffic is forecast to grow by 4.1% annually, which is expected to lead to 

7.4 billion annual passenger journeys by 2020 (Airports Council International, 2005). 

This year, 2017, commercial aircraft will carry almost 4 billion passengers – nearly 

double the number who flew commercially 12 years ago (Morris, 2017). 

Historically when there has been relatively rapid growth in air transport, it has 

often been followed by a series of accidents. Such events have stimulated the 

introduction of new technical and operational measures. As a result, safety has 

improved over time (ICAO, 2014). For example  ICAO has shown that the fatality 

rate for international and domestic scheduled aviation operations has decreased 

consistently over time. Between 1970 and 1993, the fatality rate fell from 0.18 to 0.04 

fatalities per 100 million passenger kilometres, with particularly marked reductions 

recorded between 1970 and 1977 (ICAO, 2014). At the same time, sector output rose 

from 1971 to 389 billion passenger kilometres, which is over a 500% increase (ICAO, 

1992, 1994).  
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1.4.1 Impacts of an aircraft accident 

Statistics however, only demonstrate some of the effects of an aircraft accident. As 

well as damage to the reputation of an airline and the huge moral and emotional cost 

to victims and their families, there is also a potential impact on the industry as a 

whole. Despite the excellent record of aviation in recent times, commercial aviation 

companies continue to emphasise safety in their air travel operations and strive to 

maintain flawless or near flawless safety records.   But public tolerance for accidents 

in aviation is essentially nil – there is an expectation of zero fallibility.  

The attack on the World Trade Centre on September 11, 2001, was an event that 

changed perceptions of safety and caused an immediate, albeit temporary decline in 

passenger usage (Jasper, 2001). This reluctance to fly was more about a perception of 

risk than a reality, as Slovic noted (2000) – see also Litai, Lanning, & Rasmussen 

(1983). With a global figure for road traffic deaths that has plateaued at 1.25 million 

(Global Health Observatory data, 2013), aviation is much safer than road travel, but 

people still consider flying to be the greater risk. According to Sjoberg (2000), this is 

not driven by probability of an accident but by the severity of the consequences.   

The 9/11 attacks prompted increased public questioning and greater insistence on 

air travel safety and security. However, some observers have argued that the scope for 

further improvements in safety is close to being exhausted, implying that beyond a 

certain point accidents will be neither foreseeable nor avoidable (Janic, 2000). As the 

aviation industry reaches safety targets of 5 x 10-9 it becomes increasingly difficult to 

identify ways to further advance safety. Amalberti (2001) calls this one of the 

“paradoxes of the almost totally safe transportation system” (p. 109).   
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If accidents are so rare that we no longer have adequate opportunities to learn from 

them, research must be aimed at investigating near misses – that is, identifying 

mistakes that are made and how they are mitigated. One such kind of research, 

established in the multi-crew airline environment, is the Line Operations Safety Audit 

(LOSA). 

1.5 Line Operations Safety Audit (LOSA) 

Safety, according to Hollnagel, Woods, & Leveson (2007), is not a commodity that 

can be tabulated; rather, it is an ability to adapt to changing vulnerabilities (Hollnagel 

et al., 2007). Accepting the premise that humans naturally make errors, studying the 

way in which they mitigate the possible consequences of these errors is often a 

superior method of demonstrating where human performance is failing – or, 

conversely, where it is working. 

As the aviation industry matured and airlines began to seek HF means to enhance 

performance, LOSA methodology – a cockpit observational method of capturing crew 

performance – was proposed as a solution to human performance limitations (Klinect, 

2006). The group of University of Texas researchers who developed LOSA  

introduced a proactive and predictive methodology to assess vulnerabilities in normal 

flight operations (Klinect, 2006). 

Much of the safety data that has been used in the past – quick access recorders 

(QARs), training evaluations, incident or accident investigations – tend to be re-

active. That is, they point to failures after an event, when it is too late to change the 

outcome. The foundation for LOSA uses a threat-and-error framework to search for 

and gather evidence of unsafe or unforeseen safety issues in a non-threatening and 

non-punitive normal flight environment (Klinect, 2006). Accepting that errors exist 
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and making them transparent within the system may be one way of protecting an 

organisation by proactively gathering evidence of unsafe – or, indeed, good – 

practices. 

Although it is widely used by commercial airlines and accepted as the gold 

standard by ICAO (2002), LOSA remains controversial (Amalberti, 2001; Angell & 

Straub, 1999; Bergström, Henriqson, & Dahlström, 2011; Dekker, 2003; Hollnagel, et 

al., 2007; Rochlin, 1999). Despite these criticisms, ICAO continues to advocate the 

implementation of LOSA as a requirement for safety management systems, and the 

methodology has been adapted for use by regional airlines (Eames-Brown, 2007) and 

in other fields such as rail, ATC, and maintenance. 

So far, however, LOSA has not been used to study any of the many small single-

pilot operations that operate worldwide. This may be partly due to the fact that LOSA 

as implemented in commercial aviation is designed to observe two-person pilot and 

co-pilot flight environments, and is reliant on cross-talk between pilots. The lack of 

cross-talk in the single-pilot context could threaten the viability of the adaptation of 

LOSA methodology to smaller aircraft, and the feasibility of such modifications 

remains unclear due to a lack of research about the use and potential value of LOSA 

in single-pilot operations (SPO). However, there appears to be nothing essential to the 

LOSA methodology that prevents it being applied to SPO in a modified format. 

The desire to study safety in single-pilot operations within this thesis grew from an 

awareness that accident rates among smaller operators continue to increase despite 

efforts to improve safety in this sector. Unlike larger airlines, small operators have 

neither the robust existing systems nor the financial availability to implement safety 

initiatives. Whilst there is a large body of scientific research designed to keep airlines 
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safe (and quite rightly so), there is less research and assistance for single-pilot 

operators. This thesis was designed to remedy that shortfall.   

1.6 Single-Pilot Operations 

As discussed, accident and incident rates in larger airlines have seen a 

progressive decline over the years. A combination of proactive work by airlines 

and collaboration with academic experts combined industry knowledge with 

research excellence to achieve this result. However, because improvements have 

been focused on larger airlines, this impressive outcome has come at the expense 

of smaller airlines and SPO. Accident statistics in these categories of aviation 

remain stubbornly high worldwide despite some effort to address the issue. 

Recent statistics published by the New Zealand Civil Aviation Authority 

(NZCAA, 2017) reported an overall reduction in airspace incidents and accidents 

for 121 groups over the past 3 years, but more troubling results for smaller 

companies employing SPO (125, 135, 129 operations) 1. Whilst the number of 

overall reported accidents was somewhat down in 2013 compared with the 

previous 3-year period, small aeroplanes, adventure and sport airlines, and 

agricultural operations reported an increase in accidents that year. A more 

troubling safety statistic is that aircraft in these smaller groups had a substantially 

greater number of airspace incidents compared with the average of the previous 3 

years. With 40% or more airspace incidents in each case (533 vs. 293 average for 

                                                 

1 NZCAA categorise aircraft operators according to aircraft size and the nature of the operation. Thus, 

Part 121 is for larger aircraft with a payload capacity of more than 3410kg and a seating capacity of 

more than 30 seats. Part 125 is for medium-sized aircraft with a payload capacity of 3410kg or less, or 

a single engine, or those flying single-pilot IFR operations. Part 135 is for air operations – helicopters 

and small aeroplanes that have a passenger seating configuration of nine passengers or less, or a 

maximum certified takeoff weight of 5700 kg or less. Part 129 covers foreign air transport operations. 
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small aeroplanes, 79.0 vs. 45.7 average for sport aeroplanes, and 6.0 vs. 1.7 

average for agricultural aeroplanes) - (NZ CAA, 2017), these data are likely to be 

of particular interest to those concerned about the safety of SPO. 

1.6.1 Addressing safety issues in single-pilot operations 

Worldwide, accidents among smaller operators continue to perplex the industry, 

and regulators are working alongside industry to implement various training courses 

and information sharing initiatives to address this issue eg: NZCAA, Civil Aviation 

Safety Authority (CASA); United Kingdom Civil Aviation Authority (UKCAA), 

European Aviation Safety Agency (EASA). NZCAA promote safety education in the 

form of AvKiwi roadshows (www.caa.govt.nz), increased training and safety 

promotion literature such as Vector Magazine and GAP (Good Aviation Practice) 

booklets. More recently, they have commissioned a series of sector risk profile 

programmes, and in 2015 the first of these profiled 135 operators (NZCAA, 2015). 

Covering the period 2006-2014, this profile concluded that the relatively stable 

overall number of operators provided a robust basis for interpreting the sector’s 

accident and incident performance. The statistics indicated that of 184 accidents 

reported to the CAA involving these operators, 10% were fatal, and the six fatal 

accidents in 2014 were equal to the combined totals of the previous 4 years. 

Programme participants were invited to identify specific risks to address based on 

their combined knowledge and operational experience. Their responses were collated 

by an external facilitator to identify the greatest concerns and trends using the bow tie 

method of risk analysis (Khakzad, Khan, & Amyotte, 2012). The report is featured on 

the NZCAA website (www.caa.govt.nz) and highlights areas of safety concern where 

increased attention is required. 

http://www.caa.govt.nz/
http://www.caa.govt.nz/
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One aim of this thesis is to address the issue of safety in smaller aircraft, 

especially those conducting single-pilot commercial operations with fare-paying 

passengers. Whilst it proposes a methodology for improving performance in 

single-pilot operators, this work could also be disseminated and adapted for 

General Aviation (GA), agricultural and helicopter pilots. 

1.6.2 The reduction in flight crew 

Traditionally, a flight deck had five crew members in the cockpit, often including 

the captain, first officer, flight navigator, engineer, and radio operator (Harris, 2007). 

The general perception of the travelling public was that there was a measure of 

security in having so many professional and highly-trained aircrew collaborating for a 

safe flight. 

As the technology advanced, commercial aviation began “de-crewing,” reducing 

the five-person flight crew to the two- or three-person crew (dependent on length of 

operation) that we know today (Harris, 2007). With improved in-flight and ground-

based technology becoming more integrated, the reduction in crew size did not equate 

to a decrease in safety. As Harris (2007) reported, “…the historic crew reduction 

events in commercial aviation have not posed threats to flight safety” (p. 519).   

As technological advancements continue and automation develops further, it is not 

surprising that some aviation experts have suggested further crew reductions and 

questioned whether single-pilot operations would be viable (Comerford, Brandt, 

Lachter, Wu. Mogford, Battiste, & Johnson,  2013.) This thesis, whilst appreciating 

the need to study safety in smaller commercial single-pilot operations, becomes even 

more significant if one-pilot crews become a reality for larger airliners in the future. 
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1.6.3 The concept of single-pilot operations 

Evidence suggests that some members of the contemporary aviation community 

believe that the possibility of using SPO for commercial aviation warrants serious 

consideration and exploration (Comerford et al., 2013). In New Zealand, some 

commercial operators have been flying with single pilots for some time. Categorised 

and regulated by the NZCAA as Part 125 operators, these companies operate single-

engine aircraft with a payload of 3410kg or less and carry passengers under 

instrument flight rules (IFR) regulations. They include adventure/scenic flights, short 

trip IFR operations –predominantly those that fly regular routes between the North 

and South Islands – emergency medical flights (LifeFlight for instance), and charter 

flights. 

The aircraft these operators fly are often as complex as those used by larger 

airlines and have an equal amount of automation within the cockpit. For instance, one 

of these companies flies Beechcraft Super King Airs under single-pilot criteria, yet 

this aircraft has been used by larger operators with two pilots. Other aircraft that can 

be flown with either one or two pilots include Pilatus PC 12s and Cessna Caravans 

(NZCAA, 2017), both of which have operating systems that are increasingly more 

complex  

1.6.4 Consideration of the viability of Single-Pilot Operations 

Consideration of the viability of SPO began in 2005 (Deutsch & Pew, 2005), and 

other researchers went on to address it further in later years (Harris, 2007; Norman, 

2007). In 2012, researchers held a joint meeting at the National Aeronautics and 

Space Administration (NASA) Ames Research Center and Langley Research Center 

in the US to investigate the feasibility of SPO. Issues associated with circumstances in 
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which a single pilot might operate under conditions that were at the time managed by 

a minimum of two pilots were discussed at length (Comerford et al., 2013). Most of 

the researchers in attendance believed that SPO was feasible, and numerous 

arguments for its viability were presented (Comerford et al., 2013).  

Since that meeting, NASA has continued to support initiatives to develop 

technologies and share best practices to advance SPO. In 2011, they allocated a 

contract to Rockwell Collins to consider a flight deck of the future where one seat in 

the cockpit is occupied by a captain and the other by an operator on the ground filling 

the role of the first officer (FO). Whilst rife with political and public ramifications, 

the concept of remote cockpits is far more advanced in technical considerations than it 

was five years ago and no longer seems to be science fiction (Croft, 2015). 

A public forum held in Rome in 2016 demonstrated new cockpit solutions and 

innovations that have been developed to maintain flight safety by reducing crew 

workload, especially in demanding situations. A large team of European stakeholders, 

including industry and research partners spearheaded, a research project called 

Advanced Cockpit for Reduction of Stress and Workload (ACROSS).  With aims to 

develop new technologies for SPO that allow the remaining pilot to manage the flight 

safely (Maret & Huson, 2016), the project involves 35 partners from 12 different 

countries within Europe. 

1.6.5 The reality of Single-Pilot Operations 

Whilst SPO are increasingly recognised as a valid alternative to MCO for 

commercial operations (Comferford et al., 2013; Learmount, 2011; Schutte, 

Goodrich, Cox, Jackson, Palmer, Pope, & Barry., 2007) there has been little to no 
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field research on how such a transition could be accomplished (Comerford et al., 

2013; Norman, 2007). 

Despite this, in 2010 Brazilian manufacturer Embraer became the first to publicly 

acknowledge that it is contemplating the possibility of SPO in larger commercial 

aircraft. Some of Embraer’s smaller business jets, such as the Phenom family, are 

already certified by the Federal Aviation Authority (FAA 

  for SPO under Part 91 of the rules (FAA, 2017)2, but the application of SPO in 

larger aircraft is only a vision for the future at the moment.  

Best known for its regional, medium-sized airliners, Embraer plans to provide 

some larger commercial aircraft with single-pilot capabilities by 2020/25 (McCartney, 

2010). Vice President for Airline Market Intelligence Luiz Sergio Chiessi stated that 

by this time the required technology will be available and “the functions that will 

come with [the evolution of the new air traffic management (ATM) systems will 

create the possibility of single-pilot [airline operations]” (Doyle, 2010, p. 1). Chiessi 

cautioned that in order for such a revolution in operations to take place, more work is 

required to persuade the regulatory authorities and the unions, as well as the flying 

public, that airline SPO is feasible and above all safe.  

1.6.6 Accident analysis of Single-Pilot Operations in business jets 

An accident analysis by Aviation International News (AIN) comparing one-pilot 

versus two-pilot business jet operations from 1977-2014 revealed a non-significant 

safety advantage to having multiple cockpit crew in this class of aircraft (Gilbert, 

                                                 

2 The US Federal Aviation Administration (FAA) in the CFR Title 14 part 91 defines a Part 91 Operator. These 

are the regulations that define the operation of small non-commercial aircraft within the US. These rules set 

conditions, such as weather, under which the aircraft may operate (FAA, 2017). 

https://en.wikipedia.org/wiki/Federal_Aviation_Administration
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2015). The analysis examined 107 accidents, of which 37% were single-pilot crews as 

compared to 63% in two-pilot crews. Causations included distractions, being below 

the ILS on the approach, inexperience, pilot incapacitation and use of checklists. 

Further analysis of the single-pilot accidents reveal that a qualified pilot in the 

right-hand seat might have made a difference to the outcome (Gilbert, 2015).  

However, on studying the data analysis by AIN  it can be concluded that even in two-

pilot operations, pilots make mistakes that the second crew member does not notice. 

Thus, it can be said that there is little difference between single- and multi-crew 

operations in terms of human error. This thesis will examine data from MCO and SPO 

in order to compare error rates and mitigation. 

1.6.7 The concept of Single-Pilot Operations in commercial operations 

In 2012, Ryanair Chief Executive Officer (CEO) Michael O’Leary made the 

slightly tongue-in-cheek announcement that his airline would ask the CAA to allow 

them to use one pilot only per flight, with a back-up pilot on the ground (Charette, 

2012). Before this can happen, however, people have to have confidence in the safety 

of SPO. 

The fundamental question is whether the general public feel at ease without two 

pilots in the cockpit (Moskvitch, 2016). According to a 2014 report co-authored by 

Stephen Rice, an aeronautics expert at Embry-Riddle Aeronautical University, public 

perception of robotic flights may prove a major hurdle to overcome in the adoption of 

SPO (Rice, Kraemer, Winter, Mehta, Dunbar, Rosser, & Moore, 2014). His report 

found that US passengers placed far more trust in human pilots than on either human 

ground controllers or autopilots. Despite the fact that people will happily travel in an 
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unmanned train or step into an automated lift, they still believe that being in a vehicle 

to control it is easier than controlling it remotely. 

1.7 Pilotless vehicles in the transport industry  

The use of driverless vehicles in several industries within the transport sector is 

emerging with the general acceptance of the travelling public, particularly in the rail 

industry. It has been possible to run light rail and subway-type systems in a driverless 

mode for decades. Partially automated trains using automatic train operation (ATO) 

have been used on passenger services on the Victoria Line in London’s underground 

service since 1968. In 1987, The London Docklands Light Railway opened – the first 

fully automated, light metro system featuring driverless cars. In 2012, then London 

Mayor Boris Johnson predicted that there would be driverless tube trains within 10 

years (BBC News, 2012).  

Whilst driverless train technology is being championed as a way of reducing 

human error and reaching new levels of efficiency, critics have expressed concern 

about entrusting public safety to a fully-automated system and doubt about whether 

the public would feel safe without a qualified human driver on board. 

1.7.1 Other industries using driverless vehicles 

In Australia, the mining company Rio Tinto have a well-developed plan called the 

AutoHaul project. Rio Tinto refer to their US$518m system as “…The world’s first 

fully autonomous, heavy-haul, long-distance railway system which is intended to 

transport iron ore from the company’s 15 mines in Australia’s Pilbara region”  

(Briginshaw, 2016, p. 1). 

Another area of automation is driverless cars. Significant investment in this area is 

coming from Australia, with moves underway for a major research and development 
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hub in partnership with Holden. Transport experts see driverless cars no longer as a 

vision of the distant future but as something that will become a reality in less than a 

decade (Dudley-Nicholson, 2016).  

Kantowitz, Becker, and Barlow (1993) estimated that Advanced Traveller 

Information Systems (ATIS) technology may require 20 years to be accepted by 40% 

of the population. Many of those who see beyond the doubts view automation in cars 

as vital to increasing safety on the roads. Where human error accounts for 94% of 

road traffic accidents, taking humans out of the loop could result in a significant 

reduction in road toll, much as automation in aviation has done (Cowan, 2017). 

A fundamental difference between aviation and automated driving systems, 

however, is that in aviation the manufacturers are designing for a select group of 

individuals who are subject to mandatory training and proficiency in a highly-

regulated industry (Parasuraman & Mouloua, 2009). This might influence the 

acceptance of single-pilot or pilotless aircraft. 

1.7.2 The concept of remotely piloted planes in commercial operations 

Learmount (2011), a veteran airline pilot and journalist, predicted that pilotless 

commercial aircraft will become a reality in the future. “The pilotless aircraft is no 

longer unthinkable” (Sandilands, 2013, p. 3). Airliners are already highly automated, 

and pilots increasingly perform a monitoring rather than a flying role. Meanwhile, 

unmanned or remotely-piloted aircraft are gradually taking over many military and 

general aviation tasks now performed by piloted aircraft. Also referred to as 

Unmanned Aerial Vehicles (UAV), drones or Remotely Piloted Aircraft Systems 

(RPAS), these aircraft vary in both size and function, and their use has increased 

exponentially over the last decade. Originally deployed for military and special 
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operation applications, they are increasingly used in such fields as agriculture, real 

estate, security work, wildlife protection and firefighting. UAV range from individual 

“toys” to commercial vehicles that may be as large as an airliner. According to a 

report published earlier this month by the Teal Group Corp., it is estimated that 

US$6.4 b will be spent on developing drone technology worldwide by 2025 

(Finnegan, 2015).  

Although drones are considered to be pilotless vehicles, the term is misleading. 

Defined by ICAO as an aircraft without an on-board human pilot, drones are remotely 

controlled either from the ground or from another vehicle, and as a result they are 

subject to Human Factors safety risks. For example, on September 30, 2016, New 

York’s La Guardia Airport ATC reported that Republic Airlines Flight 6230 was 

almost hit by a drone as the passenger plane was descending to land (Whitlock, 2014). 

In August 2014,  the New York Police Department alleged that a small drone nearly 

collided with a police helicopter over the George Washington Bridge, forcing the 

helicopter to change course to avoid a collision (McNeal, 2014). 

In 2014, a near miss between a drone and a commercial aircraft in Perth, Australia, 

prompted a warning from the Australian Transport Safety Bureau (ATSB) about the 

dangers of drones. An aircraft heading towards Perth airport had to take evasive 

action to avoid a collision with a drone. The ATSB reported two incidents at other 

airports over subsequent days. The Civil Aviation Safety Authority (CASA) reported 

rapid growth in commercial use of drones and urged regulations to avoid a 

catastrophe (ABC News, 2014). 

In New Zealand (NZ), as drone ownership soars, incidents reported to the NZCAA 

are increasing. 2016 saw 37 incident reports noted by the NZCAA, and there were 60 

reports in the same timeframe in 2017 (Hunt, 2017).  However, as drones become 
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more sophisticated, they are being recommended as a substitute for commercial 

operations. 

Although it could be argued that the general public would not accept pilotless 

aircraft, Ballin (in Comerford et al, 2013) commented on the steady increases in the 

sophistication of aircraft technology over the past 100 years and “suggested that the 

younger generation would not have the same ‘hang-ups’ as us” (Comerford et al., 

2013, p. 11). 

For pilotless airplanes to be accepted, however, the travelling public will need to 

be assured that there is no additional risk. If they are reluctant to ride in driverless 

cars, passengers will feel even less confident in a 3-dimensional environment (such as 

an aircraft) and would look for greater safeguards. Steven Rice of Embry-Riddle 

Aeronautical University (Rice et. al., 2014) admitted that it might be more difficult 

for the public to travel in pilotless aircraft than driverless trains or cars because of the 

perceived loss of control. If a train or car loses its autopilot, it will not necessarily 

crash, and the passenger feels some level of control as a result. When an airliner loses 

its autopilot, it generally “falls out of the sky” (Moskvitch, 2016). 

The aviation community, who have a greater knowledge of the technology 

involved in automated aircraft, seem to have more confidence in the concept of 

remotely-controlled planes. During a debate at the Royal Aeronautical Society 

(RAeS) Conference in 2016, the motion “There will be no need for pilots in 40 years” 

was carried by 60 votes to 40 (RAeS, 2016). 

1.7.3 Safety of drones 

When comparing crewed with un-crewed aircraft, it could be argued that un-

crewed aircraft are safer. Accident investigators and researchers are currently 
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concentrating on HF as the predominant causal factor in aircraft accidents (Shappell 

& Wiegmann, 2012). To improve safety, aircraft designers and manufacturers have 

responded by increasing the amount of automation on board to remove the pilot from 

the loop either somewhat or completely. 

There is little doubt that such automation has markedly improved efficiency and 

productivity in highly-critical systems. For instance, the accident rate in modern 

automated aircraft is significantly lower than in previous generations (Parasuraman & 

Miller, 2004). Other experts have noted that computers do not get distracted, do not 

fly drunk, do not get tired or emotionally affected, and fly precise trajectories and 

flight paths (Robinson, editor-in-chief of RAeS, 2016). 

Computers, in other words, could have prevented the GermanWings tragedy by 

remotely locking out the pilot and landing the aircraft safely. They could also 

intervene in the event of pilot incapacitation. Conversely, a computer could not have 

landed an aircraft on the Hudson River – a feat that required the skill, knowledge and 

decision-making qualities of an experienced pilot using unique problem-solving 

capabilities (RAeS, 2016). 

1.7.4 Human factors elements of pilotless aircraft 

Controlling an aircraft from the ground, whilst technically possible, involves a 

number of HF risks arising primarily from the fact that operator and aircraft are not 

co-located. Such separation of operator and vehicle imposes significant barriers to 

optimum human performance, including loss of sensory cues valuable for flight 

control, delays in control and communications loops, and fatigue, decision making, 

and cognitive workload issues. McCarley and Wickens (2005) posed the question: 

“What are the consequences for system safety of pilot judgment when the pilot no 
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longer has a ‘shared fate’ with the vehicle? Will there be subtle shifts in risk taking 

that might affect overall airspace safety?” (p. 10). In an example that illustrates the 

legitimacy of this concern, Jeszka (2015) reports from a study with simulator pilots 

and neurologists undertaken by Institut Supérieur de l’Aéronautique et de l’Espace in 

Toulouse which showed that a takeoff in a simulator did not raise a pilot’s heartrate to 

the degree that a real takeoff did. 

This thesis explores HF in depth and examines ways in which human performance 

can be improved, in particular concentrating on the single-pilot and smaller 

commercial operations that do not have the infrastructure or the resources of larger 

airlines. 

1.8 The reality of single-pilot airline operations 

Although passenger airlines without pilots on board may be in the distant future 

due to the reluctance of the travelling public to accept them, single-pilot operation 

within larger airlines may be closer to becoming commonplace. If, as it appears, the 

likelihood of commercial SPO is becoming more of a reality, then ensuring safety in 

this area of aviation is of great importance. Schutte et al. (2007, p. 1) agreed, 

commenting that if safety and airspace integration concerns can be addressed “it is 

likely that increased use of single-pilot operations will be desired in the future “ 

In 2012, at a meeting of experts at NASA to address SPO, safety industry 

professionals emphasised a need for more research, more literature reviews, and more 

efforts to improve safety (Comerford et al., 2013; NASA, 2013). It seems that the 

paramount issues continue to be human performance and the increased cognitive 

workload on a single pilot in previously multi-crew environments (NASA, 2013). 

This thesis will discuss both of these concerns. 

http://www.isae.fr/
http://www.isae.fr/


Chapter 1 : Introduction 

 
45 

1.9 Problem statement 

To improve safety in single-pilot operations by adapting the LOSA methodology 

to the single-pilot context (LOSA:SP) and examining the viability, potential 

weaknesses and limitations of verbalisation. 

The LOSA methodology is widely used by major commercial airlines to improve 

operational safety in multi-crew flight operations. However, despite relatively high 

rates of accidents and incidents among flights piloted by a single individual, the 

LOSA methodology remains unimplemented in SPO. In addition, at present there is a 

lack of research about whether using the LOSA methodology in the SPO environment 

would produce valuable data that could be used to improve pilot performance. 

1.10 Research aim and structure of study 

The aim of this study was to to investigate the feasibility of adapting the LOSA 

methodology to an SPO environment (LOSA:SP). (The term ‘LOSA methodology’ in 

aviation refers to a distinct observational study, describing how data is collected, and 

which has unique operating characteristics and procedures). 

To achieve this aim, a study was undertaken to implement the LOSA methodology 

in the operation of an emergency services company by adapting and devising a tool 

for the single pilot environment (LOSA:SP).  This study was done to determine 

whether LOSA could provide sufficiently rich data in the SPO environment to inform 

changes to practice and pilot training. The study (Study 1 – LOSA:SP Methodology) 

can be seen in Chapter 3, with limitations found in study discussed in Chapter 4.  

An emerging theme that came from the study was the technique of verbalisation. 

As LOSA relies on cross-talk between crew, there was doubt as to whether single 

pilot LOSA would reveal sufficiently rich data. However, it became apparent that in 
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cases when crew verbalised their actions and intentions, it  assisted the unobtrusive 

observer, allowing him to collect more robust data. This created an interest in 

exploring the usefulness of verbalisation and whether or not it aided or interfered with 

cognitive performance, and the safety implications therewith. 

The second study (seen at Chapter 6) presented in this thesis explored the above 

question by considering the benefits and weaknesses of verbalisation during different 

workload phases of flight within multi-crew simulated flights. Furthermore, the value 

of transferring retrospective verbalisation/debriefing from MCO was examined in 

relation to SPO. Results from Study 2 were surprising, as they seemed to indicate that 

verbalisation in MCO could interfere with cognitive performance at a high workload. 

This contrasted with the findings from the verbalising pilots in Study 1. As a result, 

further information was required to clarify the assumptions and the consequences of 

this for safety pruposes.  

This led to a third study (seen at Chapter 8), which employed thematic analysis to 

explore the opinions and experiences of experts regarding pilot verbalisation as a 

technique to improve cognitive performance in single-pilot operations. This study was 

designed to clarify findings from Study 2, which differed to those presented in Study 

1. The study also collated opinions from experts on their general assessment and 

understanding of the value of LOSA, in particular in SPO. 

1.11 Contribution of study to industry 

The results of the research on LOSA:SP have been published in a peer-reviewed 

journal and within pilot peer magazines (see Appendix B). A toolkit provided at the 

end of this thesis was produced by the author from the original study in order to assist 

operators who are wishing to conduct similar studies. This toolkit can be applied to 
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specific routes or areas where concern has been raised (for example, around busy 

airports or in mountainous areas), phases of flight where incidents have been reported, 

particular weather phenomena, or other issues related to particular operations. Other 

sectors that may be interested in adapting the LOSA methodology include emergency 

services and healthcare.  

1.12 Contribution of study to literature/academia 

Ericsson and Simon’s Protocol Analysis proposed verbal reports as data, with their 

1993 Model of Verbalization accepted as a “useful foundation for discussing 

introspection” (Ericsson, 2003. P.3).  Verbalisation was used predomonantly as a 

useful tool in language and learning, in particular for discourse analysis (Ericsson, 

2003, Hafeez & Alghatas, 2007).  In recent years, verbalisation has been used in the 

transportation industryas a means of assessing the thoughts behind driver actions 

(Erlandsson & Jansson, 2007), and as collegiate verbalisation with train drivers 

(Erlandsson & Jansson, 2013). 

Applying the verbalisation theory to the aviation industry is unique and was 

examined in depth by literature review and thematic analysis (as seen in capter’s 7 

and 8), contributing to the academic value and contribution of this thesis. Study 2, 

which showcases verbalisation and its applicability to pilots, was published in a Q1 

peer-reviewed journal article (Appendix B). 

1.13 Overview of Thesis 

Despite these new initiatives to ensure safety in SPO, accident figures from smaller 

operators are still continuing to disappoint. The aim of this thesis is to investigate 

proactive and predictive HF methods to improve pilot performance by adapting and 

implementing the LOSA methodology shown to be a success in larger airlines. As 
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LOSA relies on data derived from cockpit communication and cross-talk between 

pilots, the concern amongst pilots and researchers was that it would not translate to 

the single-pilot environment. This thesis represents the first application of LOSA 

methodology to SPO (LOSA:SP). 

This thesis consists of nine chapters – Chapter 1 is an introduction, Chapter 2 

begins by reviewing the research literature on the history of Human Factors in 

aviation and the emergence of Crew Resource Management (CRM), Threat and Error 

Management (TEM), and Line Operations Safety Audit (LOSA). A critical analysis of 

the literature provides a foundation for arguing that there is an urgent need for safety 

methodologies addressing single-pilot operators. 

Chapter 3 describes the theoretical framework within which the LOSA:SP research 

study was conducted and describes the method used for the first of three studies that 

make up this thesis. The subject of this study was an emergency medical provider, 

and this chapter outlines the adaptation of the LOSA methodology in collaboration 

with this provider, the methods used in the data collection and analysis stages, and 

how validity and reliability were addressed.  This study was written and published in 

a peer reviewed journal. A Toolkit containing all necessary letters, forms and 

documentation to complete a LOSA:SP appears in Appendix D. As LOSA attracts 

some criticism, Chapter 4 addresses the benefits and weaknesses of the LOSA 

methodology through a review of relevant literature.   

Prior to the LOSA:SP study commencing, the researchers became aware that 

approximately half of the pilots in the EMS company studied used a talk aloud 

technique, also known as verbalisation. Whether pilots verbalised or not was added to 

the data collection forms in order to discover if verbalisation aided or interfered with 

cognitive performance. This aspect of the study is discussed in Chapter 5. Although a 
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small sample, the results indicated better cognitive performance in those pilots who 

verbalised. This study was part of a poster presentation at a peer-reviewed conference 

in Graz, Austria. 

Chapter 6 discusses the second study of the thesis, in which current and 

retrospective verbalisation was studied in a multi-crew simulator environment. A 

fortuitous opportunity arose when a colleague was collecting data and analysing 

recorded data of pilots in a simulator assessment for a different study. That data was 

made available for this thesis, affording an opportunity to determine the affect 

verbalisation had on cognitive performance at different workload phases of flight. In 

addition, the data demonstrated the value of retrospective verbalisation by putting 

pilots’ actions in context and emphasising the value of debriefing. This study was 

written and published in a Q1 peer reviewed journal. 

Chapter 7 is a comprehensive review of literature discussing the nature of problem-

solving processes and verbalisation. It considers the validity and reliability of using 

verbalisation as a data-gathering technique and examines verbalisation in other 

environments. It deliberates on the Risk-Triggered Commentary used in rail, and 

warns of the danger of operators verbalising the wrong instructions, which then 

translate to incorrect (and potentially hazardous) actions. 

Chapter 8 represents the third study that contributes to this thesis: Thematic 

Analysis of qualitative research on LOSA:SP and verbalisation topics. With results 

from the second study suggesting that verbalisation may affect safety, the author 

examined whether this reflected the views of single-pilot operators. Data was 

collected from LinkedIn conversations, SKYPE or face-to-face interviews and focus 

groups and the results reinforced the value of verbalisation in SPO and the 

effectiveness of LOSA:SP as an adaptation to SPO. 
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Finally, Chapter 9 discusses the three studies that form the basis of this thesis and 

their potential for identifying risks in SPO and suggesting techniques for improving 

performance in the SPO context. This chapter examines the implications the research 

has on improving SPO safety and both the scientific contributions and industry 

applications of the studies considered. In its entirety, this chapter summarises the 

current status of single-pilot and smaller operators, particularly within New Zealand, 

and suggests means for improving aviation safety. A Toolkit in Appendix  D supplies 

examples of instructions, paperwork, and presentations to assist an SPO in conducting 

its own LOSA study. 

 

. 
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CHAPTER 2: The Emergence of Crew Resource 

Management (CRM) and Line Operations Safety Audit 

(LOSA)  

2.1 The history of human factors 

Studies of human performance began to take place in the early 19th century. At 

that time, approaches to studying psychology were more empirical than today, and 

primarily focused on cognitive processes (Matthews, Davies, Westerman, & 

Stammers, 2000). The first significant work on human error (more specifically 

failure) was undertaken during the period from 1910-1940 and is classified under the 

Gestalt theory of forms, which is considered to be the foundation of modern cognitive 

psychology (Amalberti, 2013). 

During the early part of the 20th century, the behaviourist movement emerged, 

predominantly in America. This movement adopted the view that psychology should 

study observable behaviour. At the same time, branches of psychology concerned 

with performance developed (Kanfer, Ackerman, Murtha, & Goff, 1995). Most 

notable among these was industrial engineer Frederick Taylor’s application of 

scientific principles to the management of industrial workforces. This included time 

and motion studies and eventually psychometric testing, which was used during 

World War I (Barley & Kunda, 1992). 

2.1.1 An industrial perspective 

Following Taylor’s study, further studies within industrial settings led to the 

identification of the now well-known Hawthorn Effect, the result of a seminal 

research project with a series of field studies at the General Electric Works in Chicago 
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between 1924 and 1932. The Hawthorn Effect (also referred to as the observer effect) 

is a type of reactivity in which individuals modify an aspect of their behaviour in 

response to their awareness of being observed (Wickstrom, & Bendix, 2000; Gale, 

2004; McCarney, Warner, Iliffe, Haselen, Griffin, & Fisher, 2007). This effect is 

particularly relevant to the study explored in this thesis, which applies an 

observational methodology in a single-pilot environment. Taking the Effect into 

account allows researchers to enhance the validity and robustness of their 

conclusions. 

2.1.2 The effects of the world wars 

World War II provided a renewed impetus for the study of human cognition by 

drawing attention to the fact that some demands being placed on pilots exceeded their 

human capabilities and thereby led to accidents (Welford, 1968). Researchers at the 

time recognised the importance of determining why these accidents had occured in 

order to be able to implement changes to prevent similar occurrences in the future. It 

was found that some performance errors resulted from poor design (ergonomics). For 

example, one type of aircraft was vulnerable to crashing on landing. On investigation, 

it was found that the flap lever was placed next to undercarriage retraction gear with 

an analogous operating system (a simple lever). As a result, the pilot could make the 

mistake of retracting the landing gear instead of the flaps (Lachman, Lachman, & 

Butterfield, 1979). A simple solution was to change flight deck lay-out by moving the 

position of some levers and changing their shapes and sizes to fit their operating 

characteristics. Thus, the flap lever was changed to have the appearance of a trailing 

edge flap and the undercarriage lever became a tyre shape. A simple but successful 

HF solution. 
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At this stage, research psychologists became involved in applied projects, 

including the design of crewed systems and cockpits. Kenneth Craik and Frederick 

Bartlett established the “Cambridge Cockpit,” a genre of experimental equipment 

built around a Spitfire cockpit that examined human performance under demanding 

conditions (Pritchett, 2009). The disciplines of ergonomics and human factors were 

thereby established, and the notion of the man-machine system and human 

engineering came into being. 

In America, similar research was underway when Fitts and Jones (1947) identified 

nine sources of error that could be made in interpreting instruments and information, 

including interpretation errors and illusions. By the 1940s and 1950s, numerous 

papers were published in the field of skill acquisition and control performance, much 

of which was based on research into the task of flying. 

2.1.3 Human factors as an applied science 

Relying on measurements of behavioural and physical properties in laboratory and 

simulator environments and studies in real-world environments, Human Factors (HF) 

became an applied science. Between 1960 and 1990, the field grew exponentially, and 

today it is accepted as an essential element in complex industries, including aviation. 

In the United Kingdom, the Chartered Institute of Ergonomics and Human Factors 

gained a Royal Charter in early 2015 recognising it as a profession. 

The discipline of ergonomics/HF includes (a) scientific elements, insofar as its 

practitioners attempt to explain and predict (b) craft elements, insofar as they 

implement and evaluate and (c) engineering elements, insofar as they strive to design 

systems for improving human performance (Wilson, 2000). Ergonomics acquires 

information both from empirical studies and practical experience. The HF specialist 
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thus requires an understanding of scientific principles, research methods, and ways in 

which scientific principles can be applied to design problems. Comparing basic with 

applied research, Adams (1972) suggested that conceptual and methodological tools 

from basic research can be used to resolve applied problems. 

2.1.4 Human factors and accident statistics 

Aviation accident data has shown that accidents due to technology have decreased 

rapidly since the 1950s. As a result of this decrease, human error has emerged as the 

prime factor in 70-80% of aviation accidents (Shappell & Wiegmann, 2012). As the 

role of human error began to be recognised, methods emerged to prevent accidents 

that included HF issues within their aetiology. Engineers and practitioners began to 

rely on HF specialists to incorporate safety within aircraft design.  

Efforts aimed at addressing HF issues can yield increased safety and improved 

operational effectiveness. Yet while we concentrate on avoiding, recognising, and 

mitigating the effects of errors, other crucial questions are arising. How is it that most 

flights are successful? What makes an exceptional pilot? And how can we learn from 

observing good performance? 

This thesis considers ways of both identifying and mitigating the effects of errors 

whilst observing good practice and resilience in pilots, concentrating on the single-

pilot environment. The purpose of this work is to determine whether the methodology 

of LOSA:SP with verbalisation technique could improve pilot performance and thus 

contribute to flight safety. 

2.2 Human factors and automation 

Since the mid-1990s, a new direction in aviation safety has evolved as changes to 

technical and engineering aspects of aircraft design and operation have declined and 
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automation has increased. As a result of this shift, systems originally designed by 

engineers alone were now beginning to realise the need for the input of a HF 

specialist, especially in the design and manufacture of automation (Crow, Javaux, & 

Rushby, 2000). For example Butler, Miller, Potts, and Carreño (1998) examined 

autopilot designs; Leveson and Palmer (1997) looked for constructions that appeared 

to be error-prone, and Rushby, et.al., (1999) compared autopilot design and mental 

models, demonstrating how their methods could be used to predict automation 

surprises in the MD-88 autopilot. 

The first electronic flight control system (fly-by-wire) was designed by 

Aerospatiale and installed on Concorde. This was an analogue “full authority” system 

for all control systems. By the 1980s, the first generation of electrical flight control 

systems with digital technology appeared, including the Airbus (Traverse, Lacaze, & 

Souyri, 2004). In subsequent generations, aircraft automation increased until the A380 

was fitted with electrical actuation of hydraulically-actuated control services through 

which pilot inputs are interpreted by flight control computers that move surfaces to 

achieve desired flight path modifications (Traverse et al., 2004). 

In all of these systems, movements of flight controls are converted to electronic 

signals transmitted by wires (hence fly-by-wire). Flight control computers determine 

how to move the actuators at each control surface to provide the ordered response. 

The fly-by-wire system also allows automatic signals sent by the aircraft’s computers 

to perform functions without the pilot’s input. These systems include those that 

automatically help to stabilise the aircraft or prevent unsafe operation of the aircraft 

outside its performance envelope. 

Modern aircraft are exceptionally reliable and are designed with redundancies, so it 

could be argued that the design of modern airliners has contributed to further accident 

https://en.wikipedia.org/wiki/Computers
https://en.wikipedia.org/wiki/Actuator
https://en.wikipedia.org/wiki/Performance_envelope
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reductions. However these advances have not always taken HF into consideration, and 

as a result, a different category of accidents attributed to automation began to emerge: 

 

incidents/accidents have occurred which question the underlying assumptions that 

the maximum available automation is ALWAYS appropriate or that we 

understand how to design automated systems so that they are fully compatible 

with the capabilities and limitations of the humans in the system. (Dehais, 

Peysakhovich, Scanella, Fongue, & Gateau, 2015, p. 2526). 

 

Sarter, Woods, and Billings (1997) found that the most tenuous glitch in the system 

was the link between the operator and the automated system. Indeed, it was shown 

that the human operator had not been considered as an element of the overall system 

when automated aviation systems were designed. Thus these problems were the result 

of a failure to see humans and automation as a co-operative system (Dehais et al., 

2015). 

Drnac, Marathe, Lukos, and Metcalfe  (2016) claimed that Human Automation 

Interaction (HAI) has thus far “failed to live up to expectations mainly because human 

users do not always interact with the automation appropriately” (p. 1). The authors 

identify Trust in Automation (TIA) as a central influence on the way humans interact 

with automation and which explains trust outcomes. If TIA is too high, they found, 

the human user has a tendency toward over-reliance on the system, and consequences 

result. If TIA is too low, the system is under-used or even abandoned in favour of 

manual override. This can occur if a user has a high expectation of automation 

peformance and then observes unexpected errors in the system or if they have more 
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confidence in their own abilities than in the efficacy of the automated system (Drnac 

et al, 2016).   

The new challenges raised by automation have been identified by Endsley (1996) 

as “automation bias” (over-reliance on automation) and “automation surprise” 

(unexpected actions taken by an automated system). Often post-accident 

investigations reveal pilots voices on the cockpit voice recorder (CVR) shouting 

“What is it doing now?” or “Why did that happen?” (Endsley, 1996). Predicting 

interactions based on extant TIA levels is problematic, however, and the relationship 

between over and under use of automated systems is more complex than Endsley 

allows for (Chancey, Bliss, Proaps, & Madhaven (2015). 

2.2.1 Automation errors 

Fly-by-wire systems were designed to reduce crew workload with a resulting 

increase in situational awareness and a decrease in fatigue.  Thus providing: 

“contribute to safety enhancement by reducing the crew workload, the fatigue and 

providing situation awareness… with a better robustness to crew error” (Traverse et 

al., 2004, p. 208). Conversely, hours of inaction in the cockpit due to time spent 

monitoring equipment tends to result in reaction time lags and cognitive overload  (Li, 

White, Braithwaite, Greaves, & Lin, 2016; Pizziol, Tessier, & Dehaiset., 2012). 

Rather than having an increased situational awareness (SA), pilots using fly-by-wire 

systems experienced degraded SA as well as boredom and fatigue due to reliance on 

and monitoring of automation (Harris, Hancock, Arthur, & Caird, 1995).  

According to the Yerkes Dodson Law, there is a relationship between arousal and 

behavioural task performance such that an optimal level of arousal exists for optimal 

performance (Cohen, 2011; Fig. 2.1). Both over and under arousal can reduce task 
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performance from an optimal level First formulated in 1908, Yerkes and Dodson 

designed their paradigm to account for variance in performance according to stimulus 

strength. A stimulus that was either too intense or too small resulted in lower 

performance. This law is characterised by an inverted-U-shaped function as shown in 

Fig. 2.1. Easterbrooke (1959) applied these principles to hypothesise that an increase 

in arousal would reduce the number of cues that could be used. 

 

 

Figure 2.1 Yerkes Dodson Law (Cohen, 2011) 

 

Under normal circumstances, relying on automation may be the safest course of 

action for a pilot. However, in the event of a rare emergency or unexpected 

occurrence, pilots may be less able to respond appropriately than they would if they 

had been flying the aircraft prior to the emergency event. Furthermore, with less 

chance to practice manual flying skills in normal flights, pilots may not maintain the 

skills necessary to control an aircraft safely when faced with unforeseen situations 

(Ebbatson, 2009). Accidents such as Colgan Air 3407 (NTSB, 2010), Asiana 214 

(NTSB, 2014a), and Air France 447 (BEA, 2012) are described in Chapter 1.1.2 to 

illustrate this phenomenon. According to Haslbeck, Ekkehart, Onnasch, Huttig, Bubb, 
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& Bengler (2012), the premise underlying all of these accidents is that pilots are 

losing their flying skills due to lack of practice, and combined with their limited 

knowledge of their automated aircraft, this results in compromised ability to function 

in the face of critical events due, inter alia, to cognitive overload. 

Petitt (2014) reported on an FAA-sponsored working group that studied 46 global 

accidents and major incidents, including US Aviation Safety Reporting System 

(ASRS) reports and 9,155 global LOSA audits, plus interviews. Based on the 

outcomes of this working group, Petitt wrote that: “Aircraft design, automation, and 

current international operations have minimized opportunities for pilots to manually 

fly their aircraft” (2014, p. 6). Decreased understanding by pilots of how the aircraft 

operates, overuse of automation, and training concerns were identified as causes for 

this phenomenon. Some of the working group even commented that automation had 

gone too far (Davidson & Barratt, 2011). 

What seems to be generally agreed upon is that the HF element of every aspect of 

aviation is paramount at all levels, including technological design of aircraft, software 

integration, and pilot training and experience. Dahlstrom, Dekker, van Winsen and 

Nycy (2008) blamed HF errors on contemporary training practices and tools that left 

pilots deficient in knowledge of the aircraft they fly. Stanton and Marsden (1996) 

noted the importance of integrating HF at the design stage by accounting for the fact 

that “automation in itself does not guarantee success” (p. 35).  Further, Billings 

(1991) identified the need for a human-centred aircraft automation philosophy. These 

studies indicate a belief that while it may be relatively straightforward to make 

aircraft safe from a technological perspective, it is much harder to deal with the 

human factors that are crucial to safety. Ultimately, it may not be possible to eradicate 

human error, only to temper it (Hofmann & Frese, 2011). 
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This thesis examines in detail the contribution of Human Factors  to accident 

causation and proposes a methodology for identifying and mitigating situations 

caused by Human Factors (HF). 

2.3 Human error 

Human error (HE) essentially refers to the processes and factors behind the 

behaviour of people in certain situations resulting in mistakes or lapses. HE is shaped 

by a number of influences, including systematic factors and the communication, 

cognition, and collaboration of people in the workplace. HE was defined by James 

Reason (1990, p. 9) as:  

 

a generic term to encompass all those occasions in which a planned sequence of 

mental or physical activities fails to achieve its intended outcome, and when these 

failures cannot be attributed to the intervention of some chance agency. 

 

While HE research is based on trying to understand the nature of human error, this is 

difficult to achieve because researchers adopt definitions and assumptions according 

to their particular disciplines. Most HE research can be divided into error generation 

and error management. Error generation research seeks to understand the nature of 

HE, whilst error management attempts to mitigate the effects of errors. Shappell and 

Wiegmann (2003) summarised HE research as falling into five categories: cognitive, 

ergonomics and system design, aeromedical, psychosocial, and organisational. Other 

researchers have considered interactions between these subject areas (Reason, 1997; 

Woods, Johannesen, Cook, & Sarter., 1994). However, in aviation much of the 
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research has been theoretical rather than contextual, and may not be supported by 

empirical evidence. 

The various perspectives on HE are characterised by a common set of assumptions 

about the nature and underlying cause of errors (Shappell, & Wiegmann  2003), and 

many models and frameworks for assessing HE exist (e.g., Batra, 1993; Edwards, 

1972; Norman & Shallice, 1986; O’Hare, 2000; Rasmussen, 1997; Reason, 1990; 

Wickens, Sandry, & Vidulich, 1983). Some of these frameworks tend to be academic 

and theoretical and may bear little resemblance to those that practitioners might 

develop. Whilst rules and procedures may represent fragile safety barriers, rule 

violations might reflect good intentions to complete tasks effectively, even if the 

behaviours thereby generated may be unsafe. A generic or simplistic HE model, as 

identified above, distinguishes between intended (e.g., violations, not complying with 

SOPs) and unintended (e.g., mistakes or attention lapses) errors.  

2.3.1 Human error in aviation  

In aviation’s early years, James Reason (1997) identified two ways of assessing 

HE: the “person approach” and the “systems approach.” The person approach focuses 

on individual errors and violations (pilot error), while the systems approach traces 

accident causes back to a whole system, with remedial efforts being directed at 

situations, defences or organisations. Known as the Swiss Cheese model of accident 

causation, Reason’s systems approach assessed the number of mistakes or gaps in the 

system, each of which may have been unimportant in and of itself, which could be 

resolved by managing (or trapping) the errors before they occurred. 

According to Reasons’ model, the holes in a swiss cheese represent breaches in a 

system’s defences. A simple example is that of a checklist usually seen as the last line 
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of defence. If a pilot, either deliberately or by mistake, fails to carry out a checklist 

that would identify system errors, an accident could result. It is only when a number 

of gaps in the system appear (equivalent to the holes in the cheese lining up) that a 

trajectory is left allowing an accident to happen (Fig. 2.2). 

 

 

 

 

 

 

 

 

Figure 2.2 The Swiss Cheese model of accident causation (Reason, 1990). 

 

Reason (1997) identified latent errors as those that existed within the system until 

such time as they interacted with one or more active failures to contribute to an 

accident (Reason, 1997; Turner, 1978). Usually committed by regulators, 

manufacturers, designers, or airline management, latent failures might remain 

dormant in a system for long periods of time and only be identified in accident 

investigations (e.g., as being due to inadequate training or to maintenance fitting an 

incorrect component). 

An example of a latent error would be a maintenance engineer who, whilst testing 

the oxygen supply, forgets to turn the valve back from manual into the auto position. 
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If pilots don’t pick this up via a checklist, the potential is there for hypoxia to 

overcome the crew, as happened with Helios Airways flight 522 in 2005 (Air 

Accident Investigation & Aviation Safety Board (2006). 

Another example of a latent error is the loss of Flight AFR 4590 (Concorde), 

which was involved in a catastrophic accident soon after takeoff from Paris Charles 

de Gaulle Airport in 2000, resulting in the loss of all lives onboard (Davidson & 

Labib, 2003). In the aftermath of this event, it was concluded that the accident was 

caused by the rupture and subsequent disintegration of a tyre after it was punctured by 

a metal strip that had fallen from a DC10 which had taken off 5 minutes before the 

Concorde. This initiated a sequence of events that led to an engine fire and 

unrecoverable damage to the airframe, which in turn caused the accident (Davidson & 

Labib, 2003). The latent errors involved in this tragic event were a chain of poor 

maintenance, insufficient supervision, fatigue, company pressure, and poor adherence 

to SOP. 

Active errors are generated by frontline operators such as pilots, air traffic 

controllers or ground personnel, whose mistakes represent failures of last defences 

and are sometimes identified as the proximal “causes” of accidents. Whilst active 

failures typically affect a single flight, latent conditions might compromise safety on 

all flights within an airline. 

2.3.2 Error tendency 

Event-dependent research in HE has taught the industry a great deal about the 

range of possible unsafe actions and practices and the circumstances that can provoke 

and shape them, contributing to the the view that HFs are implicated in the 

overwhelming majority of accidents (Rasmussen, 1982; Reason, 2000). The 
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observation that “people make errors” is, however, on a par with saying that humans 

breathe oxygen (Reason, 2000). Human error becomes interpreted as “pilot error,” 

and provides a convenient excuse to look no further (Hudson, 2003). 

“Old methods” of error investigation were ascribed to re-labelling error rather than 

explaining it (Dekker, 2003). Blaming individuals offers the illusion of control (by 

humans) and creates a perceived order within a world in which accidents are less 

likely (Dekker, Nyce, & Myers, 2013). Rodgers and Blanchard (1993) cited poor 

experimental procedures, misinterpretation of previously reported results and a need 

to assign blame to individuals as reasons to be wary of putting too much emphasis on 

errors. In aviation, there has been a propensity to invoke error tendency in error 

classification (Reason, 1990). By identifying factors that can trigger errors, pilots 

would theoretically avoid making mistakes, assuming that errors have an “appealing 

conformity” and that all investigators collect and classify data in the same way 

(Reason, 1990). 

Pilots are well trained and have robust SOP designed to equip them to address any 

emergencies that may arise. Yet it is not possible to predict or anticipate all of the 

failures that might result from complex situations on flight decks where a variety of 

threats and failures may arise. Seeking, interpreting, and assimilating relevant 

evidence before implementing mitigating actions can take time, which may not be 

available to pilots facing an emergency.  

2.3.3 Learning from errors 

Researchers have debated whether looking at human error in its simplest form is 

actually helpful in complex systems such as aviation, where safety standards are 

already high (Hollnagel & Amalberti, 2001; Perrow, 2011; Woods et al., 1994).  
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Amalberti (2001) stated that safety was driven by a simple principle: elimination of 

human errors and technical breakdowns. Whilst reducing errors may be effective in 

systems where the risk of disaster is low, in safety-sensitive industries such as 

aviation and medicine, accidents usually occur in the absence of any serious 

breakdown (Amalberti, 2001). In a system where safety has reached its (almost) 

maximum level, the challenge becomes to keep the system within its optimised limits. 

Thus whilst human error is axiomatic, conceptually it is rarely useful or helpful in 

explaining incidents, particularly within the context of complex systems (e.g., civil 

aviation and other mass transport). On its own, “human error” is not a useful 

conceptual tool for understanding how complexity produces rare disasters (Glendon 

& Clarke, 2016). Dekker identified a “new view” of human error, noting that it was: 

“critical to understand why people did what they did, rather than judging them for not 

doing what we now know they should have done” (Dekker, 2003, p. 371). In aviation, 

unlike most other transportation areas, accident data are shared through a governing 

body -  ICAO. Therefore, each operator can learn from other operators’ performance 

errors and accident mitigation or recovery processes. It has been noted that whilst for 

an individual a performance error might prove fatal (e.g., driving whilst texting), for 

an organisation it can provide a valuable learning opportunity (Glendon & Clarke, 

2016). 

In terms of learning, error recovery is central to human consciousness, attention, 

awareness, and memory as well as learning. Therefore, what is typically presented as 

the “human error problem” may more appropriately be identified as key component in 

motivating the search for designing and developing safer equipment and systems 

(Glendon & Clarke, 2016). 
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2.3.4 System dynamics 

The evolution of system design, especially complex system design, can effectively 

create HE by introducing ever-greater complexity. An accident investigation may 

conclude that a major catastrophe was caused by one large error, but it is more likely 

to have been caused by a number of small failures that made an organisation unsafe. 

Aslanides, Jollans, and Amalberti (1992) considered system dynamics and sought to 

identify the root causes of aviation accidents in which systems migrated to the 

boundaries of acceptable safety. 

There may be common misconceptions about the “safeness” of certain industries. 

For example, Sidney Dekker was invited to speak to the management of Olie Gas in 

Denmark following a catastrophic failure at one of their plants (Dekker, 2013). 

Company management had believed that the plant was safe because they had a 

process of risk management that included assessing errors and ensuring that the 

identified risks were covered (e.g., wearing personal protective equipment). The 

company had been lulled into a false sense of security by the application of this 

system. When a serious accident occurred, they had no idea what had happened – they 

had been so busy counting errors that they no longer had an eye on the big picture or 

understood how vulnerable they were to a major event.  

2.3.5 Resilience 

Organisational resilience is a new challenge, as pre-accident avoidance strategies 

are based on anticipating problems, accepting a wide range of variability, adapting to 

unstable and surprising environments and designing error-tolerant human/technical 

systems. Examining human error in an alternative way, Hollnagel (2011) sought to 

move away from the common definition of safety as “freedom from acceptable risk” 
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and instead defined it within the scope of resilience engineering as “the ability to 

succeed under varying conditions” (p. 1).  In other words, measuring safety more by 

studying what has gone right than by counting errors and identifying what has gone 

wrong, Hollnagel identified four capacities that contribute to resilience: the ability to 

1) respond to events 2) monitor ongoing developments 3) anticipate future threats and 

4) learn from mistakes. 

2.3.6 Normal accident theory 

Normal accident theory (NAT), which was first proposed by Perrow (1981), states 

that accidents cannot be foreseen or completely prevented in high-risk industries such 

as aviation. Using the 1979 Three Mile Island (TMI) nuclear reactor accident as an 

example, Perrow maintained that some events can be considered “normal accidents” – 

in other words, they are “bound to occur at some time and bound to occur again, even 

in the best of plants” (Perrow, 1981, p. 17). The TMI accident analysis was 

comprehensive and looked at malfunctions and operator error as well as 

organisational factors, including managerial failures (Hale, Baram, & Hovden, 1998). 

Yet Perrow maintained that events such as the TMI accident were unavoidable due to 

the interaction of multiple failures acting against a direct operational sequence 

unanticipated by designers (Perrow, 2011). In other words, these failures rapidly 

accumulated to the point of catastrophe before anyone knew what was happening. 

This characteristic unpredictability of highly-complex systems can be explained by 

two variables: coupling and interactions. Perrow elaborated on the nature of these 

interactions to develop his taxonomy of complex systems, wherein he outlined a set of 

policies and proposed solutions (Perrow, 2011). 
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Aviation is an example of a complex, tightly-coupled industry, particularly since 

the introduction of modern airliners with fly-by-wire and automated systems that far 

surpass the ability of operators to understand them completely or quickly enough in 

high-pressure situations. Although aviation technology is highly sophisticated, most 

airlines have developed unique organisational characteristics that help strengthen their 

ability to prevent accidents. Researchers have named such organisations “high-

reliability organisations,” or HRO (La Porte, 1996; Roberts, 1993; Rochlin, 1993). 

2.3.7 High reliability organisations 

High Reliability Theory relates to highly-complex organisations that can maintain 

an exemplary safety record despite evident risks in their operations. The theory states 

that safe performance is not good enough and that safety must be constantly appraised 

and improved to prevent complacency (Weick, 1987; Dekker, 2012). Weick, 

Sutcliffe, and Obstfeld (2008) suggested that high reliability comes from being 

mindful of the unexpected. Studies haven’t yet been able to determine how high-

reliable organisations manage their mindfulness of unexpected outcomes.  

Similarly, the accident at the Deep Water Horizon drilling rig followed 7 years of 

accident free practice.  As error free years went by, the company became complacent 

and normalisation of deviance moved the company into a space where an accident 

was inevitable (Tinsley, Dillon & Madsen, 2011). 

Whilst regulators, designers, manufacturers and other stakeholders have a part to 

play in aviation safety, this thesis limits its focus to airlines. Organisational factors 

play an important role in implementing sound practices and procedures and ensuring 

that crews are trained to a high level. Deficiencies in these areas can lead to reduced 
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safety, but the question that remains to be answered is how much control airlines 

actually have in ensuring safety in aviation. 

2.4 The emergence of crew resource management (CRM) 

Traditionally HE in aircraft accidents has been attributed to the performance of the 

individual pilots, with human operators being seen as the “weak link” in the chain 

(Foushee, 1984). Complexities in the operational environment/aircraft systems and 

the sheer volume of information involved in flight requires a high level of crew 

effectiveness in order for safety to be achieved. Whilst pilots are in training, checking 

and recruitment processes ensure high skills and knowledge, yet it has been 

acknowledged that collegiate skills are as necessary as individual skill requirements. 

Jones (1974) explored this phenomenon by observing sporting teams. Those sports 

that relied on the skills and abilites of individual members (e.g., baseball teams) could 

be 90% successful, but in those requiring team coordination (e.g., basketball teams), 

the success rate fell to 35%. 

This phenomenon can be seen in the All Blacks – New Zealand’s national rugby 

team – who credit their success to their working as a team with norms, roles, 

communication, and a clear power structure. Although they have many star players, 

players aren’t picked for their individual brilliance but for how well they fit into the 

team and work towards a common goal. Kerr (2013) referring to successful sporting 

teams found that: “No one is bigger than the team, and individual brilliance does not 

automatically lead to outstanding results” (p. 37). Richie McCaw, who was the All 

Blacks team captain for 100 tests, 88 of which the All Blacks won, defined a mature 

teamwork environment as one which wasn’t just about him as an individual but one 

where everyone was listened to and where there was a culture of dialogue as part of 

the team ethos (Vector, 2016).  
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McCaw explored how lessons learned from leading a successful rugby team could 

be applied to the flight deck (CAA Vector, 2016). Foushee (1984) agreed, remarking 

that like sporting teams, aviation teams also have participants “with a clearly defined 

role structure within a tightly prescribed operating environment” (p. 268). 

Furthermore, like athletes on sports teams, pilots have certain constants, such as task 

characteristics, reward structures, position power and stress levels.  

Foushee (1984) gave the following example of communication failure and lack of 

assertiveness on the flight deck leading to a breakdown in crew co-ordination: 

 

The captain said he had misread his altimeter and thought he was 1000 ft. lower 

than he was. I believe the main factor involved here was my reluctance to correct 

the captain. This captain is very ‘approachable’ and I had no real reason to hold 

back. It is just a bad habit that I think a lot of co-pilots have of double-checking 

everything before we say anything to the captain (p. 1063). 

 

Foushee (1984) gave a further example from a study of simulated flights of B-747 

crews (in Ruffell Smith, 1979). The study allowed the examination of flight crew 

performance in a completely controlled setting and concluded that the majority of 

problems observed were related not to lack of expertise or technical knowledge, but to 

the breakdown of crew coordination (e.g., communication, crew interaction, poor 

leadership and exchange of information). 

Other researchers have examined the relationship between group 

process/interaction and task success (e.g.,  Bales, 1950; Roby & Lanzetta, 1956), and 

deemed that communication and team interaction are probably more important than 
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knowledge in determining successful performance. Foushee and Manos (1981) 

identified several interesting relationships whilst studying CVR data (Ruffell Smith, 

1979). These included the connection between performance and quantity of 

communication, noting that fewer errors were made when more information was 

relayed. 

Another event illustrates the benefit of crews being trained in risk adaptation and 

mitigation. After US Airways Flight 1549 made a successful landing on the Hudson 

River, Captain Sullenberger said that the crew’s technical training had not determined 

the outcome, because there was no training for the emergency they had encountered. 

Rather, it was their “interactive adaptability” that proved crucial (Eisen & Savel, 

2009). 

2.4.1 The history of Crew Resource Management 

A  number of key accidents that have highlighted human fallibility within aviation 

systems have been responsible for giving rise to a major human factors initiative 

known as Crew Resource Management ( CRM). Designed to examine how flight crew 

members work together and defined as “the use of all available resources, – 

information, equipment and people – to achieve safe and efficient flight operation” 

(Lauber, 1984, p. 20), CRM has become a valuable technique for improving aviation 

safety (Klinect, 2006).  

The 1977 Tenerife crash in which a KLM Boeing 747 collided with a Pan 

American 747 on the runway of the fogbound Tenerife Airport was arguably the 

strongest single impetus behind the development of CRM. Investigators concluded 

that miscommunication between ATC and the KLM flight, combined with power 

dynamics within the cockpit that precluded other crew members from preventing the 
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captain of the KLM aircraft from taking off, was critical in creating the preconditions 

for the crash (McCreary, Pollard, Stevenson, & Wilson, 1998).  

Following the Tenerife crash, at the time considered to be the most devastating in 

aviation history, it became clear that HF improvements in how crew members 

communicated with and supported one another were crucial for improving 

commercial airline safety. At this point, HF began to become fully integrated into 

pilot and crew training and operations within commercial airlines. This integration 

was accelerated when, in 1979, NASA hosted a historic workshop to explore crew 

performance issues in aviation. The driving force behind the meeting was HF research 

identifying crew coordination failures contributing to pilot errors (Wiener, 1995), and 

the event marked the first time that crew performance issues in aviation were 

addressed by an official inquiry (Cooper, White, & Lauber, 1980).  

Analysis of accident data confirmed that accidents were less likely to reflect flying 

skills and more likely to reflect failures in non-technical areas of crew performance 

such as leadership, communication, monitoring, and decision-making (Wiener, Kanki, 

& Helmreich, 2010). Thus, how crew communicated and performed together in the 

cockpit became the subject of a new initiative named Cockpit Resource Management 

(CRM). This approach explored the imlications of the number of people in the cockpit 

and stressed the need for co-ordination between them.  Soon after, Cockpit Resource 

Management was renamed Crew Resource Management (CRM), which continued to 

develop over the ensuing six generations. 

2.4.2 First-generation Crew Resource Management 

The first comprehensive cockpit resource management programme was initiated by 

United Airlines in 1981. Modelled on a form of training called the Managerial Grid 
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(Blake & Mouton, 1964), this programme drew heavily on management training 

approaches and predominantly addressed captains’ individual styles, assertiveness 

levels, and authoritarian behaviours. First-generation courses were psychological in 

nature, with a focus on psychological testing and the assessment of leadership 

qualities. Intensive seminars demanded that participants diagnose their own and 

others’ managerial styles. Juniors were expected to speak more assertively and 

captains to be less forceful. Although it was not aviation-focused and relied on games 

and exercises, this programme did lay the foundation for recurrent CRM training.  

These trainings were not always well accepted by pilots, and some called the 

courses “charm schools” (Helmreich, 2001). However, CRM’s contribution to 

increasing aviation safety was evidenced in 1989, when a United aircraft en route to 

Chicago suffered a catastrophic engine disintegration that pierced the fuselage, 

causing significant damage to the hydraulic system. Working with an instructor pilot, 

the CRM-trained crew devised and implemented a plan to gain some degree of control 

over the crippled plane (McKinney, Barker, Davis, & Smith, 2005). The aircraft had 

no functional steering mechanism, but the crew kept the aircraft in flight using engine 

thrust only, managing to limp it back to the airport, where it crashed on the runway. 

Of the 296 people onboard, 185 were saved. The crew’s remarkable achievement was 

attributed to robust teamwork, with CVR recording revealing the crew discussing 

procedures, solutions, and courses of action. 

2.4.3 Second-generation Crew Resource Management 

Following a NASA workshop for the industry in 1986 (Orlady & Foushee, 1987), 

a new generation of CRM courses began to develop. Cockpit Resource Management 

was renamed Crew Resource Management (CRM) to reflect the emphasis on cockpit 
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group dynamics, the training became more modular and more team-oriented in nature. 

Based on a program developed by Delta Airlines (Byrnes & Black, 1993), training 

was conducted in seminars and included such elements as team building, briefing 

strategies and breaking the chain of errors. Although acceptance amongst pilots was 

higher than with the first CRM training, this programme was still not aviation-

specific, and therefore it was dismissed by some as “psycho-babble” (Helmreich, 

2001). 

2.4.4 Third-generation Crew Resource Management 

By the early 1990s, CRM began to be tailored to aviation and to include 

organisational culture within its remit. Now integrated with technical training, CRM 

programmes also began to account for HF factors, and other crew such as cabin crew, 

dispatchers and maintenance workers were gradually included in the training. By 

1991, more than 90% of crew members found “charm school” useful (Kearns, 2016). 

CRM skills were predominantly divided into two areas – those related to cognition 

(e.g., problem solving, task prioritisation, workload management) and those related to 

interpersonal skills (e.g., teamwork, communication, group dynamics, leadership) 

(Kanki, Helmreich, & Anca, 2010). According to ICAO (2002), CRM skills were 

officially defined as: decision making, adaptation or flexibility, mission analysis, 

monitoring and correcting, communication, leadership, assertiveness, SA and 

workload management. 

2.4.5 Fourth-generation Crew Resource Management 

Individual airlines integrating CRM were allowed to develop innovative training 

to fit their specific needs. Led by an FAA initiative called Advanced Qualification 

Program (Birnbach & Longridge, 1993), this accommodation gave airlines the 
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opportunity to create tailored training programmes on the condition that they included 

HF in their trainings. Foushee (1984) identified three elements of good flight deck 

CRM aimed at solving HF problems that fourth-generation CRM demanded. These 

included: 

1. Links between personality/interpersonal leadership styles and input variables 

2. Communication patterns and crew coordination as group process variables 

3. Operational errors, incidents and accidents as outcome variables 

Whilst CRM was beginning to gain acceptance, it was difficult to quantify its effect 

on safety and flight efficiency. In an industry where the overall accident rate is 

relatively low, researchers need to use surrogate criteria, such as incident reporting, to 

evaluate the success of an intervention. Since aviation incident reporting is voluntary, 

it is not an ideal method as it doesn’t capture every incident, and relies on trust in the 

system. However, any kind of data is preferable to no data (Helmreich & Foushee, 

1993). 

Robson, Thorn, Edwards, Goodwin, and Lococo (2001) noted that all accidents 

were avoidable—in retrospect. To avoid accidents, it is necessary to recognise their 

formative stages. Robson et al. (2001) stated that rather than being the weak links in 

the chain who detect and correct deteriorating situations before they become more 

threatening, humans could become the strong links in the system. To do so, pilots 

need to be enabled to maintain and improve performance requiring understanding 

their roles, their capabilities and their limitations. 

Line Oriented Flight Training (LOFT), expounded in 1989 in ICAO circular 217 

AN/132 was seen as another approach to assessing non-technical skills whilst pilots 

underwent a normal line check. Carried out in a flight simulator, LOFT involves 

normal exercises pertaining to line operations, but with a particular emphasis on 
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abnormal situations involving communication, management and leadership 

(Helmreich, Merritt, & Wilhelm, 1999). The introduction of LOFT showed some 

correlation between LOFT training (non-jeopardy) and desired changes in behaviours 

and attitudes – a precurser of reduced errors on the flight deck (Helmreich & Foushee, 

1993). 

Although CRM training appeared to earn a grudging respect and lead to changes in 

crew behaviour, it did not export well. Even in the US, standard programmes were 

less effective than courses designed by airlines specifically for their own needs. 

Attempting to export Western-based CRM programs to other countries was not as 

successful as they proved to be in the founding countries, particularly in countries 

where the national culture was one of high power distance (Hofstede, 1980). For 

example, the national cultures in China and some Latin American countries stress the 

absolute authority of leaders, so in these countries assertiveness – one of the aspects 

of CRM training – may be construed as disrespect. Taking this into consideration, 

fifth-generation CRM was approached from a different perspective.  

2.4.6 Fifth-generation Crew Resource Management 

Because of its many detractors, by the mid-1990s CRM was still not fully accepted 

into the pilot arena, and it was little-known outside of the US and other Western 

countries. As a result, the original CRM principles set out in the NASA workshop of 

1979 were re-examined, resulting in CRM being seen as a tool to reduce pilot error 

rather than one concentrating on non-technical skills per se (Klinect, 2006). 

In order to gain pilot acceptance, fifth-generation CRM was given a new purpose: 

to identify and mitigate against errors, which inevitably occur during all flights 

(Helmreich & Merritt, 2000; Reason, Maurino, Johnston, & Lee, 1995). Underlying 
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the training was the premise that HE is ubiquitous and inevitable and therefore a 

valuable source of information and data. It was determined that if error was 

inevitable, CRM training could therefore be focused on teaching error 

countermeasures (Helmreich, 1997). 

Thus as CRM evolved and became an important part of the training package for all 

crews, trainers began introducing the concept that error-free flight is not possible 

(Helmreich & Merritt, 2000). More emphasis was placed on giving flight crews 

support and guidance on how to prevent errors, but more specifically on how to 

manage errors through effective teamwork (Helmreich, Klinect, & Wilhelm, 2001).  

2.4.7 Sixth-generation Crew Resource Management 

By its sixth generation, CRM was also referred to as Error Management CRM 

(Helmreich & Merritt, 2000). Researchers began to see error management as the key 

to the success of improved performance on the flight deck (Helmreich & Merritt, 

2000; Klinect, 2006; Reason, 1997). It wasn’t enough to examine HE by itself, as 

there would be little point in discussing HE per se if there was no solution. Therefore, 

focus was placed on ways that errors could be discovered, isolated and mitigated by 

flight crews. Since the actions of individual crew members and the crew as a team 

become the focus of many accident investigations, it made sense for error-prevention 

strategies and measurements to be based, at least in part, on the CRM paradigm. 

James Klinect and colleagues at the University of Texas designed a taxonomy to 

identify the error management process and the environmental influences and 

psychological mechanisms involved. They defined three stages: 1) error occurrence 2) 

error diagnosis and 3) error recovery (Rizzo, Bagnara, & Visciola, 1987; Zapf & 

Reason, 1997). 
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Stage one is when the error is committed. It is paramount during this stage to 

acknowledge that everyone makes mistakes and that this is part of being human. In 

the next and most critical stage, either an individual or the team identify that an error 

has been made, describe the error and try to make sense of it. Error detection is the 

basis for human reliability analysis. The third stage is planning and carrying out 

corrective action to mitigate the error to stop the error from leading to other errors or, 

in extreme cases, to the aircraft being in an unsafe condition. 

Error management has been cited as a way forward for accident prevention. 

Maurino (2001) reported that analysis of the behaviour of operational personnel used 

to be the traditional method for assessing the impact of human performance on safety. 

In the past, when an event involved a human failing, the search for where the HE 

occurred was frequently conducted in a “negative” manner. Investigators relied on 

hindsight, and “pilot error” was often cited as the cause of an event, leading to 

termination of personnel. However, according to Maurino (2010, p. 1) “operational 

errors do not reside in the person, but within task and situational factors.” With six-

generation CRM, accident investigation was approached in a pro-active, rather than 

negative way. 

2.4.8 Research into crew performance 

Before sixth-generation CRM, most research and evidence gathering was 

undertaken in simulator environments due to the safety risks inherent in aviation. As 

simulators developed and increased in fidelity, it became possible to conduct 

controlled studies with almost complete confidence that the results generated 

represented real-world outcomes (Lauber & Foushee, 1981). Moreover, the 
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advantages of simulators allowed the testing of dangerous situations that would be 

inadvisable in real life. 

However, as valuable as simulators are in providing insights into operational 

situations, this methodology lacked context and tended to give sterile results with too 

much bias. It was much harder to study group dynamics, as factors that would create 

those dynamics are controlled and manipulated in a simulator exercise. Moreover, 

pilots in simulator participant roles tend to exhibit “angel behaviour” in test 

environments where these are overseen by examiners or researchers. This has the 

effect that inferences made in simulated environments in relation to group 

performance profiles may not match behaviour in naturalistic settings. 

2.5 Threat and Error management (TEM) 

Developers of sixth-generation CRM attempted to resolve the reliance on 

simulators in gathering robust data by looking at flight crew performance within a 

natural context – that is, not a line check, which tends to produce “angel behaviour,” 

but a “‘fly on the wall” scenario in which the flight crew’s normal performance is 

recorded (Ma, 2012). A parallel would be observing the behaviour and performance 

of a car driver on a routine trip rather than during an examination. 

To enable studies to commence, a theoretical foundation was needed. Thus, Threat 

and Error Management (TEM) was developed by the University of Texas Human 

Factors Research Project as one foundation for data collection (Helmreich, Wilhelm, 

Klinect, & Merritt, 2001). The TEM model proposes that threats and errors are part of 

everyday flight operations and that flight crew have to manage these to maintain flight 

safety. The TEM framework was derived from empirically-driven cockpit 

observations focusing on CRM performance and carried out by a University of Texas 
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research team comprised of airline managers, pilots, and aviation subject matter 

experts. This was to eventually form the basis of Line Operations Safety Audit. 

2.5.1 Threats 

“A threat is defined as an event, error, or aircraft state that occurs outside the 

control of the flight crew but still requires their management to maintain safety” 

(Klinect, 2006, p. 59). Examples of threats include environmental complexities, poor 

weather, difficult terrain around airports, and congested airspace. Also included in 

this category are those errors committed by others, such as ATC, maintenance, or 

ground control, which have the potential to compromise flight safety. 

As in error management, the ability to detect and therefore mitigate against threats 

depends on the effectiveness of the pilot or flight crew. Most threats can be 

anticipated; for example, by pilots getting weather reports before flights, receiving 

data from onboard weather radar, or being warned in advance by the ATC of 

oncoming or unexpected storms. Other threats are unexpected; for example, incorrect 

ATC instructions. Whatever the source of a threat, flight crews are the last line of 

defence in maintaining flight safety. 

2.5.2 Errors 

The TEM model is also based on the recognition that even the most competent and 

skilful crew will make errors during the course of their flight. An error is defined as a 

“crew action or inaction that leads to a deviation from crew or organizational 

intentions or expectations” (Klinect, 2006, p. 17). Flight crew errors vary from minor 

deviations, such as not completing a checklist, to more complex matters, like 

forgetting to set the flaps on takeoff. Other examples of errors include using the 

wrong (e.g., inactive) runway, selecting the wrong lever, or misinterpreting an ATC 
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instruction. Whilst some errors are quickly detected and resolved, leading to 

inconsequential outcomes, others go undetected or are mismanaged. An error’s effect 

on safety depends on the potential outcome severity and whether the error is detected 

and managed. Unfortunately, not all errors are managed well, and some can lead to an 

undesired aircraft state (UAS) and, ultimately, may result in accidents. 

“An Undesired Aircraft State occurs when the flight crew places the aircraft in a 

situation of unnecessary risk” (ICAO, 2002, p. 2). For instance, altitude deviation  is 

an example of a UAS that presents unnecessary risk. The UAS is the last stage before 

an accident – for example, an unstable approach where the aircraft is either too fast or 

too high (or both) is an example of a UAS preceded by a number of threats or errors 

that went undiagnosed or unmanaged. Each UAS represents a clear decline in safety 

margins and if not remedied will become an accident statistic (UAS model is shown 

in Fig 2.3). 
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Figure 2.3 Threat and error management model (ICAO, 2002, p. 2-2) 

2.6 Crew Resource Management integration into Single-Pilot Operations 

Initially, CRM training was delivered in the form of a seminar, but it is now fully 

seamless and integrated with all line and training events. Within some airlines, CRM 

training is evaluated in the classroom with exercises and lectures involving both flight 

crew and cabin crew participating in realistic line-oriented scenarios. CRM skills are 

assessed in flight simulators using behavioural markers (Mavin & Murray, 2010). The 

CRM paradigm is now accepted as a required set of skills that all pilots need, together 

with handing skills, flying on instruments, and weather radar operations (Comerford 

et al., 2013). CRM appears to be effective in improving the interpersonal cockpit 

environment, and CRM training has become mandatory within commercial aviation.  
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As CRM evolved for MCO, researchers began to consider the applicability of the 

paradigm for SPO. An area of the industry often piloted by the least experienced 

pilots, SPO face some of the highest risks and are most susceptible to accidents. As 

the industry recognised this shortfall, Kearns (2011) proposed the need for CRM 

concepts to be taught to SPO. 

This thesis recognises the need for CRM and HF concepts to be made transferrable 

and utilised in the SPO environment in an effort to reduce the accident rate in this 

category of aviation.  

2.6.1 Single-pilot Operations (SPO) 

As CRM is dependent on cross-talk between pilots, it might appear unlikely that 

CRM could be applied to SPO. However, SPO pilots must communicate with other 

professionals, including ATC, ground school, and other crew, such as emergency 

medical teams, for example. CRM calls for the use of all available resources,, 

including both those internal and external to the aircraft (e.g., dispatch, ATC, NWS, 

flight automation). Therefore, Comerford et al. (2013) argued that CRM could apply 

to SPOs. 

Within SPO, CRM concepts can be split into two main areas of pilot duties and 

responsibilities: those that involve technology in a general area of machine interface 

tasks (e.g., flight control, navigation, planning) and cognitive and interpersonal/ 

cognitive functions (e.g., decision making, communication, monitoring). Together, 

these characteristics could be added to the diagram above as a final box entitled Pilot 

Duties, Responsibilities and Tasks. In this way, SPO could retain the safety benefits 

derived from CRM whilst using CRM concepts to define the duties and 

responsibilities that apply to SPO. It is important to remember and accept that there is 
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still a team involved in an SPO operation. All team members must be aware of their 

responsibilities to the pilot and within the SPO team. The pilot is then tasked with 

adequately coordinating with all available resources to produce decisions that are 

comparably sound to those made in multi-crew environments in order to function at 

an equally high level of performance and safety. 

2.6.2 TEM for SPO 

Threat and error management is a relatively new development in the CRM suite of 

skills, but it is proving to work well operationally. Aviation is an environment filled 

with threats, and SPO are not exempt from these. Threat management in SPO, as in 

the rest of aviation, aims to identify the potential threats to an operation and to 

manage them so that they do not impact negatively on the flight. Equally, errors are 

likely in any environment, but single pilots lack the support of another crew member 

in the cockpit to spot and help mitigate against errors. Although commonality can be 

found between single-pilot and multi-crew operators, the threats and errors will be 

different in each of these contexts, and therefore different threat and error 

management strategies need to be adopted. 

There is little research on the applicability of CRM or TEM to SPO, yet ICAO 

mandated TEM in pilot licensing standards in 2007 (ICAO, 2007). Regulators in NZ 

and in Australia followed the lead of ICAO, and in 2007 the Guild of Air Pilot and 

Air Navigators (GAPAN), now the Honourary Company of Air Pilots, conducted a 

series of training courses followed by two surveys in order to provide guidance to 

smaller operators. Following these courses, a post-training survey found that 23% of 

participants had no prior knowledge of TEM but believed that it would improve 
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safety. The challenges of implementation were identified as lack of spare time and a 

resistance to change (ATSB, 2009). 

In order to meet the ICAO requirements, CASA produced an advisory publication 

for teaching and assessing Single Pilot Human Factors and TEM (CASA, CAAP, 

5,59-1). Similar guidance appeared in New Zealand, including articles published in 

the regulator Vector Magazine (CAA Vector, 2010). Other operators looked to 

implement a form of TEM that included helicopters and gliding fraternities. The 

European Helicopter Safety Implementation Team (EHSIT, 2010) developed a 

training leaflet for helicopter TEM following a recommendation after an analysis of 

certain accidents, and Gatling (2010, p. 17) produced a resource on threat and error 

management for Gliding NZ membership. 

However, four years after CASA mandated TEM training in general aviation, a 

survey conducted by Lee, Bates, Murray, and Martin (2016) had disappointing results. 

Contrary to the results of the survey conducted following the GAPAN training, in 

which 90% of participants thought TEM would improve safety, only 50% of the 2011 

survey pilots thought that the introduction of TEM had reduced incidents or accidents. 

Furthermore, there was variation in the adoption of TEM principles and differing 

opinions as to its effectiveness (Lee et al., 2016). This finding is unsurprising 

considering that, amongst the pilots surveyed, there is confusion as to the course 

content, and considerable variability in guidance, support demonstrated by 

management and time devoted to training and understanding the concept of TEM. 

Pilots in the second survey often raised questions about where they should 

concentrate their efforts and how their efforts would be demonstrated. There is one 

methodology that provides answers to these questions: LOSA. TEM forms the 

framework for LOSA and involves observing how flight crew identify and mitigate 
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against threats and errors during normal flights. The LOSA methodology developed 

out of a need to determine how threats and errors are managed during flights and how 

well CRM training translates into line operations. This required collecting field data, 

which in turn required a theoretical framework that couched error management 

performance in relation to its operating environment. 

Because it was developed for MCO, it was unclear whether LOSA methodology 

could be adapted for SPO due to the data stream that comes from cross-talk between 

flight crew. However, if it could be adapted in some way, it may result in the 

improvement of pilot performance and a decrease in accidents amongst SPO. 

Translating this framework to the SPO context was the foundation of this thesis. 

2.7 LOSA overview 

Originally conceived as a data collection measure for LOSA, TEM has become 

widely recognised and accepted within the airline industry, with ICAO adopting it as 

the gold standard for flight safety. ICAO produced a human factors training manual 

based on TEM performance (ICAO, 2002) and a LOSA guide (ICAO, 2002). By 

using this system of threat and error management as a framework, LOSA 

concentrated on collecting data from normal operations, thus providing insights into 

why events occur and how threats and errors are handled in every phase of flight, 

regardless of outcome. 

Prior to LOSA, airlines would seek to determine the causes of accidents and ways 

of preventing them by collecting and processing performance data from accidents and 

incidents. As this data was airline sensitive, the resulting reports would not be shared. 

However, in an attempt to achieve greater safety, contemporary airlines are much 

more agreeable to sharing data in an effort to collaborate. For example, by looking for 
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repeating trends and similarities between accidents in order to prevent similar events 

happening in the future.  

Collecting safety data, however inclusive, still constitutes a reactive approach to 

accident prevention. As accidents are rare events in commercial aviation, it is difficult 

to draw firm conclusions based on data. Sometimes the crew are deceased, and 

therefore unable to give context to an investigation. Whilst it may be easy to blame 

the pilot in order to entice the flying public back to an airline, the perception of an 

accident in retrospect may not be accurate (Michaelides-Mateou & Mateou, 2016). 

2.7.1 Incident data 

Reports of errors and incidents can provide a rich source of information and 

perhaps be viewed as “free lessons” in accident prevention. A reporting system can 

only work, however, if the crew are not punished for contributing to an incident or for 

reporting any flight crew errors (Dekker, 2009). Near misses may provide airlines 

with opportunities to identify weaknesses in their defences. Conversely, identifying 

and recognising good crew performance affords good learning resources. 

Mandatory incident reporting is typically applied to aircraft malfunctions rather 

than HF issues (Wells, 2001). An example would be a loss of separation between 

aircraft activating a traffic collision avoidance system (TCAS), resulting in the crew 

having to take evasive action. Mandatory reporting systems require pilots to complete 

comprehensive reports, including full and descriptive accounts of incidents. The 

quality of such reports is not always high due to the possible threat of disciplinary 

action. Far more effective are voluntary or anonymous reporting systems, which are 

more capable of capturing accurate data, including human performance data and 

accounts of failures that airlines can learn valuable lessons from (Wells, 2001). 
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Within an airline, what Dekker (2012) calls a “Just Culture” (JC) must be in place 

for a voluntary system to be effective, meaning that it is transparent and trustworthy. 

Although JC (Dekker, 2012) has been adopted by most airlines and by ICAO as best 

practice, anecdotally airlines only pay it lip service. JC is designed to encourage pilots 

(or employees) to report genuine errors in an attempt to identify trends and to ensure 

that other parties don’t repeat any identified errors. Traditionally called a “no blame” 

system, the term was subsequently changed when it became apparent that the system 

should not support negligence or deliberate acts without punishment. Dekker argued 

that by allowing for transparency in an atmosphere of trust would empower pilots to 

speak up and admit to HE (Dekker, 2012). Embedded within a company’s safety 

culture, a JC refers to a way of safety thinking promoting personal accountability and 

corporate self-regulation (GAIN, 2004, Fig. 2.4). Pilots who trust their airline 

employers will report more so that more information can be gleaned than in normal 

reporting or risk assessment programs. 

According to Dekker (2012), there are three kinds of behaviour associated with a 

JC (1)  Human error - a genuine error that anyone could make and which allows 

airlines learn from gaps in the system, (2) At-risk behaviour - errors that are made 

genuinely but that are due to lack of knowledge or expertise – crew here can be 

coached and trained into more effective performance, and (3) Reckless Behaviour - 

negligent behaviour which is punishable. In exchange for confidentiality and 

protection against punitive action, pilots are encouraged to report near misses, events, 

and hazards. 
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Figure 2.4 An organisation’s cultural dimensions (Reason, 1997) 

 

Persons outside of an airline crew can also report errors and incidents through an 

anonymous reporting system, which is in place in many countries. Among these, the 

best-known is the Aviation Safety Reporting System (ASRS), managed by NASA. 

Others include the UK Confidential Human Factors Incident Reporting System, the 

Confidential HF Incident Reporting Programme in Canada and Report Confidentially 

(in Australia). Pilots may feel able to report incidents through these reporting systems. 

A joint system between airlines, regulator and pilot unions such as the ASAP in the 

USA enable pilots to report events, close calls, or hazards (including organisational 

concerns) in exchange for confidentiality and protection against disciplinary action. 

Incidents and details on HF issues that have contributed to an event are more readily 

reported through these systems than through mandatory reporting systems (Harper & 

Helmreich, 2003). 
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2.7.2 Normal operations data 

A number of avenues exist for collecting normal operations data – that is, data 

collected from flights that do not result in incidents or accidents. The principal 

sources for this data are quick access recorders (QAR) and line checks. QARs are 

digital devices that gather data from flights. Measurements such as flight parameters, 

altitude and heading are all recorded by sensors located throughout an aircraft. Unlike 

CVRs, which only record information from the last two hours of a flight on a 

continuous loop, a QAR records every second of the flight, thus producing a large 

amount of data. However, the information is limited, as the QAR only records facts, 

so it does not offer access to context or flight crew performance variables to give 

meaning to the data. 

Another source of data line checks are annual cockpit evaluations to assess flight 

crew competence. Implications of a failed flight test can be significant, with flight 

crew having to undergo further training or even losing their licences. Thus, during a 

line check flight crew may display “angel performance,” which differs from their 

performance during normal flight. Therefore, information gathered from line checks 

may be a poor measurement of safety risk. Where line checks can uncover proficiency 

weaknesses or non-adherence to SOP, they are less able to give a snapshot in time of 

a normal operation. Much as car drivers will drive “according to the book” to pass 

tests, they will act differently during routine drives with friends. As a result, many 

industry bodies believed that a better safety initiative lay not in traditional accident 

statistics methodology but in methods enabling airlines to improve their search for 

system safety vulnerabilities in normal flight operations (Helmreich et al., 1997). 
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2.7.3 Origins of LOSA 

For many years airlines relied on accident and incident investigation reports to 

further their understanding of safety and performance. Whilst incident and accident 

investigations are undoubtedly valuable tools and have a clear role to play in accident 

investigation, they often only capture dramatic and rare events reflecting just the tip 

of the iceberg of unsafe behaviours. Though incidents (as opposed to accidents) will 

signal weaknesses within a system before it breaks down, incident reporting is often 

not well handled. 

LOSA began with CRM and TEM, based on the premise that traditional methods 

of auditing flight crews did not necessarily reflect the true nature of crew 

performance. Accordingly, LOSA was developed as a means of monitoring and 

diagnosing normal operations as a basis for developing proactive safety interventions. 

LOSA originated from what is generally considered seminal work on how to assess 

behavioural markers, which at that time was referred to as Line/LOS Checklist, a 

behavioural-based checklist for CRM skills assessment (Flin & Martin, 2001). 

Developed through in-depth analysis of incidents and accidents that had HF origins 

and relying on extensive psychological research, the Checklist invoked ratings for 

four distinct phases of flight – pre-flight/taxi, departure, en route, and arrival – within 

six categories of behaviour: “team management and crew communications, SA, 

decision making, automation management, special situations, technical proficiency, 

and overall observations.” (Flin & Martin, 2001, p. 97). These behavioural markers 

were developed further by the University of Texas Human Factors Research Program 

(UTHFRP) and became the forerunner of LOSA programmes. These programmes are 

now widely adopted across the industry as a means of assessing crew performance 

during the conduct of line operations under normal conditions. 
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2.7.4 A history of LOSA 

The forerunner to LOSA was established in 1994 at the request of Delta Airlines. 

After developing a new CRM course, airline management was interested in learning 

whether what was taught in training transferred to line operations. Up until this point, 

the only evaluations of pilot performance were regular line checks, through which 

line-training captains assessed the competency of line pilots. Whilst good at detecting 

proficiency issues, these checks did not provide realistic reflections of CRM 

performance, because aircrew tended to change their behaviours when undergoing 

assessments. This prompted a collaborative partnership between Delta and UTHERP 

to develop a method of measuring the efficacy of CRM training. 

Within three months, a team of observers had completed 400 jump seat 

observational flights on normal operations, with each observation resulting in written 

narrative and behavioural performance marker ratings (Helmreich, Butler, Taggart, & 

Wilhelm, 1994). The markers included leadership, communication, workload 

management, and monitoring/cross-checking actions. The narrative reports essentially 

consisted of what Geertz (1973) called “thick description,” providing operational 

context, notes on crew performance, and outcomes for each observation. Together 

these sources offered a complete picture of CRM strengths and weaknesses within a 

line operational environment. This marked a paradigm shift for UTHFRP 

professionals, who realised that their work could also capture system and human error 

performance. This in turn stimulated the development of the TEM framework and the 

coining of the term “line operations safety audit,” or LOSA (Helmreich, Klinect, & 

Wilhelm, 1999). 

February 1996 saw the first LOSA measuring TEM performance in a collaboration 

between Continental Airlines and the University of Texas. Data were collected, 
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analysed and presented, and solutions were designed and implemented. The 

collaboration led to the development of an error-management training course for 

every pilot at Continental Airlines. 

Since 1996, LOSA has been developed and refined, with major international 

airlines becoming involved by forming a collaborative partnership with UTHFRP 

(Klinect, 2006). A follow-up LOSA was commenced in 2000, and a further one in 

2004. Continental Airlines used the targeted observation form developed by the 

UTHFRP, recording general flight information, crew comments, and crew 

performance in detecting and managing threats and errors during various phases of 

the flight. The raw data were scanned by a team of departmental and pilot 

representatives for accuracy, and statistical analysis was completed by the University 

of Texas. The UTHFRP-Continental Airlines collaboration showed not only that 

pilots accepted the TEM principle but also that the airline showed a significant 

improvement in the areas of checklist usage and improved overall crew performance 

(Klinect, 2006). 

The value of LOSA was not just that it offered a diagnostic snapshot of operational 

performance but also that it allowed Continental to benchmark the effectiveness of 

their organisational safety changes. The results of the collaboration led Continental’s 

Manager of Human Factors Training Captain Don Gunther to hail LOSA as a success. 

He claimed that Continental Airlines had provided a “proof of concept” of the 

applicability of LOSA, transforming it from a research tool to an industry-ready 

safety tool (Gunther, 2002, p. 33). Gunther expanded by stating that Continental had 

seen tremendous improvement in checklists and the standardisation of procedures 

since implementing LOSA. Most importantly, he said, they had learned what “good 

crews” do and been able to pass that information on. 
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The Continental LOSA success story was quickly recognised by ICAO, with the 

result that LOSA became a central focus of the Flight Safety and Human Factors 

Program (Klinect et al., 2003). ICAO also introduced a standard of making TEM 

training mandatory for airline flight crews engaged in international operations 

(Merritt & Klinect, 2006).  TEM-based LOSA is now considered best practice for 

normal operations,  monitoring, and aviation safety by ICAO, the Federal Aviation 

Authority (FAA), and the US CAA. Don Gunther saw the ICAO guideline (9803) as 

the “bible of LOSA,” since it gave airlines the ability to compare LOSA data with 

other airlines, thus making it possible for them to identify issues and remedies to 

rectify them (Flight Safety Digest, 2005, p. 1). 

Another example  of a LOSA was conducted with EVE air and UNI Air during 

July/August 2001. Both airlines found a difference between their own threat and error 

counts and those of a typical LOSA over a specific Southeast Asian theatre of 

operations. This demonstrated to them the uniqueness of that certain area and the 

training and procedures necessary to reduce threats (Harris, 2003). 

2.7.5 LOSA methodology 

LOSA is a formal process requiring expert and trained observers to ride in the 

jump seat during regularly scheduled flights in order to collect safety-related data on 

environmental conditions, operational complexity, and flight crew performance. “It 

provides a diagnostic snapshot of strengths and weaknesses that an airline can use to 

bolster its safety margins and prevent their degradation” (Helmreich, 2006, p. 31). 

LOSA uses a targeted observation instrument based on the TEM framework’s 

conceptual combination of flight crew performance and stages of error management. 

LOSA is based on the assumption that threats and errors are everyday occurrences 
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which flight crews have to manage to maintain flight safety. The TEM framework is 

empirically derived from cockpit observations that predate LOSA, mostly focusing on 

CRM performance, and thus it provides a common frame of reference and 

terminology for understanding flight crew performance during normal operations,  

and thus the primary measure for LOSA. 

By using the TEM conceptual framework, LOSA focuses simultaneously on the 

operating environment and the humans working within it. Merritt and Klinect (2006, 

p. 4) explained that “because the framework captures performance in its ‘natural’ or 

normal operating context, the resulting description is realistic, dynamic and holistic.” 

As the TEM taxonomy can also quantify specifics and effectiveness of performance, 

the results are also highly diagnostic (Merritt & Klinect, 2006). A diagram of the 

TEM model used as the primary measure for LOSA appears in Chapter 3 (fig 3.1). 

The LOSA methodology incorporates these ten operational characteristics, which 

are viewed as critical for successful implementation (Helmreich, 2001). 

1. Jump seat observations during normal flight operations 

2. Joint management/pilot sponsorship 

3. Voluntary crew participation 

4. De-identified, confidential, and safety-minded data collection 

5. Use of a targeted observation instrument 

6. Trusted, trained, and calibrated observers 

7. Trusted data collection site for the gathering, analysis, and storing of data 

8. Data verification roundtables to promote coding reliability and consistency 

9. Data-derived targets for enhancement through analysing and prioritizing trends 

for attention 

10. Feedback of results to line pilots 
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2.7.6 LOSA data collection 

Perhaps the most important requirement for achieving a robust LOSA study is 

trust. This can be fostered through the full support of management, a meaningful JC 

principle, confidentiality and anonymity of results, and feedback to pilots. Where 

pilots do not trust the process, the data obtained will be meaningless and “nothing 

more than an elaborate line-check” (Klinect, 2006, p. 54). 

Observer training is paramount to achieving good results with LOSA. Observers 

are carefully selected, subjected to robust training, and sent into the field for a trial 

observation before recalibration. Not all observers will qualify to complete actual 

LOSA studies. Data collected using the LOSA data collection tools are: 1) 

demographic 2) narrative 3) CRM behavioural markers and 4) TEM measures. These 

measures have been and will be further elaborated on in this thesis. 

The narrative aspect of LOSA studies is slightly more complicated than the other 

forms of data collection and relies on the strength of the observer to record that which 

is necessary and omit that which is not. The narrative has four flight phases: 1) pre-

departure/taxi 2) take-off/climb 3) cruise and 4) descent/approach/landing. Just as 

crucial is an overall narrative that tells a story of the flight, providing an opportunity 

for consideration of the observer’s impressions and interpretations of performance 

(Klinect, 2006). It has been found that observers need to be conversant with the 

aircraft type, knowledgeable of company SOPs, and not too senior in rank in order to 

effectively record narrative data for LOSA.   

2.7.7 LOSA data quality concerns 

Possibly the most important data quality concerns relate to reliability, accurate 

coding schemes, and observer reactivity. Of these, possibly the most important is 
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reactivity, which is when pilots change their behaviour due to an awareness of the 

observer in the cockpit.  Known as the Hawthorne effect (explained in 2.1.1), LOSA 

practitioners have developed methods and procedures with this in mind and have 

striven to minimise observer bias. 

2.7.8 Regional airline LOSA 

LOSA has been adapted for and used successfully with regional airlines. In 2006, 

Mount Cook Airlines was the first in New Zealand to use the LOSA framework. 

Supported by their sister airline, Air New Zealand, and using expertise from a series 

of their own LOSA observations, Mount Cook Airlines provided the methodology to 

adapt LOSA to the regional scenario (Earl, Murray, & Bates, 2011). 

In January 2007, regional airlines in Australia expressed a desire to implement 

LOSA into a regionally operating airline – Regional Express (REX). The REX report 

provided a diagnostic snapshot of normal flying operations (ATSB Transport Safety 

Report, 2007). With analysis of the LOSA data and feedback to the airline, REX 

management introduced several programs to reduce observed errors, which they 

intended to embed within REX flight operations culture (Eames-Brown, 2007). 

2.8 Adapting LOSA to other areas 

As LOSA became known as a means of improving performance and reducing 

accidents, other players in the transport environment began to adapt the LOSA 

methodology to their own fields. 

2.8.1 Confidential observations of rail safety (CORS) 

The Confidential Observations of Rail Safety (CORS) programme used by 

Queensland Rail in Australia was developed based on the realisation that there were 
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many similarities in the challenges faced by the rail industry and those present in 

aviation (McDonald, Garrigan, & Kanse, 2012). LOSA was identified as an HF 

approach that could be transferred from aviation to the rail environment. The rail 

adaptation of LOSA, CORS, was so named “to highlight the confidential nature of the 

observations and to differentiate these from other existing monitoring or audit 

programs in place within the organisation” (McDonald et al., 2012, p. 180). Like 

LOSA, CORS is based on the TEM conceptual framework. The same ten critical 

operational characteristics of the LOSA programme mandated by the University of 

Texas (Helmreich et al., 2001) exist within CORS but have been modified to reflect 

the rail environment in the following ways (McDonald et al., 2012): 

 LOSA’s jump-seat observations of pilots during normal flight operations 

became CORS’ observations of drivers who are on normal timetabled train 

services, with drivers fulfilling their normal rostered duties. 

 LOSA’s joint management/pilot sponsorship became a CORS steering 

committee with joint management and union involvement. 

 LOSA’s de-identified, confidential, and safety-minded data collection as 

enacted by CORS means that no identifying information – such as names, 

train numbers, or dates of observation – is recorded on worksheets. 

 The targeted observation instrument used with LOSA became observation 

materials based on the TEM model and specially designed by HF experts and 

driver representatives for the rail environment. 

 The trusted, trained, and calibrated observers, who with LOSA are pilots, in 

CORS are peer train drivers trained in skills conduct observations. 

 For the Australian CORS program, the trusted data collection site is the 

University of Queensland, where observation worksheets and signed informed 

consent forms are sent for data entry and storage, with noone in the rail 

organisation having access to individual observation paperwork. 
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The design of CORS observation materials is similar to the design of LOSA 

materials, with a focus on threats and errors, but CORS code lists are adjusted to 

register the specific types of threats and errors found in the rail environment. The lists 

were developed based on information from task analyses, accident and incident 

investigations, focus groups of driver trainers and senior train crew, and a trial phase 

of observations during observer training. Only items that might have an impact on 

operational or passenger safety – and no items primarily related to service efficiency 

or comfort – were included in threat and error lists (McDonald et al., 2012). 

Initial CORS results displayed a range similar to rates recorded for several airlines 

using LOSA. Table 2.1 is from McDonald et al. (2012), who used LOSA results 

reported by Klinect et al. (1999) to compare LOSA data for three airlines with 

preliminary CORS data. About 80% of the CORS observed threats were managed 

effectively (McDonald et al., 2012).  

 

 

Table 2.1 A Comparison of LOSA (Klinect et al., 1999) and CORS Data 

____________________________________________________________________ 

 Threats    Airline    CORS 

& Errors    A   B    C 

_____________________________________________________________________ 

Threats per segment/journey  3.3  2.5  0.4  4.6 

Errors per segment/journey  0.9  1.9  2.5  1.6 

_____________________________________________________________________ 
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Results of CORS observations will be combined with results of the National Rail 

Resource Management project to develop rail-specific behavioural markers for use in 

training and assessment. CORS results may also be used to help identify future 

directions for training and awareness, to promote organisational improvements, and to 

aid in the development of TEM training as part of the existing HF training programme 

for rail (McDonald et al., 2012). 

2.8.2 Normal operations safety survey (NOSS) 

In early 2000, ICAO created a study group of operational ATC personnel and HF 

experts to develop a method modelled on LOSA for monitoring normal operations in 

the ATC environment (Eurocontrol, 2013a). The result was the Normal Operations 

Safety Survey (NOSS). In conjunction with the University of Texas, field trials of 

NOSS were conducted by four ATC-providing organisations that had adopted NOSS: 

Air-services Australia, Airways New Zealand, NAV CANADA and the US FAA 

(Henry, 2008). 

Like LOSA, NOSS is based on the TEM conceptual framework, but while LOSA 

is used to collect data during normal flight operations, NOSS is used to collect data 

during normal ATC operations (Henry, 2008). Normal ATC operation is defined as 

“an operation during the course of which no accident, incident or event takes place 

that requires reporting and/or investigation under existing legislation or regulations” 

(Patterson, 2007, p. 9). Thus, like LOSA, NOSS is a tool to assist organisations in 

detecting everyday threats, in this case threats to ATC operations. 

The NOSS methodology is used to detect patterns or increased frequencies of 

events in normal operations that may signal safety-related issues. Observers are 

experienced air traffic controllers who are specially trained in the NOSS 
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methodology. These individuals make their “over the shoulder” observations of other 

air traffic control personnel as they are doing their routine jobs (Patterson, 2007). 

NOSS is used to identify areas of system strengths and weaknesses rather than to 

evaluate particular individuals. Observers look for threats, errors, and undesired states 

specific to the organisation’s operational context whilst evaluating how effectively the 

air traffic controllers manage them. The resulting data may be used to help the 

organisation implement changes to its operational processes for the sake of increasing 

safety (Patterson, 2007). 

NOSS is characterised by ten operating attributes that emulate LOSA’s central 

operating characteristics. One difference between the two is that observations of air 

traffic controllers are made as unobtrusively as possible (over the shoulder) instead of 

from an aircraft’s jump seat. Support of NOSS comes, not only from the LOSA 

collaborative, but also from ATC management and the Air Traffic Controllers’ 

Association. The observation instrument is also specific to ATC operations, though 

like the LOSA instrument it is based on the TEM conceptual framework (Eurocontrol, 

2013a). 

Strong efforts are made with NOSS to minimise reactivity and ensure that 

controllers display normal performance instead of an artificially constructed “angel” 

performance when knowingly being evaluated. These efforts include trying to ensure 

that observations are not intrusive and that they are not evaluative in nature, as a 

training or proficiency check would be. Making controller participation wholly 

voluntary and ensuring that controllers understand that data are de-identified, 

confidential, and non-punitive and that all data are kept in a trusted repository also 

helps to minimise reactivity (Henry, 2008). 
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The first operational trials of the NOSS methodology occurred in 2005 as part of 

the efforts of the ICAO NOSS study group. The trials were completed at the ATC 

facilities in Australia and New Zealand for Air-services Australia and Airways New 

Zealand, respectively. The first trial took place in Brisbane, Australia, to determine 

whether the NOSS concept was possible within the air traffic management 

environment and to evaluate the suitability of the NOSS methodology that had so far 

been developed by the study group. The trial included a) communication and staff 

education b) observer training c) data collection and d) data cleaning. Over a 2-week 

period, five observers made 52 observations of between 1 and 1.5 hours in length on 

ATC operations in 14 stand-alone sectors on Australian’s east coast (Knauer, Fallow, 

& Ruitenberg, 2005). 

Analysis of the information collected in this trial validated recent incident report 

and investigation findings by showing that causal factors in incidents often 

corresponded with errors observed using NOSS. The trial also resulted in the airlines 

recognising the benefits of introducing new checklists for such actions as the 

handover of positions.  Observers also benefited from witnessing good practices that 

they took back to their own controller group to increase skill sets (Knauer et al., 

2005). 

The second trial was conducted in Christchurch, Auckland, and Wellington, New 

Zealand. A total of 63 observations were made over a 2.5-week period. Observations 

were made on terminal sectors with teams of two and three, area radar sectors with a 

single controller, and international towers with two to three staff. Results of the trial 

for Airways New Zealand concluded that the greatest proportion of threats were 

airborne threats, such as radio/telephony communication, similar callsigns, and 

unusual traffic patterns.. Threats that were most frequently mismanaged were those 
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that arose from other controllers (e.g., ATC or ground operators), resulting in 

incomplete or incorrect coordination between sectors. There was also a relatively high 

number of incomplete briefings when controllers were being relieved. It was found 

that the few mismanaged equipment or automation errors tended to be 

inconsequential. These findings revealed that it was important for Airways New 

Zealand to partner with airspace users and that both parties should combine findings 

from NOSS and LOSA to form a joint framework for improving both ATC and flight 

operations (Knauer et al., 2005). 

2.8.3 Ground operations safety audits (GOSA, ROSA, R-LOSA, M-LOSA) 

Other observational studies based on LOSA methodology were beginning to 

emerge examining operations on the ground, on the ramp and in maintenance. One of 

these was the ground operational safety audit (GOSA), an innovation of Australia’s 

Qantas Airline in which the LOSA methodology was applied to the ramp environment 

(Ma, Pedigo, Blackwell, Gildea, Holcomb, Hackworth, & Giles., 2011). In the GOSA 

programme, each observation spans one turnaround during normal operations. A 

turnaround is divided into four phases (1) preparation (2) unloading (3) loading and 

(4) departure. Overall programme objectives are to (a) detect operational 

vulnerabilities to human risk (b) analyse causes of any performance limitations that 

are found (c) develop appropriate improvement strategies and d) monitor the success 

of interventions (Raggett, 2006). 

The GOSA initiative has enabled Qantas to obtain data on several ramp-

management issues, including operational strengths/weaknesses, training 

effectiveness, procedural quality, resource allocation, and interface problems (Ma et 

al., 2011). The programme has also enabled many post-audit procedural changes to 
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facilitate ramp efficiency and staff engagement and helped to facilitate more effective 

interfaces with external ramp providers (Ma et al., 2011). 

In 2007, Continental Air established a similar ramp LOSA (R-LOSA) programme 

to improve ground safety performance and reduce ground damage at aerodromes as 

part of its safety management system. Two ground stations were compared, one that 

implemented R-LOSA (Station 1) and one that did not (Station 2). “Ground safety 

performance was assessed using three measures (1) ground damage mishaps (total 

number of occurrences), (2) ground damage mishaps (mishap rate per 10,000 

departures), and (3) cost of ground damage mishaps (Ma et al., 2011, p. 5). Results of 

this comparison indicated that safety improvements were greater in Station 1. Whilst 

the number of mishaps for both stations dropped between 2006 and 2009, reductions 

for Station 1 were larger. The improvement in mishap rate per 10,000 departures was 

also greater for the Station 1. However, whilst the cost of ground damage decreased at 

both stations between 2006 and 2009, the cost of human-attributable mishaps at 

Station 1 surprisingly increased “very slightly” in 2008 (Ma et al., 2011). 

Delta Airlines devised their own ramp operations safety audit programme (ROSA), 

also modelled on LOSA which is considered to be a key component of Delta’s safety 

management. Information gathered through the ROSA program helped the airline to 

address ramp problems and to develop goals and objectives (Ma et al., 2011). An 

important result of the programme concerned data gathered by ROSA about serious 

problems resulting from clearance lines at the aerodrome in Atlanta, Georgia, which 

had needed repainting for some time. The Airport Authority had ignored several 

requests to have the lines repainted. When the Airport Authority was provided with 

the ROSA data, managers became convinced of the seriousness of the matter and had 



Chapter 2: The Emergence of CRM & LOSA  

 
106 

the lines repainted, resulting in a reduction in ground equipment damage related to 

parking violations and a reduction in foreign object damage. 

Over the same time period, Continental Airlines established a LOSA-based 

maintenance audit programme (M-LOSA). As a result of the M-LOSA programme, 

numerous changes in deactivation and reactivation procedures were made. Due to 

these changes, “threats have been reduced tremendously” (Ma et al., 2011, p. 6). A 

notable successful result of M-LOSA findings was that inefficiencies in a procedure 

for Boeing 767 leading edge device deactivation and reactivation were identified. 

Instructions for performing this procedure formerly took up 37 pages in the 

maintenance manual, and the procedure itself took 3 hours to perform. Rewriting the 

procedure by eliminating unnecessary steps allowed the time needed to perform the 

procedure to be reduced to 30-45 minutes. This also helped to standardise the 

procedure to avoid shift-change problems during deactivation and reactivation. The 

new procedures were subsequently adopted for the company’s entire fleet (Ma, 2012). 

2.8.4 Operations safety audit for military operations (MOSA) 

Another extension of the LOSA methodology are operations safety audits for 

military operations, or MOSA (Burdekin, 2002). The US Air Force Safety Center 

(n.d.) reported that LOSA were being administered in some mobility Air Force 

mission design series communities. Therefore, they concluded that all mission design 

communities should make use of the methodology, including Combat Air Forces/Air 

Combat Command aircraft and remotely piloted aircraft. The Center also 

recommended that LOSA-type safety programmes should be used to good effect for 

Air Force airfield operations, maintenance operations, and dispatch (US Air Force 

Safety Center, n.d.). 
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2.8.5 Other extensions of LOSA 

Because of its emphasis on CRM and safe practices, LOSA could be extended to 

other industries where safety is paramount and where individual and team work must 

be effective and efficient in order to ensure safety, particularly in HROs. The LOSA 

methodology has also been used by the offshore oil industry to inform the 

development of an assessment guide for f’itness to operate safely’ criteria (Griffin, 

Hodkiewicz, Dunster, Kanse, Parkes, Finnerty, Cordery, & Unsworth, 2014). LOSA 

and the work of the UTHFRP have been cited as spurring interest in behavioural 

markers for industries such as nuclear power plants, which require high levels of 

safety and of individual and team performance (Klampfer et al., 2001). 

Work on several other extensions of LOSA has been conducted, including 

investigations into the possible extension of the LOSA methodology to medical 

operating theatres. Helmreich (2000) reported on work done by the LOSA project 

team at the University of Texas in observing and surveying operating room staff. 

Helmreich (2000) noted that survey results indicated that pilots and doctors had 

common interpersonal problem areas and similarities in professional culture and that 

in extending LOSA methodology to the operating theatre environment, “aviation 

experience should be used as a template for developing data driven actions reflecting 

the unique situation of each organisation” (p. 274). 

Currently, the author has been approached to look at the possibility of developing 

an adapted, field-specific observational methodology similar to LOSA in 

collaboration with an emergency service provider in NZ.  Other exploratory work 

with health care is suggested to consider ways of reducing errors and improving 

performance.in the sector by using a similar, adapted LOSA methodology. 
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A more recent addition to the LOSA methodology is Normal Operations 

Monitoring (NOM), a project designed by Louise Raggett for her PhD research at the 

University of New South Wales. Raggett asserted that whilst LOSA provided a 

baseline of Human Performance for Ground Handling Operations through an audit 

method, it required a new model for interpreting the data (Raggett, 2015). She also 

took into consideration criticisms of the error counting used by LOSA (Amalberti, 

2001; Dekker, 2002; Hollnagel & Amalberti, 2001) and argued that the LOSA 

methodology is subjective and its coding ambiguous (Raggett, 2015). To address 

these limitations, Raggett conceived of the NOM methodology as a deconstructed and 

refined version of LOSA.  

Rather than noting errors, in NOM observers are trained to code “variations” from 

SOP and to record whether these are “managed” or “unmanaged,” leading to an 

undesirable operational state (Raggett, 2015). Statistical data analysis then determines 

successful behaviours, which “become the target for risk based training interventions” 

(Raggett, 2015, p. 3). 

Glendon and Clarke (2016) advised that important differences need to be 

considered when setting up systems in different domains. For instance, individuals, 

groups, or organisations may disagree on the relative magnitude of costs and benefits 

associated with different outcomes, potentially leading to conflicts. Additionally, the 

way data are presented can lead to misconceptions about outcomes, and Human 

Factors can have a great influence on both beliefs and outcomes with cultural 

differences influencing results. Some cognitive biases that evolve to deal with simple 

problems cannot necessarily be applied to more complex systems  (Glendon & 

Clarke, 2016). 

2.9 Can LOSA be extended to single-pilot operations? 
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Single-pilot flying has mostly been applied to general aviation, agricultural 

aviation, or flights with small numbers of passengers on board. Although it is tragic if 

an accident occurs in an SPO flight, it affects a relatively small number of people. 

However, if recent discussion (section 1.6) is to be seriously considered, single-pilot 

commercial aircraft with high passenger payloads could soon become a reality. With 

accident statistics for single-pilot operations being relatively higher than those for 

multi-crewed operations and present remedies not impacting safety improvements in 

this domain, it is imperative that the industry looks for alternative solutions. 

In New Zealand, single-pilot commercial operations are a reality in both 125 and 

135 aviation categories. Single pilots fly similar aircraft to those flown by larger 

airlines and contend with high workloads and busy airports. These pilots are often 

relatively inexperienced, possibly contributing to higher incident and accident rates in 

this aviation section. Applying a LOSA methodology could result in greater safety. 

LOSA has primarily been used in commercial aviation, where flights are typically 

multi-crew, including a pilot and first officer. There is evidence that implementing 

LOSA in such environments has resulted in system improvements that may increase 

safety. So far, LOSA has not been implemented in single-pilot flight operations even 

though in such operations the average ratio of accidents and incidents per flight is 

considerably higher than in commercial aviation. This situation brings up a pressing 

question: Can LOSA, with all of its key defining characteristics, be implemented in 

single-pilot operations? 

In order to test whether the LOSA methodology could be adapted to SPO, a study 

was undertaken with an emergency medical evacuation service which was 

subsequently published in a peer reviewed journal, included in Appendix A. 
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Earl, L., Bates, P. R., Murray, P. S., Glendon, A. I., & Creed, P. A. (2012). Testing the 

benefits of a single pilot line operations safety audit: An aviation pilot study. 

Aviation Psychology and Applied Human Factors, 2(2), 49–61. doi:10.1027/2192-

0923/a000027 
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CHAPTER 3: Study 1 – Line Operations Safety Audit for 

Single Pilot Operations (LOSA:SP) 

Line Operations Safety Audit (LOSA) is a proactive safety management tool 

developed for airline operators to observe, identify, and manage everyday threats and 

errors occurring in normal flights (Klinect et al. 2003). Developed as a joint 

programme between the University of Texas and Continental Airlines and endorsed 

by ICAO (ICAO, 2002), LOSA methodology involves trained observers collecting 

data during normal operations in a “fly-on-the-wall” scenario. In this way, operators 

are provided with a “snapshot” of how close they are to safety limits without 

breaching them (Klinect, 2006). LOSA uses the TEM model (Helmreich, Klinect, & 

Wilhelm, 1999) as a framework for data collection and analysis. 

3.1 Viability of LOSA into single-pilot operations 

This thesis is concerned with the safety and operating challenges of single-pilot 

operators and seeks to determine whether LOSA could be adapted to a single-pilot 

environment, thereby contributing to safe and efficient practice. Statistics have shown 

that single-pilot operated aircraft accounted for 74% of all US turboprop fleet crashes 

in 2008, despite the fact that single-pilot operated aircraft constituted only 62% of the 

fleet (Horne, 2008). In New Zealand, the Civil Aviation Authority (NZCAA) reported 

that “the recent safety trend in [single-pilot operated flights] is a concern” and 

prompted Sector Risk Profiles (SRP) working groups to address the issue (NZCAA, 

2017. p. 38).  

Given the urgency of identifying ways to reduce incidents and accidents in single-

pilot operations, this study aimed to adapt the standard LOSA methodology to the 

single-pilot context (LOSA:SP). Whilst LOSA is well-established within MCO, it 
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draws on communication among aircrew for its rich data, which might suggest that 

the transfer to a single-pilot environment could be problematic. This presented an 

opportunity for a novel and unique study on a topic that has not been previously 

researched. 

If it could be shown that LOSA:SP produced sufficiently rich and valid data to 

draw useful and reliable conclusions, research outcomes would have the potential to 

usefully inform training and change processes and protocols in a similar fashion to 

achievements from multi-crew LOSA studies. LOSA has been successfully 

transformed from a research methodology to an industry safety tool that has been 

accepted as best practice by ICAO (ICAO, 2012).  

This thesis aims to realise the same practical application for industry for SPO as 

LOSA achieved for MC airlines. 

3.1.1 TEM framework 

Because LOSA studies revealed that TEM was a critical element in the LOSA 

methodology (Helmreich, Wilhelm, Klinect, & Merritt, 2001), the same TEM 

framework was adopted for LOSA:SP. LOSA was developed to provide operators 

with a baseline of their pilots’ strengths and weaknesses during normal flights – data 

that would not typically be revealed during line checks and examinations. Identifying 

threats and errors that airlines face and observing how these are mitigated by flight 

crew allows training and safety initiatives to be specifically directed. Accepting that 

errors are a normal fact of life, the study did not aim to eliminate errors but rather to 

identify where and why they occurred, thereby enabling the aetiology of errors to be 

addressed and making solutions more effective. 
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Some LOSA critics have maintained that counting threats and errors is an 

unreliable way of measuring safety because there is no correlation between 

categorising errors and understanding them (Dekker, 2003; Doughty, 1990). 

However, most researchers and industry players agree that a strong safety culture is 

critical to ensuring safe practices. A proposal to introduce LOSA to an airline can 

result in regulations and practices being re-examined and pilots becoming more 

proactive in revising safety systems and practices, thereby contributing to a positive 

safety culture. 

3.1.2 Safety culture 

Organisations that demonstrate a positive operational culture and collective 

commitment to safety are likely to maintain high performance through an atmosphere 

of mutual responsibility. Rochlin (1986) viewed such collective commitment as an  

“institutionalised social construct.” By completing a LOSA, a company reaffirms its 

commitment to safety by mutual and dynamic processes. 

The company that agreed to participate in this research already had a robust safety 

culture, which was reflected in their willingness to explore new ways of examining 

safety. Adapting LOSA to their single-pilot operation was mutually merited, and the 

company offered full organisational and leadership support. 

3.1.3 Multi-Crew LOSA 

Multi-crew LOSAs have now been embraced by over 100 airlines, and by 2016 

over 25,000 LOSA observations had been performed (LOSA Collaborative). Many of 

the airlines involved repeated the process in subsequent years after instigating actions 

to address the threats and errors that were found in initial studies. Airlines that 
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undertake repeated LOSAs have reported a significant reduction in error rates (Earl, 

Bates, Murray, Glendon, & Creed, 2012). 

ICAO endorsed plans by the LOSA Collaborative to bring regional airlines within 

the LOSA domain (Rosenkrans, 2007), and with several LOSA studies having been 

completed, these smaller airlines have had the opportunity to see the potential benefits 

(Murray & Bates, 2010). Although these airlines were not single-pilot operations and 

therefore had the benefit of cross-talk between pilots during observation, the 

difference in the nature of threat and error management between regional and large 

international airlines was still apparent (Murray & Bates, 2010). 

The first aim of the current study was to determine whether a LOSA methodology 

could be successfully adapted and developed in a single-pilot environment. A second 

aim was to determine whether the TEM framework could be used as the conceptual 

basis for data collection, thereby providing a platform for a single-pilot operation 

safety study (LOSA:SP). See Figure 3.1 TEM framework. 
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Figure 3.1 The threat and error management model: Source: TEM, Klinect et al., 

2003. (reproduced with permission from the LOSA Collaborative 

 

3.1.4 Operating characteristics of LOSA 

The University of Texas (Helmreich 2001) proposed ten operating characteristics 

that are critical and essential to a successful LOSA. These characteristics, which have 

since been endorsed as standard by ICAO (2002), were used to develop LOSA:SP. 

They are: 

1. Jump-seat observations during normal flights: In the current study, an 

observer sat in the co-pilot seat but was instructed to act as a “fly on the wall.” 

That is, observers were not to converse with pilots or assist them in high load 

situations. As in a normal LOSA, the observers were instructed to intervene 

only in the event of a safety-critical situation that the pilot did not detect and 

would otherwise have led to a serious and consequential outcome. 

Observations were made discretely, and narratives completed immediately 

after the flight for accuracy of recall. Laptop computers and other personal 

digital devices were not allowed due to the threat of distracting the pilot. 

2. Joint management/pilot sponsorship: A steering committee appointed during 

the planning stages of LOSA:SP provided an opportunity for full programme 

endorsement. The steering committee was involved at all stages of the project, 

including development of observer material, observer selection and training, 

scheduling of observations, and interpretation and communication of results. 

3. Voluntary crew participation: LOSA:SP observations were only conducted 

after pilots had agreed to the study and given their individual consent. Due to 

the high level of communication devoted to the project within the company, 

pilots were keen to be involved, and none of them refused to participate. 

4. De-identified, confidential, and safety-minded data collection: LOSA 

guidelines for observations based on ICAO (2002) guidelines were followed 

thoroughly, thereby ensuring that no identifying information was recorded. 

This was essential for gaining pilot confidence. 
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5. Targeted observation instrument: LOSA:SP observers used specially designed 

schedules adapted from airline LOSA studies for single-pilot operations to 

record external threats, errors and UAS and how these were detected and 

managed. Observers recorded and coded events according to the threat and 

error code lists developed by the company, pilots and research team. 

6. Trusted, trained and calibrated observers: To promote trust in LOSA:SP 

observers in this study were chosen from were volunteer peer pilots trained in 

the technical and non-technical skills required for conducting observations. 

The observers received initial training in the LOSA process before carrying 

out a trial run on two flight sectors and then returning for data calibration. This 

ensured consistency and reliability of coding. 

7. Trusted data collection site: All observation worksheets and observation data 

were sent to a secure site at Griffith University for data entry, storage, 

cleaning and analysis. This ensured that no-one in the company could access 

the data and that no individual pilot could be identified from any observation. 

Such anonymity-protecting measures are critical to instilling trust in the 

system and gaining pilot co-operation. 

8. Data verification roundtables: Calibration sessions were conducted for coding 

reliability and consistency. These involved meetings with subject-matter 

experts and company managers to clarify data from observations. These 

sessions were also opportunities to discuss techniques that worked well during 

observations and good practice that had been observed. 

9. Data-derived targets for enhancement: In a normal LOSA trends are analysed 

and prioritised to provide targets for training and review. As this was a smaller 

study trends were included in a complete and full report and, where the data 

were sufficiently robust recommendations were provided. Once completed, 

these were presented as reports to company management. 

10. Feedback of results to pilots: To promote further endorsement of LOSA 

methodology, it is essential that pilots are supplied with and understand the 

results of a LOSA to promote further endorsement of the method. In this 

study, company management reported back to the pilots on the major issues 

that evolved from the LOSA:SP, and the good practice that was noted. 
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3.2 Procedure 

A draft research proposal was developed and presented to a mid-sized emergency 

medical system (EMS) company at a meeting with crew and management. The 

company was a commercial single-pilot operator working within a multi-crew 

environment – which included the medical crew who were always on board. This 

afforded a transition between the multi-crew setting necessary for LOSA and the pure 

single-pilot scenario. The operator had an excellent safety record and proactive 

management who were willing to explore new concepts to further enhance safety 

within the company. 

3.2.1 Familiarisation  

Prior to the study, the author joined the chief pilot and a junior pilot for a day and a 

night shift each in order to gain a comprehensive picture of the environment and 

operating conditions. This also afforded an opportunity to discuss with pilots their 

opinions and thoughts about the difficulties of flying single-pilot operations.  

The single-pilot operation was intense. It involved operating a fleet of modern 

aircraft (Hawker 800XP, Pilatus PC-12, King Air B350C and B200C, and Cessna 

C208) that in other airlines (e.g., Air New Zealand) would have been flown by two 

pilots. Flight operations often included flying into remote areas, landing on unmade 

and temporary airstrips (roads, fields), and operating at night. The company expressed 

its firm commitment to operational improvement and enhancement of safety through 

the trial of this new methodology. 

Once the CEO, executives of the company, and the pilot representatives had agreed 

to participate in the study, an introductory newsletter was circulated to all personnel, 

and observer expressions of interest were invited.  Observers for a LOSA have to be 
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representative of the pilot group under study and two pilots were selected for the trial 

LOSA:SP based on interviews with the safety team.  

To enable everyone in the company to understand the reasons for and the benefits 

of the study, the author delivered a presentation about LOSA to managers and pilots 

prior to commencement of the study. (A toolkit containing examples of LOSA 

communications such as these is included in Appendix D). 

3.2.1.1 Verbalisation 

During pre-study familiarisation flights, the author discovered that some pilots 

verbalised their intentions. The chief pilot was an advocate of the verbalisation 

technique and encouraged other pilots to adopt the methodology, but did not mandate 

it. During the flights, he demonstrated his method of verbalising which took the form 

of a running commentary. Over and above normal communication to answer or read 

back ATC instructions, to discuss options with his crew, or to talk to other aircraft in 

the area, the pilot spoke aloud whilst carrying out normal functions. His verbalisation 

included confirming setting an altitude or a speed and talking aloud about observing 

other aircraft and  different land areas. The pilot maintained that repeating an action 

out loud served to embed the action in the muscle memory. 

The author recognised that the study could be enhanced by interrogating the chief 

pilot’s hypothesis that verbalisation improves pilot performance and thereby increases 

safety. The author also recognised that verbalisation may allow LOSA observers to 

gain a better understanding of pilots’ actions. It was therefore decided that 

verbalisation would be included as a variable within the LOSA:SP study. 
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3.2.2 Adaptations to the LOSA methodology 

Adaptations were made to the LOSA methodology in order to accommodate the 

differences between multi-crew and single-pilot operations. LOSA indicators were 

retained, but they were adjusted to suit single-pilot operations, and error, threat, and 

UAS categories were revised accordingly. Adaptations to the threats, errors, and UAS 

necessary for a single-pilot LOSA can be found in the LOSA:SP Toolkit included in 

Appendix D, which may be useful for designing further single-pilot studies. Although 

the content was derived from the multi-crew LOSA, the threat and error code list 

content was specific to the types of threats and errors that they anticipated would be 

encountered in the single-pilot environment in the particular airline studied. A focus 

group of pilots, safety experts, and researchers (one from the LOSA Collaborative) 

generated the lists, which were then reviewed following trial observer runs. Examples 

of threat and error management forms that were adapted for the single-pilot 

environment are shown in figures 3.2 and 3.3. 

 

Figure 3.2 Example of a Threat Management Worksheet from LOSA:SP    

methodology (adapted from LOSA with permission of the LOSA Collaborative) 
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Figure 3.3 Example of an Error Management Worksheet from LOSA:SP 

methodology (adapted from LOSA with permission of the LOSA Collaborative) 

 

3.2.2.1 CRM and crew performance 

Twelve crew performance categories included in a standard LOSA were 

transferred to the LOSA:SP program. These categories are grouped into four higher- 

level activities: team climate, planning, execution, and review/modification (Table 

3.1). Observers rated a countermeasure according to the 12 crew performance 

indicators if they observed it or if its absence was notable (e.g., if a pilot failed to 

evaluate a plan in light of new information). 
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Table 3.1 TEM countermeasures. (Reprinted with permission from Line Operations 

Safety Audit (LOSA): A cockpit methodology for monitoring commercial 

airline safety performance (Dissertation), by J. R. Klinect. Austin, TX: 

University of Texas.  Copyright 2005 by the LOSA Collaborative).  

 

Note. SOP = standard operating procedure  
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A one-time rating was given for overall crew effectiveness, leadership, and 

communication environment. The planning countermeasures are integral to threat 

management and are rated during pre-departure/taxi-out and descent/approach/land. 

Execution countermeasures are considered crucial for error detection and error 

management and are rated during pre-departure/taxi-out, cruise, and 

descent/approach/land. Observers used a 4-point scale to rate pilot performance where 

1 = poor, and 4 = outstanding (see Table 3.2). If performance on any item was rated 

as anything other than ‘‘good,’’ then observers were required to explain their ratings 

in an accompanying narrative. 

Table 3.2 Pilot Performance Ratings (Reprinted with permission from Line Operations 

Safety Audit (LOSA): A cockpit methodology for monitoring commercial airline 

safety performance (Dissertation), by J. R. Klinect. Austin, TX: University of 

Texas. Copyright 2005 by The LOSA Collaborative) 

 

1 2 3 4 

Poor 

Observed performance 

had safety implications 

Marginal 

Observed performance 

was adequate but needs 

improvement 

Good 

Observed performance 

was effective 

Outstanding 

Observed performance 

was truly noteworthy 

3.2.3 Observer training 

[after toolkit finalised, mived to train observers] LOSA observer training was 

conducted by Associate Professor Pat Murray, who was a member of the LOSA 

Collaborative in addition to being a member of the research team and Laurie Earl. 

Following traditional LOSA practice, the training consisted of a 5-day observer 

course for two volunteer pilots at company HQ. Primary LOSA training includes 
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education in procedural protocol and TEM concepts and classifications (Klinect et al., 

2003). 

Demonstrations, examples, and test exercises were included in the training, and 

observers were introduced to the various forms that were required and instructed on 

classifying and coding data on the TEM performance of the crew. Due to the unique 

environment of the company studied, it was decided that observers would sit in the 

co-pilot seat as opposed to the jump seat, where observers sit in a normal LOSA. It 

was therefore anticipated that the degree of observer effect might be more pronounced 

in LOSA:SP than in multi-crew LOSA studies due to increased proximity between the 

observer and the pilot. The Hawthorne Phenomenon was discussed, and the observers 

were given strategies to reduce any reactivity that might be caused by their presence. 

Throughout training, observers were taught the significance of confidentiality, 

particularly in ensuring that crews would be assured of anonymity and therefore 

maintain trust in the procedure. For a LOSA to produce credible results, pilots must 

exhibit normal practice rather than displaying the exceptional behaviour exhibited in a 

line test. Observers were instructed to watch passively, to be like a “fly on the wall,” 

and to offer no operational input. Although observers were trained not to interfere, 

ensuring safety is paramount in a LOSA, so observers were given strategies for 

speaking up or becoming involved in the unlikely event of a safety-critical incident 

that was not detected by the pilot. 

During flight, observers were asked to be as discrete as possible, so many found it 

helpful to use a small notepad and pencil to observe TEM performance and then 

record their accounts immediately after the flight on laptop computers that the 

research team provided. The observers were also asked to complete a narrative of 

each flight – an important aspect of the research, as narratives put crew actions into 
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context. At the end of each flight, the observers asked the pilots to answer a short 

questionnaire eliciting their opinions about the operational environment, including the 

biggest safety issue the pilots encountered during their operations. 

3.2.3.1 [calibration] Observer test flights 

Observers conducted two test flights each before going “live” to measure their 

understanding of the process and their opinions about its effectiveness and to clarify 

any questions that arose during the flights. This gave observers an opportunity to 

practice using the LOSA forms, to adjust their own methods of observing 

performance, and to become familiar with expectations of their role. Figures 3.4, 3.5, 

and 3.6 are examples of the pilot observation form. Complete forms can be found in 

Appendix D. 
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Figure 3.4 LOSA:SP flight observation form:demographics (Printed with 

permission from the partner airline). 
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Figure 3.5 LOSA:SP flight observation form: descent, approach, and landing 

worksheet (Printed with permission from the partner airline). 
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Figure 3.6 LOSA:SP flight observation form: descent, approach, and landing 

narrative (Printed with the permission from the partner airline). 
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3.2.4 [actual] Observed flights 

Following the trial flights, the observers returned to training for recalibration and 

review of their trial observations. Once deemed competent, the observers went “live,” 

and over the next month flew 14 sectors of the company’s route network with 

different flight crew, and included  nighttime and daytime flights. Their observations 

during these flights were conducted on a strictly “no jeopardy” basis, meaning that no 

names, flight numbers, or dates were reported on the observation forms. Management 

gave their assurance that crew members would not be tracked through LOSA 

observations regardless of any event that might be reported. 

An example of a narrative from a flight was: 

Pre-departure/Taxi-out: The parking apron and taxi area was full and congested 

outside the hangar (T1). Before starting engines the pilot had to consider a refuelling 

truck immediately behind the aircraft refuelling a C208. Immediately to the left of the 

aircraft was a C206 starting up and making ready to use the same taxiway. The pilot 

started engines with props in feather to minimise prop wash over the proximate aircraft. 

The pilot displayed good look out, speed and caution within the environment while 

manoeuvring. 

Once clear of the GA area the pilot began a briefing on the assigned SID while he 

was heads down (E1) causing the aircraft to veer to the left of the taxiway (poor 

taxiway/runway management). 

Descent/Approach/Land: Briefed for a visual approach and set the FMS for a 3 

degree descent profile. Descent commenced at FMS TOD and an update check of the 

TL ATIS. Handover to TL APP and clearance to limit descent to 5000’ due traffic 

conducting aerial work beneath 4000’. Told to expect a visual left base for RWY 07. 

This was a very busy terminal area (T2). The pilot made a concerted effort to familiarise 

himself with all traffic on the radio and TCAS displays (outstanding monitor/cross 

check). APP cleared the pilot late for a visual approach change RWY 01 (T3). 

Overall Flight: The entire flight was conducted in perfect VMC conditions with little 

wind at departure and destination on the ground. The pilot maintained a sterile cockpit 

when below transition and displayed well practiced and accurate cockpit drills. A 

military style of all switches and controls in an eye pleasing manner. This was effective 

and was backed up with the checklists. The very good caution and awareness of the 

busy apron and taxi area in Cairns was commendable. The pilot’s performance in a 

pressurised environment at TL was to a very high standard in terms of situational 

awareness and anticipation of possible threats (outstanding crew performance). 
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3.2.5 Cleaning data and full analysis 

Round table 

3.3 Reliability and validity of methodology 

Any LOSA observation raises reliability and validity issues, including data 

reliability (Reid, 1982), coding system accuracy (Bakeman, 2000), trust between 

observers and those being observed (Johnson, 1975), and observational reactivity or 

bias (Klinect et al., 2003). Any of these issues might occur when those being observed 

alter their normal behaviour. With a normal LOSA, this is less of an issue, because 

the observer sits behind the pilots, so his/her actions are not so obvious (e.g., when 

noticing and recording an error).  

With LOSA:SP, this becomes more of an issue, and it can contribute to the 

potential for observer effect (McCulloch, Mishra, Handa, Dale, Hirst, & Catchpole, 

2009) due to the observer’s presence in the co-pilot seat. However, it was noted 

during observations that the high cognitive workload involved in single-pilot flights 

mitigated pilot reactivity to the presence of observers. A further factor in mitigating 

pilot reactivity could be that in aero-medical operations, which have limited seating, 

the co-pilot seat is often occupied by a member of the medical crew or a family 

member of the patient. As a result, pilots are accustomed to having the co-pilot seat 

occupied during flight, and therefore may be less reactive to the presence of another 

person in this seat. 

Trust, which is critical to the success of rich data collection during a LOSA audit, 

can be engendered by a Just Culture (JC) within a company (Frankel, Leonard, & 

Denham, 2006). A JC contributes to trust between management and pilots, resulting 

in pilot confidence that any errors revealed during observations will not be punished, 
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and that those responsible will not be pursued. Furthermore, there must be a trusted 

data collection site which comes under the auspices of a JC, whilst also assuring 

confidentiality. In the study conducted for the LOSA:SP, company data collected by 

the observers were sent from observers’ laptops directly to a secure repository at 

Griffith University. Subsequent analysis was completed by the research team, and 

original reports were kept by the university. 

3.4 Results from LOSA:SP 

Data driven programmes like LOSA need to ensure data quality by adhering to 

strict procedures and consistency checks (Klinect, Murray, & Helmreich, 2003). To 

check for coding errors or inconsistencies in the raw data, the results were collated 

from the observation forms. Threats and errors were then presented to representatives 

of the company in a roundtable discussion, which included the chief pilot, a safety 

officer, and management. In such a roundtable, inaccuracies in error identification or 

incorrectly identified procedures can be eliminated so that the data are as accurate as 

possible, allowing for robust statistical analysis. 

On completion of a LOSA it is important that the results are communicated to the 

line pilots (Klinect et al., 2003). This ensures that the pilots continue to have faith in 

the study and be willing to accept any subsequent safety changes. The company 

within which the LOSA:SP was conducted was relatively small with a close-knit pilot 

community so communication of results needed to be timely. 

Although the LOSA:SP study was a pilot study with a small sample over 14 

flights, the analysis revealed some rich data, with specific threat and error trends 

emerging. These data were sufficient to allow the company to implement changes and 

make operational or managerial improvements. Further, the study provided 
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measurable data to inform external agencies. For example, a cluster of errors became 

apparent involving ATC at Brisbane Airport, where pilots were asked to comply with 

late runway changes or straight-in approaches. Pilots in the study had already 

identified this as a safety issue anecdotally, but through the LOSA:SP they were able 

to present measurable data to ATC at Brisbane Airport to reinforce their concerns. 

Overall results of the study were collated into a report that was presented to the 

company. The following headings reflect the analysis of the data and should be 

considered in the context of individual flight reports. 

3.4.1 Demographics 

Crew experience ranged from 5 to 47 years and represented between 3,500 and 

22,500 flying hours. Type ratings (number of hours flying on a certain type of 

aircraft) ranged from 100 to 15,000 hours. Type ratings differ from hours flown and 

constitute the time a pilot has spent flying a specific type of aircraft. Calculation of 

these ratings is compulsory when a pilot transitions from one aircraft series to another 

(e.g., Boeing 737:100 series to Boeing 737: 800 series). The observed pilots were all 

male, and their work experience within the company ranged from 1 to 25 years (mean 

8.25). Of the 14 flights observed, 10 were daytime flights and four were night flights. 

Thirteen were on familiar routes, with 12 being normal flights and two involving 

short-notice changes of route or destination. Six of the pilots verbalised their 

intentions whilst eight did not. 

3.4.2 Threats 

Within TEM a threat is defined as an external event or error that increases 

operational complexity, occurs outside the influence of the flight crew and requires 

immediate crew attention in order for safety margins to be maintained. Table 3.3 
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details threat prevalence by category with amplification of each category in the 

subsequent paragraphs. Forty-six threats were observed during the 14 flights (mean 

3.3 threats/flight).  

Table 3.3 Number of threats observed by category and whether these were 

successfully managed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.2.1 Air Traffic Control (ATC) threats 

The most frequently occurring threats (n = 17) were associated with ATC, and 

challenging or late clearances were the greatest cause of these threats.. Short notice 

changes to clearances involving heading or altitude changes were also a significant 

problem. Incorrect notices to airmen and poor quality ATC transmissions were also 

noted. 

Threat origin Managed? N 

 Yes No  

Air Traffic Control 16 1 17 

Airport Conditions 8 0 8 

Weather 3 3 6 

Airline Operational Pressure 5 0 5 

Environmental Operational 

Pressures 
4 0 4 

Aircraft Automation Feature 0 2 2 

Cabin 0 1 1 

Others 3 0 3 

Totals 39 7 46 
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Whilst a small number of threats due to ATC errors were recorded, the majority 

were due to ATC demands which the crew found difficult to comply with and thus 

posed a threat. Most of these threats occurred during descent and approach phases as 

ATC tried to manage the flow of traffic in congested conditions. In subsequent 

discussions, flight crew commented that ATC often expected adaptability from the 

company’s pilots based on the belief that they were capable of last minute changes 

due to the nature of their operation. 

3.4.2.2 Airport conditions 

Airport conditions were the second most frequent threat category observed (n = 8). 

A number of these were due to runways or taxiways being either contaminated or 

under ongoing maintenance, which in one case was exacerbated by a non-responsive 

safety officer. Other airport threats were indicative of the company’s unique operating 

environment – for example, involving unfamiliar airstrips, short airstrips, or airstrips 

with marginal apron manoeuvring capacity. The majority of threats were from non-

towered aerodromes under Class G airspace operation. 

3.4.2.3 Weather conditions 

The third most frequent threat was posed by weather conditions (n = 6). It should 

be noted that the audits took place in a short period of time during which there were 

more occasions of rain and turbulence than usual. Marginal visual flight rules and low 

cloud added to threat frequency, and the use of smaller airstrips with no terminal 

aerodrome forecast (TAF) available increased the number of threats within this 

category. 
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3.4.2.4 Airline operational pressures 

Airline operational pressures were the fourth most prevalent threat category 

observed (n = 5) and were almost exclusively linked to company operational 

requirements. Although task or route change was the threat most often reported in this 

category, this was normal for the service, and crews responded well to this threat. 

However, the broader LOSA experience in general indicated that late changes 

resulting in operational pressure were a significant threat to safety because they 

always had the potential to be mismanaged, leading to planning errors (Helmreich, 

2000). 

3.4.2.5 Environmental operational pressures 

The fifth most common threat reported was environmental operational pressures (n 

= 4), which were partly due to the complications of the airspace in which the 

company operated. Threats reported included high ground, high lowest safe altitude 

(LSALT) and high traffic volumes in uncontrolled airspace. 

3.4.3 Threat management 

Not all threats have equal impact. Whilst any threat can potentially affect safety 

adversely, observers in the study noted that some threat categories were better 

managed than others. Those threats that were “mismanaged” – either because they 

were not detected or because they led to errors – are of the most concern, especially 

those with high occurrence rates and high rates of mismanagement both of which 

have the potential to significantly increase risk (Helmreich, 2000). 

Fig 3.7 (Threats managed and mismanaged) indicates that although ATC was the 

cause of most threats observed, these threats were managed well in all but one 

instance. Conversely, whilst weather accounted for only six threats, these were 
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mismanaged on 50% of the occasions on which they were observed. Some threats 

were outside of the control of the organisation (management) – for example, going 

into uncontrolled airspace and landing strips – but some were prevalent threats caused 

by factors that were the responsibility of the company, such as the cabin environment 

or operational pressure. Whilst operational pressure was managed well in all 

situations relating to the normal operation of the organisation, those relating to the 

cabin environment were not, which may indicate that CRM training needs are 

restricted to crew only. 

 

 

Figure 3.7 Most-frequent threats – managed and mismanaged. 

 

3.4.4 Phase of flight 

The five flight phases in which threats might occur were: 

1. Pre-departure/Taxi. 

2. Take Off/Climb. 
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3. Cruise. 

4. Descent/Approach/Land. 

5. Taxi-in. 

In this study, the most frequent threats originated in the pre-departure/taxi-out 

phase (Figure 3.8). These included tasks and associated workload, changes to tasks 

allocated, and threats associated with ATC at the departure airfield. The 

descent/approach/landing phase had the next highest number of threats, and there 

were no threats identified in the taxi-in phase, despite pilots commenting that some 

aerodromes had “tight” manoeuvring areas, perhaps indicating some level of 

“normalisation” of these threats. 

 

Figure 3.8 Phase of flight. 

 

3.4.5 Errors 

Operationally, flight crew error is defined as “crew action or inaction that leads to 

deviation from crew or organisational intentions or expectations” (Helmreich, 2000, 
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p. 7). LOSA includes five error types (Klinect et al., 2003) that when adapted to the 

LOSA:SP environment were reduced to these four error types: 

1. Intentional non-compliance 

2. A/C handling 

3. Procedural 

4. Communication 

Table 3.4 shows how errors were distributed amongst the above categories in 

LOSA:SP. 

Table 3.4 Error type distributions. 

 

Error Type Managed? N 

 Yes No  

Intentional Non-compliance 3 19 22 

A/C Handling 0 1 1 

Procedural 9 9 18 

Communication 0 1 1 

Totals 12 30 42 

 

In this study, intentional non-compliance was the cause of the greatest number of 

mismanaged errors, followed by procedural errors. This finding was similar to those 

from multi-crew LOSA (Helmreich et al., 2001). Whilst LOSA methodology captures 

the number of errors made, it is more important to assess management and 

mismanagement of errors. Due to the unique nature of this study, there are no other 

similar audits to compare these results with, nor is there sufficient data to draw 

conclusions based on the errors observed. However, as can be seen in Table 3.5, most 

errors occurred in the pre-departure/taxi-out phase, which is often associated with a 
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large number of threats and high workload, particularly when there is a change in task 

or destination. This phase also required the use of checklists, which were sometimes 

either omitted or performed from memory. It was interesting to note that the taxi-in 

phase resulted in an equal number of errors to the descent/approach/land phase, unlike 

in a typical multi-crew LOSA (Helmreich et al., 2001). Several errors were associated 

with the pilot being “heads-down” (e.g., updating systems) whilst taxiing. Threats and 

errors by phase of flight are shown together in Figure 3.9 and 3.10. 

 

Figure 3.9 Errors by phase of flight. 
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Figure 3.10 Threats and errors by phase of flight 

NB: Pre-dep = pre-departure; Des = Descent; App = Approach 

 

3.4.5.1 Error management 

Mismanaged intentional non-compliance errors were the most frequent error type 

observed, a result similar to that of a typical multi-crew LOSA (Helmreich et al., 

2001). Whilst errors in this category tend to lead to inconsequential outcomes, they 

can contribute to higher overall risk as they become normalised (see Figure 3.11 Error 

frequency and outcome).  

Whilst there were few aircraft handling errors in this small sample, those that were 

observed were mismanaged, and any one of them could have led to a UAS. 

Procedural errors included missed checklists or checklists performed from memory. 

Checklists (e.g., for taxi-out, pre-departure, and approach) ensure that a required 

action has been correctly completed and help pilots during high-workload phases by 

serving as memory prompts. Checklists can be considered a “last line of defence,” so 

0

5

10

15

20

25

30

35

40

45

50

Pre-dep/Taxi Take
Off/Climb

Cruise Des/App/Land Taxi-In

Threats

Errors



Chapter 3: Study 1 – Line operations Safety Audit for Single Pilot Operations (LOSA:SP) 

 
140 

although a missed checklist may not in itself constitute a major event, when coupled 

with an earlier error (for instance a procedural one), this type of error can increase 

risk significantly. 

 

 

Figure 3.11 Error frequency and outcome 

 

3.4.6 Verbalisation 

Observers in this study were asked to note whether pilots verbalised their 

intentions and actions. In MCO, there is invariably a requirement for pilots to 

verbalise particular briefings, intentions, or actions, and checklists are conducted as 

“challenge and response.” Generally, there is no such requirement in single-pilot 

operations, and the company studied did not stipulate whether pilots should verbalise. 

However, verbalisation was a topic of interest to the research team, in particular in 

terms of its impact on procedural errors and their management.  
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There was a fairly even split between pilots who did and did not verbalise. On six 

of the 14 observed flights pilots verbalised their actions and intentions and used 

checklists out loud in a “challenge and response” fashion. On these flights, seven 

procedural errors were observed (1.1 errors/flight) of which five were managed well.  

On the eight flights where the pilot did not verbalise, 11 procedural errors were 

observed (1.4 errors/flight) of which four were managed well (see Figure 3.12).    

 

 

Figure 3.12 Procedural errors – verbalising vs. non-verbalising pilots 

 

As verbalisation was an interesting finding from the study and led to further 

research, the results of the verbalisation segment of the study are explored further in 

Chapter 5. 

3.4.7 Undesired aircraft states (UAS) 

An undesired aircraft state (UAS) results when safety margins are clearly reduced 
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with inconsequential outcomes. Table 3.5 shows the most common UAS and how 

they were managed. 

Table 3.5 Number of managed and mismanaged undesired aircraft states (UAS). 

UAS Description Managed Mismanaged N 

Configuration states 2 1 3 

Ground states 1 0 1 

Aircraft handling states 1 0 1 

Approach/Landing states 0 1 1 

Totals 4 2 6 

 

3.4.7.1 Undesired aircraft states (UAS) management 

When an error that leads to a UAS has been made, the pilot frequently detects the 

UAS without recognising the error that caused it. To address the UAS, a pilot may not 

need to correct the original error. For example, the solution to a floated landing on a 

short runway may be a go-around. However, if a pilot mismanages the UAS, there is 

the potential for a serious negative outcome, so UAS management is of vital 

importance. Fig 3.13 shows error frequency and resulting UAS. Of the intentional 

non-compliance errors observed, a very small percentage led to UAS, whilst 100% of 

handling errors were found to result in UAS. 
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Figure 3.13 Error frequency and outcome mismanaged. 

 

3.4.8 TEM and CRM performance 

Pilots were evaluated according to the 12 crew performance criteria described in 

section 3.2.3., and the pilot performance ratings described in the accompanying text, 
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countermeasure, Table 3.6 shows the four highest and the four lowest ratings. Of the 
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with as many pilots scoring 4 (outstanding) as scored 1 (poor) or 2 (marginal). 
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Table 3.6 Countermeasures: Lowest and highest scoring markers 

 

Countermeasures Average rating Average rating excluding 

two ‘perfect flights’* 

Highest scoring markers   

 Workload 4.0 4.0 

 Evaluation of plans 3.6 3.5 

 SOP’s 3.6 3.5 

 Communication 3.5 3.5 

   

Lowest scoring markers   

 Taxi 3.8 1.6 

 Monitor/cross-check 3.3 2.7 

 Contingency planning 3.3 2.9 

 Automation 3.5 3.0 

   

Note. SOP = standard operating procedures.   

 

One observer gave a rating of 4 (outstanding) for much of the pilot’s performance 

during two flights, which were judged as almost perfect. Due to the small number of 

flights observed (14) this had the result of skewing the data to the right for some 

markings, so the final column shows the figures excluding the ratings for these two 

flights. 

These are examples of narratives accompanying “outstanding” ratings: 

The performance of the pilot from approaching the aircraft to 

commence the flight to the completion of the shutdown check at the 
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destination was in every respect of a very high level of awareness and 

achievement. 

This was the third flight of the day for this crew. Both pilot and nurse 

managed the delays and changes of plans, expectations from external 

sources very well. There were no expressions of annoyance or 

frustration with any of these events. 

The pilot was unable to make visual contact with the Kingair and held 

at 4000’ until the tower were able to verify visual separation. The pilot 

was verbalising what he expected ATC to advise him next (a runway 

change for RWY 01) and planned his anticipated visual approach path 

considering the 671’ high ground in the base turn area. 

These are examples of narratives accompanying “poor” or “marginal” ratings: 

No TAF is available at Tully (T)...No check was made of the TAF for 

IFL, which is 23 nm from Tully.  

During the taxi the pilot workload was inside the cockpit. Completing 

aircraft documentation during taxi, pilot looked up intermittently to 

ensure his position on the runway. Lookout was poorly maintained. 

No broadcast calls were made on area VHF frequency prior to 

departure to determine whether there was any other IFR traffic. 

3.4.8.1 Standardisation 

Standardisation addresses the issue of whether pilots complied with company SOP 

and whether this was effective in reducing risk. The results showed significant 

variations in performance in these areas. It should be noted that these variations were 

identified as opportunities for improvement rather than criticisms. SOP covered the 

areas described below: 
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Checklists. Most errors observed fell into this category, a finding that is consistent 

with results from multi-crew LOSAs (Helmreich, 2000). Errors included failure to 

complete checklists pre-start, after start, after landing and on shutdown. On some 

occasions, incorrect checklists were used, items were missed from checklists, 

checklists were completed late, or checklists were completed from memory. Most of 

these errors went undetected by the pilot, and the outcomes were mostly 

inconsequential. However, on at least one occasion a missed checklist item led to a 

UAS. On one occasion, when items on a checklist were missed, a further checklist 

picked them up. 

Cross-verification. Mandatory cross-verification was not carried out on several 

occasions. Errors in this category ranged from failure to verify flight management 

system (FMS), Transferring flight plans to paper copies, failure to check grid LSALT 

on chart, and failure to confirm cabin security. These errors went mostly undetected 

and on two occasions led to further errors. 

External communication. It was observed that on occasion no broadcast calls 

were made to local traffic or incorrect departure calls were made. Although these did 

not constitute a significant number of errors, the potential consequences could have 

been considerable. 

Crew communication. Sterile cockpit procedures are specified so that the pilot is 

not involved in potentially distracting non-operational conversations during critical 

phases of flight. When flying below 10,000 feet altitude, a pilot will normally brief  

crew not to engage in non-emergency conversation or interruptions. On two occasions 

these conditions were not maintained at low altitude as a result of failure to isolate the 

cockpit from the cabin interphone system, as required by the SOP. 
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Briefings. There are a number of briefings during a flight that SOP require in order 

to prevent situations that could lead to an error. For instance, prior to descent, a pilot 

in one observation did not advise ATC of an instrument approach because he 

expected to become visible early in the descent. However, the weather was worse than 

anticipated, leading to a hasty and unbriefed instrument approach and subsequently a 

missed approach and a diversion. On another flight, the pilot did not check a TAF at 

an alternative airfield, leading to a hurried briefing when it was found that this was 

required. Subsequently, this resulted in a missed approach. 

3.4.9 Narrative 

The previous section outlined objective and measurable data on threats, errors, and 

UAS recorded during the study. The observers also completed a “narrative” that gave 

a more subjective view of the strengths and weaknesses of pilots’ technical 

performances. From these narratives, two major themes emerged which indicated that 

threats and errors during taxiing and automation/flight path management were the 

most pressing areas of concern for the company. 

Taxiing. Taxiing was rated lowest in terms of performance, with marks being 

either poor or marginal. Most of these ratings were related to a number of “head-

down” incidents involving high pilot workload. During this time, pilots took the 

opportunity to complete post flight, operational pro-forma in an attempt to save time 

should they be called to another emergency. On most occasions, pilots averted 

adverse events by intermittently looking up to maintain correct position. However, on 

one occasion, an aircraft veered significantly to the left of the taxiway, resulting in a 

UAS. 
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Automation and flight path management. Pilots’ automation skills were 

observed to vary from outstanding to poor. Pilots with significant previous experience 

of the aircraft they were flying were best equipped to manage the FMS. Pilots with 

little experience on the aircraft they were flying made more errors, indicating that 

more targeted training could benefit pilots flying a new type of aircraft. On two 

occasions, a UAS resulted from an automation/flight path management error as 

below: 

Yaw damper was selected at 500’ but failed to engage as a result of the FGP 

autopilot disconnect switch remaining in the off position after the after start 

checklist. 

The aircraft flew thru 302 track to half scale deflection on the cdi. 

3.4.10 Questionnaire  

At the end of each flight, the pilots completed short questionnaires. The opinions 

they expressed contributed to the comments below: 

Safety Concerns. Many pilots said that the greatest cause of their safety concerns 

were night operations (referred to as “back-of-clock,” or BOC), particularly those 

night operations where they were flying into “black hole” airports without appropriate 

navigation aids or with unfamiliar airstrips. Pilots also expressed safety concerns 

relating to short-notice changes, particularly when workload was heavy or 

information had to be sought prior to the flight, such as facilities at location and 

requirements of the patient. Another safety concern mentioned was aircraft parking 

and taxiing areas being too small, requiring tight manoeuvring with little margin for 

error. 
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Safety Improvements. A general comment amongst pilots was that SOP should be 

more specific. Concerns were also expressed about the centralised tasking centre and 

its “complacency” toward night operations. 

Automation. Some pilots commented on the poorly-located database unit in the 

cockpit, which resulted in too much “heads-down” time in the event of changes 

during approach or departure. Others saw rare failures of the attitude heading 

reference system which resulted in errors. Another pilot expressed concern about a 

well-documented failure: the FMS memory battery failing, resulting in the autopilot 

disengaging. 

Company operational efficiency. Of the pilots who commented, all were 

confident that the company’s operations and policies were sound. Their concerns 

were with external agencies, who they felt needed to be made more aware of the 

company’s needs in order to enhance the efficiency of the company’s operations. 

3.5 Discussion 

The LOSA:SP study was a success insofar as being a proof of concept that the 

LOSA methodology could be usefully adapted for single-pilot operations. Although 

based on a relatively small sample the study produced useful and strongly indicative 

data. For definitive conclusions and accurate recommendations further data collection 

is required. 

The LOSA:SP trial was conducted in response to the well-publicised accident and 

incident rates prevalent in SPO and is unique in advocating this kind of methodology 

to address the issue. This research can help SPO to proactively identify where threats 

exist and develop safety improvements tailored to the SPO context. 
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3.5.1 Threat and error management 

The threat and error management data indicated that there was a high rate of 

mismanagement in addressing intentional non-compliance errors. This can be 

explained by the nature of the non-compliance events observed. If a pilot decided to 

ignore a rule or procedure, it might be assumed that they expected no negative or 

adverse consequences. Non-compliance occurs predominantly because a procedure is 

deemed unnecessary and is therefore ignored or because a pilot has “normalised” 

failing to follow procedures as being consistent with the organisation’s safety culture 

(Vaughan, 1999, 2005). Whilst errors in this category generally resulted in 

inconsequential outcomes, the possibility remains that repeated non-compliance errors 

may considerably increase overall risk. 

Several shortcomings in checklist use were observed, which resulted in this being 

the category in which the most errors were recorded. Although the majority of these 

errors were inconsequential, some led to a UAS, which is as close to an accident as a 

flight can be without an accident occuring. As checklists may be the last line of 

procedural defence in James Reason’s “Swiss Cheese” Model (Reason, 2000), this 

was rated as the most important operational area for review. 

Communication is a vital component of maintaining flight safety. On multi-crew 

flights, LOSA uses crosstalk between crew to ascertain how well this component of 

CRM is working. Prior to the LOSA:SP study, it was argued that the absence of this 

vital data source would result in insufficient evidence. However, this study found that 

there sufficient and abundantly-rich data to test this methodology with SPO. This was 

particularly evident during flights where pilots verbalised their intentions and actions. 

Results revealed that those pilots who verbalised made fewer errors than those pilots 
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who chose not to verbalise; however, this result is indicative rather than definitive due 

to the small number of flights observed. 

Communication is also demonstrated, and can be critical to safe operations, when 

pilots connect with external parties, such as ATC or ground operations. In this study, 

whilst errors in this category did not constitute a large percentage of overall errors, 

consequences of this type of error could potentially be severe. In future studies, 

emphasis could be placed on observing interactions between pilots and the medical 

crew in the rear of the aircraft and between pilots and external agencies. 

Aircraft handling errors are perhaps more easily detected than other errors, 

particularly as they have the potential to have more serious consequences often 

leading to a UAS. It was observed that where monitoring and cross-checking 

procedures were well executed these handling errors could be identified and corrected 

early to prevent serious errors occurring or leading to a UAS. While there was 

insufficient data in this study to reach definitive conclusions, high levels of 

mismanagement in multi-crew LOSAs have been shown to indicate weaknesses in 

monitoring and cross-checking (Helmreich, 2000). 

Inefficient monitoring and cross-checking can affect mismanagement of procedural 

errors caused by simple mistakes, such as the wrong altitude being set on the flight 

control unit panel. In this LOSA:SP, the observed 50% mismanagement rate for 

procedural errors emphasised the need to review and reinforce the value of 

monitoring and checking. However, in the single-pilot environment, it may be 

difficult for an observer to identify the occurrence of monitoring and cross-checking, 

particularly when pilots did not verbalise their intentions.  Even an experienced 

observer would find it challenging to detect omissions in this category. The greater 

ease of observation that comes with pilot verbalisation could account for reduced 
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errors amongst pilots who verbalised, but the cuase could simply be that the type of 

pilot who would verbalise would be more likely to be assiduous in monitoring and 

cross-checking 

Whilst threats resulting from operational pressures were all observed to be well 

managed, they nevertheless had the potential to affect overall flight complexity. 

Although the pilots all accepted the particular operating environment of the service 

and had adapted well to the operational difficulties it presented, the reduction of 

operational pressures should still be considered. Management also have a 

responsibility to reduce the frequency of aircraft threats, which can be achieved by 

further training. 

Threats relating to the cabin environment indicate the benefits of a multi-crew 

CRM training environment (O’Connor et al., 2008) including non-pilot EMS crew 

members. Many large airlines now promote combined CRM training for both flight 

crew and cabin crew in order to increase mutual understanding of the roles played and 

difficulties faced by all crew members. 

Overall, the pilots in this study were found to use sound strategies to prevent errors 

emanating from a variety of standard threats as well as those unique to the company’s 

operation. They also demonstrated the ability to manage errors in all categories 

occurring during the period of the study. 

3.5.2 Undesired Aircraft States (UAS) 

UAS are the most serious of errors and the closest to the accident envelope. The 

data in this study revealed that whilst all observed UAS outcomes were 

inconsequential, because they are potentially serious, strategies to detect and manage 

UAS are an important element of company safety management. Although there were 
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insufficient data to reach firm conclusions, a subjective view revealed that incorrect 

aircraft configuration states and approach and landing states were of most concern. As 

these are vital to safety, a recommendation from the research team was that the 

company analyse each report as a basis for safety strategies and training. For instance, 

ATC was found to contribute to incidents at the approach and landing phase of flight, 

for example by demanding changes of runway or expedited approaches. To address 

this, simulator training could be tailored to focus on aircraft in a high/fast situation, 

requiring significant pilot management to avoid an unstable approach. 

3.5.3 Further recommendations 

A LOSA is designed to give a snapshot of an organisation at any one time and 

reflect on the safety envelope within the company. It has been suggested that the mere 

act of establishing a LOSA increases safety awareness (Helmreich & Merritt, 2000), 

causing crew and management alike to refresh and review policies and procedures. 

The company observed in this study had approached the research team to request help 

in adapting a LOSA, reflecting their willingness and proactivity in safety 

management. 

It was also noted by both the observers and the research team that there was high 

morale among company crews, including considerable dedication demonstrated by 

the pilots and EMS crew. Flight crew also demonstrated high in-flight energy whilst 

performing routine procedures, SOP which form the foundation for safe flying. 

Audit and interview data indicated that the company had established a strong 

framework to support its flight operations and the crew were highly motivated and 

hard working. Probably due to the nature of the operation, which the pilots had 

chosen over airline professions, they were adept at managing changing workloads and 
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adapting quickly to new instructions. Mostly the pilots scored highly on evaluation of 

plans and seemed comfortable with questioning changes, suggesting alternative plans, 

and ensuring flight safety. 

This positive safety culture displayed by the company has been linked to crew 

performance and flight safety. Southwest Airlines, once a failing airline, attributed its 

new excellent new safety record and financial success to the introduction of a positive 

organisational culture (Freiberg & Freiberg, 1996). Conversely a negative 

organisational culture has been cited as a causal factor in accidents such as the 

Challenger disaster and the 1996 ValueJet 592 crash (Vaughan, 1996). In the current 

study questioning revealed a belief in a robust safety culture within the company, 

which could have contributed to the trust in the audit and the reactions to the findings. 

No pilots refused a LOSA observation. 

Most flights within this study were on familiar routes and consisted of routine 

operations (e.g., transporting patients to medical facilities), although pilots had to 

contend with short-notice changes on some occasions. A small number of the flights 

observed were to unfamiliar airstrips on emergency call-out flights, but with a larger 

sample an interesting comparison could be made to determine whether any notable 

safety differences exist between flights taken on familiar and unfamiliar routes. 

This study was designed to determine whether the LOSA methodology could be 

adapted to the single-pilot environment. This objective was achieved by adhering to 

the LOSA guidelines and use of the TEM model. However, whilst the methodology 

was found to be transferrable and adaptable, much of this adaptation was operator 

specific.  The study was published in a peer-reviewed journal in 2012 (Earl, Bates, 

Murray, Glendon & Creed, 2012.) 
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A LOSA:SP Toolkit is included in Appendix D, with letters, threat and error lists, 

and observer cards supplied to enable a step-by-step recreation of this methodology 

with other single-pilot operators. It is suggested by the author that further refinement 

is required, including the addition of specific threat-type markers for different 

operators (for instance, rotary-wing EMS operations). 

With a typical airline LOSA it has been established that a sample of around 60 

flights is required to capture sufficient threats, errors and UAS to gain valid 

quantitative data for robust analysis (Klinect, 2005). Larger samples would be 

required in this LOSA:SP to facilitate cross-tabulation of threat and error sources and 

flight phases. However, based on the data gathered for this study, it has been 

established that a large proportion of threats and errors are encountered in the pre-

flight and approach/landing phases. Like other LOSA, this LOSA:SP was designed to 

capture data that could indicate weaknesses in the system, leading to appropriate and 

accurate changes to both procedures and overall safety culture in order to improve 

safety within the company’s operations 

An airline’s safety culture has been said to be a combination of individual pilots’ 

practices, attitudes and competencies together with a robust organisational 

commitment to safety policies and procedures (Sexton & Klinect, 2001). This study 

demonstrated practices and competencies under normal flying circumstances (as 

opposed to those derived from line checks, which can be skewed by demonstrations 

of “angel behavior”). Findings corresponded with other study findings and 

highlighted the efficiency and effectiveness of the safety culture within the company 

in contributing to safety improvements. 
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3.5.4 Additional Note  

Verbalisation was an interesting phenomenon noted by the author during 

familiarisation flights and subsequently included in the data collection. The data that 

resulted from comparing verbalising and non-verbalising pilots was deemed worthy 

of further study by the research team. Indications from the LOSA:SP were that “talk 

aloud” protocols resulted in less errors and therefore arguably safer flight. Although 

there were insufficient data to determine the significance of these results, this finding 

prompted further research and study as part of this thesis. The value of verbalisation is 

explored in the next chapter. 
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CHAPTER 4: Benefits and Weaknesses of Line Operations 

Safety Audit (LOSA) 

Whilst some researchers, practitioners, and commentators have treated LOSA as a 

positive development (for example as a means to improve safety) others have been 

critical of the methodology. This chapter reviews relevant literature on LOSA. 

4.1 Positive views of LOSA 

Various commentators have maintained that many elements of LOSA 

methodology can result in improvements to airline safety. One advantage cited for 

LOSA is that it is based on an effective and increasingly-used model for 

understanding pilot safety issues, the TEM framework, whose development has been 

supported through research done using LOSA (Harper, 2011). Pilots can have 

unrealistic perceptions about their own abilities (Helmreich, 2000), and as a result, 

pilots’ self-reports of in-flight actions need to be reinforced by methods that reveal 

pilot behaviours which may be less than optimal for safety. The TEM model and 

LOSA in particular are viewed as successful means for more objectively determining 

and understanding pilot behaviour during normal flight operations. 

Gunther (2002) claimed that enacting the TEM model in pilot training served to 

reduce complacency and promote operational excellence whilst Helmreich et al. 

(1999) noted increased use of error-management strategies within aviation to improve 

flight safety. Helmreich & Davies (1996) broke down error management within 

aviation into three fundamental processes, (1) understand the nature and extent of 

error, (2) change the conditions that lead to error by identifying the behaviours that 

mitigate or prevent errors, and (3) train flight crews in their use. It is evident that to 

accomplish these three processes, it is necessary to gather data about how pilot errors 
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arise and what factors lead to them within normal operating contexts. LOSA is 

designed to do this. 

4.1.1 Proactive elements of LOSA 

One characteristic of LOSA that has frequently been cited as valuable is that it is 

proactive. Ma (2012) noted that information gathering can be reactive or proactive. 

Reactive information gathering focuses on an issue or event after the fact. In the case 

of airline operations this would typically involve collecting information after the 

occurrence of an accident or incident. Proactive information gathering seeks out 

factors that may make an undesired event likely to occur.  

The catalysts for reactive and proactive approaches have respectively been referred 

to as lagging and leading indicators (Ale, 2009). When the safety climate is 

considered to be a lagging indicator, retrospective designs are used in which safety 

climate data are correlated from accidents/incident investigations (Payne, Bergman, 

Beus, Rodríguez, & Henning, 2009). When the safety climate of a company is 

considered to be a leading indicator, a prospective design is employed and safety 

climate data are correlated to prevent accidents/incidents from occurring in the future. 

4.1.2 Normal operations 

Another strength associated with LOSA is that the methodology is concerned with 

understanding cockpit reality as it occurs in normal airline operations rather than 

focusing on pilot behaviour related to unusual events or circumstances such as 

incidents or accidents. Prior to LOSA, data on normal operations were not generally 

gathered. Harper (2003) pointed out that without LOSA there would be no 

methodology for collecting objective information about how flight crews behave 

when they are working under normal operating conditions. 
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Data gathered by LOSA are considered to be valuable to airlines because they 

include information about what types of threats and errors pilots encounter during 

normal flights and how these are managed. LOSA data also provide insights about 

areas of vulnerability that airlines may face in their normal operations (Harper, 2003). 

Analysis of LOSA data can also result in the identification of behavioural patterns. 

“Certain errors occur more often at airports, or events stand out as problematic or 

particular SOP show high rates of intentional noncompliance. These patterns become 

targets for enhancement for the airline to exert efforts for change” (Klinect et al., 

2003, p. 5). 

4.1.3 Accurate data gathering 

Supporters of LOSA also claim that data gathered through this methodology are 

more accurate than anecdotal observations. Greater detail is provided by LOSA 

reports than is typically provided in voluntary reports. This detail can provide 

information about precursors of an observed issue, how often a certain kind of 

problem occurs, and conditions surrounding an issue (Ma, 2012). It also allows 

problematic procedures such as certain SOP to be identified by observing poor 

adherence rates among pilots (Veilette, 2008). 

Accuracy of data gathered by LOSA is also strengthened by the fact that pilot 

audits are performed by peer group members in a non-threatening way, which tends to 

increase trust between observers and observed pilots. Ma (2012) maintained that 

audits performed by external agencies, or by internal safety or quality departments, 

may result in altered or rehearsed behaviours that produce inaccurate data. Also 

critical to the accuracy of the data is the issue of whether the behaviour of the pilots 
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who are observed in LOSA is altered by their being observed (see the Hawthorne 

Effect, described in section 2.1.1). 

4.1.4 Trust in LOSA data 

Klinect et al. (2003) noted that trust in the data gathered was a major defining 

characteristic of the LOSA procedure. LOSA operational characteristics that they 

cited as contributing to trust included: 

 a data collection form targeted to collect data relevant to safety 

 a trusted data collection site for storing data 

 data-clearing roundtables, wherein observers must justify their stated 

observations 

 based on the data, derivation of targets for future enhancements 

Before observation takes place, it is made clear to flight crews that the purpose of 

the LOSA observations is not to evaluate or debrief individual pilots but rather to 

collect safety data. LOSA operational characteristics that Klinect et al (2003) cited as 

specifically supporting observed pilots’ trust in the process included: 

 anonymous and confidential data collection 

 voluntary crew participation 

 joint management-union sponsorship 

 trusted and trained observers 

 feedback from LOSA results given to line pilots 

Klinect et al. (2003) compared LOSA to taking a cholesterol reading during a 

health check. The cholesterol reading is meant to provide some evidence of how 

much risk an individual has of suffering an adverse event, such as a heart attack. If 

results indicate a level of cholesterol that is too high, this provides motivation for the 
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individual to take measures to become healthier. Analogously LOSA measures the 

safety strengths and weaknesses of flight crew behaviour during normal operations. 

An airline can then make any changes that are indicated by analysis of the resulting 

observational data. 

4.1.5 Benefits to safety 

Perhaps the strongest argument for the value of LOSA comes from the claimed 

benefits to safety that have followed from the implementation of the methodology by 

various airlines. According to Klinect et al. (2003) the LOSA that was conducted in 

1996 as a joint project of the University of Texas and Continental Airlines resulted in 

identification of various targets for improvement by the airline. It also resulted in 

changes that affected the entire organisation, including the development of a 

mandatory pilot training course for the management of errors..These findings 

indicated that the 1996 LOSA was not just an exercise with no practical ramifications. 

On the contrary, they demonstrated that the diagnostic snapshot of pilot operations 

that resulted from employing the LOSA methodology led to changes believed by 

airline flight experts and management to increase safety margins for Continental 

Airlines. 

Furthermore, whether the changes that were made by Continental following the 

1996 LOSA actually improved safety performance could be tested by conducting a 

second LOSA several years later. This ability to use LOSA to measure the effects of 

changes made as a result of an earlier LOSA constitutes one of the main values of the 

methodology (Klinect et al., 2003; Ma, 2012). Klinect et al. (2003) pointed out that 

“After two to three years, a follow-up LOSA can measure whether the airline’s 

changes improved performance “ (p. 5). 



Chapter 4:  Benefits & Weaknesses of LOSA  

 
163 

A follow-up LOSA was conducted by Continental Airlines in 2000 to determine 

what effects the changes implemented after the initial LOSA had made. According to 

the Manager of Human Factors Training, Captain Don Gunther, results of this follow-

up LOSA showed that Continental pilots had accepted the principle of error 

management, which is the backbone of LOSA. This was demonstrated by the fact that 

they had incorporated the principle into their ordinary flight operations. Gunther 

(2002, p. 12) noted that: 

 

LOSA 2000 showed a sizeable improvement in the areas of checklist usage, a 70 

percent reduction in non-conforming approaches (i.e., those not meeting stabilized 

approach criteria) and an increase in overall crew performance. It could be said 

that Continental had taken a turn in the right direction. 

 

4.1.6  Other improvements 

Ma et al. (2011) observed that the LOSA methodology had resulted in other 

improvements to airlines including: 

 modification of dispatch paperwork 

 reallocation of resources 

 revision of procedures as a result of problems that had been uncovered by the 

methodology 

Ma et al. (2011) also referred to the fact that the 1996 LOSA at Continental 

Airlines revealed that their pilots were having problems with conducting uniform 

approaches according to standards defined by the company. Analysis of this issue 

resulted not in finding that the pilots were at fault but that standards used by the 
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company were ambiguous. Resolution of this issue came about when the company 

modified its SOP for approaches. The 2000 LOSA conducted by Continental showed 

that this modification also led to substantial reductions in non-conforming landing 

approaches and unstabilised approaches. 

4.1.7 Overall benefits  

Overall, it appears that a great deal of information that is relevant to safety in 

commercial air travel has been gathered by LOSA. This information includes a better 

understanding that threats and errors are ubiquitous in normal aviation operations. It 

also includes a better understanding of pilot error. 

 

With errors being classified as non-compliance, procedural, communication, 

proficiency, or decision errors, the LOSA methodology has been able to determine 

that these occur at different rates.  (Helmreich, 2000).  

 

Due to its practical successes in gathering important information and spurring 

changes to improve safety the LOSA methodology has been implemented by a 

number of airlines worldwide. It has also been endorsed by ICAO as best practice for 

maintaining effective safety programmes (Harper, 2011).  

4.2 Criticisms of LOSA 

Despite arguments that LOSA has contributed to a better understanding of pilot 

behaviour during normal flight operations and increased air safety margins, a number 

of criticisms have been levelled at the methodology.  
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4.2.1 Using human error as a defining factor of LOSA 

One criticism of LOSA focuses on the emphasis on human error that defines the 

TEM model, which is a key aspect of LOSA. Hollnagel (1998) pointed out that there 

can be a number of antecedents to undesired phenomena, stating that “human error is 

just one explanation out of several possible for an observed performance” (p. 23). 

Hollnagel (1998) also argued that if something goes wrong in some system or process 

and one infers that the cause was human error, this leads to scientific perpelxity. 

Another criticism is that the term “error” can have multiple meanings, and “it is this 

ambiguity of common usage that makes the term unsuitable for systematic analyses” 

(Hollnagel, 1998. p. 23). Woods & Cook (2003) voiced a similar concern, 

maintaining that human error is a  “starting point and not a conclusion and marks not 

an end but a beginning of the search for systemic explanations” (p. 99). 

4.2.2 Lengthy methodology 

Harris (2003) noted that the time that passes between when a LOSA is carried out 

and when changes are implemented based on lessons are learned from that LOSA 

may be considerable. This is due to the time lag between the data gathering phase of a 

LOSA and recommendations being made based on data analysis. Furthermore, any 

resulting improvements in performance or safety could take years to become evident, 

precluding a clear connection between cause and effect, especially if other concurrent 

factors also influence outcomes. Harris (2003, p. 1) also pointed out that “there is a 

disconnect between errors observed in the cockpit and the rate at which accidents 

occur.” 
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4.2.3 Inaccuracy of reports generated by LOSA 

The accuracy of reports generated by the kind of observational methodology used 

by LOSA has also been questioned. In a study of air traffic controllers, Amalberti 

(2001) attempted an observational method that compared errors recorded by an 

expert, a psychologist, and the pilot. All three reports differed, and this finding 

suggested two considerations that some commentators regard as problematic aspects 

of LOSA. 

The first consideration is that different observers may have different perceptions 

and interpretations of an incident. This point challenges the idea that LOSA is an 

objective procedure by emphasising that it relies on the observations and reports of 

subjective observers. For a LOSA observer’s report to be considerd objectively 

accurate would require the same flight to be repeated several times with a different 

observer on each occasion. This, of course would be impossible as every flight has its 

own unique character and can never be replicated. 

The second consideration identified by Amalberti (2001) emerged from the finding 

that pilots disagreed with the other two observers’ observations due to the fact that 

pilots had a greater knowledge of the context of the behaviours demonstrated. An 

observer might mark a particular action as a pilot error, whereas the pilot may not 

consider the same action to be an error given the context, which a LOSA observer 

may not fully understand. Other researchers have also noted that pilot behaviours 

counted as errors by observers were not actually errors when the full context of the 

behaviour was understood (Hollnagel & Amalberti (2001) 
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4.2.4 Loss of context to LOSA 

Another major criticism of LOSA is that because anonymity is a key feature of the 

methodology, it is limited in its consideration of the context surrounding crew 

behaviour. Due to anonymity, pilots are not provided with an opportunity to explain 

their actions in post-flight interviews or in the roundtable discussion that is part of the 

methodology, and as a result it is possible that in some cases the LOSA data records 

no more than the subjective opinions of what constitutes an error according to the 

observer. Hollnagel & Amalberti (2001) noted that post-flight interviews with flight 

crew have shown that actions or omissions that observers counted as errors could be 

explained by the crew in various ways; for example, that they were performing those 

actions based on anticipation of workload fluctuations. Thus anonymity, which is 

identified a strength by LOSA supporters, can be seen as a weakness by its detractors. 

4.2.5 Counting errors 

Citing Hollnagel & Amalberti (2001), Dekker, Nyce, van Winsen, and 

Henriqueson (2010, p. 31) maintained that critical studies of error counting have 

shown that “an error count could achieve its end only by erasing its true subject: 

adaptation and expertise expressed by practitioners.” In a similar critical vein, 

Dekker, Cilliers, and Hofmeyr (2011) maintained that focusing on pilot errors in 

LOSA observations amounted to trying to fit the operator’s actions into a box of error 

counts, revealing nothing about the situation the pilots were facing when the error 

occurred. These authors also opined that LOSA observations held nothing of real 

value to explain why pilots did what they did or omitted to do.  
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4.2.6 LOSA increasing safety risk 

Perrow (2011) suggested that initiatives such as LOSA that are designed to 

improve safety are doomed to failure or at least very limited in what they are able to 

accomplish. He believed that highly-coupled systems consist of so many complexities 

that it is extremely likely if not certain that there will be unexpected and unpredictable 

accidents and incidents within such systems. Perrow gave the example that in 

hindsight the nuclear accident at Three Mile Island was unavoidable due to several 

component failures interacting in ways otherwise unanticipated by system designers, 

safety managers, and operators. In other words, what Perrow termed  “normal 

accidents” are inevitable in the world’s high-risk organisations. 

Commercial aviation falls into this category, as it consists of a highly-complex 

technological system that includes many smaller but also complex sub-systems where 

there is little room for error. Furthermore, Perrow (1984) warned that safety devices 

or other kinds of technical redundancy that are meant to control or reduce error can 

actually increase overall complexity. This results in systems becoming more error 

prone rather than less. Perrow’s comments imply that if a change that came about due 

to LOSA adds to the complexity of an operational system, it may actually detract 

from rather than enhance flight safety margins (Perrow, 1984). 

4.2.7 Using a medical metaphor to explain LOSA 

While Klinect et al. (2003) used a medical metaphor to argue for the value of 

LOSA,  Rochlin (1999) used such a metaphor to question its methodology. Rochlin 

compared risk and safety to illness and health, noting that a healthy person may be 

defined in negative terms as someone free from disease or in positive terms as being 

in a state of health. A methodology that seeks to improve safety by focusing on the 
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errors that a flight crew make is akin to a methodology that seeks to improve wellness 

by defining health in negative terms. Rochlin (1999) stated that  “Defining an 

organisation as safe because it has a low rate of errors and accidents has the same 

limitations as defining health in terms of not being sick” (p. 1551). 

Rochlin (2003) maintained that wellness is a story people tell themselves just as 

safety is a story an organisation tells itself about its relationship to the risk 

environment. “The origins of both (wellness and safety) do not lie solely with 

indicators of performance” (p. 126). Rochlin asserted that safety is more than a set of 

observed errors, training, or behavioural scripts but rather depends on how an 

organisation operates holistically. 

4.3 A summary of benefits and weaknesses of LOSA 

Despite the misgivings of some commentators, ICAO was sufficiently convinced 

of LOSA benefits to endorse the methodology as best practice for airlines (ICAO, 

2002). For LOSA:SP, the benefits were apparent even before the study had started, as 

evidenced by the company and personnel involved in the research being convinced 

that this study would offer a route to a greater safety awareness. The company had 

already identified areas in which LOSA:SP may show weaknesses and those where 

good practice may be evident. In particular, they knew anecdotally that ATC 

communications was becoming an issue for them and that LOSA:SP could potentially 

give them measurable evidence and data to support a conversation and collaboration 

between ATC and the company to resolve this concern.  

One weakness that has consistently emerged in practice is the lack of context 

resulting from the fact that LOSA does not allow pilots to comment on the reasons 

behind their actions. Therefore results that emerge could be seen as a subjective 
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opinion of the observer. In the LOSA:SP envrionment, some pilots were seen to ‘talk 

aloud’ (about their intentions or thought processes). This is different to the cross-talk 

practised in the MCO environment which is generally used to share information and 

confirm instructions, such as clarifying altitude changes or confirming sightings of 

other aircraft. Thus verbalisation that is evident in the LOSA:SP study, gave 

observers access to some of the context behind their actions (Carmeli, 2016). 

Verbalisation (other than normal cross-talk between crew, necessary for safe practice 

and mandated by SOP),  has not formed part of the LOSA methodology.  However, in 

LOSA:SP,  finding that some of the single pilots verbalised, produced a valuable 

opportunity that introduced an interesting aspect to the study. Therefore, the results 

from pilots who verbalised and those who did not are discussed further in Chapter 5. 

Despite the weaknesses of  LOSA as detailed here, this methodology could (and 

perhaps should) be incorporated within a broader system-wide approach to safety.   

Whilst addressing the issues mentioned by its critics, LOSA and LOSA:SP can 

become a powerfull tool as part of the overall efforts of a company towards safety.  

To extend the health analogy that Rochlin (1999) used, LOSA could be seen as part of 

a calorie-controlled diet that constitutes one element of a wellness programme.  
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CHAPTER 5: Verbalisation in Single Pilot Operations 

(SPO)  

Concurrent verbalisation has been used as a technique for knowledge elicitation in 

HF research.  One of the findings from the first study examined how verbalisation 

interacted with cognitive task performance as measured by observed number of errors 

and miscues. The methodology used in the study was of an observational nature, 

conducted within a single-pilot operating environment based on an analysis of 14 

normal flights. Findings suggested that verbalisation influenced performance 

positively, as pilots who verbalised were observed to make fewer errors. However, 

questions concerning the validity of error counting and the operationalisation of such 

kinds of observational studies were considered in the discussion. 

5.1 Introduction 

Verbalisation is a knowledge elicitation data collection technique developed by 

Ericsson and Simon (1984). In HF (and other) research, verbalisation (or verbal 

protocols) may be the prime method for accessing cognitive processes (of operators, 

etc.). This study focused on concurrent (rather than retrospective) verbalisation of 

pilots’ verbalised intentions during in-flight task performance. 

5.2 Concurrent verbalisation and task performance 

Although research has shown that concurrent verbalisation does not interfere with 

cognitive task performance (Ericsson & Simon, 1998; Menenti, Gierhan, Segaert, & 

Hagoort, 2011) these findings are from studies performed in simulated or classroom 

environments (Boren & Ramey, 2000; Isler, Starkey & Williamson, 2009; Katalin, 

2000; Nielsen, 1993). This is because of possible or presumed detrimental effects on 

performance and/or safety in some naturalistic studies. In a real-life study involving 
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nurses, Greenwood and King (1995) found that at least one nurse was concerned that 

her  “attentional capacity was focused on the requirement to think aloud” (p. 912). 

Other nurses similarly commented that awareness of the researchers’ presence 

diverted cognitive resources from their clinical work. However, some flight schools 

use verbalisation to complement their instructional techniques in the belief that 

verbalisation increases cognitive performance by reinforcing the task within the mind, 

thereby increasing awareness. 

The literature has shown different possibilities with respect to the interaction 

between concurrent verbalisation and cognitive task performance. Ericsson and 

Simon (1984) argued that direct verbalisation of cognitive processes does not affect 

performance because it “reveals the sequence of information heeded by the subject 

without altering the cognitive process” (p. 30). Thus, there should be no greater risk 

to critical performance than if the pilot were silent during the task. Berry and 

Broadbent (1990) and Wright and Converse (1992) went further by suggesting that 

verbalisation actually improved performance. This is the assumption behind the UK 

Institute of Advanced Motorists’ (Roadsmart) requirement that motorists verbalise as 

part of their advanced driving test (https://www.iamroadsmart.com). 

On the other hand Dreyfus and Dreyfus (1986) suggested that expert performance 

was degraded by the requirement to verbalise concurrently and proposed a 5-step 

model of skill acquisition. Giving examples from airline pilots and chess 

grandmasters, they argued that experts “depend on intuition and hardly at all on 

analysis and comparing alternatives” (p. 33). Therefore, to verbalise or use conscious 

deliberation would not be desirable. Similarly, Nisbett and Wilson (1977) suggested 

that there may be little or no direct introspective access to cognitive processes during 

high-workload cognitive processing. 
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5.3 Verbalisation finding 

Emanating from the first (LOSA:SP) study, the author sought to address the 

question of whether concurrent verbalisation in a real-task environment interacted 

with cognitive task performance, as measured by number of errors and miscues 

observed.   There was an implicit assumption that verbalisation could improve 

cognitive performance. Although four error categories were examined during the 

LOSA:SP study, for the purpose of determining the success (or otherwise) of 

verbalisation, the author concentrated on procedural errors rather than on other error 

categories due to the inherent alignment to the cognitive task of a procedural 

approach. 

There is significant disagreement about the nature and definition of cognitive task 

performance, and measuring this with subjective rating scales can result in high 

variability due to disparities between both raters and operators. Each operator 

demonstrates his/her own subjective experience of a task, which is influenced by 

particular requirements, circumstances and environmental conditions. Observer 

ratings may also be biased by observers’ preconceptions, experiences and frames of 

reference (Hart & Staveland, 1988). However, Sweller (1988) reported raters’ 

subjective measurements to be highly reliable when observing procedures. 

Of the other error categories (aircraft handling, communication and intentional 

non-compliance), aircraft handling errors were more problematic to identify than 

procedural errors, both for observer and for verbalising pilots. A reduced number of 

these reported errors in this category makes it difficult to collate and analyse the data. 

Similarly, communication errors were not applicable because of the nature of single-

pilot operations. Although external communications (ATC or ground staff for 

instance) constituted the multi-crew element of SPO, within the context of a pilot 
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study it was problematic to differentiate communicate and verbalisation. 

Within the category of intentional non-compliance, too many variables existed to 

determine significance. For instance, it is unlikely that pilots would verbalise in 

situations in which they were deliberately “breaking the rules” (intentional non-

compliance), since this would amount to self-accusation. Furthermore, due to the very 

nature of non-compliance, it is not possible to measure how well the pilot did or did 

not mitigate for or manage this type of error. 

5.4 Methodology 

As discussed in Chapter 3, the study was conducted within a mid-sized emergency 

medical system (EMS) company operating single-pilot, twin turbo-prop, fixed-wing 

aircraft. Pilots on the 14 observed normal flights were all male, and their flying 

experience ranged from 5 to 47 years (3,500 to 25,000 hours). 

An established technique of LOSA (Helmreich et al., 2001) was used to record 

threats and errors observed during the 14 flights. As no instructions or prompts related 

to verbalisation were given, pilots were free to verbalise their intentions and actions; 

to verbalise their own observations, or not to verbalise at all. The verbalisations 

observed represented the verbalising pilots’ cognitive process during flight. They 

included reflections on the current situation, repetition of instructions, intentions and 

thought processes about various events and communications with medical crew in the 

back of the aircraft. 

 

5.5 Results 

All 14 pilots who were approached agreed to participate in the study. Of these, six 

verbalised and eight did not. Whilst in-flight verbalising was recommended within the 
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company, it was not enforced. Figure 5.1 shows that there were 11 observed 

procedural errors (4 being well managed) for non-verbalising pilots and 7 (5 being 

well managed) for verbalising pilots. In total, 12 errors were observed among the six 

verbalising pilots compared with 30 among the eight non-verbalising pilots. 

 

Figure 5.1 A comparison of procedural errors in verbalising and non-verbalising 

pilots (Taken from the LOSA:SP study with permission of the research team and the 

LOSA Collaborative). 

 

5.6 Discussion 

To determine how verbalisation interacted with cognitive task performance as 

measured by observed numbers of errors and miscues, a number of considerations 

were explored. 

 One area examined was whether the observational nature of the research would 

have an effect on errors counted and therefore on the analysis of the relationship 

between verbalisation and cognitive task performance. According to Erlandsson and 

Jansson (2013), observational methods can provide rich and informative data. 

Additionally, direct and indirect observations provide “broad but essential knowledge 
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about the specific domain of interest” (p. 239). However McNeese (2004) and 

Jansson, Olsson, and Erlandsson (2006) argued that observational methods support 

only one level of understanding – that of observable behaviour. 

Yet other literature has suggested that the operationalisation of error count based 

on observational techniques strongly depends on the training of the observer (e.g., 

Helmreich et al., 2001). In the current study, the two observers had taken an extensive 

training course comprised of five days theoretical and practical preparation, including 

calibration and assessment prior to data collection. The method, its operationalisation, 

and the way it was adopted were consistent with widely-used practices within 

aviation. 

It is possible that there was interference in recording errors made by both 

verbalising and non-verbalising pilots. For instance, during verbalisation a pilot may 

announce an error that may not have been identified by the observer. However, this 

does not necessary represent a fault by the observer, since according to Rasmussen 

(1983), some cognitively-driven errors might not be clearly manifested in a pilot’s 

behaviour.  Examples of these would be misperceptions, momentary lapses of 

memory, and knowledge-based mistakes. Such errors tend to be captured by the 

observer only when they result in a clear failure category, or when verbalised by the 

pilot. There is an extensive debate in the literature on the ontological status of error 

and its socially-constructed nature (e.g., Dekker, 2010) 

Conversely, an error made by a non-verbalising pilot would not be verbalised, 

therefore if such an error was not clearly manifested in the pilot’s behaviour, the 

observer might implicitly negotiate between his/her interpretation of reality (including 

his/her error categories) and what was really happening. As a result, it is possible that 

some errors are missed because they do not fit clearly within the pre-existing coding 
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framework. 

A further question was to examine associations between experience and 

verbalisation, and between verbalisation and cognitive task performance.  To verify 

this it was first necessary to determine whether experience was associated positively 

with the ability to verbalise and then to establish whether verbalisation affected 

cognitive task performance.   

The findings on verbalisation and observed procedural errors provided no 

empirical support for experience affecting cognitive task performance. Although 

those pilots with more hours (experience) appeared to make fewer errors overall, there 

were insufficient data to draw conclusions about whether they made fewer errors 

when verbalising or non-verbalising. In this sense, verbalisation seemed neither to 

interfere with cognitive task performance nor to alter cognitive processes, as some 

literature suggested it might (e.g., Ericsson & Simon, 1998; Menenti et al., 2011). 

Evidence from this study is also insufficient to support the view that verbalisation can 

improve task performance (Berry & Broadbent, 1990; Wright & Converse, 1992). 

5.7 Conclusions 

The data gathering from this study were not sufficient to determine whether 

verbalisation increased or decreased pilots’ cognitive task performance. At the same 

time, to the extent that cognitive performance is reflected by means of error counting, 

there is no evidence to confirm that verbalisation interferes in the cognitive process. 

In fact, findings may suggest that verbalisation influences the observer identifying the 

errors and thus could alter the results. 

On the other hand, if verbalisation increases cognitive task performance, it would 

be appropriate to consider strategies and recommendations that would include 
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verbalisation as part of complex task accomplishment.  This strategy could be used to 

enhance training and skill mastery, particularly in single-pilot operations. More 

research is required to support this argument and to evaluate the extent to which 

verbalisation might enhance performance without collateral effects (e.g., increasing 

error rate). 

Whilst this study only evaluated concurrent verbalisation, greater validity may be 

found in studies that combined concurrent, collegial and retrospective verbalisations. 

Future research could test this. Because current verbalisation practice is diverse and 

not well informed by theory, practitioners could also achieve greater validity by re-

evaluating and systematically extending theory and by changing practice to be 

theoretically consistent. 

The findings about verbalisation in the LOSA:SP study were presented as a poster 

at a conference in Graz in 2013 (Earl, Dekker & Henriqson, 2013) led to two further 

studies. The second of these was conducted to determine if verbalisation interfered in 

pilots’ cognitive performance at different phases of flight. To ensure safety was 

maintained, this was trialled under simulator conditions (Chapter Six). The third study 

used a thematic analysis methodology to ascertain the value of verbalisation as a 

means of improving cognitive performance (Chapter Eight).  
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CHAPTER 6: Study 2 - Multi-Crew Verbalisation Study 

A previous LOSA study on SPO using the observational methodology outlined in 

Chapter 3 appeared to show that pilots who verbalised their intentions made fewer 

errors than those who did not (Earl et al., 2012). However, pilots sampled for that 

study were not asked to self-evaluate the effects of verbalisation on their performance. 

 In the course of completing simulator experiments involving air crew, Dr Tim 

Mavin and Ms Kassandra Soo observed the value of verbalisation in a cockpit 

environment, especially when combined with retrospective review, and they agreed to 

share their data for interpretation with regard to verbalisation. 

6.1 Background – Multi-crew verbalisation 

The simulator studies conducted by Mavin and Soo identified three kinds of 

verbalisation – current, collegial, and retrospective. Whilst the simulator study did not 

address the accuracy or reliability of verbalisations, it did investigate how 

verbalisation may affect the cognitive processes and task performance of pilots during 

low, medium, and high levels of workload on simulated flights and whether a 

methodology of retrospective verbalisation directly after the simulator ride improves 

context and thus identification of errors. 

By testing the concept in a simulated (and thus safe) environment, Mavin and 

Soo’s methodology could demonstrate an additional technique for detecting errors, 

and identify the context in which actions are taken in a retrospective debriefing whilst 

simultaneously testing the value of verbalisation. Instituting a similar practice in SPO 

could conceivably make the LOSA:SP system more robust. 

Modern airline pilots fly within a highly-complex social and technological 

environment that requires them to perform a number of challenging tasks involving 
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exacting and crucial decision making critical to performance. Typical tasks include 

calculating efficient routes, air-to-air navigation of the aircraft, concurrent 

monitoring, and detection and diagnosis of any system malfunctions or emergencies 

that may occur (Mosier, Skitka, Heers, & Burdick, 2009). The detection and 

mitigation of internal and external threats and the efficiency, speed, and 

appropriateness of pilot responses are critical to ensuring safe and successful flights. 

The issue of flight deck cognitive workload has evoked questions such as: How 

many tasks can the operator handle safely? And does the operator have to “try hard” 

to maintain an adequate level of performance? (De Waard, 1996). If task demands 

exceed a pilot’s capacity to deal with them, safety could be compromised. This study 

examined whether introducing flight deck verbalisation under simulator conditions 

would contribute to or detract from a pilots’ performance as they carried out intense 

cognitive tasks analogous to those within their operating environments. This study 

examined the effects of verbalisation under periods of simulated low, medium, and 

high task flight workload. The overall intent was to better understand the effects of 

verbalisation techniques on pilot decision making (e.g., whether verbalisation 

enhances the cognitive performance of the pilot or interferes with mental workload 

and therefore has a detrimental effect on safety). Additionally, the study examined 

retrospective verbalisation as a means of self-examination of actions conducted on the 

flight deck. 

Studying verbalisation in train drivers, Erlandsson and Jansson (2013) concluded 

that peer analysis using collegial and retrospective techniques was an accurate 

reporting tool. Their research suggested that audio-visually recording performance 

and immediately debriefing pilots would allow pilots to accurately recall and explain 

the reasons behind their behaviours, actions, and decisions in context. 
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Verbalisation is integral to SOP during multi-crew flights, where pilots make 

information available to other crew members in order to fully understand and align 

their activities. However, asking pilots to verbalise their intentions, apart from those 

required for flight (e.g., sequence of commands when on approach), places an 

additional burden on pilots’ cognitive processing. Furthermore, when asked to 

verbalise for researchers, pilots may employ communications that would not occur 

during normal flight. On the other hand, arguing that such an external representation 

of knowledge, thoughts and decision-making can provide an off-loading effect, Scaife 

and Rogers (1996) suggested that verbalisation may free up working memory 

resources, allowing more processing capacity for operational activity. However, 

whilst some pilots seem to feel comfortable talking aloud and may use verbalisation 

as a means of aiding cognitive performance, others may find verbalisation 

uncomfortable or difficult. 

When Continental Airlines were completing their LOSA audit, one outcome was 

that crews who verbalised their actions made fewer automation errors: 

 

For example, ATC says that the altimeter setting now is 29:32; one pilot enters 

29:32 in his altimeter, the other pilot enters 30:32 in his altimeter and levels off 

1000 feet from the assigned altitude.  Gunther said, what if the first pilot had 

verbalized, “The altimeter is twenty-nine thirty-two.” With that little bit of 

verbalization, the other pilot might have caught the mistake. (Flight Safety Digest, 

Editorial Staff, 2005, p.6) 
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The usual motivation for employing verbalisation techniques is to better 

understand cognitive processes that comprise a “complex interaction of factual 

knowledge, cognitive and metacognitive strategies, experiences, belief systems and 

social factors”  (Taylor & Dionne, 2000, p. 413). Typically, verbalisation occurs 

solely in the participant’s head (some pilots silently verbalise their intentions), 

making it difficult to determine strategies that are employed in the process (Taylor & 

Dionne, 2000).  Oftern the only evidence of verbalisation is the final result, but this 

can be inaccurate as it requires inferences about the thinking process. 

Due to the high degree of complexity and large number of safety risks in the flight 

environment, it was necessary to conduct this research in a simulated arena prior to 

replicating in a live situation. However, airline simulators closely emulate that of live 

flight and pilots are required to retest their skills every six months as mandated by 

ICAO. Simulator sessions focus on presenting situations and challenges that reflect 

those that a pilot may encounter during operational flying. Thus, simulator results 

should correspond reasonably well with a pilot’s live performance. 

In this study, data were collected on the effects of verbalisation using a two-step 

process. Step one involved the researchers audio-visually recording the flight crew 

who were instructed to verbalise their thoughts, decisions and simulated actions 

whilst performing their normal tasks. Use of the audio-visual procedure was intended 

to enable the pilots to consider their own actions in a subsequent debrief, thereby 

providing context for why they had performed certain actions. In step two, which took 

place immediately following step one, the captain and first officer (FO) joined the 

researchers in the debriefing room to view and comment on the recording of their 

performance in the simulator. This opportunity provided a context for pilot 

verbalisations and actions, including what they had been thinking at the time and how 
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verbalisation affected their actions. Capturing crews’ thoughts immediately after each 

simulated flight (retrospective verbalisation) reduced the likelihood of hindsight bias. 

The study thus used both concurrent and retrospective analysis to better understand 

pilots’ thought processes at all stages of a flight including when verbalisation was at a 

minimum. 

6.2 Methodology 

6.2.1 Context 

In civil aviation, four primary functions are performed by flight crews for safe 

completion of a flight 1) flight management 2) communications management 3) 

systems management and 4) task management (Abbott, 1993). Task management 

involves a degree of CRM whereby pilots have to monitor instruments and actions, 

schedule tasks, and allocate tasks and resources amongst the pilots. In multi-crew 

environments, pilots are usually given the task of pilot flying (PF) or pilot monitoring 

(PM), with each pilot having his/her own specific in-flight tasks. Another aspect of 

CRM is that pilots are expected to communicate with each other for several reasons, 

which may include: 

 (1) Completing checking tasks (such as pre- take-off or start-up checks) with the 

aid of checklists  

(2) Maintaining SA, defined as what is currently happening in time and space and 

projections into the future  

(3) Noting any in-flight changes, including threats such as weather changes or 

emergency situations and  

(4) Communicating with air traffic control (ATC) and other agencies 
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Whilst carrying out their normal CRM tasks, some pilots find it natural to 

communicate their thought processes as an aid to determining and emphasising their 

actions. This also allows first officers to understand what pilots are thinking and 

considering. Compared with pilots who do not normally use verbalisation to reflect on 

their thought processes, pilots who naturally verbalise respond better to researcher 

requests for verbalisation. This finding emerged from informal discussions with 

colleagues at various events where verbalisation was tabled. 

Empirical data for this case was drawn from a 2-day simulator session with the 

same flight crew. Study participants were a captain and first officer from a large 

airline (Plate 6.1). The captain’s total flying experience was 13,000 hours, whilst the 

FO’s total flying experience was 7,700 hours. The flight examiner had 15,000 hours 

flying experience.    

Plate 6.1  Flight Simulator.   
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Apart from conversation that is not task relevant, pilots normally only 

communicate information required for the task or SOP at hand. For this research, 

pilots were instructed to verbalise their thought processes whether or not they were 

relevant to the current task. At times, pilots found verbalisation for the purpose of the 

study hard to maintain, and this was illustrated during periods of high workload, when 

pilots reverted to verbalising only what was necessary for completing SOP required 

for the task. 

6.2.2 Workload 

One study aim was to determine the effect of pilot verbalisation on pilot 

performance during different workload levels. Workload level was therefore 

divided into phases of flight when cognitive workload required for a task was 

either low (LWL), medium (MWL) or high (HWL). Pilot workload can be defined 

as an 

 intervening variable, similar to attention, that modulates or indexes the tuning 

between the demands of the environment and the capacity of the operator. As 

an intervening variable, workload cannot be directly evaluated or observed. 

More it is a conceptual, multifaceted construct that must be inferred from 

changes in observable data.  (Kantowitz, 1988. P. 182).  

In the current study, workload allocations were made according to the generally- 

accepted definitions of activities and expected stress levels at different times of the 

flight. 
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6.2.3 Definitions of cognitive load and decision making 

HWL describes a time of intensive cognitive workload, usually at critical flight 

phases (including take-off, descent, and approach/landing) or in emergency situations. 

All of these circumstances are time critical and occur when decisions and actions have 

to be made quickly in order for essential tasks to be completed. For instance, during 

approach and landing phases, pilots must input correct information into the aircraft’s 

flight management systems and read back this information correctly. At the same 

time, they must monitor speed, direction, altitude and attitude; communicate with 

other agencies (particularly ATC); observe weather and runway conditions; carry out 

a number of compulsory check-lists, and check flap and undercarriage settings whilst 

observing instruments and other local traffic. During these phases, any emergency 

that may occur (e.g., engine failure on take-off) would require an immediate and 

accurate response in order to avoid an accident. Any interruptions to the pilots’ 

concentration at this stage can be critical. At these stages, talk is often restricted to 

essential operational communication. Such sterile cockpit conditions are primarily 

maintained on take-off up to a height of 10,000 feet or on approach and landing 

through a similar altitude. 

Typically the number of tasks to be performed during MWL flight phases are 

moderate and there is more time available in which to perform them. However, tasks 

performed during these phases are still critical and require the pilots’ close attention 

and timely execution. Examples include taxiing prior to take-off and after landing. 

During LWL phases of flight operations, no critical processes occur and there is 

generally ample time to complete tasks. This is primarily the pre-taxi phase, when the 

aircraft is at the gate and the pilots are completing normal tasks, such as checking 

load sheets and reviewing flight plans. During LWL phases time is generally not a 
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critical element in completing tasks, as it is in HWL phases, although on occasion 

scheduling will require pilots to undertake LWL tasks more quickly than usual. 

Another example of an LWL phase is cruise flight, although a threat arising at this 

time can sometimes require a pilot’s immediate attention. 

6.2.4 Design 

The study used a simulator environment that closely emulated an actual flying 

environment, presenting situations and challenges reflecting those that pilots would 

encounter on a live flight deck. The simulators represented the interior of an aircraft 

with outside views of airfields and their surrounding environments. The flight 

simulator was set up with a video camera and audio recording equipment to record 

conversations between pilots during each flight. Modern simulators are sufficiently 

realistic (including motion sensors) so that simulator time is recorded as real time for 

the purposes of a pilot’s log book (i.e., pilots can enter the hours in their log books as 

if they were hours spent actually flying). The simulator experience is thus constructed 

as being virtually indistinguishable from a live flight. 

Simulator sessions consisted of a flight crew and examiner from a major airline 

conducting a normal simulator session, in which the examiner takes his place at the 

back of the simulator and operates a computerised programme designed to replicate 

different aspects of flight (Plates 6.2 and 6.3). Typically these would be different 

emergency situations that might arise on a flight, with a purpose of testing the flight 

crew response.  A typical crew for the airline and aircraft type for this study consisted 

of a captain and FO. Three simulator sessions were recorded, and the participants 

were asked and agreed to take part in a debriefing session with the research team 

afterwards. 
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Plate 6.2 .  Participants in the simulator 

 

 

 

6.2.4.1 Simulator session 

Each simulator sessions lasted for two days, with a debriefing session immediately 

after each simulator trial. The 2-day sessions included simulations of two start-to-

finish normal flights and one emergency situation flight – an engine failure after take-

off (EFATO). Pilot participants alternated between acting as PF or PM. Simulator 

flights were 1 to 2.5 hours in duration. The first flight on day one lasted for 2.5 hours, 

and the second on day two lasted for 1 hour and 50 minutes. Day two also featured 

the emergency (EFATO) session, which lasted for 36-minutes. 
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Plate 6.3.  A computerised programme used in the simulated exercises 

 

 

 

 

 

 

 

The study included both concurrent and retrospective verbalisation. Participants’ 

actions and statements were audio-visually recorded, and they were instructed to 

verbalise their thought processes regardless of whether they were relevant to the 

current task. Prior to the study and following an introductory briefing on the purposes 

of verbalisation, pilots worked closely with the research team during the study design 

phase, contributing their own expertise and knowledge of the systems involved. 

During simulations, pilots were asked to verbalise all of their thoughts as a means of 

illustrating the thought processes that led to their decisions and actions. This can be 

likened to an advanced driving course in which students are told to “think aloud” to 

their instructors, revealing the thoughts and observations that influence their 

decisions. 

As the usefulness of verbalisation depends on using an effective recording method 

(Dix, Finlay, Abowd, & Beale, 1993), participants’ actions and statements were also 

audio-visually recorded. A video camera was set up unobtrusively at the rear of the 

simulator to record each session. Pilots are accustomed to having an examiner in the 



Chapter 6 – Multi-crew Verbalisation – M, F, D – Mar 2017 (VL) 

 
192 

cockpit during normal simulator sessions so it was hoped that a possible confounding 

Hawthorne Effect of variables would not occur. 

6.2.4.2  Debriefing 

The examiner and pilots were invited into the debriefing room immediately after 

each session to watch the recorded exercise on a TV monitor. The main purpose of 

watching the video was to aid the participants in recalling their mental processes 

whilst they were performing various tasks and to facilitate making their thought 

processes more transparent. The design of the debriefing process and its learning 

outcomes were explained prior to the session to avoid distracting the pilots from the 

simulator trial, which was fresh in their minds. The researcher’s role was to guide the 

discussion when necessary, allowing participants to concentrate on defining the 

context of their verbalisations and actions. 

Participants were asked to comment on the context surrounding their actions. They 

were able to stop and rewind the recording if they wished to clarify a point. From time 

to time, the researchers asked questions to clarify points and prompt further 

discussion. This retrospective verbalisation of cognitive processes allows researchers 

to better interpret the context of a situation as opposed to forming assumptions based 

on observation alone (Plate 6.4.). 
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Plate 6.4.  Pilot participants and researchers discussing the videoed recordings 

 

 

 

 

 

 

 

According to Ericsson and Simon (1993), making a video recording enhances a 

researcher's ability to treat verbal reports as hard data. However, care has to be taken 

to ensure that the verbalisations are coded accurately and interpreted within a 

theoretical structure. Moreover, participants are more empowered by the research 

when they feel they are contributing to the study rather than being perceived as 

simply research objects (Nielsen, Clemmensen, & Yssing, 2002). 

Using video playback to prompt prior thoughts and actions can be likened to the 

“mindtape” conceived by Nielsen and Christiansen (2000). These authors theorised 

that as users think faster than they can verbalise, using video enables participants to 

interact with their dialogue after the event. In this way, researchers are able to gain 

greater insights into respondents’ cognitive processes than by exclusive use of 

concurrent verbalisation. Similarly a participant’s personal knowledge and skills can 

be augmented through appropriation of shared cognitive processes with one or more 

other participants. 



Chapter 6 – Multi-crew Verbalisation – M, F, D – Mar 2017 (VL) 

 
194 

6.2.4.3 Transcription and analysis 

Data are normally elicited from verbalisation sessions by means of transcription, 

which is then subject to some form of systematic analysis. This could be a form of 

coding or qualitative conjecture. Recordings from this study were initially transcribed 

by a research team member and checked by the author, who completed missing words 

and interpreted aviation jargon. The corrected transcripts were then made available in 

table format for ease of analysis. 

Both quantitative and qualitative analysis was used to interpret data from 

transcripts. Quantitative analysis of the transcripts recorded the number of utterances 

and length of discussion at each phase of flight. Qualitative analysis was completed 

by examining the transcripts in full in order to gain insight and understanding into 

participants’ thought processes and how these related to cognitive load. 

In the first instance, the analysis aimed to establish a generalised view of the 

process and central themes that had emerged. The second (and most important) 

analysis coded the verbalisations. Using a grounded theory technique, encoding was 

achieved by merging data to produce categories rather than using a priori determined 

coding categories,. This grounded empirical approach, initially proposed by Glaser 

and Strauss (1967), allowed the research team to develop theories connected to the 

data collection and analysis process. 

Of particular interest in this study were participants’ evaluations of the effects of 

verbalisation in periods of low, medium, and high workload levels, respectively. The 

flight phases that were said to be comparable to the different workloads were: HWL – 

take-off, descent and landing; MWL – pre-taxi, taxi (pre- and post-flight) and 
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approach; LWL – flight planning at the gate prior to taxi and cruise flight. Figure 6.1 

demonstrates the cognitive workload levels at different phases of flight. 

The researchers hypothesised that participants’ workload would be highest at take-

off and landing and during approach phases of flight, during which times they were 

expected to make relatively fewer verbal utterances. Conversely, during lower 

workload phases participants were expected to verbalise more. In other words, the 

higher the workload the higher the cognitive load and therefore the lower the 

anticipated ability to verbalise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1 Adapted from Human factors for aviation basic handbook (Transport 

Canada, 2010) 
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6.2.5 Findings and conversations 

Smagorinsky (1998) made the assumption that as no-one really knows what is 

going on in someone else’s head, studies relying on verbalisation are really data-

driven inferences rather than empirical evidence. However, Ericsson and Simon 

(1980, 1984) disagreed, suggesting that characterising a verbal exchange as a verbal 

report can provide an accurate account of thought processes. Whilst some may argue 

that the very act of verbalisation alters the task process, Ericsson and Simon argued 

that at worst it would slow down task performance. 

The current study sought to ascertain whether eliciting retrospective accounts of 

observation immediately after a simulator event to contextualise the process would 

make it possible to identify participants’ inner thoughts during task analysis. This 

appeared to be successful as several participants commented that they recalled their 

thoughts as the scenes of the simulator events were played. 

In studies of specialist areas such as aviation, the researcher’s knowledge and 

experience together with highly-localised analysis required to understand specialised 

concepts has been found to be critical to understanding how participants construct a 

task. For example, Wertsch (1985) stressed that activity settings were determined by 

those who worked within them and argued that this explained how in each 

specialisation an understanding of a task is critical and culturally mediated in terms of 

both personal situations and professional histories. Study development, according to 

Westsch, thereby reflected the situational concepts of both subject and researcher. 

The weakness of this theory is that it can produce a problem of reactivity whereby 

researchers anticipate a certain response and participants attempt to meet their 

expectations with “preferred” outcomes. To control for possible response bias 
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resulting from specific questioning, participants in this study were only asked general 

questions requiring them to express their actions and corresponding thoughts in their 

own words. 

During this study, two kinds of verbalisations were demonstrated – those that were 

made for and integrated with, task performance and those that were extraneous to task 

performance. The first type of verbalisation was normal discourse during a flight, 

including normal talk pilots typically use to maintain flight safety, such as adhering to 

SOP. Pilots are also trained in CRM, which is aimed at communication within the 

cockpit and with the multi-disciplinary crew and involves discussing decisions and 

speaking up if errors are identified. Furthermore, pilots also engage in check and 

response processes to maintain safety during flight. These include repeating checklists 

between crew, discussing weather conditions, and entering data into the FMS. Correct 

CRM procedures should ensure that all communication is appropriate and completed 

as prescribed and that all crew members operate in a standardised and safe manner 

regardless of who they are flying with or their degree of familiarity with the FO. 

The second type of verbalisation was comprised of any discourse not described 

above. This kind of communication may occur when crew members are comfortable 

talking aloud or have a preference for verbalising their thoughts. In the study, this 

type of verbalisation was primarily used to ascertain whether talking aloud improved 

or diminished pilot performance. However, on occasion verbalisation was requested 

by the researchers in order to determine whether it interfered with task performance at 

any of the three workload phases. This kind of verbalisation is known as verbalisation 

about rather than for task performance. 
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The findings described below are based on the video transcripts and the follow-up 

debriefings. The intention is to provide examples of verbalisations and to identify any 

possible interference with task performance.  

6.2.5.1 Observation 1 

In contrast with LWL or MWL situations, in HWL situations no (or little) 

additional verbalisation was observed.  

In normal situations, the term primary artefact is used to describe language as an 

action (e.g., a teacher might ask a student to complete a particular task, such as “write 

down this sentence”). In such a situation, choosing which words to use does not 

require consciousness or reflection (Wartofsky, 1979).  Conversely, as described by 

Roth and Lee (2007), language can also be about action. In this case, discussion of a 

task would render language a secondary artefact. 

At an operational level (e.g., flying an aircraft) language can be viewed as an 

action when pilots are asked to verbalise their intentions for the benefit of the other 

person in the cockpit. This then becomes an explicit tool as they are reflecting on 

tasks, situations etc. As in many specialised areas, aviation has its own language 

within its own social context so that a verbaliser will draw on a specific set of words 

and meanings that are familiar within that environment. These are known as 

mediating artefacts. In this case the actors anticipate certain actions verbalised by 

their use of language. 

By comparing low-, medium-, and high-workload phases, the level of verbalisation 

made by participants according to the relative ease of the different phases of flight can 

be demonstrated. The transcript segments reported below reflect normal conversation 

deemed necessary by SOP interspersed with verbalisations over and above normal 
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communication between the crew expected to complete the task. In low- and to some 

extent medium-workload flight phases, participants were sometimes observed 

verbalising outside standard phraseology. In such instances, they sometimes 

verbalised thought processes that were task relevant but not required by SOP. 

MWL Scenario from Day 1 

The excerpt 6.1 below, which is from a MWL (after take-off) scenario from Day 1, 

shows normal SOP verbalisations and some additional verbalisations during this 

phase of flight. In this sequence, double parentheses and italics are used identify when 

a participant is using non-SOP verbalisations. 

MWL Scenario from Day 1 

Excerpt 6.1:  

Time  Captain (PF) FO (PM) 

1:07:00 —  Passing 8000 feet, direct to Kavas, 
Mt Cook 211. 

 - ↵8000 direct to Kavas is noted.  

↵C ((We’ll just slink above this 

cloud and I just put the speed at 

146, which is plus 10.)) 

 

 -  ↵Understood. 

 -   

1:08:00 —   

 - ↵Anti-icing on please. 

↵C ((I’m in the cloud, so I’m going 

to have to accelerate. So 161, I’m 

getting 171. Since we have the red 

bug, we can take anti-icing.)) 
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 -  ↵Anti-icing on. 

 -  ↵RNAV message. Just 

discontinuity. 

1:09:00 — ↵OK. And then it was 8000 through 

to Kavas. 

↵C ((Shouldn’t have touched that 

but too late. You can just clear 

that.)) 

 

 -  ↵Roger. 

 - ↵OK thanks. Alright, cabin is done.  

 - ↵Alright, clear of cloud we can turn 

the anti-icing off please. 

 

1:10:00 —  ↵Anti-icing off. 

 - ↵And the probe is clear and the 

wind is clear. 

 

 -  ↵Clear my side. 

 - ↵AOA is off.  

1:11:00 —  ↵Here’s 8000, and we can go direct 

to Kavas please. 

↵ ((And this just goes…we’ll start a 

left turn over here.)) 

In Excerpt 6.1, which represents a MWL flight phase the pilots were talking as 

crew using standard language. They had just completed the take-off (HWL) and were 

well into the climb,  so the intense workload period had passed. However, the aircraft 
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was still in a semi-critical phase. Such MWL situations are deemed to be a moderately 

busy phase of flight where the pilot is not overloaded.  

The captain (who was the pilot flying) appeared to be more at ease with voicing his 

thoughts and clarifying his decision-making processes more so than the First Officer 

(FO).  Further, he was able to respond to the weather (1:08:25) as well as comment on 

an error (“shouldn’t have touched that” – 1:09:00). 

All flight crew receive intensive recurrent simulator training, line training (flying 

in an aircraft in a normal flight) and in ground school (theoretical subjects). This 

training schedule is designed to cover practice in both normal and emergency 

situations, ensuring that pilots are current and know how to respond to all situations, 

including unexpected events. The aim of pilot training is for flying to become 

automatic and for actions to be performed at a high level without thought. However, 

in the above example it was observed that the captain’s superior knowledge and 

experience allowed him to provide additional verbalisation as he voiced his thought 

processes and decisions. Conversely, the FO was observed to make only those 

responses that were required by SOP until near the end of the excerpt, when he made 

some attempts to verbalise his actions. 

Using talk-aloud protocols could have safety implications. If crew members found 

it difficult to verbalise during flight phases (even on low-workload occasions), that 

might indicate that the cognitive effort required for verbalisation over and above that 

required for task performance might hinder the cognitive processes necessary to 

perform a task. This could therefore detract from actual flying and pose a potential 

safety risk. 
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In the follow-up debriefing sessions, where the crew spoke about the reasons for 

their actions during the simulation, the captain explained his thought processes:  

Captain: And obviously, I had a bit of a thought process with regards to the 

speed. How it was being manipulated with the automatic and manual. But 

predominantly for me, it was transitioning onto the instruments, what I was 

actually seeing and remembering how the ASI looked.” 

Researcher: How was it? You know, from a workload, normal workload 

perspective? 

Captain: It wasn’t too bad to be honest. We were VMC so OK. 

 

LWL Scenario from Day 1 

In the following LWL situation from Day 1, the pilots were still at the gate prior to 

taxiing. They had plenty of time to set up a route plan within the FMS and were 

discussing the intricacies of this task. Excerpt 6.2 shows normal SOP instructions at 

this stage of the flight, with additional verbalisation due to the low cognitive load. 

LWL Scenario from Day 1 

Excerpt 6.2:  

  Captain (PF) FO (PM) ATC 

18:13 — ↵C ((Finding my third 

QNH setting, and 

brightening my screens 

took me awhile to find.)) 

↵C ((The headsets are a 

lot better.)) 

  

 -    
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 -  ↵Auckland delivery Mt 

Cook two one one.  

 

 -   Mt Cook two one 

one, delivery, go 

ahead. 

18:14 —  ↵Stand by seven, Juliet 

one zero two one request 

clearance to New 

Plymouth one, two 

thousand feet. 

 

 -   Juliet one zero two 

one is confirmed. 

You’re clear New 

Plymouth, one, two 

thousand feet. Clark 

Alpha departure, 

squawk five zero two 

six. 

 -  ↵Clear New Plymouth, 

one, two thousand, Clark 

one Alpha five zero two 

six, Mt Cook two one one. 

 

 -   Mt Cook two one 

one, read back 

correct. 

18:15 

 

 

 

 

— 

 

- 

 

- 

↵C ((OK that’s all 

understood, so we are 

here, it’s for this model, 

correct engines, date is 

correct up to 27th of 

June.)) 
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18:16 

 

- 

 

— 

 

 

↵C ((So it looks like I’ve 

got to enter a flight plan. 

I’m wondering…can I just 

go to NZ AA from here? 

Or do I have to go back 

to a previous page?)) 

 

 

 

 

↵C ((I’ve got to clear that 

out.)) 

 

 

↵F ((Doesn’t look like it’s 

there, does it?))  

 

 

 

 

 

 

 

 

 

 

↵F ((It’s not a current user 

route, try going to route 

page.)) 

Although the crew had sufficient time to ensure that they had completed tasks 

correctly, there was still a considerable amount of flight planning to be done during 

this phase, including entering data into the FMS and a number of other tasks for the 

journey ahead. These tasks can be considered difficult, as they require critical 

thinking and mental agility, but the crew did not have to do sequential tasks in a 

limited time frame, as they would in an actual take-off, approach, or landing. 

It can be observed from Excerpt 6.2 that both the captain and FO spent a lot of 

time discussing the route planning (18:15:30 – 18:17) and exchanging conversation 

on seemingly insignificant aspects of the flight, such as the brightening of the screen 

(18:13) or the adequacy of the headsets (18:13:30). The atmosphere in the cockpit 
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seemed relaxed, and the crew were able to converse comfortably, having sufficient 

time in which to discuss various aspects of the flight. 

At the same time, there were a number of instructions from ATC over and above 

normal communication, which acted as distractions during the completion of more 

intensive flight planning tasks, such as entering data into the FMS. However, these 

distractions were managed well, and both pilots were able to carry on a lengthy 

discourse regarding their thought processes in regard to the task at hand. 

In the debriefing session both pilots explained some of the context behind their 

discussion and actions. 

Captain: So most flight, we would have been able to go straight in, go to the 

“route page”, which has all the flight plans on it and select the one we want. 

But the one we wanted today down to New Plymouth wasn’t there so we had to 

build it, which caused a lot of problems for me. 

Researcher: So, were you having functionality problems? What was the issue, 

was it just because it was the different systems? 

FO: Yes, process. I mean, in the 600, we have been building routes quite 

frequently, particularly as a new air craft comes on-line and the pilot routes 

aren’t saved. So the process of building one in the 600 is pretty slick at the 

moment. The processes are quite different though, you end up doing the same 

thing. Same end results. But the actual steps, the clear steps to run through to 

put the flight plan in today just weren’t there. 

Captain: We knew how to do it, I just had trouble finding the first page to 

initiate the start of building that plan. 
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In the debriefing session, both pilots were able to provide extensive explanations 

for their thoughts and decision making. The pilots completed the video session and 

immediately attended the debriefing, during which they watched the video of their 

simulated flight. The ability of the pilots to discuss and verbalise during this flight 

phase reflected the reduced demands of the LWL phase. 

HWL Scenario from Day 1 

During an HWL scenario, the extent to which participants verbalised their thought 

processes was significantly reduced, with pilots’ sentences becoming shorter and 

more staccato than in LWL and MWL flight phases. HWL phases make up 

predominantly time-critical portions of a flight, when many tasks need to be 

completed concurrently and safety is paramount. Typically, these phases occur at 

take-off and during approach and landing. Excerpts 6.3 and 6.4 are taken from 

recordings at HWL phases from Day 1, including a take-off with the captain as PF 

and a landing with the FO as PF. 

HWL Scenario from Day 1 

Excerpt 6.3.  

  Captain (PF) FO (PM) 

1:00:00 —   

 - ↵Centred.  

 -  ↵External lights. 

 - ↵On.  

1:01:00 —  ↵Before take-off checks 

completed. 
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 -  ↵OK we are clear to go. 

Taking off. 

 

 -  ↵Time. 

 -  ↵70 knots. 

1:02:00 — ↵Check, my control.  

 -  ↵Your control 

V1 Rotate 

Positive climb. 

 - ↵Gear up.  

 -   

1:03:00 —  ↵Landing gear up. 

Acceleration attitude. 

 

 

Excerpt 6.4.  

  Captain (PM) FO (PF) 

2:02:00 —  ↵Descent check. C-CAS? 

 - ↵It’s been recorded.  

 -  ↵Approach Approval? 

 - ↵Complete.  

2:03:00 —  ↵Landing data. 

 -  ↵Set.  
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 -  ↵Set. Landing elevation. 

 - ↵One hundred for New 

Plymouth. Just got the 

RNAV message that is 

telling me the VNAV 

coming alive. 

 

2:04:00 —  ↵Check. 

 -  ↵First descent complete. 

Transition altimeters? 

 - ↵They are set.  

 -  ↵And seat belt signs? 

2:05:00 — 

- 

- 

↵I’ll double check them 

now. 

↵Thank you. 

 

↵Transitions complete. 

 

Communication within the cockpit during these critical stages of flight was 

observed to be strictly in accordance with SOPs, with no extraneous conversation that 

was not directly task relevant. In both excerpts, the pilot indicated that he was 

primarily concerned with achieving the task in the safest way. There was little extra 

conversation, and the intense concentration of both pilots was evident as they spoke 

only to achieve task requirements. This was the case regardless of who the pilot flying 

was, and both the captain and FO spoke in short sentences required to complete the 

task with no additional verbalisation regarding their thought processes. 

The contrast between the verbalisation here and that of the crew in the LWL and 

MWL scenarios was clearly evident, with no additional talk being exchanged or 
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actioned. This would suggest that the use of verbalisation during HWL phases would 

be inadvisable due to possible safety concerns. 

HWL Emergency Scenario from Day 2  

This pattern of little or no verbalising during HWL continued in the 

emergency scenario on the second day (Day 2 EFATO – Excerpt 6.5). By its nature 

the emergency scenario was entirely HWL, and as such it demanded a high degree of 

cognitive processing and produced very few utterances. None of these utterances were 

initiated by the FO, whose verbalisations were all in direct response to the situation at 

hand and primarily read off a prompt sheet 

HWL Emergency Scenario from Day 2 

Excerpt 6.5.  

  Captain (PF) FO (PM) 

21:05 — ↵V1, rotate.  

 - Passing Clark. ↵Gear up. 

 -   

 -   

21:06 — ↵We have engine failure.  

 -   ↵Check. ((Bell sounds)) 

 - ↵Up trim on engine two. 

Auto-feather on engine 

one. 

↵Set. Landing elevation. 

 -  ↵Check. 
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21:07 — ↵Trim looks good.  

 -  ↵Mayday, mayday, mayday, 

Mt Cook one, three, engine 

flame-out on departure. 

Stand-by. 

 - ↵((OK that’s looking 

good)). Power is good, 

tracking and climb is 

good. 

 

 -  ↵Thank you. The yaw damper 

please. 

21:08 — 

- 

- 

- 

↵Sorry, the yaw damper is 

on. 

 

↵Auto-pilot is on. 

 

↵Engage auto-pilot. 

The emergency situation was an engine failure on take-off, a routine frequently 

practiced in simulator checks because it is not uncommon during actual flight. 

However, it is still a highly-complex and intense scenario in which the pilots act 

strictly according to SOP. As pilots become more experienced, they become familiar 

with the actions necessary for ensuring a safe flight – including responses to common 

emergency situations – and their reactions become increasingly automatic over time. 

This is evidenced by the captain’s attempts to speak his thoughts aloud to a small 

degree (21:07:30) despite the cognitive demands of the high workload scenario. On 

the other hand, the less experienced FO kept to the task with no additional talk. This 

is similar to other research in which captains with greater experience are better able to 
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talk aloud whilst concentrating on the tasks at hand as compared to FO (McIlroy, 

Stanton, & Remington, 2012). 

 In the debriefing sessions both pilots confirmed how difficult it was to try and 

verbalise during HWL situations, and both were convinced that attempting to 

verbalise would have interfered with safety. Apparently the pilots’ lack of 

verbalisation was not a conscious choice but a reflex safety measure that allowed 

them to focus on the demands of the simulated scenario. The captain maintained that 

at this stage of flight crew were so intent on necessary tasks that nothing outside the 

task at hand was considered: 

Captain: This would be the highest work load to ever be faced with. So as a 

pilot flying, if [name withheld] didn’t have the auto-pilot on, he would be very 

focused on what he was doing. I could almost tell him that I can see a rhinoceros 

going past the window and he wouldn’t even know I said it because he would 

be that focused on it. You do, you’re just so tunnel-visioned. 

Both the captain and FO agreed that verbalising at this stage would have been 

detrimental to safety. In fact, at one point the captain was so distracted by his attempts 

to verbalise that he reported that he had less control of the aircraft, resulting in a 

deviation from the flight path.  

I think I made the comment that I was scanning quite hard, consequently I was 

pitching around a little bit. 

Other comments made during the debriefing corroborated the difficulty of 

verbalising in HWL: 

It slowed me down. 
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It can get quite hard to verbalise things when you’re thinking at the same time 

– you’re trying to nut out a problem. 

Because I’ve got my hands full at this point. My hands are doing other things, I 

can’t validate and do them at the same time. 

Vygotsky (John-Steiner, Souberman, Cole & Scribner, 1978) developed his theory 

to explain why verbalisation in high-workload situations is much more difficult, or 

even impossible, than in low workload situations is either impossible or at least much 

more difficult than in low-workload situations, as discussed further in Chapter Seven. 

6.2.5.2 Observation 2 

Practice aids the ability to verbalise 

Other studies have corroborated the assumption that the more experienced a person 

is in a particular task, the better they are able to verbalise (Duncan, Williams, & 

Brown, 1991). In studies pertaining to driving skills, advanced drivers are encouraged 

to verbalise their intentions for two reasons: 1) to help drivers to be more aware of 

their surroundings and 2) to allow instructors (or other occupants of the car) to be 

aware of the driver’s intentions and thoughts. In an aviation environment, awareness 

of your surroundings is referred to as situational awareness, and it is a skill of great 

importance when flying. However, when a driver is first learning to drive, verbalising 

is impossible, as a novice’s cognitive processes are saturated with the new task to be 

learned. At this stage, drivers are usually unable to pay attention to passengers making 

conversation or to attend to other distractions, such as the radio. As they become more 

experienced, the actions required for driving become automatic, and the cognitive 

workload lessens, enabling them to indulge in conversation or to “verbalise.” 
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Similarly, in an aviation environment, the novice pilot may find it more difficult to 

verbalise whilst in flight, but this becomes easier as they become more experienced. 

In this study, the captain was the most experienced participant, and the expectation 

was that he would verbalise more than his FO. This is supported by the findings from 

this study, which illustrated that whether the captain was the pilot flying or the pilot 

monitoring, he made the most verbalisations. In total, the captain verbalised 131 

times, over twice as many as the first officer, who verbalised 64 times. 

MWL Scenario  

The captain’s ability to verbalise more than the FO is illustrated in the MWL 

scenario in Excerpt 6.6, which shows significantly more verbalisations from the 

captain than from the the FO. 

MWL Scenario 

Excerpt 6.6.  

  Captain (PF) FO (PM) 

27:09 — ↵H252 to Plymouth, confirmed.  

↵Execute. 

 - ↵Executed.  

 -   

 -   

27:10 — ↵C ((That’s cross talk isn’t it?))  

 -  ↵((Yup.)) 

 -   

 -   
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27:30 — ↵And next we have Auckland, 

Kavas, Dobbo, New 

Plymouth. 

 

 -  ↵Confirmed. 

 -   

 -   

28:00 — ↵C ((So nothing to execute 

there, now I can build my 

arrival and departure and put 

in Clark. So it’s a departure 

out of Auckland under route 

1.)) 

 

 -   

 -   

 -   

28:25 - ↵That was a Clark 1 alpha 

departure. 

 

 

↵Confirmed. 

 -   

    

29:00 

 

 

 

 

 

— 

 

 

 

 

 

↵ C ((So its runway 2 3 left and 

clark 1 alpha. Which was 

set. Legs page again, which 

I would give you a data 

check on the legs and its 

departing off runway 2 3, 

500 ft or above, and set track 

to clark, 3000 feet and 

below. Route discontinuity, 
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29:00  

 

 

 

 

 

 

 

 

 

— 

Auckland, Kavas, Dobbo, 

New Plymouth.)) 

 

Confirmed. 

 

↵Executed. 

↵ C ((Transfers not available 

which is alright. Also there’s 

another. (thinks))) 

 

 

 

 

 

 

 

↵Execute. 

By the more-experienced crew member verbalising his thought and decision-

making processes, the less-experienced member can learn from the captain and begin 

to act in an imitative way (Roth & Lee, 2007). These authors observed that when “two 

or more individuals collaborate, entirely new actions unfold” (p. 205). This suggests a 

firm advantage to the use of verbalisation (where appropriate) as a tool for mentoring 

and teaching new crew members. Equally, by both pilots being alert to what the other 

is doing, they can work together more efficiently by dividing the work, thereby 

allowing for the possibility of “entirely new or more sophisticated actions in 

collective activity” (p. 205). 

Verbalisation allows language and action to be better appreciated, understood, and 

explained, which is essential in a cockpit environment. Although language is a 

category subordinate to activity whilst being a function of the activity system 

(Leont’ev, 1973), the speech act has productive, intentional and outcome components 

(Austin, 1962). This can be seen in the observation in Excerpt 6.6 where the 

conversations/verbalisations are instigated by the captain – the more experienced of 

the two participants. 
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6.2.5.3 Observation 3 

In LWL environments, TAP appears relevant to thought processes 

In contrast to the above observations, in LWL situations verbalisations appeared to 

be supportive of pilots’ thought processes, with both pilots using verbalisation whilst 

concentrating on planning and decision making. The following excerpts from the 

debriefing sessions suggested that verbalisation during LWL could improve pilots’ 

cognitive performance, and thus safety. 

Captain: And obviously I had a bit of a thought process with regards to the 

speed. How it was being manipulated with the automatic and manual. 

Captain: You’ll see us…I’m about to talk about it. 

FO: Takes your head above to see the starters. I’ve pretty much missed it, I’ve 

got through that point, gone ‘oh, I didn’t check’, and then had a look. 

FO: We have just talked about the approach speeds in the second part of that 

approach brief after we dealt with the issue. 

Captain said “my bugs are set, speed bugs are set” and I didn’t even see mine 

remotely… 

We talked about the speeds but didn’t set them until we tipped over top descent 

or something like that. 

Captain: …here is where I was trying to verbalise, saying a few things that I’ve 

picked up. Again, trim is at a different side of the panel 

Captain: And the other thing was, nowadays we recall it, don’t we (FO) …And 

then take off and hover, whereas traditionally we’d just take off and hover.” 
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In this feedback session, the researcher was trying to understand how thinking 

mediated an action.  More specifically, the procedure is an example of think and 

mediate aloud data collection, which reveals the internal process of thought and the 

social context on which it is based (Smagorinsky, 1998). Without time pressure, a 

participant can realise his/her thoughts thereby allowing verbalisation to serve as a 

learning tool. The activity (task) is realised through concrete actions framed by the 

dominant features of the human consciousness during active engagement with the 

social context. As Roth and Lee (2007, p. 202) stated “actions (goals) are referents for 

the sequencing of those unconscious elements that realise operations.” 

6.2.5.4 Observation 4 

If verbalisation appears to interfere with pilots’ cognitive thought processes in 

HWL phases, then it would be inadvisable to promote its use in this environment. 

As discussed earlier, it is much more difficult for people to verbalise in high-

workload situations, and theorists (Leont’ev, 1978; Luria, 1981; Vygotsky, 1978) 

express differing concerns about what would and would not be available for 

verbalisation. For instance, in his theory of kinetic melodies, Luria (1981) suggested 

that interferences can occur under circumstance where a kinetic melody describes 

what is constructed neurologically in the course of verbalisation. 

In simulator flights, it was possible to study the effects of verbalisation in a safe 

and controlled environment. The data indicated that during HWL phases, both pilots 

verbalised less, although the captain seemed slightly more able to verbalise than the 

FO. However, on one occasion the captain found himself losing control of the aircraft 

whilst attempting to verbalise for the researchers. 

Captain: ...consequently I was pitching around a little bit. 



Chapter 6 – Multi-crew Verbalisation – M, F, D – Mar 2017 (VL) 

 
218 

In this scenario, not only did the pilot find that verbalisation was not coming 

naturally and interfered with his thought processes, he also claimed that it had a 

detrimental effect on his physical efforts to direct the aircraft. This scenario can be 

compared to multi-tasking in a car whilst trying to navigate through busy traffic. 

In contrast, Earl et al. (2012) suggested that pilots who verbalised appeared to 

make fewer errors (even in HWL situations). However, these results were based on 

accidental, rather than contrived findings, in that pilots who verbalised were those 

who chose to do so and found it a natural practice.  These pilots typically reported that 

verbalisation helped them to cement decisions and actions in the muscle memory 

As the current study’s findings suggest that verbalising may interfere with pilots’ 

cognitive thought processes, promoting this activity in live flying might have 

detrimental effects on flight safety. To reproduce this study in live flights would only 

be ethical if pilots were allowed to choose whether or not to verbalise over and above 

normal communication according to SOP, because insisting that all pilots verbalise 

could present a safety issue. Furthermore, if verbalisation was be found to interfere 

with performance, live studies could be completed with a safety pilot on board in 

order to address concerns about compromised safety. In a flight instruction 

environment, this would be easily accomplished by only conducting study flights 

whilst the pilot was under supervision. 

In other aviation environments – such as the flight instruction area – instructors 

have reported anecdotally that they use verbalisation to enhance learning amongst 

student pilots. This includes all phases of flight, including approach and landing 

which have the highest workload. Although this is done in the live environment, the 

instructor is there to ensure a safe flight. 
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6.2.5.5 Observation 5 

Verbalisation for an activity and about an activity are distinct behaviours’ 

As explained previously, verbalising for an activity can be described as being 

integrated into the activity and therefore possibly enhancing its performance. In 

contrast, verbalising about an activity involves describing the activity or some of its 

elements, but it is not part of the activity itself, so it can therefore be considered a 

separate activity. 

During debriefing, comments made by participants supported the distinction 

between verbalisation used for the purpose of performing a task and verbalisation 

used to address demands from the researcher. Thus, it is likely that the cognitive 

processes used in verbalising for a task differ from those used in verbalising about a 

task as cognition changes when a change in activity occurs (Lave, 1988). Participants 

reported that under normal circumstances they would not have verbalised as much as 

they did in the experimental setting. After a MWL phase, the captain made the 

following comment, indicating the extra effort that additional verbalising required: 

Captain: You just got to think you are verbalising when you’re doing it. In 

everyday flying, you’re probably not going to verbalise aloud quite as 

frequently. 

Comments made after an HWL phase suggested that the crew were somewhat 

resentful about having to verbalise, especially in the emergency EFATO flight. For 

instance the following comment was made after the emergency scenario: 

Captain: When really, you’re just concentrating on things that aren’t 

important. 
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For pilots in this study, verbalising was not a normal activity and the necessity of 

concentrating on making additional verbalisations resulted in a lower level of 

concentration on the task at hand or simply resulted in an inability to verbalise at all. 

The fact that pilots found verbalisation so troublesome raises safety concerns. In the 

debriefings, both pilots stated that they found verbalisation uncomfortable at best and 

unsafe at worst. The following are several examples of pilots expressing their 

discomfort: 

FO: …before take-off checks again, I actually do three items, before validating 

through them (verbalising). Because I’ve got my hands full at this point. My 

hands are doing other things, I can’t validate and do them at the same time. 

Captain: It can get quite hard to verbalise things when you’re thinking at the 

same time. You’re trying to nut out a problem and verbalizing. 

Captain: I just meant in general in the flight, (having issues) while you’re trying 

to process what you’re doing, and verbalising to you as well. 

Captain: So its fine, we’re concentrating, we had a bit of directional control, 

we we’re concentrating on that initially, so I hadn’t actually spoken too much 

about. 

6.2.6 Discussion 

These results were published in a Q1 peer-reviewed journal article (Earl, Mavin 

and Soo, 2017) and suggest that requiring pilots to use talk-aloud protocols beyond 

the normal verbalisation required by SOPs may interfere in thought processes and 

thus have a detrimental effect on performance, resulting in decreased flight efficiency 

and safety. This is predicated on a pilot who does not naturally use verbalisation as a 

heuristic to enhance cognitive task performance in real-life flight situations. In the 
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study by Earl et al. (2012), those pilots who verbalised over and above what was 

required for the task improved their performance. It would appear to be a mistake to 

enforce verbalisation on a practitioner who does not have a preference for verbalising.  

However,  it should be noted that other research has suggested that even in HWL 

situations verbal repetition (such as repeating sequences of a task) establishes the task 

within the mind and assists in its performance (Ellis, 2005; Gee, 2014; Monsell, 

2003). Thus a literature review was conducted in order to understand verbalisation 

more fully, and a thematic analysis study completed to gain an awareness of expert 

opinions.  

Consideration must be given to the very small sample size for this study, and the 

findings must be taken as speculative and the conclusions provisional until a much 

larger sample can be tested.   
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CHAPTER 7: Literature Review of Verbalisation 

Verbalisation is viewed by many researchers as a means to better understand 

cognition and cognitive processes (Ericsson & Simon, 1980; Green, 1995; Nielsen, 

Clemmense, & Yssing, 2002; Smith, Ward, & Finke, 1995). It has been used in a 

variety of domains (e.g., healthcare, aviation, military) for different purposes (e.g., 

training and usability studies) to elicit knowledge about human cognition (Nemeth, 

2012). 

According to Hollnagel (1993, p. 6), the term “cognition” is used to “describe the 

psychological involved in the acquisition, organisation and use of knowledge—with 

the emphasis on rational rather than emotional characteristics.” Cognitive processes 

have been described as consisting of a “complex interaction of factual knowledge, 

cognitive and metacognitive strategies, experiences, belief systems and social factors” 

(Taylor & Dionne, 2000, p. 413). Cognitive performance can be said to be the ability 

to maintain control, typically by being orderly and goal-directed. 

Through verbalisation protocols, researchers try to elicit elements of cognitive 

processes that individuals use to interpret and respond to situations appropriately and 

safely. In doing so, researchers attempt to discover how individuals solve problems or 

make decisions by verbalising their intentions and thought processes. Generally, a 

verbalisation is held to demonstrate the stored information of working memory. The 

verbalisation process is viewed by the researcher as reflecting the structure of the 

verbaliser’s series of thoughts. Cognitive elements of interest include strategies, cues, 

and schemas employed by respondents. One goal of verbalisation “is to discover the 

constraints on action, the consequences of actions, and the information that specifies 

the constraints and the consequences” (Flach, 2000, p. 87). 
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As a method of accessing cognitive processes, verbalisation is based on focusing 

introspectively on one’s own thought processes. According to Smagorinsky (1998), 

introspection has had a long and contentious history in psychological research dating 

back to William James (1890), who argued that “introspective observation is what we 

have to rely on first and foremost and always” (p. 185). Since then, researchers sought 

to study thought processes through the elicitation and analysis of verbal accounts 

(Bracewell & Breuleux, 1994; Claparede, 1933; Flanagan, 1954). Newell and Simon 

(1972) used a protocol analysis methodology to analyse a “think aloud” account of a 

subject who was verbalising whilst simultaneously performing a task. 

Following information processing theory principles, protocol analysis has 

subsequently been used to study problem-solving activities. Ericsson and Simon 

(1980, 1993) developed the theory and became the proponents of this methodology, 

building a powerful case for the validity of this investigative tool when attempting to 

analyse cognitive performance. They theorised that verbalisation can be used to 

provide data to gain access to human thinking and allow analysis of cognitive 

processes that are cued by the data-collection procedures.  

What all verbalisation techniques have in common is a participant verbalising 

his/her thought processes either concurrent with or after the performance of some 

action(s). The aim is to gain an insight into verbalisers’ “inferences, intuitions, and 

mental modes while doing the task” (Hackos & Redish, 1998, p. 137). In this way, 

cognitive activities that are not visible to an observer are held to be detectable. 

Nielsen et al. (1992) described verbalisation as the usability method (method for 

determining the usability or fitness for use of a product or procedure) and considered 

it to be the most frequently applied technique in testing. 
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7.1 Nature of problem solving processes and verbalisation 

Among cognitive processes, problem solving is often of special interest to 

researchers, and this includes how verbalisation may affect operators’ ability to solve 

problems. Varying views about the nature of problem solving affect the interpretation 

of data provided by verbalisation techniques. A key question is: what counts as a 

problem-solving process? One view is that problem solving can be defined as 

occurring entirely in the head. However, some researchers (e.g., Lave, 1988) have 

viewed problem solving as something that should be understood in as being 

situationally dependent and taking place in conjunction with the environment. Lave 

(1988) indicated that as well as cognitive activity being easily verbalised, it is also 

socially defined, interpreted, and supported. Thus, expert thinking is interwoven with 

the problem-solving context and adjusted to situational demands. According to this 

view, in order for cognitive processes to be understood, they cannot be taken in 

isolation but must be considered in the context of the environment. 

A related and relatively new concept, situated cognition, broadens the view of 

cognitive models of problem solving by recognising the critical role of the social and 

physical circumstances in which actions are situated when interpreting those actions 

(Nardi, 1996). According to the situated cognition approach, thinking is encompassed 

within a context including a community of practitioners (e.g., pilots, teachers, chess 

players, computer analysts) and occurs in conjunction with the environment. It is thus 

viewed as consisting of more than the processing that resides solely in the head 

(Brown, Collins, & Duguid, 1989).  

Research into the processes involved in situated cognition and learning through 

collaboration with others is heavily influenced by the work of Vygotsky (1962, 1978), 

as well as other activity theorists in his tradition. In Vygotsky’s view, cognitive 
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development is seen as the internalisation of cognitive activity originally experienced 

in social contexts, whereby a learner’s existing knowledge and skills are extended 

through appropriation of shared cognitive processes. Context dependence can also be 

viewed as something that applies to speech acts. In particular, the context a speech act 

may be both the object of the speech and provide the background for interpretation of 

speech (Stainaker, 2002). 

Protocol analysis  can thus be be viewed as involving a methodology grounded in 

cultural historical activity theory (CHAT), (Vygotsky, 1987; Leont’ev, 1978). This 

term is related to work, trade, and profession (Roth & Lee, 2007, p. 201) and is 

distinguished from effort, eagerness, and diligence (Leont’ev, 1978, p. 46). This 

perspective approaches human cognition in a different way to the information 

processing theory developed by Ericsson and Simon, as it examines the way in which 

speech serves a “social and developmental purpose during engagement in a task 

related activity” (Smagorinsky, 1998, p. 158). 

7.1.1 Controversy about verbalisation 

There is considerable controversy about the value of verbalisation as an aid to 

better understanding cognitive task performance. Some researchers have asserted that 

verbalisation can be used as an effective technique for eliciting knowledge about 

cognitive processes (e.g., Bainbridge, 1974; Blackman & Nelson, 1987).  Since the 

necessary cognitive processes are available at a particular moment and do not need to 

be learned, verbalisation can be elicited almost instantaneously (Ericsson & Simon, 

1984). This assumption pre-supposes that the verbalisation processes are closely 

related to those same processes used by people in everyday language.  
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Ericsson and Simon (1993) further argued that direct verbalisation of cognitive 

task processes does not affect performance, holding that it “reveals the sequence of 

information heeded by the subject without altering the cognitive process” (p. 30). 

From this perspective, verbalisation in studies of airline pilots should present no more 

risk to critical performance than if pilots were silent during the completion of tasks. 

Afflerbach and Johnston (1984) discussed verbalisation in terms of covert thinking 

processes, complex reasoning processes, and the influence of affect on cognition. 

Others have gone further by suggesting that verbalisation can actually improve 

performance (Berry & Broadbent, 1990; Wright & Converse, 1992). Neuman and 

Schwarz (1998) argued that verbalisation improves such areas as memory, 

comprehension, and learning. In their study of SPO, Earl et al. (2012) supported this 

position. Studies from the Netherlands have suggested that speaking and 

understanding speech employ the same functional regions of the brain (Menenti et. al,  

2011), suggesting that by verbalising, the speaker has an opportunity to doubly 

exercise the part of the brain involved in understanding. If so, this would also seem to 

suggest that rather than interfering detrimentally in the processing of a task, 

verbalisation can actually enhance cognitive task performance. In studies of computer 

programming and design, Green (1995) used verbal reports as a valid and reliable 

measure of cognitive processing during performance. 

However, other researchers have expressed concerns about the verbalisation 

method on a number of grounds (e.g., Goguen & Linde, 1993; Miller, 1962; Neisser, 

1967). One set of criticisms arise from the fact that it is typically difficult to ascertain 

which strategies are involved in carrying out cognitive processes that take place in the 

problem solver’s head, but which are not directly observable. Often, the only evidence 

of cognitive processes that have taken place is the end result (e.g., behaviour). As a 
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result, analysis of the process may be inaccurate as inference about the thinking 

process is required.  

Nisbett and Wilson (1977) presented a comprehensive critique of using verbal 

reports to elucidate cognitive processes, citing studies suggesting that human beings 

“have no direct access to mental processes” and therefore cannot accurately report 

information about them (p. 232). Polyani (1964, p. 4) described this by noting that 

“we can tell more than we can know.” However, Nisbett and Wilson’s (1977) claim 

that people have no access to their own mental processes has been criticised on 

theoretical and methodological grounds (Smith & Miller, 1978). Even Nisbett and 

Wilson (1977) conceded that if it were the case that individuals have no access to 

their own mental processes, it would be difficult to “account for the fluency of 

people’s responses to why they behaved in a certain way or their, often, accurate 

reports concerning their higher mental processes” (p. 232). 

7.1.2 Verbalisation and altered performance 

It has been argued that verbalising anything beyond normal task-involved thoughts 

can result in altered performance (Fox, Ericsson, & Best, 2011) and that what is 

reported in verbalisation is “the result of thinking, not the process that appears 

spontaneously in conscious thought” (Miller, 1962, p. 56). Further, Goguen and Linde 

(1993) maintained that verbalisation shows an “unnatural discourse based on a 

simplistic cognitivist model of human thinking that does not work” (p. 157). Russo, 

Johnson, and Stephens (1989) criticised verbalisation as being reactive by placing a 

burden on short-term memory, thereby changing the outcome of the process and as a  

result not accurately reflecting the underlying cognitive process. 
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7.1.3 Reliability and validity 

Reliability and validity issues that arise when using verbalisation as a data-

gathering technique were examined by Ericsson and Simon (1980, 1984), who 

concluded that verbalisation provided an incomplete record of performance. Ericsson 

and Simon (1993) offered two objections to viewing verbalisations as robust data. 

One was that the reporting process might alter task performance, and the other was 

that reports may yield a very incomplete record of an individual’s cognitive processes. 

Russo, et.al., (1989) discussed protocol invalidity in terms of reactivity and non-

veridicality. Where verbalisation places a burden on STM, it is said to be reactive if 

verbalisation changes the primary process, altering the outcome of that process. Non-

veridicality occurs if verbalisation does not accurately reflect the underlying primary 

process (Russo et al., 1989). This could result in errors of omission or commission, 

whereby fabricated intrusions are entered as true data. 

Afflerbach and Johnston (1984) have criticised research using verbalisation at a 

practical level on the grounds of inconsistent use of procedures and data collection. 

Hyland (2002, p. 27) noted that “Many cognitive processes are routine and 

internalised operations, which are often completed without any conscious 

recognition.” These processes are thus unavailable for the individual to verbalise. 

Hyland suggested that “The act of reporting itself may merely be a narrative that 

participants construct to explain, rather than reflect, what they do, potentially 

distorting the cognitive process being reported on.” (p.27). 

7.1.4 Cultural-historical activity theory 

Based on these critiques of verbalisation it is evident that a number of concerns 

have arisen about using protocol analysis as a reliable and valid means of knowledge 
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elicitation, including scepticism about reliance on introspection and self-reports. 

Although CHAT is less used or recognised compared to the seminal work of Ericsson 

and Simon, it does afford a different method for theorising what is available for 

verbalisation and what is not. This framework may also help to explain why 

verbalisation in high-workload situations is either impossible or much more difficult 

than in low-workload situations. However, using CHAT as a theory based on data-

driven inferences rather than empirical proof seems to be a less robust and persuasive. 

7.2 Classroom and simulated environments 

Despite criticisms against it, verbalisation has been used in a variety of studies, 

though few have used real-world tasks. Usability and education studies are typically 

conducted within a classroom environment (Boren & Ramey, 2000; Katalin, 2000; 

Nielsen, 1993), and driving commentary studies are mostly assessed in simulators 

(Isler et. al, 2009). Verbalisation studies within a complex environment such as 

aviation are normally performed in simulator conditions due to a possible interference 

with STM which would result in a reduction in safety. In such studies, care must be 

taken that simulator conditions closely imitate natural conditions to achieve a result 

that is as near as possible to a real-life scenario (Kirschner, Beers, Boshuizen, & 

Gijselaers, 2008) 

An important conclusion from the literature identifies a fundamental difference 

between problem-solving studies in the classroom and those in environments that 

simulate complex, high-risk, real situations. Although acquiring knowledge of the 

processes of the mind may be easier to achieve and less risky in the classroom 

environment, such studies can be perceived as being overly mechanical and 

addressing artificial problems. In aviation studies, however, no matter how closely the 

simulator imitates real flight experience, it always remains a false environment. Still, 
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simulator studies may be necessary in order to avoid risks involved in repeating 

similar studies in a real-life environment.. 

7.3 Risk-triggered commentary 

Prospective Memory (PM) error can cause fatal mistakes in various industries and 

therefore the development of methodologies to prevent PM error can be crucial to 

safety. One study by Sato (2016) sought to investigate whether speaking aloud an 

intention is effective in preventing PM error.  In this experiment, the delay-execute 

paradigm was used at times of crucial train signals, with some participants using 

speaking aloud techniques whilst others did not. Results from this experiment showed 

that speaking aloud decreased prospective performance, which could be due to the 

fact that participants were concentrating on verbalising their actions rather than on the 

actual task (Sato, 2016). 

A further study using verbalisation was developed by a consultancy on behalf of 

Arriva Trains Wales. This study employed Risk Triggered Commentary (RTC), a 

rehearsal technique whereby train drivers speak aloud what they are thinking whilst 

driving when facing specific threats (Naweed, Rainbird & Chapman, 2015). The 

study was designed to investigate the effectiveness of RTC using train simulators in 

two scenarios (Sato & Bowler, 2015). The first scenario involved drivers continuously 

repeating the words “next signal red” every 2 seconds after passing an amber signal. 

The second RTC method allowed drivers to voluntarily repeat those same words at 

intervals they themselves deemed suitable, to remind themselves of the impending 

danger signal ahead. Based on the study results, the first method seemed to have the 

advantage that participants kept the information in their minds easily due to repetition. 

In comparison, the second method seemed to have the advantage that RTC doesn’t 
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require so many cognitive resources, because participants need not verbalise 

continuously. 

A similar technique, which is used in Japan, is Point and Call Checking, or P&C. 

(Shigemori, Sato, Masuda, & Haga, 2013). In P&C, drivers are directed to point their 

index fingers at objects to be checked (e.g., signals) and to speak aloud the states of 

these objects (e.g., clear or danger). The P&C study tested system effectiveness under 

two conditions. The first was a “single signal” situation, in which drivers were on a 

designated route where they observed only one post-mounted signal at a time. The 

second condition was the “multi-signal” situation in complex signalling locations, 

where more than two signals were in the driver’s view. The hypothesis was that as the 

multi-signal environment could produce more errors, drivers would prefer to use the 

P&C method in these environments in order to reduce the likelihood of errors 

occurring (Sato & Bowler, 2015).  

A comparison of RTC and P&C examined the relationship between the two 

techniques in terms of semantic satiation – a situation in which there is “an apparent 

loss or attenuation of the meaning of a word as a result of over-repetition” (Smith, 

1984, p. 484). Results showed that when using RTC, participants preferred the option 

of voluntarily deciding how often to repeat the ascribed commentary, whilst with 

P&C, participants agreed that the methodology was more effective in multi-signal 

than in single-signal situations.  

The results from the Human Factors Rail Safety and Standards Board revealed 

both positive and negative effects of verbalisation. One example was drawn from a 

study of rail workers who were asked to use P&C. Whilst undertaking a well-

practised task, drivers are able to use spare attentional capacity to perform other tasks 

and thus might begin operating on “auto-pilot.” In this way, drivers can become 
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distracted or experience reduced concentration levels, potentially leading to higher 

risk. RTC (verbalisation) draws the driver’s attention back to the task at hand, 

increasing concentration on the present situation and expectations for the future. 

Some drivers reported that verbalisation helped them to counter the effects of fatigue 

and kept them fresh (O’Connell, Lawton, Mills, & Klockner, 2016). Using the P&C 

methodology led to drivers reporting feeling less boredom and increased arousal 

levels, particularly when fatigued. 

However, for inexperienced drivers, verbalisation took too much effort and 

interfered with their cognitive workload, thereby proving a distraction. Others found it 

difficult to talk aloud and perform a skilled task at the same time, whatever their skill 

or experience level, and in these cases verbalisation led to further errors (O’Connell, 

2016). Researchers also found evidence for semantic satiation in the case of those 

participants who were asked to constantly repeat the same instruction after passing the 

amber signal, which further induced a degree of boredom reported by drivers using 

this method of repetition.  

Perhaps one of the greatest dangers of RTC is that if incorrect information is 

verbalised (e.g., if a driver calls a red signal green), this will be reinforced through 

verbalisation and become fixed in the driver’s subconscious, prompting a mistake 

instead of preventing one (Naweed et. al, 2015). In an experiment with Kiwi Rail, 

researchers found evidence of a similar phenomenon due to expectation bias, 

confirmation, and habituation (O’Connell, Lawton, Mills, & Klockner, 2016). This 

occurred when drivers approached familiar areas where new or unexpected signals 

had been introduced; for instance, when a driver had been exposed to a number of 

familiar signals and then failed to take appropriate action when a caution signal 
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appeared unexpectedly). Confirmation bias occurs when drivers work to a pre-

determined schema rather than with the information before them (Barker, 2012). 

When drivers have predetermined results in mind, RTC increases the risk of fixing 

these results in drivers’ “muscle memories” so that verbalisation increases the 

likelihood of their making errors when executing these tasks. O’Connell et al. (2016), 

sustained that the findings confirmed the human frailty that sits in the system, whilst  

acknowledging the need to design and implement procedures that can anticipate and 

thus mitigate human cognitive error.  

7.4 Concurrent and retrospective verbalisation 

The various verbalisation techniques for knowledge elicitation are generally 

classified as concurrent, retrospective or collegial. Concurrent verbalisation is 

intended to provide an accurate representation of cognitive task performance whilst a 

participant performs a task. It can be seen in driver training (e.g., Horswill & 

McKenna, 2004; Isler et al., 2009), in clinical trials (e.g., Greenwood & King, 1995; 

Henry, LeBreck, & Hollzeimer, 1989), and in aviation simulators (e.g., Blackman, 

Nelson, & Hahn, 1992; Bruce & Grey, 2004). A disadvantage of concurrent 

verbalisation, particularly in a well-practiced complex environment such as aviation, 

is that many pilot behaviours have become automated and may therefore be difficult 

to articulate (Rasmussen, 1982). Thus, some researchers (e.g., Dickson, McLennan, & 

Omodei, 2000; Ericsson & Simon, 1980) have advocated that concurrent verbalisation 

should not be attempted in dynamic, critical environments because it may result in an 

operator’s performance degradation, with the potential for incidents or accidents. 

In retrospective verbalisation, the operator or other participant verbally describes 

his/her performance and thought processes after an event, either during an interview 
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or through analysis of a video-recorded performance. Using recordings as memory 

aids, participants verbalised the thoughts they had been having during particular 

stages of task performance (Kuipers, Moskowitz, & Kassirer, 1988). Whilst 

retrospective reports produce output similar to concurrent verbalisation, they allow 

participants to explain the context behind an action, and thus the output tends to be 

more coherent. However, research has suggested that the degree to which 

verbalisation accurately reflects thought sequences is a function of the time interval 

between the occurrence of a thought and its verbal report (Ericsson, 2009). This may 

explain why reports produced by retrospective verbalisation tend to be less accurate 

than those produced by concurrent verbalisation (Gibbons, 1983).  

The comparatively greater unreliability and inaccuracy of retrospective 

verbalisation may be due to participants retrieving information about previous thought 

processes or activities from their long-term memories rather than from concurrent 

STM. This can lead to errors and incompleteness. Individuals can confabulate 

accounts, elaborating on what they thought and did in various ways that diverge from 

what actually happened. Even when evidence of thought sequences is replayed on 

video immediately after an event, retrospective accounts may include bias. This arises 

from participants’ not remembering what they were actually thinking but rather 

inferring what they believe they must have been thinking at the time. This type of 

error could be critical when key witnesses are being interviewed during accident 

investigations. Furthermore, such inaccuracies may be perpetuated intentionally rather 

than unconsciously. Lave (1988) described how some students in one study felt it 

necessary to disguise certain strategies so that teachers believed problems had been 

solved in the approved way. 

 



Chapter 7: Literature Review of Verbalisation 

 
236 

7.5 Collegial verbalisation 

Researchers have explored various alternative verbalisation methodologies to 

increase data reliability and validity. Among these is collegial verbalisation (Jansson, 

Olsson & Erlandsson, 2006), in which an operator’s actions are critiqued by 

colleagues. Best achieved with the use of video recordings, participants enacting 

collegial verbalisation compare concurrent and retrospective models. 

Other verbalisartion methods include concurrent observer narrative technique 

(McIlroy & Stanton, 2011) and elicitation by critiquing (Miller, Patterson, & Woods, 

2006). Verbalisation studies may also use a mixture of these techniques. A study 

involving transportation sector operators (Erlandsson & Jansson, 2013) used a 

combination of concurrent, retrospective, and collegial verbalisation. Participants – 

train traffic control operators in a train operating control centre – were audio-visually 

recorded using concurrent verbalisation whilst completing a task. They later used 

retrospective verbalisation to comment on their own performance and the 

performance of a colleague. Another verbalisation method is group verbal protocols, 

which have the advantage that participants can aid one another’s recall (Swain, 2006). 

7.6 Conclusions 

It is important to note that when using verbalisation protocols in aviation, as well 

as in other environments, reliability can only be assessed by end results – by what was 

verbalised, the context of the verbalisation, and the assumptions made. Verbalisation 

may be used on one flight, but on further flights it cannot be said that replication of 

the same content is equivalent to replication of the same cognitive process. This is 

because two identical verbalisations may reflect different cognitive processes for 

different people or under different circumstances. Similar cognitive processes may be 
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reflected by quite different verbalisations. It is also difficult to assess the reliability of 

verbalisation in a system involving human memory, which may prevent cognitive 

processes ever being accurately represented as verbalisation. 

A finding from the LOSA:SP study was that pilots who verbalised appeared to 

make fewer errors and to better mitigate the errors they did make. This result could 

suggest that pilot verbalisation of intentions and other thought processes might 

provide a safety advantage. However, in a multi-crew environment, additional 

verbalisation above that required for SOP could be perceived as a safety threat in 

times of high workload. 

Further analysis of opinions of pilots and other aviation professionals are a feature 

of the next chapter and compared experts from a variety of backgrounds, in particular 

those pilots working in a MCO or SPO environment.  In addition, participants were 

asked for their opinions on the validity and value of LOSA.  Thematic analysis was 

used to examine the results from focus groups, individual SKYPE interviews and 

LinkedIn data.
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CHAPTER 8: Study 3 - Thematic Analysis of Qualitative 

Research 

Thematic analysis can be a flexible and accessible approach to analysing 

qualitative data. It is used to interrogate a data set (e.g., interview or focus group 

transcripts) to identify repeated patterns of meaning (Braun & Clarke, 2006). This 

form of analysis provides a basis for examining themes or patterns within data, and it 

can be used to support different epistemological or ontological positions. It can also 

be used as a tool or process within other analytical approaches such as grounded 

theory (Ryan & Bernard, 2000).  

Being unbound by theoretical commitments thematic analysis offers a highly 

accessible form of qualitative data analysis (Braun & Clarke, 2006). Due to its 

theoretical “freedom,” thematic analysis can facilitate the analysis of rich and detailed 

data, often including quite complex subjects. It can be essentialist – reporting 

experiences, meanings, and knowledge of participants. Thematic analysis can follow a 

contextualist paradigm, thereby acknowledging how individuals derive meaning from 

their experiences (Vaismoradi, Turunen, & Bondar, 2013; Willig, 1999).  

However, some researchers have criticised thematic analysis for its absence of 

clear and concise guidelines - its “anything goes” approach (Antaki, Billig, Edwards, 

& Potter, 2003). To combat this, it has been suggested that researchers using thematic 

analysis should make their epistemological assumptions explicit (Bednar, 

Cunningham, Duffy, & Perry, 1992; Freeman, 2006; Holloway & Todres, 2003). 

8.1 Aims 

The aim of this chapter is to use thematic analysis to evaluate perceptions and 

opinions of professionals in the industry in order to clarify and strengthen 
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understanding of the relative benefits of LOSA and verbalisation in improving safety 

in SPO. Thematic analysis allows an ongoing reflective dialogue that considers a 

variety of aspects of current and planned research. In conducting the analysis, the 

content of responses of interest or critical to the overall subject were considered to be 

of primary importance, whilst the number of responses under each theme were of 

secondary importance. Prevalence was counted by both the description of the data 

item and by the number of participants who discussed or mentioned items related to a 

particular theme. 

A rich overall explanation of the entire data set provides an introduction to the 

analysis, and a more detailed and nuanced account presents particular themes and sub-

themes that emerged. The analysis used inductive coding (Boyatzis, 1998; Frith & 

Gleeson, 2004). In other words, researchers coded responses without attempting to fit 

them into any pre-existing coding frames or other preconceived paradigms. The 

process was data driven to retain as much of the inherent richness as possible. 

Questions asked were generic and broad, with specific subjects being teased out as 

discussion evolved. To this end, the data were processed beyond the semantic level, 

and participants’ conversations were recorded and organized to show patterns to a 

latent level of interpretation. In this way, underlying ideas, assumptions, and 

conceptualisations were identified and examined. The analysis thereby helped 

researchers to recognise the significance and broader meaning of emerging patterns.  

8.2 Subject 

The controversial line operations safety audit continues to receive research 

attention. Devised and introduced by Klinect and Helmreich at the University of 

Texas in 1994, LOSA in turn stimulated the development of the TEM framework 

(Helmreich et al., 1999). In 2001, LOSA gained international recognition when it 
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became a central focus of the Flight Safety and Human Factors Program (Klinect, et 

al., 2003) and ICAO adopted it as a best practice for safety (ICAO, 2002), despite 

criticism (Dekker, 2003; Amalberti, 2001; Hollnagel, 1998; Woods & Cook, 2003. 

This thesis aimed to adapt the LOSA methodology for single-pilot operations 

within aviation. Cross-talk between crew is a main source of data within a LOSA 

study, and the lack of communication within a single-pilot environment cause the 

technique to be ineffective. Some pilots in the SPO studied were found to verbalise 

their intentions, but given the small sample, this result could only serve to promote 

further study. Addressing both the adaptability of LOSA to a single-pilot environment 

and the potential of verbalisation to improve safety, various experts and operators 

within the field were asked their opinions via focus groups, interviews, or LinkedIn 

group conversations. 

8.3 Method 

Preliminary data were collected at meetings, conferences, seminars, and social 

occasions through conversations with colleagues who had an interest in the subject. 

Information from these initial discussions acted as a pilot study, and respondents gave 

their permission to have their views included anonymously within this thesis. 

Respondents in these informal, casual conversations included emergency medical 

pilots, GA pilots, aviation experts, and academics of a variety of ages and 

backgrounds. Further data were gathered from an online public domain (LinkedIn) 

discussion among aviation professionals about airline safety. All respondents were 

assured anonymity, and no identifying information was retained within the reports or 

analysis. 
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Ethics approval was obtained for further, more formal interviews and focus groups 

based on the themes that were emerging from initial discussions. Appropriate ethics 

form and the information sheet are included in Appendix A. 

Overall, approximately 40 participants (four female) were involved in the more 

formal interviews and focus groups, with a variety of nationalities represented, 

including: Australia, Canada, Germany, India, Ireland, the Netherlands, New Zealand, 

Scotland, Switzerland, United Arab Emirates, the United Kingdom and the United 

States. Where this information was available, the age range was 23-69 years. 

8.4 Procedure 

A wide variety of data collection methods were used to maximise the number and 

variety of opinions collected from subjects. Procedures for each will be discussed 

separately, but the data were aggregated, and emergent themes and sub-themes were 

collectively analysed. 

8.4.1 LinkedIn conversations 

Very little literature is available to inform data collection through LinkedIn 

conversations, and it is therefore difficult to judge the usefulness and viability of this 

platform in the academic domain. The fact that LinkedIn has been previously used as 

a platform for research is evidenced by questions asked by PhD students and 

researchers on the website (https://www.linkedin.com/groups/1080877). Such 

conversations often attract experienced and knowledgeable people who are happy and 

willing to discuss their thoughts with others both in an attempt to contribute to a 

discussion (blog) or to advance safety. The data are in the public domain but available 

to an  “invitation-only” group. Respondents are aware that their responses are widely 
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available, but researchers are expected to perform due diligence to ensure that 

respondents and their places of work cannot be identified. 

The two subjects discussed on LinkedIn for this study were LOSA methodology and 

verbalisation. The questions asked are included below.  

8.4.1.1 LOSA 

In March, 2013, a discussion thread was begun by the Business Development 

Director at The Royal Aeronautical Society in reference to an upcoming London 

conference to address concerns over monitoring within the cockpit. The conference 

was entitled “Preparing the Aircraft Commander for the 21st Century: 

Monitoring—What are we doing about it?” The conference was meant to engage a 

range of professionals in the flight-training industry, including airline training 

managers, regulatory authorities, training providers, and aircraft manufacturers. The 

purpose was to debate how air travel safety improvements could be highlighted and 

implemented, especially in regard to cockpit monitoring. In the course of the 

discussion, a number of comments were made about LOSA, which were analysed and 

used as a basis to inform interviews and focus groups. 

8.4.1.2 Verbalisation 

Verbalisation LinkedIn 

I am currently researching the technique of verbalisation technique, following on 

from results we found in field studies where some of the pilots verbalised their 

intentions. Although we had small numbers as it was more of a proof of concept 

experiment it did appear that these pilots who did use verbalisation showed greater 

safety performance. However, there are very few studies of this kind to support that as 
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most are performed in simulators for obvious purposes. There are a whole lot of 

biases to consider but it would be interesting to hear people’s views on this technique.  

Do you personally employ verbalisation techniques in your flying (eg: thinking 

aloud, stating your intentions, considering abnormal situations)? Any thoughts or 

opinions on the subject would be very welcome. 

8.4.1.3 Respondents  

Respondents from the LinkedIn threads came from a variety of backgrounds, 

including pilots, safety experts, flight instructors, and academics. Based on the 

responses in the LOSA discussion, it was obvious that respondents represented a wide 

range of ages and experience levels, and they tended to express very strong opinions 

either for or against the methodology. In the verbalisation thread, respondents mostly 

worked in smaller, single-pilot operations, and were for the most part either flight 

instructors or experienced pilots. However, there were some responses from younger, 

newly-qualified pilots who had experience with the technique. 

One group from Pilot Magazine in the US contacted the author with a request for 

further information and an invitation to contribute to the magazine. As a result, the 

author wrote three articles on LOSA and verbalisation, which appeared in three 

different issues of Pilot Magazine but have not been included in this academic work. 

As Pilot Magazine is aimed at the GA and helicopter environment, the purpose of 

writing these articles was to reach a wider audience than an academic, peer reviewed 

article would. Disseminating information to contribute to the aviation community was 

considered a vital element of this thesis. 
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8.4.2 Informal chatter 

Anecdotes can be powerful tools used by humans to make decisions, but they are 

sometimes misused, undervalued, ignored, or underestimated (Enkin & Jadad, 1998). 

Foushee (1984) identified the use of anecdotal evidence and information gathering 

from seminars as techniques that are prevalent within the aviation environment.  

Although anecdotal material is a less-established source of evidence, it is often found 

to be a true reflection of a state of affairs, and as such it has become an important 

component of organisational culture. Therefore, anecdotal information could “be 

considered not as a replacement for, but as a complement to formal research 

evidence” (Enkin & Jadad, 1998, p. 963). The anecdotal evidence in this study was 

derived from conversations with colleagues and friends and during academic 

conferences. 

8.4.3 Interviews 

Further opinions were elicited from six informal Skype interviews conducted with 

colleagues or with those who offered to be part of further research following LinkedIn 

conversations. These interviews acted as a pilot study to elicit suitable questions for a 

more in-depth future study. 

The conversations were recorded on Skype (written from recordings) and analysed. 

The participants (all male) were very experienced pilots who had some direct 

connection to and experience with LOSA. They all worked either as pilots or as safety 

officers within airlines. Each participant was asked the same broad questions, on 

which they elaborated at length. Questions were themed around the validity and 

methodology of a LOSA study and whether respondents felt that LOSA improved 

airline safety or lacked validity. The facilitator guided the direction of the discussions 
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but allowed respondents to talk generally about LOSA, to give their opinions of the 

LOSA methodology and its efficiency, to demonstrate their knowledge and 

experience of the subject matter, and to describe any adaptations they had trialled. 

Following the pilot studies described above, questions reflecting the most 

frequently-elicited themes were formulated for the more formal interviews and focus 

groups. Eight one-on-one interviews were conducted with respondents from a variety 

of backgrounds and experience levels. Two of these respondents were senior captains 

within airlines who were also safety officers and had conducted LOSAs in their own 

airlines. Another two respondents were retired pilots who were established experts in 

the field, often sought for TV commentary when incidents occurred.    

8.4.4 Focus groups 

The focus group methodology is well known. Based on a group discussion 

exploring a specific theme or themes, focus groups usually take place in a social 

setting with a group leader generating descriptive or explanatory information 

(Kitzinger, 1994; McDaniel and Bach, 1996). Focus groups are often simply referred 

to as group interactions producing data for analysis (Kitzinger, 1994). Group 

interaction differs from individual interviews in terms of data generated as it is 

believed that participants may reveal information that might not be revealed in 

individual interviews when prompted by others in the group (Vaughan, Schumm, & 

Sinagub, 1996). 

As the success of using qualitative accounts has become established (Green & 

Britten, 1998; Maxwell, 1992; Seale & Silverman, 1997), Kizinger (1996, p. xxx) has 

suggested that focus groups can be used to examine “what people think, how they 
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think, why they think in specific ways and their understandings and priorities in a 

given subject area.” 

Three focus groups were completed for this study, with the 32 participants including 

regulators, inspectors, investigators, pilots, safety experts, and flight instructors. In 

each case, there were five subject area questions covering both LOSA and 

verbalisation for respondents to comment on and discuss further.  

LOSA Questions/Discussion topics 

1. Do most people know about LOSA? What are people’s general opinions of 

LOSA? 

2. Have respondents seen it applied to other operators or transport areas? 

3. Could LOSA work in a single-pilot environment? 

4. Would the use of cameras be accepted? Would they be useful? 

5. Would a LOSA toolkit be useful? 

Verbalisation Questions/Discussion topics. 

6. Has anyone used verbalisation in their professional flying? 

7. What are people’s thoughts and opinions about verbalisation methodology? 

8. Would it interfere with cognitive reasoning? 

9. What are the inherent dangers of using verbalisation? 

10. How could it be implemented into the industry? 

 

8.5 Data analysis for LOSA study 

Grounded theory provided the basis for data analysis (Henwood, Pidgeon & 

Richardson, 1996) and each group discussion, peer comment, Skype interview, or 

LinkedIn forum was analysed individually before data were collated to summarise all 

discussions. Themes and sub-themes were extracted from information provided by 

participants as outlined in Table 8.1. 



Chapter 8:  Study 3 – Thematic Analysis of Qualitative Research  

 
248 

Table 8.1 Qualitative Analysis: Terminology and Headings 

Term Description/Derivation 

Domains Areas for investigation: LOSA effectiveness, LOSA methodology, use of 

video cameras, expense of a LOSA study 

Themes Methodology selected for study – lack of context; flawed methodology; 

error counting; observer bias; validity questionable; timing 

Effectiveness of LOSA selected for study – safety improvement and safety 

awareness; just culture; measurable and proven; resilience – observing 

good practice; tells a story 

Sub-Themes Emerged from discussions 

Components/

Topics 

Perceptions, opinions, expressed thoughts, cognitions, attitudes, emotions, 

comments, suggestions, reported behaviours, examples, ideas, experiences, 

views, values, perspectives, illustrations, notions, arguments (Glendon, 

2005) 

 

Material from the discussions could be coded within four major linked domains, 

two of which were chosen as the focus of this chapter, as they reflected more 

systematically the positive and negative aspects of LOSA. The four linked domains 

were LOSA methodology, LOSA effectiveness, use of video cameras to complement 

a LOSA, and the expense of LOSA. The LOSA methodology was the domain where 

most negative reactions towards LOSA were expressed, but these were balanced with 

more positive views within the same domain. The LOSA effectiveness theme focused 

on participants’ thoughts on LOSA’s efficacy as a safety tool. 

As this was a purely qualitative study, researchers did not make reference to the 

number of times that a particular view was expressed but merely recorded that the 

material emerged from one or more of the discussions. The results section provides a 

framework for describing the study’s findings. To facilitate an appreciation of the 
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data, some material drawn directly from discussions is italicised, and verbatim speech 

is in quotation marks. 

8.6 Results LOSA comments 

A number of sub-themes emerged from the data, providing a framework for 

describing views expressed. Some of the sub-themes reflected very positive views of 

LOSA, whilst others reflected negative views of LOSA, the latter being related 

mostly to LOSA methodology. Where the LOSA methodology had been adapted or 

tailored to a specific operation or identified area of risk within the company, 

respondents had more positive views of the effectiveness of a LOSA-type study. 

Researchers did not record the number of times specific themes were discussed, but 

there were themes that were mentioned by more than one respondent, and often by 

several. Individual comments to further examine the indicator are written in italics 

when they are general comments and in quotation marks when they are verbatim 

quotes. 

8.6.1 Theme – Methodology 

Table 2 Theme – Methodology. 

Negative Comments Mitigation Factors 

Flawed methodology 

and validity 

Improved training and standardisation of appropriate observers 

Adaptation of methodology to specific areas 

Lacks context 

Allow pilots to comment on the narrative after a flight to give 

reasons behind actions that were seen as errors 

Observers involved in roundtable discussions to justify errors 

Observer Effect and 

Observer Bias 

Sound training,  unobtrusiveness of observer  appropriate 

observers 

Error counting – lack of 

qualitative data 
More narrative and interviews 
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Within the Methodology theme a number of sub-themes emerged, including: a 

flawed methodology with questionable validity, lack of context, observer effects/bias, 

and a lack of qualitative data. Sub-themes that emerged within these themes were 

expressions of views, perceptions, feelings, or experiences.  

8.6.1.1 Sub-theme – Flawed methodology and questionable validity 

Some respondents felt that the LOSA methodology was flawed. For example, one 

respondent said, “if the narrative is not done well, then the richness and the context 

the narrative provides are deficient.” Other respondents referred to a LOSA as 

“merely ticking boxes” or as being adopted to comply with best practice “rather than 

a useful tool.” 

One respondent said that LOSA was “viewed as a panacea when it was initially 

developed,” but it soon became clear that there were “methodological issues, 

including the error counting aspect, the lack of qualitative data, the possible observer 

effect on what is observed, and the need for expert observers.” This respondent 

referred to LOSA as an “artificial methodology to try and capture data” and said that a 

much less expensive but equally efficient way of collecting rich data would be 

“simply asking about the experiences of pilots in a pub.” Another agreed that LOSA 

studies were too expensive, “and that the money could be better spent.” This was 

especially relevant among smaller operators who didn’t have the means to pay for the 

analysis of the LOSA Collaborative. 

During a one-on-one interview, one respondent spoke from personal experience of 

a LOSA completed at his airline in 2009 and mentioned “a number of quality issues” 

associated with LOSA. “The 2009 LOSA data appeared very confusing,” he said. “No 

one in the company was confident about what the results were or how to respond to 
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them.” Having been part of a major LOSA, the respondent was in a good position to 

comment on the methodology. “Fifty percent of the observations had been discarded 

as being unreliable,” he said. “Some data were unacceptable because errors had been 

reported when there were no errors. Also there had been flights that observers had 

reported as error-free but that their narratives showed clearly had errors and UAS.” In 

an effort to remedy these shortcomings in a later LOSA, the respondent reported that 

the organisation followed the original LOSA model but ensured that a number of 

quality issues were implemented to gain better results. For instance, the company HF 

expert and the LOSA team, “worked hard to train and standardise observers.” They 

also found it preferable that “all observers in the 2012 LOSA were currently 

employed as line pilots and that 85% of all observations were done by pilots who 

were familiar with flying the type of aircraft that matched the flight they were 

auditing.” 

The same respondent spoke at length about how the LOSA team had improved 

their data by having the “observers defend their error calculations.” Normally, the 

data and narratives are all collected and presented by the researchers at a roundtable 

discussion in order to clarify identified threats and errors. The roundtable is composed 

of a committee formed of a safety representative, a chief pilot, and a manager. During 

a roundtable, some of the observed errors may be deemed erroneous because they are 

justified by company practice or because they resulted from observer misjudgement 

or mistakes by third parties. For instance, an observer who recorded the “error” of a 

pilot not reading back an ATC directive may subsequently discover that the error was 

actually the result of the ATC failing to communicate an expected instruction. 

Introducing the observers to the roundtable discussion gives them the opportunity to 

comment on errors observed and provide context for their observations. “For 
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example, [the observers] had to prove errors by pointing out SOP or by some other 

justification. As a result, there was 85% accuracy, and only 2-3% of narratives were 

discarded.” In addition, through this process observers received further training in 

“writing good and rich narratives.” 

Other respondents doubted “the validity of the data” obtained from LOSAs, 

especially “if no one was able to use the data to improve safety.” Others were 

concerned about the length of time in between LOSAs (usually 3‒4 years). “The time 

in-between LOSA is too long, and companies would be better targeting certain issues 

that had been identified.” 

Ultimately, although some respondents had criticisms of the LOSA methodology, 

their reservations did not appear to have convinced them to abandon the methodology 

altogether, but rather to adapt it to the airline as a whole or to use the model to address 

specific areas of need. One respondent from a major airline used the model in 

individual studies specifically designed to examine “aerodromes or airports where 

there were known to be a relatively high or low number of threats (e.g., a high-threat 

port might have high terrain surrounding the airport) or a known area of bad weather 

at certain times of the year.”  

Another company used its own “behavioural markers to assess pilots to reflect a 

more accurate way of assessing pilot performance rather than the countermeasures of 

LOSA,” with the markers being modified in light of previous LOSA results. This 

appeared to be a good compromise, using the LOSA methodology with adapted 

context-specific markers. The respondent went onto note that in the following LOSA 

there was an average of 6.25 errors per flight. This was double the previous rate, but 

the respondent attributed the change to “the thoroughness of the LOSA rather than an 

increase in proneness to error.” 
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Other respondents wanted to address specific issues, such as fatigue. By 

completing “mini-LOSA” respondents were able to test the hypothesis that there was 

a connection between pilot error rates and hours of sleep by “compar[ing] data of 

error rates with hours awake and hours asleep.” Interestingly, although their 

hypothesis was demonstrated in that compared with well-rested pilots fatigued pilots 

made more errors, these respondents found that safety was not compromised as a 

result. “The assumption then is that safety is compromised, yet we actually found that 

for flights with tired pilots and increased errors there were no UAS and no 

mismanaged errors.” This is presumably because when pilots know they are tired, 

they make more of an effort to manage errors. 

8.6.1.2 Sub-theme – Lack of context of a LOSA 

Some respondents said that a LOSA study lacked sufficient context to provide a 

true representation of the meaning of operator actions. Most respondents felt that “an 

operator should be given a chance to explain his actions after an observation to gain 

context.” One respondent said that a LOSA “does not identify why SOP were not 

followed as the observed persons cannot comment on whether the SOP are correct.” 

Other respondents agreed that without the pilot’s feedback on the context of the 

situation, a LOSA “does not identify why SOP were not followed, as the observed 

persons cannot comment on whether the SOP are correct or incorrect.” 

Often respondents agreed that an SOP or procedure can be wrong. Pilots do not 

ignore rules by neglect (as this could lead to a dangerous situation) but in order to 

“…optimise performance. There is always a reason for not following a procedure, and 

we have to know the reason.” A LOSA, by default, cannot necessarily capture this 

reason, only what the observer sees and thinks. However, another respondent argued 
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that an essential part of LOSA philosophy and practice is to capture the context in 

which errors are made and detected and that by “exploring these situations and 

contexts we may be able to develop strategies, SOP, and skill sets to result in better-

managed outcomes.” For instance, “if many crews are not following the same SOP, 

then this is an indication that there is probably something wrong with the SOP”. 

Therefore the LOSA captures not the fact that there was non-compliance with SOP,   

“but rather the context in which the SOP were not followed.” 

An interesting comment on context was repeated in a few responses regarding 

video cameras (a subject that was not explored but that is relevant in this context). 

Although the use of video cameras was considered (and even trialled) at the beginning 

of this thesis, it was decided that participants would not comply with this 

methodology, so it was abandoned. It was curious, then, that some respondents felt 

that video recording would serve to clarify the “context behind a pilot's action … 

assuming that the pilot is debriefed and can say why they carried out a particular 

action … what might have been considered an error by an observer may turn out to be 

a safety promoting action.” Other respondents said that cameras could be a good 

“self-analysis” tool. 

A summary of context came from an respondent who said, “The concept of LOSA 

is good, but it is a road map and not a philosophy. It is an audit that is thorough with 

sound data and is a good starting point, but it must have context.” This was supported 

by another respondent who commented that LOSA is  “a ‘snapshot’ in time that is 

taken without a context.” 
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8.6.1.3 Sub-theme – Observer effect and observer bias 

A general theme that emerged was around observer bias and the observer effect 

involved in a LOSA. According to LOSA protocol, all observers are well trained and 

calibrated, but as some respondents commented, “Observing behaviour is very 

difficult.” This can be seen in the fact that not all observers make it through the 

training, and around 20% do not continue with the observations. As one respondent 

said, “We need to equip observers with robust and proven SOP and effective 

contextual training,” and even if this condition is met, “observer bias can still become 

evident.” 

One respondent was concerned that “some airlines around the world train non-

flight crew members as LOSA observers.” This is problematic because “the 

framework of such persons is the rulebook, so anything detected (e.g., a different 

order on a checklist completed by a pilot for a very good safety reason) counts as an 

error.” As another respondent maintained, for observation to be successful, “the 

observer needs to know what the observed person had in mind.” 

Many respondents did not believe that it was possible for an observer to be 

unbiased. As one respondent asked, “Who is to decide on the errors that people 

make?” Respondents who had been part of a safety team responsible for designing a 

LOSA commented that, “experienced captains weren’t necessarily the best observers, 

as they had higher expectations.” One academic respondent didn’t believe that an 

observer could give an unbiased report solely based on observation. “It might be wise 

for those of you who believe in LOSA to read the article ‘The Emperor's New Cloth’ 

by Amalberti and Hollnagel [Hollnagel & Amalberti, 2001]. It is clear that an outside 

observer cannot decide on errors unless he/she talks to the persons involved.” 
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Other respondents said that “the observer effect cannot be negated.” Many 

respondents agreed that “observing people changes the observation. As we all know, 

when we are observed, we behave as is required.” Although in favour of LOSA, 

another respondent said he did not feel it could be considered a “fly on the wall” 

methodology, especially in a single-pilot environment, as observers are too close in 

proximity to those observed. 

In LOSA, the observer tries to mitigate potential for observer effect by being as 

unobtrusive as possible. LOSA observers are trained not to engage in conversation, to 

write notes briefly and discretely (no big clip boards), and to complete their notes 

immediately after a flight in order to keep the narrative fresh in their minds rather 

than writing copious notes during the observation. In the single-pilot environment, it 

is harder to be unobtrusive, and respondents found that the observer was “much more 

identifiable to the pilot flying” in this context. The result, they felt, was that “there 

would have been a certain amount of ‘angel’ flying behaviour that couldn’t be 

avoided under these circumstances, so a true picture could not be achieved showing 

errors that the pilot may have made had the observer not been on board.” However, in 

the single-pilot context there is often a non-flying person in the co-pilot’s seat, 

whether it be a passenger (as in a commercial flight, where it is a revenue seat) or a 

relative or doctor/nurse in an emergency flight. Still, most respondents agreed that 

“the Hawthorne effect will always be present in some way”. 

8.6.1.4 Sub-theme – Error counting/lack of qualitative data 

Another recurring criticism of LOSA was that the methodology is “no more than 

counting the errors,” and that once these errors are processed “they are numbers in a 

database separate from the environmental issues where the errors are made.” Many 
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respondents had various ways of expressing their opinion of the quantitative aspect of 

LOSA. One respondent commented that he was very much in doubt about the value of 

LOSA because he saw it as “bean counting.” He also had doubts “that LOSA could 

be improved.” Others saw counting errors as “giving false information. Even if there 

are a certain number of errors in the same category, there may be great differences in 

the contexts where they occurred.” Another response was that safety “cannot be 

improved by counting accidents or errors but must involve looking at how crews 

manage situations and context.” 

One respondent could not reconcile himself to a methodology that involved error 

collection. “Counting errors and counting the times a crew did not follow an SOP is a 

very old idea, based on the Newtonian-Cartesian ideas of the world that is different 

from the world of aviation at the beginning of the 21st century,” he said. Another 

went further, claiming that the only reason for error counting was to tick boxes. 

“There is still too much Reasonesque way of thinking in linear models of the world 

around us with solutions that will cost a lot of money and give no results. The only 

result? Bureaucratic accountability is done.” However, others disagreed. “Yes, simple 

audits do support bureaucratic accountability,” said one respondent. “But LOSA looks 

at the crew/op system rather than an individual in normal operations to learn what is 

really happening.” 

Another respondent suggested that the idea that we can reach a “new safety level 

with more data, more figures, and more graphs is very doubtful that this is true.  

When we see the figures go down we may assume we have reached a goal, but data 

from LOSA cannot tell you what generates the errors that are observed.” However, 

those who support LOSA herald the amount of data that have been generated over the 

years in which LOSA has been operating. In the words of one respondent, “In the 
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early days of LOSA, 2-4 significant crew errors were detected per sector, which may 

otherwise have never been known about. The volume of data collected in LOSA is 

one of the largest ever accumulated, enabling threats to be analysed from large sample 

sizes. The threats found draw serious attention from those airlines audited who then 

act with preventative measures.” 

One respondent commented that “any data is good,” and another agreed, 

responding to the negative remarks regarding LOSA being seen as mere error 

counting without any meaning. LOSA often identifies “clusters of errors,” he said, 

and to illustrate this he gave an example “of many pilots in one airline intentionally 

non-complying with an SOP. Under normal circumstances this would be seen in a 

negative light with potential disciplinary actions to individual pilots who disregarded 

SOP in this way. However, when a number of pilots carry out the same action it was 

an indication that the SOP were in fact wrong and unachievable. These were then 

changed on the result of the LOSA to more realistic ones.” Another respondent found  

“one unexpected ‘bonus’ from the observations, that was that there were a large 

amount of ATC ‘threats’ identified, which, when presented to ATC, resulted in a 

better understanding between ATC and the company.” 

In a similar vein, some respondents criticised the small amount of qualitative data 

obtained during a LOSA. Although a qualitative interview is conducted at the end of a 

LOSA and a subjective narrative written by the observer to describe the flight is 

included, most correspondents didn’t think there was sufficient qualitative data, which 

they believed to be more valuable than quantitative data.   “Qualitative comments [in 

a separate interview at the end of a LOSA] were found to be of more value than the 

quantitative error counting involved in LOSA.” One respondent mentioned that he 

was “very interested in looking at the narratives to get qualitative data as well as using 
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the measurable ‘error counting’ quantitative data.” Some respondents were satisfied 

that LOSA gave a good balance of both quantitative and qualitative data. One 

respondent said that “the LOSA audit provides a quantitative framework of counting 

errors with a qualitative narrative which asks the question ‘why?’ 

8.6.2 Theme – Effectiveness of LOSA 

Table 8.3 Sub-theme:  Effectiveness of LOSA 

Comments Clarifying remarks 

Safety Awareness and Safety 

Improvement 

LOSA has been recognised as a tool to 

improve safety by ICAO 

Measurable and proven 
LOSA has a structured and robust 

measurement criteria 

Resilience by observation and 

replication of good practice 
LOSA also captures good practice 

Just Culture 
Just Culture is demonstrated through 

LOSA 

Tells a story 
By telling a story, LOSA captures the 

attention of operators 

Within the theme of the effectiveness of LOSA, respondents tended to offer 

positive remarks. One respondent said that, “There has been a significant and very 

real safety dividend from LOSA.”  Another said that, “The latest ICAO Doc 9995, 

provides a set of airline pilot core competencies from which it will soon be possible to 

measure and benchmark crew performance around the industry even more effectively, 

which have evolved from LOSA.” Another said that, “No single tool can be a prime 

safety solution, of course there are many to be looked at holistically, but to my mind 
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LOSA has been one of the most significant airline safety generators ever.  

8.6.2.1 Sub-theme – Safety awareness and improvement 

To illustrate the effectiveness of a LOSA, one respondent gave the analogy of a 

soccer team. LOSA data shows that 50% of all errors go undetected by the crew. 

Using the soccer analogy, this respondent proposed that “if an attacking team [the 

threat or error?] gets within striking distance of goal then clearly defences have 

broken down. So we have a ‘goalkeeper’ [LOSA], and their role is clearly a very 

important one.” 

LOSA appeared to be seen as a good starting point for airlines to begin addressing 

safety. As one respondent said, “Introducing a LOSA to an airline shows a high level 

of safety awareness by the management of a company and focuses safety in the mind 

of all employees, especially the pilots.” Another respondent agreed. “Prior to a 

LOSA, companies ensure that their safety practices are up to date and that all pilots 

are reminded of company policies, etc. SOP are reviewed, and safety becomes high 

on the agenda at this time.” Although only involved in one prior LOSA, another 

respondent based his comments around how his company responded to the study in a 

positive way “to the extent that safety awareness in the company was very high from 

all areas.” 

A flight inspector from the Middle East felt that LOSA was “not just a direct tool 

but a systematic approach to safety. It aims to change the system, not an individual.” 

He went onto say, “if it saves one life, it would be worth it.” 

Another respondent was more critical of LOSA. On the general issue of air safety, 

this professional noted several reasons why the aviation industry is safe already, 

including the fact that “during its development over a number of years, the aviation 
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industry tried very hard to deal with any potential safety issues that arose by 

awareness and training.” 

Another respondent felt that the key to “safety in single-pilot operations was 

quality training,” and that “intuition is nothing more than good training kicking in.” 

He commented that the exceptional safety of the aviation industry arose from the 

“excellent training that was developed in the two world wars and that has continued 

ever since. The answers to flight safety lay in making sure that competencies in skills, 

knowledge, and attitudes were the right indicators for safety and that they are done 

consistently well.” 

8.6.2.2 Sub-theme – Measurable and proven 

LOSA has an enormous amount of data from real-time observations of over 17,000 

flights across 12,000 crews in 70+ airlines. This, according to one respondent, would 

indicate a “methodology that can be measured, compared, and analysed and has been 

proven over a number of years.” Another respondent spoke of the threats that had 

been identified during a recent LOSA, which “were of great value to the company, as 

there was a measurable and statistically-proven record to present to third parties such 

as ATC, ground crew, cabin crew.” 

One respondent, who was directly involved with LOSA studies commented that he 

had seen LOSA grow “from a few airlines experimenting with the system to the 

adoption of LOSA by ICAO as best practice and recommended for all airlines.” He 

was very much in favour of LOSA studies and saw them as a very valuable exercise 

for an airline. However, other respondents argued that although some airlines “say 

that they are conducting LOSA, this does not mean that they are following the defined 

principles.” 
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8.6.2.3 Sub-theme – Resilience by observation and replication of good practice 

Apart from whether respondents thought that LOSAs were effective or inadequate, 

most agreed that a positive aspect of LOSA was “observing good practice.” One 

respondent commented that “looking at what the crew did right can be a valuable 

experience” and “by capturing pilots’ expertise, lessons can be learned from what 

pilots do right rather than by what they do wrong.” Respondents who had been 

observers or involved in observations said that “another benefit [of LOSA] is that the 

observers actually developed good practice by observing other pilots they were 

studying and other ways of achieving good flight.” 

One respondent, who had recently been selected as a LOSA observer, commented 

that he had learned some excellent practices whilst observing, which he felt he could 

apply in his own flying. Observers in general saw LOSA observation as a valuable 

learning tool – “an excellent experience, and a great way to observe how peers 

operated and flew safely.” Some even suggested that LOSA could be “included as a 

prerequisite for command training. By capturing pilots’ expertise, lessons can be 

learned from what pilots do right rather than by what they do wrong.” Indeed, “a 

prime aim of LOSA is to capture successful behaviours that may be used for future 

training and SOP.” 

An advocate of LOSA observed that good practice can be copied and learned from. 

Equally, when a pilot performs well during a LOSA, the information obtained can be 

used to inform other pilots about what good crews are doing. “This kind of  positive 

comparison works better than simply pointing out to someone what they are doing 

wrong.” 
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In addition to observers learning from observation, within LOSA there is a specific 

section for recording good practice and behaviours. However, one respondent 

admitted that this was “rarely given much credence, whereas the errors were 

discussed in more detail.” Another respondent agreed, saying “we only check for 

failures and not for successes, which are just as important.” 

Some respondents talked about what they had learned through observation about 

resilience – in other words, what makes pilots fly from A to B safely 99% of the time, 

coping with the general stresses and strains of flying a highly-complex aircraft.  

Resilience within an organisation is defined by how it anticipates, plans for, responds 

and adapts to events (British Standard, BS65000, 2014). When applied to a cockpit 

situation, it is a word used to “describe the human capacity to deal calmly and 

competently with the unexpected, particularly ‘black swan’ occurrences – events that 

could [have] been foreseen or for which there are no checklist drills or standard 

operating procedures” (Learmount, 2011, para 6.) 

Cognitive resilience is a construct that has recently attracted the attention of 

aviation researchers seeking to consider safety from a positive (what we do right) 

perspective rather than a reactive application of lessons learned from accidents and 

incidents (Chialastri, & Pozzi, 2008). As yet, cognitive resilience is not readily 

understood, although it is related to concepts such as hardiness, coping abilities, self-

reliance, vulnerability to stress, and self-preservation (Bandura, 2001; Florian, 

Mikulincer, & Taubman, 1995; Kobasa & Puccetti, 1983; Lazarus & Folkman, 1984). 

These qualities can be demonstrated in a cockpit during an unusual event on a 

continuum where “cognitive processes are overwhelmed and ineffective to the other 

end of the continuum where there are few or no negative effects of stress on cognitive 

performance” (Staal, Bolton, Yaroush, & Bourne, 2008, p. 260). Within these two 
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extremes, individual differences will act to define the final result, “enhancing or 

diminishing resilience.”  

Respondents spoke of the concept of resilience and identified this attribute in 

observed pilots who “practiced safely or effortlessly,” often citing their “knowledge 

or experience” and stating that they trusted such pilots “to manage changing situations 

almost intuitively.” One respondent opined that stifling this intuition by “enforcing 

rules and procedures onto a pilot, we appear to be stymieing his flexibility to act 

instinctively in an emergency situation.” This respondent doubted whether “it was 

possible to make practice safer in an already safe industry, and instead of enforcing 

inflexible rules we should just trust the pilot to intuitively do what he knows to be 

right.” 

8.6.2.4 Sub-theme – A Just Culture 

Many respondents were aware of and in favour of a just culture regime and felt 

that “adopting a just culture for the purpose of the [LOSA] audit is of good value to 

introduce it to the company.” In regard to air safety in general one respondent 

commented that “air safety might improve if there were a change in the culturally- 

related way of thinking, in which people are prosecuted or punished after the 

occurrence of an error or incident.” 

Another respondent saw the LOSA database as “giving information that there is a 

problem in a certain field leading to an investigation to establish an answer on the 

‘why’ question.” However, he continued, “a good reporting system (open, trust, non-

punishment) can lead to the same information, but a lot cheaper”. 

Many respondents reported that “trust and respect” for the pilot was very important 

within a LOSA study, and that as an anonymous reporting tool, LOSA was “most 
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likely to have the confidence of crews being observed, allowing insight into 

performance close to everyday normal operations.” Others did not necessarily agree 

and were unconvinced that LOSA is entirely anonymous, particularly within a small 

company. 

8.6.2.5 Sub-theme – LOSA tells a story 

One view was that the strength of LOSA is that it “tells a story.” One respondent 

elucidated by saying “my organisation is embarking on its third LOSA and were 

asked, ‘What is it gonna tell us this time?’ In my opinion, it would be the same as the 

last two. So we ask the question, ‘What is so good about LOSA?’ Well, it tells a story. 

There is some truth in the story and it is dependent on the organisation and the pilot 

community to ensure that it is a good story.” 

8.7 Data analysis for verbalisation 

Grounded theory also provided the structure for analysing data about verbalisation 

(Pidgeon & Henwood, 1996). Initial thoughts were derived from the public forum 

LinkedIn, with most correspondents being flight instructors and some being multi-

crew pilots whose early careers were with single-pilot operations, enabling them to 

compare both types of operation. Further discussions and opinions were derived from 

informal conversations, interviews, and focus groups. Data from each discussion 

forum were analysed individually before the data were aggregateed to summarise all 

discussions. Themes and sub-themes were extracted from information provided by 

participants as outlined in Table 6.4. 
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Table 6.4 Verbalisation: Terminology and Headings 

Term Description/Derivation 

Domains Areas for investigation: Increased safety by verbalisation, cognitive 

overload, incorrect information retained  

Themes Increased safety selected for study – Allows cognitive confirmation; 

active in muscle memory; information to others; clarifies STM 

Cognitive overload selected for study – increased workload at crucial 

phases of flight; saturation of noise in cockpit; important information 

missed; 

Incorrect information retained 

Alarm to passengers 

Notice other behaviours 

Sub-Themes Emerged from discussions 

Components/

Topics 

Perceptions, opinions, expressed thoughts, cognitions, attitudes, emotions, 

comments, suggestions, reported behaviours, examples, ideas, experiences, 

views, values, perspectives, illustrations, notions, arguments (Glendon, 

2005) 

Material from the discussions on verbalisation could be coded within five major 

linked domains, three of which were chosen as the focus of this section as they 

reflected the majority of the views. A large proportion of respondents felt that 

verbalisation increased safety, although others were of the opinion that verbalisation 

actually resulted in cognitive overload and thus was a safety risk. A further important 

theme emerged regarding the implication of retaining the wrong information through 

verbalisation. 

A smaller number of participants commented on the potential negative impact on 

passengers should they hear a pilot talking aloud. This comment related particularly to 

those pilots within NZ aviation who fly single-pilot IFR with nine passengers or fewer 
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(125 operations). The seat usually occupied by the co-pilot in MCO is a traditionally a 

revenue seat in SPO, where it is often occupied by a passenger. Participants felt that 

passengers may be alarmed if pilots adopted the verbalisation method, especially if 

pilots were performing routine briefings concerning actions to take in the event of an 

emergency. It was felt that a solution would be to swap “talk aloud” for “think aloud,” 

and for the pilot to actively think through the procedures. 

In this section on verbalisation, as before, no reference is made to the number of 

times that a particular view was expressed, instead, researchers merely recorded that 

whether the material emerged from one or more of the discussions. The results section 

provides a framework for describing the findings. As before, to facilitate an 

appreciation of the data, some material drawn directly from the discussions is in 

italics, and verbatim speech is within quotation marks. 

8.8 Results – Verbalisation 

A number of sub-themes emerged, providing a framework for describing views 

and opinions. Some of the sub-themes indicated that verbalisation increased safety in 

a variety of ways by clarifying and enhancing cognitive performance, whilst others 

were concerned with verbalisation interfering with cognitive processes.. 

Some respondents had worked in other transport sectors (e.g., Queensland Rail) 

and spoke at length regarding the possible effect of verbalisation on cementing the 

wrong command into the muscle memory, thereby possibly reinforcing or provoking 

an error. This will be discussed in section 8.8.3. 

8.8.1 Theme – Increased safety 
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Table 8.5 Verbalisation sub-theme – Increased safety 

Comments Clarifying remarks 

Allows cognitive 

confirmation 
Confirmation of cognition processes occur due to verbalisation 

Active in muscle 

memory  
Verbalisation embeds action into muscle memory 

Clarifies STM Assists with memory 

Information to others Allows colleagues to understand your thought processes  

Within the increased safety theme, a number of sub-themes emerged, including: 

allowing cognitive confirmation of tasks, allowing thoughts to be converted to muscle 

memory, clarifying the action in the STM, and allowing others to benefit from the 

thoughts and observations of the crew member. Sub-themes that emerged within these 

themes were expressions of views, perceptions, feelings, or experiences. According to 

one respondent, who had worked overseas, “in Turkey, helicopter pilots were trained 

to always [verbalise].” 

8.8.1.1 Sub-theme – Allows cognitive confirmation 

Respondents from a variety of backgrounds, including pilots, instructors, and 

ground-based aviation personnel, agreed that verbalisation “retains learned 

information (for future recall) by applying more than one sense.” Another respondent 

said that, “Engaging more than one sense helps to remember better,” and a university 

executive and military pilot said that verbalisation, “Trains the mind to pay attention 

to an aural input.”   

Other respondents discussed how verbalisation allowed pilots to understand 

actions and confirm their cognitive processes. One instructor from Canada said that 

verbalisation, “Allows you to hear what’s being said.” Ground-based groups 
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interviewed pointed out that “speaking and understanding speech share the same 

functional parts of the brain, therefore verbalisation acts as a mental stimulation.” In 

short, single-pilot operators felt that verbalisation “affords redundancy, acts as a 

second pilot.” 

A pilot from Canada, experienced in both dual-pilot and single-pilot flying was 

recently introduced to verbalisation and began to practice the methodology even when 

driving. He felt had he known about this “method of cognitive confirmation” he 

would have made less errors early on in his career.  “The act of engaging other 

physical involvement creates a broader, stronger attachment to the information for 

future recall”. 

Another pilot (NZ), who had used verbalisation previously in a single-pilot 

operation continued to use the methodology whilst flying in a multi-crew 

environment. The reasons were that “it acted as another prompt to confirm that 

required actions had been performed”. 

A respondent from a pilots’ association gave an interesting referral to literature he 

had read on the subject of verbalisation saying “In the August, 2011 edition of 

Psychological Science a Dutch team of scientists were able to confirm that the 

speaking and understanding speech share the same functional parts of the brain. The 

art of speaking (verbalisation) allows both the speaker and the listener an opportunity 

to doubly exercise the part of the brain involved in understanding. 

8.8.1.2 Sub-theme – Active in muscle memory 

A single-pilot operator from the Netherlands gave an example of how verbalisation 

helped him. “Whenever I fly, I try to point out everything that is of importance to 

flight safety, like other traffic. It gives me a better picture. I hear myself speaking and 
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know that it is active in my memory.” The university executive quoted above 

advocated single-pilot resource management in his military flight school, as “it seems 

to enhance the impact of inquiry. Saying it aloud has a greater effect than merely 

thinking it.” Other respondents agreed, stating that verbalisation, “Increases safety by 

giving me a better picture,” and, “Puts a plan into a tangible form.” 

A pilot based in the Middle East, who was also an instructor, said that, 

“verbalisation enhances safety in certain places, such as flight schools, and it was of 

great value when flying alone. When I was in the military, we always used it as a 

safety tool, as it increases situational awareness.” Another military instructor from the 

Middle East found verbalisation to be “a very useful tool. We use verbalisation all the 

time whilst training military cadets.” 

8.8.1.3 Sub-theme – Clarifies STM 

A respondent from Ireland encouraged his trainees to “verbalise their intentions 

aloud.” He believed this “does not overload, but rather clarifies short term memory.” 

Another respondent said, “Verbalisation executes memory items – achieved by saying 

rather than just reading or doing.” An airline pilot from the US thought said that, 

“verbalisation [is] a great tool in both [two-pilot and single-pilot] operations,” and 

that, “it is well known that we remember better when we engage more than one of our 

five senses.” 

8.8.1.4 Sub-theme – Gives information to others 

An interesting dialogue took place on the LinkedIn discussion page concerning the 

behavioural aspects of verbalising. One respondent felt that pilots who verbalised 

could be perceived negatively (i.e., as being weak). “Although verbalisation brings 

clear expectations to the PM, alpha egos have to learn to cope with perceived 
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weakness.” The respondent felt that the efficacy of verbalisation was also impacted by 

cultural differences and variation in pilots’ ability to verbalise effectively. Many of 

the responses from flight instructors did support verbalisation. According to one, “It 

allows others to know what I am doing or thinking.” Another flight instructor 

remarked that, “in times of high workload [verbalisation] keeps other pilots in the 

loop.” 

8.8.2 Theme – Cognitive overload 

Table 6.6 Verbalisation theme – Cognitive overload 

Negative Comments Mitigation Factors 

Increased workload at 

crucial phases of flight 
Verbalisation only if comfortable with methodology 

Saturation of voices Selection of appropriate verbalisation 

Important information 

lost 
Limit verbalisation  

 

8.8.2.1 Sub-theme – Increased workload at crucial phases of flight 

Some respondents commented that verbalisation would increase workload at 

crucial phases of flight. During a focus group of experienced aviation professionals, 

including pilots and inspectors, one respondent said, “verbalisation causes overload 

when already working at high stress levels due to phase of flight.” Others had similar 

opinions. “One must be careful about advocating verbalisation at high workloads,” 

one said. “It is too much to concentrate on whilst trying to talk too.” 

However, a number of other professionals in all groups did not seem to think that 

verbalisation was any threat during these flight phases. In fact, many were of the 

opinion that the methodology actually helped in high-workload situations. One 
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respondent said that, “Verbalisation establishes sequence of events rhythm in high-

workload situations, enhancing accuracy.” Another said that, “Verbalisation may 

enhance performance at this [high-workload] stage as the pilot is more focussed on 

the task,” and “I always found myself reverting to verbalisation when faced with 

emergency situations.” 

Indeed, some respondents were of the opinion that verbalisation can actually 

enhance performance at high-workload phases of flight. “I agree with the other 

commentators [regarding interference with STM at high-workload phases] and might 

offer that verbalisation may actually enhance performance,” one respondent said. A 

pilot association representative commented that, “Verbalisation acts as a form of 

‘mental stimulation,’” and claimed that, “research according to Lipshitz [1993] 

demonstrates the [verbalisation] technique allows decision makers to focus on critical 

cues, identify causal factors, and reduce the information overload that may occur 

during complex activities.” 

8.8.2.2 Sub-theme – Saturation of voices in cockpit 

A NZ pilot who used verbalisation himself acknowledged that, “some pilots who 

move from a single-pilot to a multi-crew environment have a tendency to over-

verbalise their actions,” which is not conducive to CRM. A similar view was voiced 

by an Australian pilot, who said, “Some pilots tended to over-verbalise when 

transferring from a single-pilot to a multi-crew environment. This acted to make too 

much ‘noise’ in the cockpit, which was detrimental to the performance of others who 

were distracted by it.” 

The respondent from the Middle East, who agreed with verbalisation in a single-

pilot environment, went on to say that, “in a multi-crew situation, verbalisation can 
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lead to ‘cockpit pollution,’ and can be a distraction to other crew members.” This was 

echoed by a female military respondent from the Middle East who agreed with the 

previous respondent that, “verbalisation is useful when flying fighter jets, but now I 

am on transport aircraft with a multi-crew it can be a distraction. I still speak up as I 

feel it allows the others to understand my intentions and thoughts but I am aware of 

the downside for others.” 

During a casual conversation after a workshop, a female emergency services pilot 

who was used to verbalising as it helped her performance commented that, “once, 

during my flight examination, I was told by an examiner to stop verbalising as it 

distracted him from his job and just added to the noise in the cockpit.” 

8.8.2.3 Sub-theme – Important information lost 

Some pilots felt that “It is possible to miss information when [verbalising] in a 

two-pilot operation.” Others reported that verbalisation interfered with their normal 

crew communication. An airline captain from Australia said that, “In a crew cockpit, 

standardisation is paramount. By talking over and above SOPs [in two-pilot 

operations], it does lead you to tune out the other pilots to the point that you miss 

abnormal callouts.” 

8.8.3 Theme – Incorrect information retained 

Table 8.7 Verbalisation theme – Reinforces wrong decision. 

Negative Comments Mitigation Factors 

Reinforces wrong 

decision 
Awareness of phenomenon  

In a previous study with QLD rail, a negative aspect of verbalisation was discovered, 

which could have dangerous consequences:  namely, that a verbalised incorrect 
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command may be retained in the memory and reinforced. This was brought up by 

respondents. 

8.8.3.1 Sub-theme – Reinforces wrong decision 

On two occasions, respondents warned of a potentially dangerous aspect of 

verbalisation involving cementing incorrect actions within the muscle memory. A 

representative of Queensland Rail, having already completed a LOSA-type study with 

train drivers, recalled situations whereby “dangerous intent was captured in memory. 

That is, train drivers would emphasise a wrong action in their mind and continuing to 

repeat it so the wrong action eventuated.” For instance, if a signal was always green, 

drivers might come to expect this, so that when the signal was red the drivers’ muscle 

memory continued to respond to the incorrect action associated with a green signal. 

Another example of this phenomenon came from a US flight instructor who was 

aware of this dangerous potential effect of verbalisation. A student on a training 

flight, followed faithfully a flight path that he verbalised in spite of contrary 

instrumentation cues. The student said in his briefing ‘when I reach the fix I will turn 

right to enter the hold’…when in fact the entry required a left turn, which he correctly 

traced with his finger. Sure enough, we subsequently turned to the right with the pilot 

shortly losing situational awareness.”  “No aviation technique comes without 

associated risk; in this case, the risk of declaring an incorrect and possibly dangerous 

intention. Thereafter, the intent was ‘captured’ by their verbalisation.  

8.9 Conclusion 

The variety of comments captured in this study were of great value in 

understanding both the LOSA methodology and verbalisation. Among the 

respondents, LOSA had an equal number of supporters and vehement detractors. 
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However, many respondents appeared to have taken the LOSA methodology as a base 

and adapted it in some way to suit specific organisations or tasks. 

This is where LOSA finds its usefulness. Since the inception of LOSA, a number 

of successful adaptations have been made to suit an organisation, a route or a task. 

This demonstrates that the foundation of LOSA is an effective methodology that can 

work well in different environments. 

As for verbalisation, it would appear that most correspondents found this technique 

useful in single-pilot operations and valuable as an improvement to cognitive 

performance. However, most respondents felt that it introduced too many 

complications to succeed in a multi-crew environment. To further test this finding, the 

author has collated and analysed data derived from a verbalisation study with MCO 

that was an initiative of Mavin and Soo (Earl, Mavin, & Soo, 2017). This study was 

an ongoing research project with a major airline in New Zealand, looking at training 

and debriefing techniques. The author was given permission to analyse the data for 

the purpose of exploring verbalisation and its effect on cognitive performance at 

different phases of flight in simulated flights. Analysis of this data appears in Chapter 

Six of this thesis. 

Due to possible safety implications, care needs to be taken to ensure that 

verbalisation is carefully monitored and not enforced on those who are not 

comfortable with it. Further studies to demonstrate the effectiveness of this 

methodology need to be confined to the simulator or a safe environment where there 

is a second pilot (e.g., flight instructor). 

This research has both theoretical implications and practical applications. Data 

from this study could help to “fine-tune” the LOSA methodology, and some 
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participants were prompted to use the technology as it was adapted for this study as 

the basis for a pilot study in their own organisation. Specifically, interest was shown 

from within the Gulf region, by smaller operators and flight schools in New Zealand, 

including a land transport emergency services provider that also has helicopters as 

part of its fleet. With other similar studies it would be possible to have a data set (as in 

the major airline LOSA) that would become more meaningful in identifying areas of 

concern in the single-pilot environment and therefore offer a further aid to safety. 

This research has demonstrated that rich data can be obtained from relatively small 

numbers of participants using qualitative methodology. The study represents an 

interesting step in using different media communication strategies to collate opinions 

and enhance understanding of a subject. Furthermore, the study has injected a wide 

range of experience and knowledge into the discussion by including views from a 

diverse selection of participants.. 
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CHAPTER 9: Discussion and Conclusion  

9.1 Discussion 

Ample evidence continues to demonstrate that large multi-crew airlines are 

enjoying a decreased or consistently low number of accidents (NZCAA, 2017). 

Increases in safety levels can be attributed in part to the layered methods used by 

airlines. Some of these methods include pilot simulator training, QAR, incident and 

accident reporting, FOQA, voluntary reporting and LOSA. 

Unlike multi-crew operations, single-pilot operators continue to see higher incident 

and accident rates (NZCAA, 2015). Despite measures put in place by national 

regulators and single-pilot airlines to improve safety standards, not all methods used 

in multi-crew airlines have been adopted by single-pilot operations. 

9.1.1 LOSA:SP 

This thesis investigated the applicability of LOSA - one method used by multi-

crew airlines to improve safety - to a single-pilot context. The initial LOSA:SP study 

(see Chapter 3) showed a successful proof of concept as a methodology insofar as it 

indicated that the LOSA methodology could be usefully adapted for single-pilot 

operations. Although based on a relatively small sample the study produced useful 

and strongly indicative data and was published in a peer-reviewed journal (see 

Appendix B).  

Chapter 4 explored the benefits and weaknesses of the LOSA methodology. Whilst 

some researchers, practitioners, and commentators have treated airlines’ adoption of 

LOSA as a positive development (for example as a means to improve safety), others 

have been critical of the methodology. One of the most prevalent arguments presented 
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by LOSA critics is that the LOSA emphasis on recording errors made by pilots is 

actually a form of “bean counting” that can have little real value for the objective of 

improving safety (Hollnagel, 2011). It is argued in particular that pilot behaviours 

recorded as errors may have actually been the safest course of action given the 

context in which those behaviours were exhibited. This may be invisible to observers 

because pilots are not given opportunities to explain decision-making processes. In 

other words, context is lost during the LOSA process, whereas many behaviours can 

only be properly understood if their context is also understood. 

Another criticism is that LOSA observations are subject to various observer 

characteristic that could affect their ability to report accurately on what they observe. 

For instance, observers can vary in their expertise and experience with the type of 

aircraft being flown, in their own customary ways of piloting aircraft and in various 

personal factors such as mood, tiredness, training, and attention to the task at hand. 

Any of these factors may colour observers’ perceptions, so that the same behaviour 

performed by two different pilots might be seen as an error by one observer but not by 

another (Dekker, 2002). One observer might see a pilot’s management of a threat or 

error as lacking, whilst another will deem it to be adequate. 

Alternatively, there are factors favouring and recommending LOSA as an effective 

safety initiative. One is that LOSA is designed to target normal flight operations as 

opposed to focusing on special cases, such as those occurring in flight accidents or 

incidents. Thus, LOSA is designed to be proactive rather than reactive. Instead of 

looking back at what happened in the past, LOSA focuses on the present and projects 

into the future (Earl, et al, 2012). It could be argued that a regular audit of pilots’ 

behaviour performs a similar function to LOSA as it examines present behaviour to 
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augment future safety. However, a major characteristic of LOSA that distinguishes it 

from typical pilot audits is that it protects the anonymity of the pilots being observed. 

 Despite misgivings about the concept of “counting errors” and the ambiguity that 

may arise from this, data collected can give measurable evidence to start a 

conversation on areas of concern/vulnerability and target future studies.  A key 

findings from this thesis indicated that just the idea of a LOSA audit encourages 

companies to look more closely at their safety standards and reduce company 

complacency.   

With ICAO requiring operators to implement Safety Management Systems (SMS) 

by 2018, LOSA:SP is one way of meeting requirements for safety improvement and 

data collection under normal operations in smaller airlines. Within New Zealand, the 

Safety Risk Profile (SRP) initiative identified an overarching concern about HF 

relating to “Inappropriate Normalised Behaviour” with participants recommending 

LOSA and LOSA:SP as mitigating interventions (NZCAA, 2015). 

9.1.2 Verbalisation 

A potentially important finding from the LOSA:SP study was that those pilots who 

verbalised their thought processes were reported to manage procedural errors better 

than their counterparts who did not verbalise, although the sample size was too small 

to justify statistical analysis or to make generalisations. Verbalisation was also found 

to assist unobtrusive observers by making available the process of how pilots reached 

their decisions, thus making the LOSA:SP methodology more robust. These findings 

were discussed in a peer-reviewed conference poster presentation (see Appendix B). 

As with LOSA, there is controversy about the usefulness of verbalisation. Claims 

have been made about the value of verbalising cognitive processes for gaining insight 
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into those processes. During forum discussions and interviews it appeared that many 

single-pilot operators recognise the value in this methodology. However, the benefits 

of verbalisation do not apply to every individual, and for those who find verbalisation 

difficult, it can potentially interfere with cognitive performance at particular phases of 

flight.  

For verbalisation to be safely implemented, it is necessary to first understand its 

limitations. A further study (see Chapter 6) was conducted in a MC simulator in order 

to assess the implications of verbalisation within a safe testing environment. The most 

significant finding of the verbalisation study was that pilots verbalised much more in 

low- and medium-workload situations than in high-workload situations. However, it 

should be noted that other research has suggested that even in HWL situations verbal 

repetition (such as repeating sequences of a task) can improve performance (Gee, 

2014). The results of this second study were published in a Q1 peer-reviewed journal 

(Appendix B). 

In order to discover more about the implications of implementing verbalisation in 

SPO, a third study, in the form of a literature review and thematic analysis of expert 

opinions, provided information to support the methodology (see Chapters 7 and 8). 

Other transport areas in which verbalisation has been implemented have suggested the 

value of different techniques such as collegiate and retrospective as well as concurrent  

verbalisation (Kuipers, Moskowitz, & Kassirer, 1988). In Study 2, video recording 

followed by retrospective verbalisation was found to enhance the context and 

improved learning of the pilots. 

The review also revealed disadvantages to verbalisation including instances in 

which operators made mistakes as a result of concentrating too hard on verbalisation 

rather than the task at hand (Sato, 2016). A more worrying aspect of verbalisation was 
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revealed in a technique used by Arriva Trains Wales known as Risk Triggered 

Commentary (RTC). Although RTC can be a successful technique, in practice it was 

discovered that if incorrect information is verbalised, it can be reinforced in the 

memory, prompting a serious error (Naweed et. al, 2015. 

The LinkedIn data and focus group correspondents also gave opinions on the 

viability of LOSA and its applicability to SPO. One of the respondents concurred with 

the observations made by organisations using  RTC recounting an incident in which  a 

student pilot had highlighted the dangers of verbalising the wrong instruction. 

A further key finding from the literature review and expert opinion data, was that 

the value of verbalisation depends on the situation in which it is used, and that the 

success of verbalisation depends on how familiar the technique is to the pilot.  

9.2 Conclusions 

With more pilots taking to the increasingly more-crowded skies and current efforts 

at decreasing incidents in SPO proving unsuccessful, the relatively high number of 

incidents in SPO as compared to MCO is a problem that seems unlikely to diminish 

any time soon. At the beginning of this thesis, the problem of safety in SPO was 

deemed to be a pressing issue.  

This thesis, therefore has examined an adaptation of a known and successful 

methodology (LOSA) to the less researched area of SPO, where safety is a particular 

concern (LOSA:SP). This study was significant because various researchers have 

claimed that LOSA has proved to have benefits to safety for the MCO of commercial 

airlines. If LOSA has safety benefits for MCO, then those benefits may also accrue to 

single-pilot environments if a similar methodology can be implemented. However, 

until now the methodology had not been applied to single-pilot operations. 
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All of the major characteristics of LOSA were included in this LOSA:SP study and 

the reporting sheets modified from standard LOSA reporting sheets, served well for 

the study’s purposes.  Despite the small sample size, the results from LOSA 

conducted on 14 flights were still informative for the company studied and led to 

several recommendations by the researchers. These results from the LOSA:SP study 

reported in this thesis indicated that LOSA can be implemented in single-pilot 

operations with relatively few and minor changes to the established methodology. At 

the same time, further refinement of the methodology is warranted, for instance in 

definition of threat and error types for other single-pilot operators (e.g., rotary wing 

EMS operations) and for other transport areas.  

9.2.1 Adaptation of LOSA:SP to other areas 

The adaptation of LOSA to SPO has thus inspired plans for further adaptations. 

Since the LOSA:SP study was published, other researchers have cited the paper, and 

the author has been approached to act as an advisor for adaptations of LOSA to other 

contexts within the fields of aviation and emergency services. Whilst these projects 

are in their early stages, the ability to cross-reference these data sources will form a 

repository to benefit everyone involved. 

The toolkit contained in Appendix D has all the necessary instructions, letters, and 

forms required to be able to successfully complete a LOSA:SP or other adaptation and 

can be made available to other organisations and researchers as required. This 

provides a generic framework within which to adapt a LOSA to any operation, with 

specific operator requirements for aviation, emergency services, rail, or any other 

transport providers.. 
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9.2.2 Criticism of LOSA 

It is not clear how the controversy about the value of LOSA can be resolved, as 

there are a number of issues involved. However, it became apparent during this study 

that LOSA and  LOSA:SP are best used as a framework for adaptation to specific 

areas of concern discovered through the preliminary LOSA:SP trial. The safety team 

within an operator would thus be able to make best use of the benefits found during 

the study whilst eliminating or being aware of its weaknesses. Insight gained from 

other operators and disciplines could only serve to refine and improve LOSA:SP as a 

research method with an aim of improving safety. Establishing a database of alleged 

positive safety effects of LOSA for the industry to share would help  smaller 

operators to learn from others. 

In regard to the criticism of the LOSA methodology relating to the subjectivity of 

observers and the loss of context, a step toward understanding how much variation 

there is might be to create a cockpit audio-video recording of pilots’ behaviour during 

flight. Therefore, another initiative that has been suggested is to place small cameras 

in the cockpit that provide views of the cabin and the environment outside the aircraft. 

The recordings taken would then be available at data verification roundtables to 

provide greater context for behaviours being reviewed. Several observers could 

independently rate the recorded behaviour using standard LOSA recording sheets, 

thereby determining the extent of variance between ratings. This approach might 

produce insights into whether training of observers needs to be improved, and in 

which areas. However, this possibility was considered at the beginning of the thesis 

and ultimately dismissed due to pilot opposition to cockpit video recording. 
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9.2.3 Recommendations for LOSA:SP 

To make more definitive conclusions and recommendations about the use of 

LOSA in single-pilot operations, larger samples are necessary. A sample size of at 

least 60 flights would enable capturing enough errors, threats and UAS to support 

quantitative data analysis. Larger single-pilot operation studies would also enable 

possible observation of a greater variety of errors resulting from interactions between 

pilots and other parties, including cabin crew, ATC, and ground operations. Larger 

samples would also enable cross-tabulating threat source and flight phase. 

In addition, a sharing of these processes needs to be made available by regulators 

in the form of roadshows, focus groups, or a “buddy” system among larger airlines 

who have the capacity and infrastructure to implement change. To this end, NZCAA 

have already implemented a series of SRP groups and produced recommendation and 

action points created by the participants (NZCAA, 2015) 

9.2.4 Verbalisation 

One potentially safety-enhancing technique that became apparent during the initial 

flights with our emergency operator for the LOSA:SP trials was verbalisation – that 

is, verbalising actions, intentions and thought processes during flight.   

What the result of the verbalisation trials with MCO (see Chapter 6) seems to show 

is that verbalisation is not an all or nothing phenomenon. It cannot be said that 

verbalising does not interfere with or that it aids cognitive processing in all situations. 

In high-workload situations, especially where safety is a key consideration, 

verbalising may interfere with cognitive processes, at least for some pilots. That some 

pilots in the LOSA:SP study verbalised their thought processes while others did not 

suggests that some pilots were more comfortable than others with verbalising. Pilots 
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who were comfortable with verbalising might have been better able to verbalise 

during such situations, and in those cases verbalising may have aided their thought 

processes. The results from this study are thus insufficient for any definitive 

conclusions to be drawn. However, the study yielded healthy indications of the value 

of retrospective verbalisation and debriefings after a flight to enhance understanding 

of the context of pilots’ actions and as a learning tool. This insight could contribute to 

enhancing the safety measures included in other methodologies. 

Methodology employed in future studies could follow a similar video-and-

debriefing scenario to the one used in this study, which offered context about what 

was actually happening in the cockpit, rather than relying on conjecture from 

observers. It was noted in the studies described in this thesis that there are positive 

reasons for pilots to perform tasks that would be considered errors in traditional 

LOSA observations. However, the combined methodology of audio-visually 

recording plus debriefing serves to provide a complete picture of the circumstances 

involved. 

9.2.5 Recommendations for Verbalisation 

With airspace destined to be increasingly complex and heavily-populated, pilots’ 

cognitive workloads will continue to intensify (Norman, 2007). Therefore, methods of 

alleviating workload have to be explored. Verbalisation has been explored here in 

some depth. Although not so readily accepted by those in MCO, it seems to be more 

effective in SPO. Although the evidence in thematic analysis regarding verbalisation 

was more of an anecdotal nature, GA operators and flight instructors believed almost 

without exception that verbalisation aided instructions and processes within the 

memory, as it has been shown to do in driving. If this can be further demonstrated, 
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then introducing this methodology within the single-pilot scenario could be a 

significant breakthrough for the safety of SPO and a major contribution to the 

literature and practise in this field. 

A great deal of further study is needed to determine the value of verbalisation for 

pilots while flying. Future studies should pay special attention to whether and to what 

degree pilots are comfortable with verbalisation. Does a pilot normally use 

verbalisation while flying? Does s/he use it all the time or only when workloads are 

low? Or does he/she also use it during high-workload phases of flight? For the sake of 

ensuring safety, such studies should continue to be done in flight simulator 

environments until research is able to establish exactly what the value of verbalisation 

is for various kinds of pilots and in various circumstances. Alternatively this could be 

safely practised where there is a second pilot on board, as seen in a flight school 

environment. 

Studies need to be extended into single-pilot operations, where there is evidence, 

albeit anecdotal, that verbalisation can enhance pilot performance. Many flight 

instructors already believe that verbalisation is healthy and helps to reinforce the 

“muscle message” in the brain. However, this needs to be studied in a flight simulator 

environment or when a suitably-qualified second pilot is in the cockpit. Other studies 

about verbalisation are also warranted. It would be valuable, for example to conduct 

in-depth interviews with pilots who use verbalisation a great deal. Such interviews 

could help determine what factors have led them to that practice, whether and in what 

way they think verbalisation aids their thought processes and particularly whether 

they think that verbalising aids them in high-workload situations. 

What is not in doubt is that pilot workloads remains considerable. NASA (2013, p. 

199) specifically drew attention to the issue of cognitive workload in SPO by listing 
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the additional cognitive tasks that present heavier workloads for SPO pilots than for 

MCO pilots. 

9.2.6 Overall recommendations 

This thesis has contributed to scientific study and the aviation industry by 

using the unique methodology of LOSA:SP - an adaptation for the single-pilot context 

of the established LOSA used in MCO and endorsed by ICAO -  and by examining 

the technique of verbalisation for improving cognitive performance in SPO, where it 

has not previously been used. 

 More specifically, this thesis has established the following in such a way that 

participants in the single-pilot industry and elsewhere within the transport sector have 

started to identify the method as a valid initiative for enhancing safety: 

1. Single-pilot environments are an under-researched area that accounts for the 

largest number of aviation accidents/incidents. Qualitative and quantitative 

research in this area can improve understanding of human factors to increase 

safety.  

2. A LOSA based on the TEM framework, which is already considered to be 

successful in the multi-crew environment can be successfully transferred to a 

single-pilot environment.  

3. Pilots who choose to verbalise their intentions during the LOSA:SP study had 

fewer mishandlings of procedural errors than did pilots who chose not to 

verbalise. This may have been because verbalisation improved their cognitive 

task performance or because of experience or other individual differences that 

though these were not detected (or examined) in this study. However, due to the 

small numbers of participants, this finding is not considered statistically 

significant.  Further study would be required to test this theory. 

4. Cognitive functioning is a relevant concept for investigation, and research can 

identify and provide knowledge on how it can be improved during task 

performance. 
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5. Due to the unknown effect of verbalisation on cognitive processes and safety, 

little research has been conducted on verbalisation (think-aloud protocols) in 

real aviation environments. Future research on verbalisation should continue in 

flight simulator environments until a great deal more is known about the effects 

of verbalisation on pilots’ behaviour in different situations. This research could 

also be conducted in a live environment where there is a safety pilot present 

(such as a flight instruction environment). 

6. The LOSA:SP study provided some evidence that verbalisation can be a safe 

and valid technique for improving some pilots’ cognitive task performance in a 

single-pilot environment. 

7. Audio-visual recording of concurrent verbalisation, with later review and 

commentary by participants on the contents of their verbalisation offers an 

effective methodology for identifying aspects of task analysis. 

8. Concurrent verbalisation, combined with retrospective verbalisation is a valid 

technique for identifying the context surrounding verbalisations 

. 
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Research on Verbalisation for Improving Cognitive Performance in Aviation 

The aim of the study is to research cognitive workload and human error in single pilot 

operations, predominantly to influence practice in New Zealand and Australia.  

During a previous study on an adaptation of Line Operations Safety Audit (LOSA) for 

single pilot operators (LOSA:SP) it was found that some pilots verbalised their 

thoughts and intentions.  This can also be referred to as Talk Aloud Protocol (TAP).  

Of those in the study who did verbalise, the results were indicative that those pilots 

made fewer errors.  Due to the low participant numbers, significance was unable to be 

ascertained. 

This has, however, prompted interviews and focus groups to explore whether pilots 

have experience in this method of instruction or flying and their opinions on the 

validity and safety of using this technique. 

The interview/focus group today is designed as an open discussion to assimilate your 

opinions, prompted by some broad statements or questions which may stimulate other 

topics.  The session will be recorded and transcribed unless this is indicated otherwise 

and notes will be taken. 

Ethics approval has been sought for this research and all participants and associations 

will be de-identified.  Confidentiality will be maintained and the responses 

maintained in a safe repository and used only for informing research knowledge 

which may include publication. 

It is anticipated that each session will last between 30 – 45 minutes depending on the 

amount of interest and discussion, but the researcher would be available for further 

questions if required. 

Researcher’s contact details are: 

l.earl@massey.ac.nz 

027 2244 747 

 

Many thanks for your time and valuable contribution. 

 

Laurie Earl 

Massey University, School of Aviation. 
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Developing a Single-Pilot Line 

Operations Safety Audit 
An Aviation Pilot Study 

Laurie Earl,1 Paul R. Bates,1 Patrick S. Murray,1 A. Ian Glendon,2,3 and Peter 

A. Creed3 
1Aerospace Strategic Study Centre, Griffith Aviation, Griffith University, Queensland, Australia, 

2Work & Organisational Wellbeing Research Centre, Griffith University, Queensland, Australia, 
3Behavioural Basis of Health, Griffith University, Queensland, Australia 

Abstract. A single-pilot form of the line operations safety audit was trialed with a mid-sized emergency medical service air operator using two 
observers with a sample of pilots flying 14 sectors. The conceptual basis for observing pilot performance and analyzing data was the threat 
and error management model, focusing on threats, errors, undesired aircraft states, and their management. Forty-six threats and 42 crew 
errors were observed. Pilots generally used sound strategies to prevent errors and to manage successfully those that occurred. Threats 
resulting from operational pressures were well managed. The study achieved its objective of determining whether a single-pilot line operations 
safety audit could be successfully developed and used as a basis for systematic data collection. 

Keywords: aviation safety, in-flight observations, threat and error management model, countermeasures, undesired aircraft states 

Introduction 
Among proactive approaches increasingly supplementing 
traditional routes to improved aviation safety is the line 
operations safety audit (LOSA; Klinect, Murray, & 
Helmreich, 2003; Thomas, 2004). The LOSA is a safety 
management tool developed for, and used in, aviation to 
collect data on and manage threats and errors occurring 
during everyday operations. Endorsed by the 
International Civil Aviation Organization (ICAO, 2002), 
LOSA methodology involves observing normal multicrew 
operations with minimal observer effect to capture flight 
crew performance. Aircraft operators are assisted in 
discovering how close they are to safety limits without 
breaching them. 

Bringing single-pilot commercial aircraft operations up 
to the safety and operating efficiency levels of 
multicrewed operations presents significant challenges. 
For example, Horne (2008) estimated that 62% of the US 
turboprop fleet are single-pilot operated, yet 74% of all 
turboprop crashes involved single-pilot aircraft. In 2008 in 
Australia, singlepilot operations accounted for 2,059 
incidents and 204 crashes, involving 49 fatalities and 45 
serious injuries (Australian Transport Safety Bureau, 
2009). Finding ways to reduce crash incident rates in 
single-pilot operations is urgent. LOSA is well-established 

in multicrew operations, where it draws on the 
communication among personnel for its rich data, but 
whether it is transferrable to single-pilot operations has 
hitherto not been researched. 

This paper reports a study to determine the validity 
and practicality of a single-pilot LOSA concept. The key 
question was whether, without cross talk between pilots, 
there would be sufficient rich and valid data to draw 
conclusions that could usefully inform training, change 
processes, and protocols. This is a new departure for 
LOSA. 

LOSA Origins 

LOSA was developed to assist crew resource management 
(CRM) practices in reducing human error in complex flight 
operations (Helmreich et al., 2002). When it emerged that 
identification of threats and threat management were 
critical in this process, these were added to the concept. 
Recognizing the ubiquitous nature of threats and errors in 
normal operations and, importantly, their management 
by flight crew, this framework culminated in the threat 
and error management (TEM) model within LOSA 
(Helmreich, Wilhelm, Klinect, & Merritt, 2001). The 
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inaugural TEM LOSA Collaboration between the 
University of Texas and Continental Airlines in 1996 
provided proof of concept for LOSA, transforming it from 
a research methodology to an industry safety tool 
(Klinect, 2005). 

A LOSA aims to provide airlines with an operational 
baseline of their strengths and weaknesses, giving them 
insights into flight deck performance during normal 
flights. LOSA data have demonstrated that 98% of flights 
experience one or more threats (average four per flight), 
with errors observed on 82% of flights (Klinect, 2005), 
most of which are well managed. By understanding what 
crews do successfully, as well as where things go wrong, 
training and safety initiatives can be made more effective. 
Flight crew and flight operations managers can readily 
follow TEM concepts, particularly error reduction and 
mitigation, rather than aiming for the impossibility of 
error elimination. 

Not everyone agrees that counting threats and errors 
is a reliable way of measuring safety. Dekker (2003) stated 
that error categorization is not equivalent to 
understanding error. Dougherty (1990) commented that 
error classification schemes are often unable to 
distinguish cause from consequence and identified safety 
as being more than the measurement and management 
of negatives (errors), aspects of which can only be 
captured by a less numerical approach. These authors 
variously identified the critical importance of safety 
culture to safe practices. A strong possibility is that 
companies that conduct a LOSA already have a positive 
safety culture. The influence of these authors ensured 
that CRM (and LOSA) was accompanied by proactive 
organizational support, while Cooper et al. (1980) saw 
secondary benefits of improved morale and enhanced 
efficiency. Rochlin (1986) argued that collective 
commitment to safety was an institutionalized social 
construct, ensuring that organizations not only performed 
well but also transmitted an operational culture of mutual 
responsibility. By engaging in repeat LOSAs, an 
organization reaffirms its commitment to safety through 
a dynamic, interactive, and interdependent process. 

International Acceptance 

The LOSA gained international recognition in 2001 when 
it 
becameacentralfocusoftheFlightSafetyandHumanFactors 
Program(Klinectetal.,2003).TheLOSA hassincebecomea 
centralfocusfor theInternational Civil 
AviationOrganization 
(ICAO;2002),whichhasrecognizeditasbestpracticeforairlin
es, dramatically increasing its use. Since the inception of 
LOSAs in 1994 at the request of Delta Airlines (Klinect et 
al., 2003), observations have been conducted on well 
over 10,000 flights with over 50 airlines worldwide. 

Airlines with repeat LOSAs report a significant decrease 
in errors when improved training or procedures have 
been adopted in response to LOSA findings. Regional 
airlines have seen the potential benefits of a safety audit 
with plans by the LOSA Collaborative to bring regional 
airlines within the LOSA domain (Rosenkrans, 2007). 
Several regional airline LOSAs have been completed, and 
differences in patterns of threat 
anderrormanagementbetweensmallregionalandlargeinte
rnational airlines are apparent (Murray & Bates, 2010). 

Theoretical and Methodological 

Framework Threat and Error 

Management Model 

TEM seeks to improve safety margins in aviation 
operations through practical integration of human factors 
knowledge (Maurino, 2005). The model (see Figure 1) 
conceptualizes operational activity in terms of threats and 
errors that flight crews must manage to maintain 
adequate safety margins. 
The model captures performance in its ‘‘natural’’ or 
normal operating context by quantifying aspects of 
performance effectiveness. The TEM model is descriptive 
and diagnostic of both human and system performance in 
normal operations. When combined with an 
observational methodology such as LOSA, TEM is used to 
understand systemic patterns within a large set of events, 
as with operational audits. It helps to clarify human 
performance, needs, strengths, and vulnerabilities. 

From a flight crew perspective, the three basic 
components of the TEM model are threats, errors, and 
undesired aircraft states (UASs). Threats and errors are 
part of everyday aviation operations that must be 
managed by flight crew, as otherwise they have the 
potential to generate UASs, which can lead to unsafe 
outcomes. UAS management is the last opportunity to 
avoid an unsafe outcome. Threats are events or errors 
external to flight crew influence that can increase the 
operational complexity of a flight, and which require 
immediate crew attention to maintain safety margins. 
Environmental threats, which are outside the direct 
control of the flight crew and the airline include adverse 
weather, hazardous airport conditions, air traffic control 
shortcomings, bird strikes, and high terrain. Airline 
threats, which are outside the direct control of the flight 
crew, but within management’s purview, include aircraft 
malfunctions, cabin interruptions, operational pressure, 
ground/ramp errors/events, cabin events and 
interruptions (e.g., human factors), ground maintenance 
errors, and inadequacies of manuals and charts. 
Increasing complexity in the operating environment, 
including challenging and distracting events, increases the 
workload as flight crews must divert their attention from 
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normal flight duties to manage those threats. A 
mismanaged threat is one that is linked to, or that 
induces, flight crew error. 

Approximately 15% of aviation errors are directly 
linked to a threat, with the remaining 85% related to 
human performance (Klinect, 2005). Crew errors can vary 
from minor deviations, such as entering the wrong 
assigned altitude into the autopilot and immediately 
rectifying the mistake, to more severe errors, such as 
failing to set flaps before takeoff. Regardless of cause or 
severity, error outcome depends on whether the crew 
detects and manages the error before it leads to an unsafe 
outcome. The foundation of TEM lies in understanding 
error management rather than solely focusing on error 
commission. 

The TEM model recognizes three basic categories of 
flight crew error, defined as flight crew action or inaction 
that leads to a deviation from organizational expectations 
or crew intentions: aircraft handling errors, procedural 
errors, and communication errors. The four types of 
aircraft handling errors are manual handling / flight 
control, automation, system/instrument/radio, and 
ground navigation. The seven types of procedural errors 

are briefing, callout, checklist, standard operating 
procedure (SOP) cross-verification, documentation, pilot 
flying / pilot not flying duty, and ‘‘other’’. The two types 
of communication errors are crewexternal and pilot-to-
pilot. A mismanaged error is one that is linked to, or that 
induces, additional error or a UAS. A further classification 
is associated with whether the deviation was 
unintentional or deliberate (e.g., SOP noncompliance). 
 

A UAS is an aircraft configuration that generates a safety-
compromised situation resulting from ineffective threat 
and error management due to flight crew error. The pilot 
usually detects the UAS without recognizing the original 
error, which may not need to be corrected. For example, 
the solution to a ‘‘floated landing’’ on a short runway may 
be a go-around. The potential for a serious outcome 
means that UAS management is vital. 

 

Figure 1. The threat and error management model (TEM). Adapted from ‘‘Line operations safety audit 

(LOSA): Definition and operating characteristics,’’ by J. R. Klinect, P. S. Murray, & R. Helmreich, 2003, In 

Proceedings of the 12th International Symposium on Aviation Psychology (pp. 663–668). Dayton, OH: Ohio 

State University. Reproduced courtesy of the LOSA Collaborative. Copyright 2003 LOSA Collaborative. 
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Threat and Error Countermeasures 

The TEM model provided a broader base for 
understanding CRM performance skills, also described as 
threat and error countermeasures, which are used to 
anticipate threats, avoid errors, and detect and mitigate 
events/errors that occur. Research led to the 
development of 12 crew countermeasures in four higher 
level activities: team climate, planning, execution, and 
review/modification (Helmreich, 2001). Table 1 outlines 
the threat and error countermeasures. 

Aims of the Current Study 

The first aim was to determine whether a single-pilot line 
operations safety audit (LOSA-SP) could be successfully 
developed and used as a basis for systematic data 
collection in a single-pilot operational environment. A 
single-pilot version of the LOSA was devised and trialed 
with two observers monitoring a sample of pilots flying 
various sectors. The second aim was to determine 
whether the TEM model could be used as the conceptual 
basis for data collection and analysis. The specific aim 
here was to determine whether pilot performance could 
be rated using four standard threat and error 
countermeasure categories. 
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Method 

LOSA-SP Methodology 

To facilitate the differences applicable to 
single-pilot operations, adaptations were made 
to the LOSA methodology, including revising 
some error categories. LOSA indicators based 
on the TEM framework were retained but 
adjusted to suit single-pilot operations. The 
University of Texas proposed 10 operating 
characteristics (Helmreich, 2001) critical to 
successful implementation of a LOSA, which 
have been adopted and endorsed by the 
International Civil Aviation Organization (ICAO) 
(2002). These were replicated for single-pilot 
operations. The LOSA-SP collected data on pilot 
demographics, threat occurrence and threat 
management, error occurrence and error 
management, and CRM effectiveness, through 
TEM-based behavioral markers. 
Copyright 2005 by The LOSA Collaborative. 

Integrity of Methodology 

Salient issues when conducting LOSA 
observations include data reliability (Reid, 
1982), establishing trust with those being 
observed (Johnson, 1975), coding system 
accuracy (Bakeman, 2000), and observational 
reactivity, which occurs when individuals alter 
their normal behaviors because of an 
observer’s presence (Klinect et al., 2003). In 
single-pilot operations, the LOSA observer uses 
the copilot’s seat. Management commitment 
to the audit, together with promulgating a 
‘‘just culture,’’ is paramount to success. It is 
important to recruit pilots who are both willing 
to act as observers and representative of the 
group. To counter any possible bias of 
individuals affecting observations within a 
small company, the training included a full 
explanation of the LOSA methodology. 

Operating Characteristics 

The LOSA-SP was developed by closely 
matching the 10 characteristics with those 
specified by the International Civil Aviation 
Organization (ICAO, 2002). 
1. Observations during normal flight 

operations: Occupying the copilot seat, 
observers did not converse with the pilot, 
nor help in high-load situations. 
Observations were made discretely using 
note taking. Narratives were recorded as 
soon after the flight as possible. Laptop 

computers or personal digital assistants 
were not allowed, as these could distract 
the pilot. 

2. Joint management/pilot sponsorship: The 
steering committee, involved at all stages 
of the project, included management and 
pilots. 

3. Voluntary crew participation: 
Observations were conducted only when 
pilots agreed to the observer being on 
board. Information was given to the pilots 
prior to flights commencing, and their 
consent was obtained. None refused to 
participate. 

4. De-identified,confidential,andsafety-
mindeddatacollection: Observations were 
based on International Civil 
AviationOrganizationguidelines(ICAO,200
2),ensuringthat no identifying information 
was recorded. 

5. Targeted observation instrument: 
Observers used specially designed 
schedules based on TEM and adapted from 
LOSAs for multicrew operations. The 
schedules targeted threats, errors, and 
UASs, and how each was identified and 
managed. Codes were developed by the 
company, pilots, and the research team. 

6. Trusted, trained, and calibrated observers: 
Observers were volunteer pilots trained by 
the researchers. Following initial training, 
the observers carried out a trial run on two 
flight sectors, returning for data calibration 
to ensure coding consistency and 
reliability. 

7. Trusted data collection site: All 
observation worksheets were retained by 
the researchers for data entry, storage, 
cleaning, and analysis. No one in the 
company could access the observation 
data, and no pilot could be identified from 
the worksheets. 

8. Data verification roundtables: Sessions 
were conducted primarily by the 
researchers for coding reliability and 
checked with subject matter experts 
(managers) from the company. 

9. Data-derived targets for enhancement: In 
multicrew LOSAs, trends are analyzed and 
prioritized for attention after data analysis. 
In this study, where data were sufficiently 
robust, recommendations were provided 
to the company. 

10. Feedback of results to line pilots: 
Management reported back to the pilots 
on the major issues. 
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Procedure 

After initial meetings with crew and 
management at a midsized emergency medical 
system (EMS) company operating single-pilot, 
twin turboprop, fixed-wing aircraft, a draft 
research proposal was developed. Following 
agreement by the company and pilot 
representatives to participate, an introductory 
newsletter was circulated, observer 
expressions of interest were invited, and a 
LOSA presentation was made to pilots and 
managers. A 5-day observer training course for 
two volunteer pilots was conducted by the 
third author 
(P.S.M.). 

Observer Training 

LOSA observer training occurred in two parts: 
(1) education in procedural protocol and (2) 
teaching TEM concepts and classifications 
(Klinect et al., 2003). Training emphasized the 
confidentiality and anonymity of observations, 
how to brief crews, and introduced ‘‘LOSA 
etiquette,’’ including when to speak up 
regarding a safetycritical event not detected by 
a pilot. It teaches observers how to recognize, 
record, and code TEM performance. Observers 
were trained to focus on capturing data first, 
and classifying and coding them later 
(Appendix A shows the error management 
worksheet and Appendix B the threat 
management worksheet). Training included 
demonstrations and examples, as well as test 
exercises and a trial run with subsequent 
recalibration. 

Pilots were trained to observe passively, not 
forming part of the constituted crew and 
making no operational input. The observers 
then flew 14 sectors of the company’s route 
network and crew, including day and night 
flights. Observations were conducted on a 
strict ‘‘no jeopardy’’ basis, so that no names, 
flight numbers, or dates were recorded. 
Management agreed that, regardless of event, 
crew members would not be tracked through 
LOSA observations. After a flight, the pilot was 
asked standard questions about aspects of the 
operational environment, including their 
perceptions of the operation, such as what they 
considered to be the greatest safety issue. 

Observers were instructed to rate a 
countermeasure if they observed it or if its 
absence was significant (e.g., a pilot failed to 
evaluate their plan in light of new information). 
A once-only rating was given for overall crew 
effectiveness, leadership, and communication. 
Planning countermeasures, which are integral 
to threat management, and execution 
countermeasures, considered crucial for error 

detection and error management, were rated 
during predeparture/taxi-out, cruise, and 
descent/approach/landing. Observers rated 
pilots’ performance using a 4-point scale: 1 = 
poor – had safety implications; 2 = marginal – 
adequate but needs improvement; 3 = good – 
effective; and 4 = outstanding – truly 
noteworthy (see Table 1). 

Results 

Sample Description 

Crew experience ranged from 5 to 47 years 
(3,500–22,500 hr), with experience on the 
specific aircraft type ranging from 100 to 
15,000 hr (mean 2,773 hr). All observed pilots 
were male, and their work experience with the 
company ranged from 1 to 25 years (mean 8.25 
years). Of the 14 observed flights (10 day, 4 
night), 13 were on familiar routes, with 12 
being normal flights and two involving short-
notice changes of route or destination prior to 
departure. 
Table 2. Number of threats observed by 

category and whether these were 
managed 

Threat Managed Mismanaged N 

Air traffic control 16 1 17 

Airport conditions 8 0 8 
Weather 3 3 6 

Airline operational 

pressures 
5 0 5 

Environmental 

operational pressures 
4 0 4 

Aircraft automation 

features 
0 2 2 

Cabin 0 1 1 

Others 3 0 3 

Total 39 7 46 

Observed Threats 

Forty-six threats were observed during the 14 
flights (mean 3.3 threats/flight). Table 2 shows 
the numbers of threats observed by major 
category, with further descriptions of the 
categories below. 

Air Traffic Control 

Air traffic control (ATC) threats were most 
frequent, with challenging or late clearances 
being the major concern. Other threats were 
making frequent heading or altitude changes, 
incorrect notices to airmen (NOTAMs), and 
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poor quality ATC transmissions. While a small 
number of threats was recorded due to ATC 
errors, the major difficulties were caused by 
clearances that challenged the crew to perform 
ATC requirements. Most of these threats 
occurred during the descent and approach 
phases when ATC managed traffic under 
congested conditions. 

Airport Conditions 

Airport threats were the second most frequent 
category. Some were due to runway 
maintenance or contamination, one being 
exacerbated by an unresponsive airport safety 
officer. Other threats reflected the company’s 
operating environment, which involved pilots 
encountering unfamiliar airstrips, short 
airstrips with low apron maneuvering capacity, 
and airports operating in nontowered Class G 
airspace. 

Weather Conditions 

The third most frequent threat was posed by 
weather conditions. Marginal visual flight rules, 
mainly due to low cloud, added to threat 
frequency. Other threats included smaller 
airstrips with no terminal aerodrome forecast 
(TAF). 
Operational Pressures 

The fourth most frequent threat category, 
operational pressures, was almost exclusively 
associated with company operational 
requirements, such as changes in task or route, 
which is normal for this company’s operations. 

Environmental Operational Pressure 

Fifth was environmental operational pressure, 
partly due to the complications of the airspace 
in which the company operated. Threats 
included high ground, high lowest safe altitude 
(LSALT), and high traffic volumes in 
uncontrolled airspace. 

Other Threat Types 

A small number of ‘‘other’’ threats were 
recorded that could potentially cause 
problems. Aircraft automation posed a threat 
on two occasions. 

Phase of Flight 

The five flight phases in which a threat could 
occur were predeparture/taxi-out, take-
off/climb, cruise, descent/ approach/landing, 
and taxi-in (see Figure 2). The highest 
frequency of threats originated in the 
predeparture/taxi-out phase. These included 
tasks and associated workload or with changes 
to it, and threats associated with ATC at the 
departure airfield. The 
descent/approach/landing phase had the next 
highest number of threats, with none in the 
taxi-in phase, despite pilots commenting that 
some airports had ‘‘tight’’ maneuvering areas, 
perhaps indicating some level of 
‘‘normalization’’ of these threats. 

Errors 

Forty-two crew errors were observed during 
the 14 flights (mean 3.0/flight). Crew errors 
were classified under four categories: 
intentional noncompliance, aircraft handling, 
procedural, and communication errors (see 
Table 3). Intentional noncompliance and 
procedures errors were significant. 

While LOSA methodology captures errors 
committed, it is equally important to assess 
management and mismanagement rates. Most 
errors occurred in the predeparture/taxi-out 
phase (Figure 2), which could be associated 
with a large number of threats and high 
workload, particularly with a change in task or 
destination. This phase also required the use of 
checklists, which were sometimes either 
omitted or performed from memory. Several 
errors were associated with the pilot being 
‘‘head-down’’ (e.g., updating systems) while 
taxiing. 

 

Figure 2. Threats and errors by phase of flight. 
App = approach; Des = descent; Pre-dep = 
predeparture. 
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Table 3. Error types: Numbers managed and 
mismanaged 

Error type Managed Mismanaged N 

Intentional noncompliance 3 19 22 

Aircraft handling 0 1 1 

Procedural 9 9 18 

Communication 0 1 1 

Total 12 30 42 

Error Management 

In multicrew operations, there is invariably a 
requirement for pilots to verbalize their 
actions, briefings, and intentions. Checklists 
are conducted as ‘‘challenge and response.’’ 
Generally there is no such requirement in 
single-pilot operations, with views being 
divided on the value of this process. While this 
company did not stipulate that pilots should 
verbalize, it was informally reported to the 
research team that there was a fairly even split 
between pilots who did and did not verbalize. 
On six of the 14 observed flights, pilots 
verbalized their actions and intentions and 
used checklists out loud in a ‘‘challenge and 
response’’ fashion. On these flights, seven 
procedural errors were observed (1.1 
errors/flight), of which five were managed 
well. Of eight flights where the pilot did not 
verbalize, 11 procedural errors were observed 
(1.4 errors/flight), of which four were well 
managed (see Figure 3). 

Threat Management 

While all threats can potentially affect safety 
adversely, some categories were better 
managed than others. ‘‘Mismanaged’’ threats 
(those not detected, or which led to errors) are 
of particular concern, especially those with 
high rates of occurrence and high rates of 
mismanagement (i.e., having increased risk 
potential). For example, a pilot is required to 
conduct many essential procedures from 
memory, and a checklist is then used to ensure 
that the actions required have been correctly 
completed. While a missed checklist might 

 

Figure 3. Procedural errors of verbalizing and 
nonverbalizing pilots. 

not be a major event in itself unless coupled 
with an earlier procedural error by the pilot, 
risk increases significantly when checklists are 
missed on several occasions. Table 2 shows 
that although ATC created the greatest number 
of threats, those threats were well managed on 
all but one occasion. Conversely, while weather 
accounted for six threats (12.5%), these were 
mismanaged on 50% of occasions. 

Undesired Aircraft States 

Six UASs were observed (mean 0.43/flight), all 
with inconsequential outcomes. Table 4 shows 
the most common UASs and their 
management. 

Countermeasures 

If performance on any item was rated as 
anything other than ‘‘good,’’ then observers 
were required to explain their rating in their 
accompanying narratives. To illustrate the 
observers’ range of marks for each 
countermeasure, Table 5 shows the four 
highest and the four lowest ratings. Of the 
lowest scoring markers, monitor/cross-check 
showed the greatest variation in scores, with as 
many pilots scoring ‘‘4 – outstanding’’ as 
scored ‘‘1 – poor’’ or ‘‘2 – marginal.’’ 

Standardization 

Standardization addresses the issue of whether 
pilots complied with the company’s SOPs, and 
whether these effectively reduced risk. The 
observations identified useful variations in 
performance in these areas. 
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Checklists 

Checklists were the biggest category of 
observed errors, which included pilots omitting 
prestart, after start, after landing, and 
shutdown checklists. Some incorrect checklists 
were used, and items were sometimes missed 
from checklists. Checklists were sometimes 
completed late or from Table 4. Number of 
managed and mismanaged Undesired Aircraft 
States (UASs) 

UAS description Managed Mismanaged
 N 

Configuration states 2 1 3 
Ground states 1 0 1 
Aircraft handling states 1 0 1 Approach/landing 
states 0 1 1 

Total 4 2 6 

 

Table 5. Countermeasures: Lowest and highest 
scoring markers 

 

Average 

rating 

Average 
rating 

excluding 
two ‘‘perfect’’ 

flights* 

Highest scoring markers 

Workload 4.0 4.0 

Evaluation of plans 3.6 3.5 

SOPs 3.6 3.5 

Communication 3.5 3.5 

Lowest scoring markers Taxi 
3.8 1.6 

Monitor/cross-check 3.3 2.7 

Contingency planning 3.3 2.9 

Automation 3.5 3.0 

Note. SOPs = standard operating procedures. *The 
observer gave ratings of ‘‘4 – outstanding’’ for much 
of the pilot’s performance during two flights, which 
were judged as almost ‘‘perfect.’’ The small number 
of flights observed (14) meant that these ratings 
affected the data for some markings, so the final 
column shows the figures excluding the ratings for 
these two flights. 

memory. While most checklist errors were 
undetected by the pilots, and the outcomes 
were mostly inconsequential, on at least one 
occasion a missed checklist item led to a UAS. 

Cross-Verification 

Required cross-verification was not carried out 
on several occasions. These included no 
verification of flight management system 
(FMS) flight plans to paper copies, LSALT not 
checked on chart, and cabin security not 
confirmed. These errors went undetected, on 
two occasions leading to further errors. 

External Communication 

On some occasions, no broadcast calls were 
made to local traffic, or incorrect departure 
calls were made. 
Crew Communication 

Sterile cockpit procedures are specified so that 
the pilot is not involved in potentially 
distracting nonoperational conversations 
during critical phases of flight. On two 
occasions, these were not maintained at low 
altitudes, as a result of not isolating the cockpit 
from the cabin interphone system, as required 
by the SOP. 

Briefings 

Briefings not carried out sometimes led to 
further errors. In one instance, a pilot did not 
advise of an instrument approach as he 
expected to become visual early in the descent. 
The weather was worse than anticipated, 
leading to a hasty and unbriefed instrument 
approach, and subsequently a missed 
approach and a diversion. On another 
occasion, there was no check of a TAF at an 
alternative airfield, leading to a hurried briefing 
when it was found that this was required, also 
resulting in a missed approach. 

Safety Interviews: Key Findings 

The following paragraphs introduce a more 
subjective element of the strengths and 
weaknesses of pilots’ technical performance, 
coupled with opinions from crew interviews. 

Taxiing 

Taxiing was rated lowest in terms of 
performance marks, being either poor or 
marginal. A number of head-down high pilot 
workload incidents were observed. On most 
occasions, the pilot averted an adverse event 
by intermittently looking up to maintain 
correct position. However, an aircraft once 
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veered significantly on the taxiway, resulting in 
a UAS. 

Automation Management 

Pilots’ automation skills varied from 
outstanding to poor. Pilots with previous 
experience of the aircraft type were best 
equipped to manage the FMS. Pilots with little 
experience on the aircraft type made more 
errors, indicating that more targeted training 
could benefit pilots new to type. 

Safety Concerns 

Of pilots who commented, short notice 
changes and night operations were of greatest 
concern, particularly night operations flying 
into ‘‘black-hole’’ airports without appropriate 
navigation aids or with unfamiliar airstrips. 
Comments included aircraft parking and taxiing 
areas being too small, requiring tight 
maneuvering with little margin for error. Also 
mentioned were workload and the amount of 
information to be consulted prior to a flight, 
particularly for a late task change. 
Suggested Safety Improvements 

A general comment was that SOPs should be 
more specific. Concerns were also expressed 
about the centralized tasking center and its 
‘‘complacency’’ toward night operations. 

Automation 

Pilots commented on the poorly located 
database unit, which resulted in too much 
head-down time in the event of changes to 
approach or departure. Some saw failures of 
the attitude heading reference system (AHRS). 
One comment concerned a well-documented 
failure – the FMS memory battery failing, 
resulting in the autopilot disengaging. 

Company Operational Efficiency 

Pilots were confident that the company was 
sound. Their concern was with external 
agencies that needed to be made more aware 
of the company’s needs so as to enhance its 
efficiency. 

Discussion Threat and 

Error Management 

While based on a relatively small sample of 
operations, the LOSA-SP methodology 
produced useful and strongly indicative safety 
data. Larger samples are required for more 
definitive conclusions and recommendations. 
In light of well-publicized crash rates in single-
pilot fixed-wing and rotary-wing operations, 
this type of research is vital in identifying safety 
improvements in all single-pilot operations. 

The mismanagement rate of intentional 
noncompliance errors is high because if pilots 
decide to ignore a rule or procedure, this is in 
the expectation of no negative consequences. 
This may be because the procedure is 
unrealistic and is widely ignored, or because a 
pilot has ‘‘normalized’’ the deviance of 
procedures as consistent with the 
organization’s safety culture (Vaughan, 1999, 
2005). While errors in this category generally 
lead to inconsequential outcomes, repeated 
intentional noncompliance errors can 
substantially increase overall risk. Given that 
several shortcomings were observed in 
checklists use, and that checklists may be the 
last line of procedural defense against human 
error, these should be the most important 
operational area for review. 

Communication with an external party (e.g., 
ATC) could be critical to safe operations, and 
although these did not 
constitutealargenumberoferrors,consequence
softhiserrortype are potentially severe. In 
largersingle-pilotoperations studies, it will be 
necessary to observe a greater number and 
variety of errors during interactions between 
pilots and other parties, including cabin crew, 
ATC, and ground operations. 

While aircraft handling errors are more 
easily detected than other errors, their 
consequences are often more serious, leading 
immediately to a UAS. Where monitoring and 
cross-checking procedures are well executed, 
aircraft handling errors should be identified 
and corrected before a more serious error or 
UAS occurs. Although these data were 
insufficient to draw definitive conclusions, a 
high level of mismanagement of aircraft-
handling errors in multicrew LOSAs could 
indicate weaknesses in monitoring and cross-
checking. 

Monitoring and cross-checking also affect 
procedural error mismanagement rates. These 
are best explained as simple mistakes, such as 
the wrong altitude being set on the flight 
control unit (FCU) panel. The observed 50% 
mismanagement rate emphasizes the need to 
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review and reinforce monitoring and cross-
checking procedures. However, 
communication errors in single-pilot 
operations may be hard to detect as it is 
difficult for an observer to confirm monitoring 
and cross-checking occurrences. Where a pilot 
does not verbalize his/her intentions (which is 
optional), even an experienced observer could 
miss a procedure. However, evidence from this 
study suggested that, compared with those 
who did not do so, pilots who verbalized their 
intentions were more assiduous in cross-
checking and made fewer mismanaged 
procedural errors. 

Threats from operational pressures were all 
observed to be well managed. Nevertheless, 
they add to overall flight complexity, and their 
reduction should be a management target. 
Aircraft threats also fall within the operator’s 
domain, and training could reduce the 
frequency of threats from this source. Threats 
due to the cabin environment might indicate 
advantages of a multicrew CRM training 
environment (O’Connor et al., 2008) to include 
nonpilot EMS crew members. Facing a variety 
of standard threats, as well as those unique to 
the company’s operation, the observed pilots 
generally used sound strategies to prevent 
errors and to manage successfully those that 
occurred. 

Undesired Aircraft States 

While the data revealed that all observed UAS 
outcomes were inconsequential, they are 
insufficient to draw firm conclusions. Thus, 
broadly based strategies to detect and manage 
UASs are important in improving safety. A 
subjective view of the UAS distribution 
suggested that incorrect aircraft configuration 
states and approach/landing states, vital to 
safety management, were of particular 
concern. This UAS category is highly important, 
and it was recommended to the company that 
individual reports be analyzed to see what 
lessons might be learned, and to determine 
strategies for reducing them. For example, in 
simulator training, approach and landing UASs 
can be introduced with good effect (e.g., poor 
ATC vectors onto final approach, leaving an 
aircraft in a high/fast situation requiring 
significant pilot management to avoid an 
unstable approach). 

Other Issues and Further 

Recommendations 

The observers and research team were 
impressed with the dedication of the pilots and 
EMS crew. This was obvious from the high 
morale among company crews and the inflight 
energy displayed while performing routine 
procedures that form the foundation for safe 
flying. Evidence from audit and interview data 
indicated that the company had established a 
strong framework to support its flight 
operations. Well-motivated and hard working, 
the pilots enjoyed their work and each other’s 
company. They were very adept at managing 
changing workloads and adapting quickly to 
new instructions. They were seldom observed 
to be flustered and scored highly on evaluation 
of plans. All seemed comfortable with 
questioning changes and ensuring flight safety. 

There were examples of links between 
organizational culture, crew performance, and 
flight safety. The positive organizational culture 
reported at Southwest Airlines has been hailed 
as the driving force behind its excellent safety 
record and financial success (Freiberg & 
Freiberg, 1996). Conversely, negative 
organizational cultural factors have been cited 
as contributing to the Challenger disaster, and 
the 1996 ValueJet 592 crash (Vaughan, 1996). 
In the current study, questioning revealed 
belief in a robust safety culture, which could 
have contributed to the trust in the audit and 
reactions to the findings. Merely setting up a 
LOSA study has been found to increase safety 
awareness, also evident in the current study. 

Most observed flights were on familiar 
routes, albeit with a few short notice changes. 
Of interest would be comparing observation 
data from flights originating from short notice 
callouts. The sample size in this study was 
selected to determine whether the LOSA 
methodology could be adapted to single-pilot 
operations. This objective was achieved, as the 
LOSA methodology was largely transferrable so 
that all TEM model categories were observable. 
However, while the methodology was 
transferrable with some adaptations for single-
pilot operations (e.g., crew–crew 
communication), much of the adaptation was 
operator specific. This suggests that while the 
methodology could be used in a single-pilot 
concept, further refinement is required, in 
particular threat type definitions for other 
single-pilot operators (e.g., rotary-wing EMS 
operations). 

Experience has shown that in a typical 
airline operation, a sample size of around 60 
flights is needed to capture enough errors, 
threats, and UASs to undertake valid 
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quantitative data analysis (Klinect, 2005). 
Larger samples would facilitate cross-
tabulating threat source and flight phase, as in 
a full LOSA evaluation. Such an analysis would 
normally show that a large proportion of 
threats and errors are encountered in the 
preflight and approach/landing flight phases. 

Sexton and Klinect (2001) stated that an 
airline’s safety culture combines individual 
members’ practices, attitudes, and 
competencies against a backdrop of 
organizational policies and procedures. The 
current study demonstrated practices and 
competencies under normal flying 
circumstances for both pilots and the system, 
highlighting the effectiveness of safety culture 
in contributing to improvements. Rayner 
(1992) distinguished safety from safeness. 
Defining an organization as safe because it has 
a low rate of errors or incidents has limitations 
comparable with defining health in terms of 
not being sick. A LOSA has been likened to a 
health check – by identifying potential 
problems (e.g., high cholesterol), a patient can 
engage measures to prevent an adverse health 
event (e.g., heart attack; Klinect, 2005). 
Safeness is the story that a group or 
organization tells about itself and its relation to 
the risk environment. A LOSA aims to capture 
data that can point to problems in the system 
and, together with a positive safety culture, 
make changes to improve safety within an 
organization’s operations. 
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Abstract Verbalisation (or talk-aloud protocols) has been 

used as a technique for knowledge elicitation in research 

for some time. It allows the researcher some degree of 

access to the reasoning behind participants’ decisions. The 

verbalisation technique is said to directly represent 

cognitive task processes while not affecting performance. 

Using a combined methodology of concurrent and 

retrospective verbalisation to study the effects of 

verbalisation on pilots’ task performance in simulator 

conditions, the findings of this case study suggest that, on 

the contrary, instructing operators to verbalise their 

thought processes while performing complex tasks may 

interfere with task-related cognition under some 

conditions, thereby compromising safety. 

Keywords Verbalisation · Talk-aloud protocols · Cognitive 

task analysis · Pilot workload · Flight operations · 

Air safety 

1 Introduction 

Airline pilots in today’s high-technology, data-intensive 

cockpits perform a number of challenging tasks that 

require exacting and timely decision-making that is critical 

to performance. Common tasks range from calculating a 

most fuel-efficient route to a given destination, to in-air 

navigation of the aircraft while detecting and diagnosing 

any system malfunction or other threat that may occur 

(Mosier et al. 1998). Especially in regard to detecting and 

managing internal and external threats, the efficiency, 

speed, and appropriateness of pilot responses are critical 

to ensuring the safety of crew and passengers while 

completing a successful flight. 

The cognitively complex tasks that pilots perform daily 

have drawn attention to the area of mental workload. 

Consequently, questions such as “How many tasks can the 

operator handle safely?” and “Does the operator have to 

‘try hard’ to maintain an adequate level of performance?” 

are raised (De Waard 1996). If task demands are too high 

in relation to the pilot’s capabilities, errors become more 

likely and safety may be compromised. 

In this case study, we investigate the issue of whether 

pilots’ verbalisation of their thought processes while 

piloting simulated aircraft contributes to or detracts from 

their performance as they carry out a variety of cognitive 

tasks analogous to those undertaken in their normal work 

environment. The study examines the effect of 

verbalisation on pilots’ cognitive processes through periods 

of low, medium, and high task workloads of simulated 

flights. The overall objective of the study is to better 

understand the effects of verbalisation techniques (also 

referred to as talkaloud protocols—TAP) on pilot decision-

making in flight situations. Does verbalisation enhance 

pilots’ cognitive 
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performance or, on the contrary, does it interfere 

with cognitive processes and thus have a 

detrimental effect on 

safety? 

Results of a previous study of an observational 

methodology called Line Operations Safety Audit 

(LOSA) showed that pilots who verbalised their 

intentions made fewer errors than those who did not 

(Earl et al. 2012). 

However, the pilots in that study were not asked to 

selfevaluate the effects of verbalisation on their 

performance. 

In an article by Erlandsson and Jansson (2013), 

researchers were investigating the role of verbalisation in 

train dispatchers. Using a process of collegial and 

retrospective techniques, the authors concluded that peer 

analysis was an accurate reporting tool. In a similar fashion, 

this research suggests that by videoing and immediately 

debriefing, participants were able to accurately recall and 

explain their behaviours and decisions in context. 

As in the study by Erlandsson and Jansson (2013), the 

highly complex and safety-conscious theatre of transport 

operations requires experimentation in a simulated 

environment prior to conducting real-life studies. In flight 

operations the simulator environment closely emulates 

actual flying environments, with artificially presented 

situations and challenges that mirror the types of 

challenges pilots may actually meet on their jobs. Because 

of this parallel, the results of verbalisation in the simulator 

environment are expected to closely correspond to what 

those effects would be as pilots perform real-life flying 

duties. 



  

 

In the present case study, data on the effects of 

verbalisation were elicited in a two-step procedure. 

First, an observer audio-visually recorded the pilot 

and co-pilot as they verbalised their thoughts and 

actions while performing their duties. Second, pilot 

and co-pilot were debriefed by viewing the recording 

and commenting on the context of their actions and 

verbalisations, including what they had been 

thinking at the time and how verbalisation affected 

their actions. Our study thus specifically utilises the 

operators themselves commenting on their own 

flights and providing the context (or reasons) behind 

their decisionmaking during complex task 

performance. The retrospective verbalisation is 

completed directly after the simulated flight is 

finished so as to avoid bias of hindsight. Further, by 

using not only concurrent but retrospective analysis, 

the study is better able to understand pilots’ thought 

processes when verbalisation is at a minimum. 

The usual motivation for employing verbalisation 

is to better understand cognitive processes, which 

comprise a “complex interaction of factual 

knowledge, cognitive and metacognitive strategies, 

experiences, belief systems and social factors” 

(Taylor and Dionne 2000, p. 413). Because cognitive 

processes typically occur automatically in the 

person’s head, it can be difficult to learn particular 

strategies embodied in the processes (Taylor and 

Dionne 2000). The only evidence of the process is 

often the end result, and analysis of the process runs 

the risk of being inaccurate as it requires inferences 

about the thinking process. 

Some researchers hold that verbalisation can be 

used to elicit knowledge about cognitive processes 

(e.g. Blackman and Nelson 1987), that it does not 

affect performance (Ericsson and Simon 1993) and 

may even improve performance (e.g. Wright and 

Converse 1992). The study by Earl et al. (2012) 

appears to support these assertions. Given these 

views, pilot verbalisation should present no more 

risk to critical performance than if the pilot were 

silent during the task. However, other researchers 

express various types of concern about the method 

(e.g. Dekker 2002; Fox et al. 2011; Nisbett and 

Wilson 1977). 

In this paper, we do not address the question of 

the overall accuracy or reliability of verbalisation, 

either concurrent or retrospective, when used in 

flight operations. However, we do address issues of 

how verbalisation may affect the cognitive processes 

and task performance of pilots during different levels of 

workload. In regard to the use of verbalisation to better 

understand cognitive processes in flight operations, it is 

important to note that some verbalisation typically already 

occurs on flights as pilots make information available to 

one another required to understand what is happening 

within the task and to align their activities. However, to ask 

pilots to also talk about their activities when they are doing 

what goes without saying (e.g. certain sequences of 

commands while making an approach) is an additional 

requirement. When pilots are required to verbalise for the 

sake of the researcher, they may be demonstrating a 

different communication strategy than they would in 

normal flight when verbalisation may be used for the sake 

of performing a task. Scaife and Rogers (1996) argue such 

an external representation of knowledge can provide an 

off-loading effect, and thus, verbalisation may free up 

working memory resources, allowing more processing for 

the activity. Many pilots feel comfortable talking aloud (as 

evidenced in the 2012 study by Earl et al.) and therefore 

may use it as an aid to reducing workload on the flight deck. 

However, this does not necessarily apply to all pilots who 

are forced to verbalise intentions and other thought 

processes, some of whom may find the process 

uncomfortable or difficult. 

2 Method 

2.1 Case study context 

In civil transport aircraft, four primary functions are 

performed by the flight crew in order to accomplish their 

mission. These functions are flight management, 

communications management, systems management, and 

task management (Abbott 1993). Task management 

involves monitoring, scheduling, and allocating the tasks 

and task resources between each of the pilots. In a multi-

crew operation, pilots are usually allocated as pilot flying 

(PF) or pilot monitoring (PM), with each having their own 

specific tasks to complete during the flight. Pilots are 

expected to communicate with each other for several 

purposes. These include completing checking tasks such as 

taxi checks and start-up checks, for which they are aided by 

checklists; communication to maintain situational 

awareness (including what is currently happening in time 

and space and projections into the future); to note any 

changes in the flight situation, such as a change in weather 

or an emergency situation arising; and communication with 

air traffic control (ATC) and other agencies. Some pilots, in 



  

 

addition, naturally communicate what their thought 

processes are as an aid to determining and asserting 

their actions and in order for their co-pilot to 

understand what they are considering and thinking. 

It can be said that those pilots who do this as a 

natural process respond better to verbalising for a 

researcher than those who do not normally use 

verbalisation as a reflection of their thought 

processes. 

In this case study, we draw our empirical 

materials from a two-day session with the same 

flight crew. The pilots were a Captain and First 

Officer pairing from a large airline who were 

undertaking a simulation exercise (Fig. 1) 

The Captain had a total flying experience of 

13,000 h, and the First Officer had a total flying 

experience of 7700 h. The flight examiner/instructor 

operating the simulator had a total flying experience 

of 15,000 h. Full sets of system manuals and flight 

manuals (normal, abnormal and emergency 

standard operating procedures) of the aircraft were 

also used during the investigation. 

As part of our larger ethnographic effort within 

the airline, we also interviewed other pilots and 

flight examiners/instructors. 

Although the simulation exercise was a normal 

flight training exercise (which the flight crew had to 

complete every six months to stay current), the 

participants were asked to talk aloud for the purpose 

of the research. Neither of the pilots normally would 

communicate more than the task or standard 

operating procedures (SOPs) required them to do or 

natural conversation, so at times they found 

verbalising for the purposes of data collection 

difficult to maintain. During high-workload (HWL) 

situations, they reverted to verbalising only what 

was required according to SOPs for the task. 

2.2 Workload 

Of special interest in this research was the question of how 

verbalisation affected pilots’ task performance as their 

workloads varied. Flight phases were thus defined by the 

degree of pilot workload required. Kantowitz described 

pilot workload as an “intervening variable, similar to 

attention, that modulates or indexes the 

tuningbetweenthe demands of the environment and the 

capacity of the operator.” (Kantowitz 1988, p 182). 

Kantowitz further explains that workloadcannot therefore 

bedirectly evaluatedorobserved. 

Insteaditcanonlybeinferredfromchangesintheobservable 

data and rather seen as a conceptual, multifaceted 

construct (Kantowitz 1988). For the purposes of this case 

study, different phases of a flight were constructed as high-

workload (HWL), medium-workload (MWL) and low-

workload 

(LWL) according to the generally accepted definitions of the 

activities and expected stress at different times of the 

flight. HWL definition These are the most work-intensive 

and critical phases of a flight in terms of cognitive load and 

decision-making. HWL phases include the take-off, 

descent, and landing phases, which are phases where time 

is critical and actions must be completed in a short time in 

order for essential elements of the flight to be completed. 

For instance, during take-off the pilots’ must have correct 

information in the aircraft’s flight management systems, 

monitor speed and direction, communicate with other 

agencies (such as ATC), observe weather and runway 

conditions, carry out a number of compulsory checklists, 

check flap settings, undertake gear checks and execute a 

take-off while observing instruments and other traffic in 

the area. This is also a phase of flight where any emergency 

(such as engine failure) needs a rapid response to avoid an 

 



  

 

Fig. 1 Typical simulator session 
 

accident. Any interruption to the pilots’ concentration at 

this stage can be critical. These may also be periods of time 

when talk is not allowed in the cockpit. Such “sterile 

cockpit” is primarily maintained on take-off up to a height 

of 10,000 feet. 

MWL definition These are phases in which typically the 

number of tasks to be performed is moderate and the time 

available to perform them is comfortable. Many tasks to be 

performed during these phases are, however, critical, and 

require pilots’ close attention and timely execution. Taxiing 

prior to take-off and after landing are examples of these 

MWL flight phases. 

LWL definition These are phases of flight operations 

where there are no critical processes occurring and where 

there is generally a comfortable amount of time to 

complete tasks. This is primarily the pre-taxi phase when 

the aeroplane is at the gate and the pilots check loadsheets 

and review flight plans. In contrast to HWL phases, time is 

generally not a critical element in completing tasks, 

although schedules are sometimes such as to require pilots 

to undertake LWL tasks more quickly than is usual. Cruise is 

also typically a LWL phase of the flight, though a threat 

arising can sometimes require pilots’ immediate attention.  

 

2.3 Study design 

Two days of simulator and debriefing sessions were held. 

These included two simulated normal flights from start to 

finish and one emergency situation flight, which in this case 

was an engine failure after take-off (EFATO). The pilots took 

it in turn to be “pilot flying” (PF) or “pilot monitoring” (PM). 

Simulator flights are normally of 1–2½ h duration. In this 

case, the first flight on day one was of 2½ h duration with 

the second on day two of 1 h 50 min followed by the 

emergency (EFATO) session of 36 min. 

The study was designed to include both concurrent and 

retrospective verbalisation. The pilots were instructed to 

verbalise their thought processes whether relevant to the 

current task or not as they performed their tasks in the 

flight simulator. Prior to the sessions, the pilots had been 

given an introductory briefing on the purposes of 

verbalisation and had worked closely with the researchers 

on the study design utilising their expertise and knowledge 

of the system. They were instructed to verbalise all their 

thoughts as far as they were able prior to any action and to 

demonstrate how they arrived at decisions through their 

thought processes. In effect they were told to just “think 

aloud” as may be actualised on an advanced driving test 

when explaining to the examiner all that they are observing 

or thinking that may be influencing their decisions. 

Since the usefulness of verbalisation depends on using 

an effective recording method (Dix et al. 1993), the pilots’ 

actions and statements were also audio-visually recorded. 

This was by means of a video camera set-up (unobtrusively) 

at the rear of the simulator. As pilots are subject to an 

examiner in the cockpit during simulator sessions, the 

Hawthorne effect of confounding variables would not be 

relevant to the study. 

Immediately afterwards, the pilots were debriefed by 

reviewing the recordings and being asked to comment on 

what they had been doing and thinking at the time of their 

recorded verbalisations. The design of the debriefing 

session and the learning objectives were defined 



  

 

beforehand to avoid distraction from the simulator session 

that was fresh in their minds. The researcher’s role was 

merely to gently guide the discussion where necessary but 

to allow the participants to concentrate on defining the 

context of their verbalisations and actions. 

In response, the pilots gave insight into the context of 

particular actions by explaining why they behaved and 

verbalised in a certain way. The pilots were allowed to 

pause and rewind as necessary to clarify a scene. 

Retrospective verbalisation of cognitive processes in this 

way allows the researcher to better interpret the context 

of the situation as opposed to forming assumptions based 

on observation alone and helps in determining content and 

context. Furthermore, making a video recording enhances 

the ability of the researcher to treat verbal reports as hard 

data according to Ericsson and Simon (1993), providing that 

the verbalisations are encoded and interpreted in the 

framework of a theoretical structure. Moreover, by inviting 

subjects to become participants in their own cognitive 

processes they become owners of the research rather than 

research objects (Nielsen et al. 2002). 

The main function of the video was thus to aid the 

participants in recalling their mental processes while they 

were performing tasks. This allowed them to make their 

internal thought processes at the time of the task more 

discernable. This method can be likened to the “mindtape” 

conceived by Nielsen and Christiansen (2000). The theory 

here is that users think faster than they can verbalise, so by 

using video enabling participants to interact with their 

dialogue after the event, researchers are able to gain a far 

greater insight into cognitive processes than by concurrent 

verbalisation alone. Equally, a participant’s personal 

knowledge and skills are extended through appropriation 

of shared cognitive processes with the other participant. 

The aim in this study was thus to obtain the most valid and 

complete trace of the participants’ thought processes while 

performing flight tasks, and to do so in a safe environment. 

Pilots’ commentaries were then analysed. The first part 

of the analysis involved writing and editing a transcript of 

the audiotapes to get a generalised view and elicit central 

themes of the process. The second (and more important 

analysis) was the encoding of the verbalisations. Using a 

grounded theory approach, the encoding was 

accomplished by merging data to produce categories 

rather than using a priori determined coding categories as 

determined by the literature. This empirical approach 

articulated by Glaser and Strauss (1967) allowed us to 

develop theories connected to the data collection and 

analysis process as we moved in and out of the process. 

In this study, the flight phases that were viewed as 

corresponding to these different workloads were as 

follows. HWL comprised take-off, descent and landing; 

MWL comprised pre-taxi, taxi (pre- and post-flight) and 

approach; and LWL comprised flight planning at the gate 

prior to taxi, and cruise. The graph below demonstrates the 

cognitive workload at different phases of the flight. 

 

Adapted from transport Canada’s human factors for aviation basic 

handbook. 

2.3.1 Simulator sessions 

The team studied were a Captain, a First Officer and an 

examiner from a major airline during a normal simulator 

session over two days undergoing different exercises that 

would normally be executed to test performance. Three 

simulator sessions were recorded and the participants 

were asked to take part in a debriefing session afterwards 

with the research team. 

A flight simulator was set up with a video camera and 

audio equipment to record the conversation between the 

pilots during the course of the task (Fig. 2). The simulators 

are equivalent to the inside of an aircraft and had views 

outside of different airfields and their surrounding 

environment. Modern simulators have advanced graphics 

so that simulator time is recorded as “real time” for the 

purposes of a pilot’s log book. In this way and others, the 

simulator experience was constructed to be virtually 

indistinguishable from an actual live flight event. 



  

 

 
Fig. 2 Setting up the video camera and audio equipment in the 

simulator 

 

Simulated flights or parts of flights were set up by a flight 

instructor, who sat behind the pilots (Fig. 3) with a 

computerised programme from which he could simulate a 

number of situations for the pilots, including any 

emergency that he may be testing them on (Fig. 4). 

After completing a training exercise, pilots would 

immediately proceed to the debriefing room to view their 

performance on a TV monitor (Fig. 5). 

2.3.2 Debriefing/retrospective verbalisation sessions 

Pilots and the examiner were invited into the video room 

immediately after each session and watched the recorded 

exercise giving comments on the context behind their 

actions. They had the facility to stop and rewind the 

recording as they wished. 

It was found during debriefing that the pilots had fast 

and accurate recall of their session and were able to 

remember (and, at times, predict) what their actions or 

speech were or would be at any time during the recorded 

flight. 

2.3.3 The transcription and analysis sessions 

Data are elicited from think-aloud protocols by means of 

transcription which then gets subjected to some form of 

systematic analysis either by a form of coding or by 

qualitative conjecture. The recordings here were 

transcribed and checked by members of the study team 

and made available in table format. 

Quantitative Analysis—this was taken from the 

transcripts and recorded number of utterances and length 

of debate at each phase of flight. 

Qualitative Analysis—the transcripts were examined in 

full to gain insight into the actual thought processes and 

how they related to extraneous load. The participants were 

 
 

Fig. 3 Flight instructor can be seen behind the pilots operating the 
computer programme 



  

 

 

Fig. 4 Computerised programme screen 

 

 

 

Fig. 5 Debrief watching the recording. (Photographs 
reproduced from the study with permission from the 
participants) 

predicted to have a higher workload at take-off 

and landing and approach phases of flight and 

therefore expected to have fewer verbal 

utterances. In other words, the higher the 

workload, the higher the cognitive load, and 

therefore the lower the ability to verbalise. 

3 Findings and conversations 

According to Ericsson and Simon (1978, 1980) the 

characterisation of protocol analysis as a verbal 

report suggests that what is verbalised is an 

accurate account of what is thought. 

Theysuggestthatneitherwillverbalisingalterthetas

kprocess although it may decrease the speed of 

task performance. However, the validity of 

protocol analysis has been 

questionedwiththeassumptionthatnoonereallyk

nowswhatgoes on in another’s head. Therefore, 

studies rely on data drive inferences rather than 

empirical proof (Smagorinsky 1998). 

To try and ascertain with a little more strength 

those inner thoughts during task analysis, this 

study used retrospective observation 

immediately after the event to contextualise the 

process. This appeared to be successful with the 

participants commenting that they knew what 

they were thinking as the events unfolded. 

In studies with pilots, analysis needs to be 

highly localised to understand concepts. Of equal 

importance is the knowledge and the experience 

of the researcher in order to understand how 

both participants construct the task and why they 

construct it as they do. Wertcsh (1985) supports 

this and stressed that activity settings are 

determined by the people who inhabit them. This 

may include how their understanding of the task 

have been culturally mediated in their personal 

histories and how these histories have been 

culturally situated and channelled with the 

participants rendering of signs reflecting the 



  

 

concept development of subject and researcher. 

Equally, this can introduce a problem of reactivity 

by researchers anticipating preferred outcomes. 

However, in the study the participants were not 

given specific instructions to elicit specific 

responses but were told merely to verbalise as 

much or as little as they were able. In this way, 

the role of the researcher in influencing the 

outcomes is neutralised to the greatest extent 

possible. During the simulator session, the 

researchers were entirely absent from the 

cockpit although the presence of a video camera 

may have contributed to a change in behaviour. 

During this study, two kinds of verbalisations 

made by pilots are demonstrated—those that are 

made for the sake of and integrated with task 

performance and those that are extraneous to 

task performance. The first consists of normal 

pilot discourse required for flight performance 

safety and to adhere to standard operating 

procedures (SOPs). Flight crews are trained and 

encouraged through crew resource management 

(CRM) to discuss decisions and speak up if errors 

are found regardless of their rank. In addition, 

there are a number of checks and responses that 

the crew make to ensure a safe flight. These may 

include such tasks as repeating checklist items, 

discussing weather conditions or putting 

information into the flight management system 

(FMS). Operational communication between the 

crew is according to SOPs. These are designed to 

ensure that if all appropriate communication is 

adhered to, then all crew members will operate 

in a standardised and safe manner, regardless of 

who they are flying with or their familiarity with 

the pilot sitting next to them. 

The second kind of verbalisation consists of 

additional discourse. This may occur between 

crew members when they are comfortable with 

or have a preference for talking aloud or 

verbalising their thoughts. In this study, the 

category of additional discourse includes 

verbalisations resulting from our request to talk 

out loud so we could investigate whether doing 

so interfered with task performance at any of the 

three workload phases. We consider such 

verbalisations by pilots to be about, not for, task 

performance. 

The following are observations made from the 

transcripts of the video’s and the follow-up 

debriefing session afterwards. These are 

intended to inform the reader of examples of 

talk-aloud protocols and the interference within 

each task afforded by the action of verbalisation. 

They are not intended as assertions to prove a 

quantifiable point but more as potential 

outcomes to provoke discussion and further 

study. 

Observation 1 In HWL situations, no (or little) 

additional verbalisation is observed, in contrast 

to LWL or MWL situations, where considerably 

more additional verbalisation occurs. 

In normal situations language can be used for 

action (in a classroom environment for instance a 

teacher might ask a student to carry out a 

particular task—“write down this sentence”) in 

which case choosing the words does not require 

consciousness or reflection. In this instance, 

language is seen as a primary artefact (Wartofsky 

1979). Language can also be about action (Roth 

and Lee 2007) such as a discussion of the first 

exchange and now becomes a secondary 

artefact. Thirdly language can become a 

generation of theories. 

At the level of operation (collaborating to fly 

an aircraft), language can be viewed as an action 

when pilots are asked to verbalise their 

intentions for the benefit of the other person in 

the cockpit and thus becomes an explicit tool 

(reflecting on action, representing situations, 

etc.). In aviation, the social group of the 

participants has its’ own specific language. The 

verbaliser draws on words that are familiar to the 

environment and thus words become mediating 

artefacts. They are anticipating certain actions 

verbalised by their language. 

In the following extract from medium-, low- 

and highworkload situations, we can see 

demonstrated the level of verbalising indicating 

the difficulty or ease of talking aloud under 

different phases of flight. 

The transcripts show discourse required by 

SOPs and normal, operational conversations and 

instructions that are standardised practice for 

flight phases, interspersed with additional talk-

aloud conversation. In low-workload (LWL) and, 

to some extent, medium-workload (MWL) phases 

of flight, a clear pattern can be seen of the crew 

verbalising in addition to the required demands 

of the operation. In these cases, the pilots were 

voicing thought processes relevant to the task but 

not required by SOP instructions. 

3.1 MWL scenario from day one 



  

 

In the following excerpt from a MWL (after take-off) scenario from day one, it shows normal SOP’s 

voiced for the phase of flight with some additional verbalisations. 

  Captain (PF) FO (PM) 

1:07:00 —  Passing 8000 feet, 

direct to Kavas, Mt 

Cook 211 

 - ↵8000 direct to Kavas is noted 

↵C ((We’ll just slink above 

this cloud and I just put 

the speed at 146, which is 

plus 10.)) 

 

 - 

- 
 ↵Understood 

1:08:00 — 

- 
↵Anti-icing on please 

↵C ((I’m in the cloud, so I’m 
going to have to 
accelerate. So 161, I’m 
getting 171. Since we 
have the red bug, we can 
take 
anti-icing.)) 

 

 -  ↵Anti-icing on 

 -  ↵RNAV message. Just 

discontinuity 

1:09:00 — ↵OK. And then it was 8000 

through to Kavas 

↵C ((Shouldn’t have 

touched that but too late. 

You can just clear that.)) 

 

 -  ↵Roger 

 - ↵OK thanks. Alright, cabin is 

done 
 

 - ↵Alright, clear of cloud we 

can turn the anti-icing off 

please 

 

1:10:00 —  ↵Anti-icing off 

 - ↵And the probe is clear and 

the wind is clear 
 

 -  ↵Clear my side 

 - ↵AOA is off  

1:11:00 —  ↵Here’s 8000, and we 
can go direct to Kavas 
please 

↵((And this just 

goes……we’ll start a 

left turn over here.)) 

Double parenthesis and italics are used to illustrate that the participant is using non-SOP verbalisations 
 



  

 

In the situation above of a MWL phase of 

flight, the pilots are talking as crew according 

to SOPs. The pilots have just completed the 

take-off (HWL) and are well into the climb, so 

the intensive workload has lessened, although 

the crew are still in a semi-critical phase. In a 

MWL situation, this is usually a phase of flight 

when there is a moderate workload for the 

pilot, but the pilot is not overloaded. 

The Captain (who is also the pilot flying) is 

clearly more at ease while voicing his thoughts 

and clarifies his decision-making processes, 

including responding to the weather (1:08:25) 

and commenting on a mistake 

(“shouldn’t have touched that”—1:09:00). This 

required a responsive action from the FO. 

Both crew members receive intensive 

training as do all flight crew in simulator 

recurrency training, line training (in the aircraft 

in a normal flight) and ground school, with the 

intent of bringing them to the point where 

flying is automatic and actions are performed 

at a high level without thought. However, it 

was observed that the Captain provides more 

additional verbalisation as he attempts to 

explain his thought processes and decisions. 

The FO remarks are purely SOP responses until 

near the end of the excerpt when he makes 

some attempt to verbalise his actions. 

Employing talk-aloud protocols has 

implications for safety. If the crew members 

found it difficult to verbalise during flight 

phases, then the cognitive effort spent 

required for verbalisation would hinder the 

cognitive processes required to perform a task 

thus detracting from the actual flying and 

posing a safety risk. This can be demonstrated 

in this MWL situation where it was observed 

that the more experienced Captain was able to 

engage in verbalising his thoughts while the FO 

barely spoke more than SOP requirements. 

In the retrospective verbalisation after this 

MWL segment, the Captain explained further 

his thought processes: 

Captain: And obviously I had a bit of a thought 

process with regards to the speed. How it 

was being manipulated with the automatic 

and manual. But predominantly for me, it 

was transitioning onto the instruments, 

what I was actually seeing and 

remembering how the ASI looked. 

Researcher: How was it? You know, from a workload, 

normal workload perspective? 

Captain: It wasn’t too bad to be honest. We were 

VMC so OK. 

 

3.2 LWL scenario from day one 

In the following LWL situation from day one 

(where the pilots are still at the gate, prior to 

taxi), the pilots are setting up a route plan 

within the flight management system and 

discussing the intricacies of this task. The 

excerpt shows normal SOP instructions at this 

stage of the flight with additional verbalisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

  Captain (PF) FO (PM) ATC 

18:13 — ↵C ((Finding my 
third QNH 
setting, and 
brightening my 
screens took 
me awhile to 
find.)) 

↵C ((The 

headsets are a 
lot better.)) 

  

 - 

- 
 

↵Auckland 
delivery Mt Cook 
two one 
one 

 

 -   Mt Cook two 

one one, 

delivery, go 

ahead 

18:14 —  ↵Stand by seven, 
Juliet one zero 
two one 
request 
clearance to 
New Plymouth 

one, two 

thousand feet 

 

 -   Juliet one zero 
two one is 
confirmed. 
You’re clear 
New 
Plymouth, 
one, two 
thousand feet. 
Clark Alpha 
departure, 

squawk five 

zero two six 

 -  ↵Clear New 
Plymouth, one, 
two thousand, 
Clark one Alpha 
five zero two 
six, Mt Cook 
two one 
one 

 

  Captain (PF) FO (PM) ATC 

 -   Mt Cook two 
one one, 

read back 

correct 



  

 

18:15 — ↵C ((OK that’s all 

understood, 
so we are here, 
it’s for this 

model, correct 

engines, date is 

correct up to 

27th of June.)) 

  

 - 

- 

- 

 
↵F ((Doesn’t 

look like it’s 

there does 

it?)) 

 

18:16 — ↵C ((So it looks 
like I’ve got to 
enter a flight 
plan. I’m 
wondering… 
can I just go to 
NZ AA from 
here? Or do I 
have to go back 
to a previous 
page?)) 

↵C ((I’ve got to 

clear that out.)) 

↵F ((It’s not a 

current user 

route, try going 

to route 

page.)) 

 

 

In this phase of flight, the crew are at the 

gate. Although there is a lot of flight planning 

occurring at this stage in terms of information 

that has to be entered into the FMS and a 

number of other tasks that have to be 

completed at this stage, they have the gift of 

time. Tasks can be difficult and require thinking 

and mental agility, but the pilots are not 

required to do a number of sequential critical 

tasks in a limited time (as in take-off or 

approach and landing). 

It can be observed that both the Captain and 

the First Officer are spending a long time 

discussing the route planning (18:15:30–18:17) 

and exchanging comments on insignificant 

aspects of the flight such as the brightening of 

the screen (18:13) or the adequacy of the 

headsets (18:13:30). There is an increased 

amount of chatter at this stage of the flight and 

a seemingly relaxed atmosphere in which there 

is adequate time to discuss aspects of the 

flight. 

There are certain distractions by air traffic 

control (ATC) which they take in their stride 

before returning to the intensity of planning 

the flight and entering the information into the 

automatic system. During the videoing, both 

pilots were calm and confident and held a 

lengthy discourse (other than SOPs), 

discussingtheirthoughtprocessesinregardtothe

taskathand. 

Afterward, the debriefing session enabled 

the pilots to explain some of the context 

behind their actions: 

Capt: So most flights, we would have been able to go 

straight in, go to the “route page” which has all the 

flight plans on it, and select the one we want. But 

the one we wanted today down to New Plymouth 

wasn’t there so we had to build it, which caused a 

lot of problems for me. 

Tim: So, were you having functionality problems? What 

was the issue, was it just because it was the 

different systems? 

FO: Yes, process. I mean, in the 600, we have been 

building routes quite frequently, particularly as a 

new air craft comes online, and the pilot routes 

aren’t saved. So the process of building one in the 

600 is pretty slick, at the moment. The processes 

are quite different though, you end up doing the 

same thing. Same end results. But the actual 

steps, the clear steps to run through to put the 

flight plan in today, just weren’t there. 

Capt: We knew how to do it, I just had trouble finding the 

first page to initiate the start of building that plan. 

In the debriefing episodes, both pilots gave 

extensive explanations as to what they were 

thinking at the time, which they could clearly 

recall, and the reasons behind each decision. 



  

 

Their ability to do this may have been 

contingent on the fact that this was a LWL flight 

phase and may not have been possible for high-

workload phases. 

3.3 HWL scenario from day one 

In comparison to the LWL and MWL situations, 

during a HWL scenario the amount of thought 

processes verbalised were significantly 

reduced, with pilots’ sentences becoming short 

and staccato. HWL phases are predominantly 

time-critical portions of a flight when many 

tasks are required to be completed 

concurrently and where the issue of safety is in 

the forefront. Typically, this occurs at the take-

off and approach and landing phases of flight. 

The next two excerpts describe recordings at 

HWL phases from day one, including a take-off 

with the Captain as pilot flying (PF) and a 

landing with the First Officer as PF. 

Excerpt 1 

  Captain (PF) FO (PM) 

1:00:00 — 

- 
↵Centred 

 

 -  ↵External lights 

 - ↵On  

1:01:00 —  ↵Before take-off checks 

completed 

 - ↵OK we are clear to go. 

Taking off 
 

 Captain (PF) FO (PM) 

-  ↵Time 

-  ↵70 knots 

1:02:00 — ↵Check, my control  

-  ↵Your control V1 

Rotate 

Positive climb 

- ↵Gear up  

- 

1:03:00 — 

 

↵Landing gear up. 

Acceleration attitude 

Excerpt 2 

  

  Captain (PM) FO (PF) 

2:02:00 —  ↵Descent check. C-

CAS? 

 - ↵It’s been recorded  

 -  ↵Approach 
Approval? 



  

 

 - ↵Complete  

2:03:00 —  ↵Landing data 

 - ↵Set  

 -  ↵Set. Landing 

elevation 

 - ↵One hundred for New 
Plymouth. Just got the 

RNAV message that is 

telling me the VNAV 

coming alive 

 

2:04:00 —  ↵Check 

 -  ↵First descent 

complete. 

Transition 

altimeters? 

 - ↵They are set  

 -  ↵And seat belt 

signs? 

2:05:00 — ↵I’ll double check them now  

 -  ↵Transitions 

complete 

 - 

- ↵Thank you 

 

 

Communications within the cockpit during 

these critical phases were all strictly according 

to SOPs, with no extra conversation indicating 

the pilots’ thought processes. In both 

scenarios, the pilots’ discourse is primarily 

concerned with achieving the task in the safest 

way. Their concentration is seen to be intense, 

and they speak only to ascertain task 

requirements. Whether the FO or the Captain 

was the pilot flying, they were still only 

communicating in short sentences with an 

expected response and didn’t give any 

additional verbalisations indicating their 

thought processes to achieve the task result. 

The contrast to communication between the 

pilots during LWL or MWL phases can be clearly 

observed here. The evident fall in 

verbalisations by both the Captain and FO, with 

no additional verbalisations reflecting 

underlying thought processes while 

undertaking high-risk tasks, suggests that use 

of talk-aloud protocols during HWL phases may 

be inadvisable. 

3.4 HWL emergency scenario from day two 

The pattern of no or little additional 

verbalisations in HWL flight phases continued 

during the emergency scenario (Day 2 EFATO—

engine failure after take-off). In this scenario, 

which was all HWL, there were very few 

additional utterances, with none at all by the 

FO, all of whose responses were necessary to 

deal with the situation at hand. These 

responses would have been with reference to 

the particular emergency scenario and read off 

a prompt sheet. 

 

 

  Captain (PF) FO (PM) 



  

 

21:05 — ↵V1, rotate  

 - 

- 

- 

Passing Clark ↵Gear up 

21:06 — ↵We have engine failure.  

 -  ↵Check. ((Bell sounds)) 

 - ↵Up trim on engine two. 

Auto-feather on engine 

one. 

↵Set. Landing elevation 

 -  ↵Check 

21:07 — ↵Trim looks good  

 -  ↵Mayday, mayday, 

mayday, Mt Cook one, 

three, engine flame-out 

on departure. Stand-by 

 - ↵((OK that’s looking 

good)). Power is good, 

tracking and climb is 

good 

 

 -  ↵Thank you. The yaw 

damper please 

21:08 — ↵Sorry, the yaw damper is 

on 
 

 -  ↵Engage auto-pilot 

 - 

- ↵Auto-pilot is on 

 

 

An engine failure on take-off is a well-

practiced routine in a simulator check, as it is a 

situation that might occur in actual flight. It is 

a highly complex and intense scenario in which 

the pilots act according to SOPs. By practice, 

pilots become familiar with the actions 

necessary for ensuring a safe flight, with 

appropriate responses becoming automatic 

over time. It can be observed, however, that 

the Captain does attempt to a small degree to 

speak his thoughts aloud (21:07:30); however, 

the FO keeps to the task with no additional 

talk. This has been observed in past scenarios 

where it has been suggested that the Captain, 

with his greater experience, is better able to 

talk aloud as well as concentrating on the task 

at hand (McIlroy et al. 2012). 

In the debriefing sessions, both pilots 

commented on the difficulty of trying to 

verbalise during the HWL situations, and both 

were convinced that it would interfere with 

safety if they attempted to do so. In fact, it 

apparently wasn’t a conscious action not to 

verbalise for the researcher, rather a reflex 

action that when they were involved in their 

tasks certain responses were well practised 

and therefore automatic. The Captain posed 

that at this stage of flight, crew are so focused 

on tasks that nothing outside the task at hand 

is considered: 

Capt: “This would be the highest work load 

to ever be faced with. So as a pilot 

flying, if [name withheld] didn’t have 

the auto-pilot on, he would be very 

focused on what he was doing. I could 

almost tell him that I can see a 

rhinoceros going past the window and 

he wouldn’t even know I said it 

because he would be that focused on 

it. You do, you’re just so tunnel-

visioned.” 



  

 

Both pilots agreed that to verbalise at these 

stages would be detrimental to safety. In fact, 

on one occasion the Captain noted that he was 

so distracted by the need to verbalise that he 

had less control of the aircraft, resulting in a 

deviation from the flight path: 

“I think I made the comment that I was 

scanning quite hard, consequently I was 

pitching around a little bit” 

Other corroborations of the difficulty of 

verbalising in HWL were in comments in the 

debriefing such as: 

“It slowed me down.” 

“It can get quite hard to verbalise things 

when you’re thinking at the same time—

you’re trying to nut out a 

problem.” 

“Because I’ve got my hands full at this 

point. My hands are doing other things, I 

can’t validate and do them at the same 

time.” 

Vygotsky (1978) developed his theory to 

explain why verbalisation in high-workload 

situations is much more difficult or even 

impossible than in low-workload situations. 

Observation 2 Practice aids the ability to 

verbalise. 

It has been asserted in other studies that the 

more experiencedapersonisinaparticulartask, 

thebetterabletheyareto verbalise (Duncan, 

Williams and Brown 1991). In driving studies, 

for instance, drivers are encouraged to 

verbalise to enable the instructor to observe 

and understand their performance but also to 

ensure the driver is more aware of his 

environment. When a person first starts to 

drive, their cognitive load is taken up with the 

new learning experience and tasks, which 

tends to exclude them from listening to people 

or attending to other distractions and certainly 

from speaking or conversing in conversation. 

However, as they get more experienced, the 

motor response of driving becomes more 

automatic and they are better able to 

verbalise. Similarly, in a flying situation novice 

pilots may find it difficult to verbalise their 

intentions and other thought processes, but as 

they become more experienced this becomes 

easier. Given that in 

thisstudy,theCaptainwasthemoreexperienced

participant,it thuswould beexpectedthat 

hewas better able to verbalise his thought 

processes. This is supported by the examples, 

which suggest that the Captain, whether pilot 

flying or pilot 

monitoring,madethemostverbalisations.Inpart

icular,theCaptain 

wasobservedtomake131totalcomments,overt

wiceasmany as the First Officer’s 64. 

3.5 MWL scenario 

This is illustrated in the MWL scenario below, where verbalisations from the Captain are clearly more 

than those of the FO. 

 

 

 

 

 

 

 

 

 

 



  

 

  Captain (PF) FO (PM) 

27:09 — ↵H252 to Plymouth, confirmed ↵Execute 

 - 

- 

- 

↵Executed  

27:10 — ↵C ((That’s cross talk isn’t it?))  

 - 

- 

- 

 ↵((Yup.)) 

27:30 — ↵And next we have Auckland, Kavas, 

Dobbo, New Plymouth 
 

 - 

- 

- 

 ↵Confirmed. 

28:00 — 

- 

↵C ((So nothing to execute there, now I 
can build my arrival and departure and 
put in Clark. So it’s a departure out of 
Auckland under route 1.)) 

 

  Captain (PF) FO (PM) 

 - 

- 
  

28:25 — 

- 

- 

↵That was a Clark 1 alpha departure ↵Confirmed 

29:00 — ↵C ((So its runway 2 3 left and clark 1 
alpha. Which was set. Legs page again, 
which I would give you a data check on 
the legs and its departing off runway 2 
3, 500 ft or above, and set track to 
clark, 3000 feet and below. Route 
discontinuity, Auckland, Kavas, Dobbo, 
New Plymouth.)) 

Confirmed 

↵Executed ↵Execute 

29:00 — ↵C ((Transfers not available which is 

alright. Also there’s another. (thinks))) 
 

 

In the example here, a less experienced 

person (the copilot) may observe an action 

from a more experienced person (the Captain) 

and learn to act in an imitative way (Roth and 

LEE 2007). Additionally, Roth and Lee observe 

that when “two or more individuals 

collaborate, entirely new actions unfold” (p. 

205). By dividing the work, the two pilots can 

do more together than that which they can 

achieve alone thus giving the possibility of 

“entirely new or more sophisticated actions in 

collective activity” (p. 205). 

By talking aloud, language can allow actions 

to be more appreciated, understood and 

explained. Although language is a category 

subordinate to activity (Leont’ev 1978), the 

speech act itself has productive, intentional 

and outcome components (Austin 1962). 

Furthermore, it is a function of the activity 

system. This can be seen in the observation 

below where the conversations/verbalisations 

are instigated by the Captain—the more 

experienced of the pairing. Observation 3 in 



  

 

LWL environments, TAP appears relevant to 

the thought processes. 

In contrast, during LWL situations, it was 

observed that the pilots used verbalisation to 

concentrate on planning and working through 

issues that had either come up or were 

projected to happen in the future. In this way, 

the verbalisations and conversations appeared 

relevant to their thought processes. The 

following excerpts from the pilots’ debriefings 

after LWL phases illustrate this and suggest 

that perhaps verbalisation during LWL could 

possible aid their cognitive performance. 

Capt: And obviously I had a bit of a thought 

process with regards to the speed. 

How it was being manipulated 

with the automatic and manual. 

Capt: You’ll see us…I’m about to talk about it. 

First 

Officer: 

…Takes your head above to see the starters. 

I’ve pretty much missed it, I’ve got through 

that point, gone “oh, I didn’t check,” and then 

had a look. 

First 

Officer: 

we have just talked about the approach 

speeds in the second part of that approach 

brief after we dealt with the issue 

Capt said “my bugs are set, speed bugs are 

set” and I didn’t even see mine remotely… 

We talked about the speeds but didn’t set 

them until we tipped over top descent or 

something like that. 

Captain: …his is where I was trying to verbalise, saying 

a few things that I’ve picked up. Again, trim is 

at a different side of the panel 

Captain: And the other thing was, nowadays we recall 

it, don’t we Trev? And then take-off and 

hover (?), whereas traditionally we’d just 

take-off and hover. 

The researcher is trying to understand the 

way in which the tool of thinking mediates the 

action—more accurately the procedure is a 

think and mediate aloud data collection 

through which is revealed the internal process 

of thought and the social context in which it is 

based (Smagorinsky 1998, p. 171). With the 

absence of pressure or time, the participant 

can give full reign to his thoughts which allows 

verbalisation to act as a learning tool. The 

activity (task) is realised through concrete 

actions framed by the dominant features of the 

human consciousness during active 

engagement with the social context. As Roth 

and Lee (2007, p. 202) state, “actions (goals) 

are referents for the sequencing of those 

unconscious elements that realise them: 

operations.” 

Observation 4 If verbalisation does appear to 

interfere with pilots’ cognitive thought 

processes in HWL phases, then it would be 

inadvisable to promote its use in this 

environment. 

As we learnt earlier, according to Vygotsky 

(1978), verbalisation in high-workload 

situations is much more difficult, and other 

theorists Leont’ev (1978) and Luria (1981) have 

interesting concerns of what would and would 

not be available for verbalisation. In Luria’s 

(1981) theory of kinetic melodies, he gives an 

interesting rendition of the interferences that 

can occur under such circumstance. 

In our simulator flights, the pilots were in a 

safe environment and thus able to study the 

effects of verbalisation. As can be seen from 

the data, during the HWL phase both pilots 

verbalised less, although the Captain seemed 

to be a little more comfortable with the 

process. Even then the Captain gives an 

occasion when attempting to verbalise for the 

researchers, he found himself having less 

control of the aircraft, resulting in a deviation 

from the flight path. 

Capt: I was scanning quite hard, 

consequently I was pitching around a 

little bit. 

In this scenario, not only is the pilot finding 

that verbalisation is not coming naturally and is 

interfering with his thought processes, it is also 

having a detrimental effect on his physical 

efforts to direct the aircraft. This scenario may 

be akin to multitasking in a car while trying to 

navigate through busy traffic. 

If we agree with the argument that 

verbalising interferes with pilots cognitive 

thought processes (which contrasts with the 

study by Earl et al. 2012), then even promoting 

this activity in real-life situations could have 

great detrimental effects on the safety of the 

flight. The pilot verbalisation in the study by 

Earl et al. was an accidental finding rather than 

a contrived one in that observers of the LOSA 

study were asked merely to record if pilots 

normally verbalised or not. Those that did 

appeared to make fewer errors (even in HWL 

situations) but to reproduce this study in 



  

 

further live flights would only be applicable if 

we allowed pilots to verbalise or not as was 

their preference. Insisting that everyone 

verbalise is a safety issue even though those 

that do say it actually helps them to cement 

decisions and actions in the muscle memory. 

In other environments—

suchastheflightinstruction area— instructors 

quite often use verbalisation as a technique to 

enhance learning in student pilots. This is used 

at all phases of 

flightincludingapproachandlandingwherethere

isthehighest 

workload.Althoughthiscouldbeconsideredasaf

etyriskinthe live environment, the instructor is 

there to ensure a safe flight. 

However, If verbalisation is shown to 

interfere with task-related cognitive processes 

in HWL situations, however, then the practice 

cannot be encouraged. Observation 5 There is 

a difference between TAP for an activity and 

about an activity. 

Comments made by the pilots in debriefing 

sessions support the distinction between 

verbalisation used for the purpose of 

performing a task and verbalisation used for 

the sake of the researcher. As explained 

previously, the former type of verbalising tends 

to be integrated into the activity and may 

enhance its performance. The latter type 

describes the activity or some of its elements, 

is not part of the activity itself, and in fact is a 

separate activity. As a result of this difference, 

it appears likely that the cognitive processes 

that are used in verbalising for a task are 

different from those used in verbalising about 

a task, as cognition changes when a change in 

activity occurs (Lave 1988). 

Comments made by the pilots in the 

retrospective debriefings suggest that under 

normal circumstances, they wouldn’t have 

verbalised as much as they did for the sake of 

this study. After a MWL phase, the Captain 

made the following comment, which indicates 

the extra effort that additional verbalising 

required: 

Capt: You just got to think you are 

verbalising when you’re doing it. In 

everyday flying, you’re probably not 

going to verbalise aloud quite as 

frequently. 

Comments made after an HWL phase 

suggested that the crew were somewhat 

resentful at having to verbalise, especially in 

the emergency EFATO flight. For instance, the 

following comment was made after the 

emergency scenario: 

Capt: When really, you’re just concentrating 

on things that aren’t important. 

The pilots’ comments suggest that 

verbalising for the researcher was not a natural 

process for the practitioner and that the need 

to concentrate on making additional 

verbalisations resulted in less concentration on 

the task at hand. Given this, requiring pilots to 

use talk-aloud protocols beyond the normal 

use of verbalisation required by SOPs and to 

ensure flight efficiency and safety may 

interfere with their thought processes while 

performing tasks, which could possibly impair 

performance and threaten safety. This is 

presuming that the pilot does not naturally use 

verbalisation as a heuristic to enhance 

cognitive task performance in real-life flight 

situations. In the study by Earl et al. (2012), 

those pilots who verbalised more had 

increased their performance. However, it may 

be a mistake to enforce verbalisation on a 

practitioner who does not have similar 

preferences. It should be noted that other 

research suggests that even in HWL situations, 

verbal repetition (such as repeating sequences 

of a task) establishes the task within the mind 

and assists in its performance (Gee 2014; Ellis 

2005; Monsell 2003) 

More importantly if pilots found that 

verbalisation was troublesome then safety 

issues are raised. In the debriefings, both pilots 

stated they found verbalisation uncomfortable 

at best or unsafe. Following are several 

indications of that discomfort: 

FO: …before take-off checks again, I actually do 3 

items, before validating through them 

(verbalising). Because I’ve got my hands full at this 

point. My hands are doing other things, I can’t 

validate and do them at the same time. 

Capt: It can get quite hard to verbalise things when 

you’re thinking at the same time. You’re trying to 

nut out a problem and verbalising 

Capt: I just meant in general in the flight, (having issues) 

while you’re trying to process what you’re doing, 

and verbalising to you as well 



  

 

Capt: So its fine, we’re concentrating, we had a 

bit of directional control, we we’re 

concentrating on that initially, so I 

hadn’t actually spoken too much 

about… 

4 Discussion 

This study was designed to give a snapshot of 

verbalisation in a multi-crew aviation 

environment exploring verbalisation as a whole 

according to the literature. It attempts to give 

examples of an observational research study 

where pilots in a simulator environment 

verbalise their thoughts during three normal 

simulator sessions. 

According to Smagorinsky (1998), 

verbalisation can be seen as thinking which is 

rearticulated through the process of speech. In 

this way, the protocol (task) becomes an agent 

in the production of meaning. However, the 

verbalisation becomes not an assimilation of 

thought processes with the aim of articulating 

a problem or a decision (i.e. a pilot speaking 

aloud in order to reach a decision on action) 

but, to use Vygotsky’s (1987, p. 280) metaphor, 

“a shower of words and not the storm cloud of 

thought.” Although one generates the other, 

they are not the same. The danger lies in the 

thought that the analysis of the rainfall can lead 

to inferences about the type of cloud that 

produced it but not to how that particular 

cloud functions. Smagorinsky (1998) cautions 

that undertaking a study of the rain 

(verbalisation) in a metaphorical way will 

change the constitution of the clouds. 

The problem becomes much more complex 

when trying to analyse what is meant by 

certain verbalisations. Does the “chatter” we 

found in LWL situations constitute meaningful 

discourse in the same way that Earl et al. (2012) 

found in single pilots when they were using 

verbalisation to clarify decisions that precluded 

actions? The problems of analysing speech 

under the assumption that there is a dialectic 

relation between thinking and action are rife 

with variables confounding any interpretation. 

In this study, what was clear was that the very 

effect of asking pilots to verbalise during HWL 

situation afforded a certain interference with 

their task-related thought processes and with 

their motor skills activity thus rendering the 

possibility of a real-life study impractical and 

dangerous. 

The evidence for this effect came from two 

main sources. The first source is the fact that in 

HWL situations, the pilots exercised a minimum 

of additional verbalisation while their tasks 

were being performed. The second source is 

the debriefing sessions in which the pilots 

retrospectively considered the effects of 

enforced additional verbalisation in HWL 

situations. Both pilots made statements 

suggesting that verbalising became quite 

difficult when in highworkload situations. Both 

indicated that having to try to verbalise what 

they were thinking while performing various 

tasks in those situations tended to interfere 

with their ability to focus on performing the 

tasks. 

The study also found that requiring the 

pilots to verbalise their thought processes in 

LWL and MWL situations did not appear to 

adversely affect their cognitive processes or 

task performance and may actually have 

improved cognitive performance in LWL 

situations. However, as commented earlier, 

whether this speech is a representative of 

meaning or a product of meaning is debatable. 

While the research appeared to suggest that 

verbalisation interfered with pilots’ task-

related thought processes in HWL situations for 

the two pilots studied, the same may not be 

true for all pilots. Evidence suggests that some 

pilots prefer to verbalise and typically use this 

practice while flying, while other pilots find 

verbalisation more difficult. An analogy can be 

found with police drivers who are taught to 

verbalise while driving as compared to an 

ordinary driver who is forced to articulate his 

thoughts during an advance driving test 

examined by the police. Whether driving in an 

urban area at slow speed or in a fast moving car 

chase, police drivers maintain their ability to 

verbalise using it as a safety tool whilst the 

advanced drivers, unused to using the practice 

find verbalising more difficult. Talk-aloud 

protocols may be more useful to those in the 

former group than those in the latter one. 

Personal conversations with pilots, particularly 

amongst single pilot operators revealed to the 

first author that verbalisation was often a 



  

 

“second check pilot” to them and, on the 

contrary assisted safe operation. 

In regard to this, we can draw a distinction 

between verbalisation used for the purpose of 

performing a task and verbalisation performed 

because of the extraneous requirements of a 

researcher. The first type of verbalising is 

integrated into the activity and may enhance 

performance, while the second type is a 

separate activity. The cognitive processes used 

when verbalising for a task may therefore be 

different from those used when verbalising 

about a task. Some pilots may find 

verbalisation more useful than others for 

performance of a task. Others may experience 

it as separate from and thus just about the task. 

It seems likely that to a degree this is a personal 

issue, with some pilots naturally finding it 

easier to verbalise than others, with the 

verbalising being integrated into other task 

performance. However, it is possible that 

verbalising comfortably is an ability that can be 

learnt or sharpened through practice. 

A possible explanation for the adverse effect 

of verbalisation during HWL situations can be 

inferred from comments made by the pilots 

during debriefing sessions. In the pilots’ 

comments, they mentioned that it can be 

“quite hard” to verbalise at the same time 

when they are thinking about how to solve a 

problem. They spoke of having their “hands 

full” and of not being able to do the things they 

are doing and verbalise at the same time. They 

also mentioned verbalising as slowing them 

down. These comments suggest that 

verbalising interfered with task-related 

cognitive processes in those situations because 

having to verbalise about their thought 

processes is an additional task the pilots are 

attempting to complete when they already 

have plenty of tasks to perform in the right 

order in a short amount of time. If so, then the 

cognitive task load they must deal with is 

greater when they are required to verbalise 

while doing a task than it is when they only 

have to do the task. 

While this study took place in a flight 

simulator, it has implications for real flight 

scenarios. The findings suggest that in real-

world flight operations, verbalisation in HWL 

phases of flights may decrease safety, at least 

if the pilot does not feel comfortable 

verbalising. For the sake of safety, it may also 

be inadvisable for pilots to verbalise even if 

they do feel comfortable verbalising in such 

situations, unless it is clear that verbalisation 

helps them to perform their tasks. 

The actual method of combining concurrent 

and retrospective verbalisation in itself was an 

excellent method of exploring pilot’s thoughts 

and actions in the cockpit. By allowing them to 

examine their practice immediately after the 

event was found to be of great value to both 

pilots and examiners/researchers. As a tool for 

briefing, it was found to be extremely valuable. 

For other highly complex and safety-sensitive 

industries requiring accurate and timely 

performance with a high level of attention and 

high cognitive performance, this kind of 

simulation could be used. An operators’ 

retrospective articulation of events while 

viewing video of their concurrent verbalisation 

provides additional data for discovering the 

thoughts processes and context behind the 

performance of complex tasks. 

Although there were limitations to the size 

of the study in terms of the participants, the 

nature of the study was exploratory and seeks 

to lay the framework for looking at 

verbalisation in an aviation environment. This 

was a qualitative study designed to drill down 

into the concept of verbalisation by adding an 

extra element of self-assessment and context 

to the researchers by immediate video 

debriefing. 

Seale and Silverman (1997) discuss the 

issues of reliability and validity in qualitative 

research and point to the fact that 

observational studies can be seen as unreliable 

due to observer bias and subjective views. 

Strategies to enhance the credibility of the 

results were thus incorporated into the study. 

These included meticulous record keeping with 

transcripts from the simulator sessions 

reviewed by more than one researcher 

ensuring that interpretations were consistent 

and transparent. In addition, the debriefing by 

video recording added respondent validation 

and also gave context to the responses and 

actions providing accurate interpretation of 

results that reflected the phenomena being 

investigated. 

Further studies are needed and desirable to 

determine the value of verbalisation in this 

context and to ascertain if verbalisation can be 

of value in determining thought processes thus 



  

 

increasing pilot cognitive skills and 

performance. However, there is no doubt that 

the actual study method of concurrent and 

retrospective verbalisation is of great value in 

examining a task for the training and 

reevaluation of operators. 
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APPENDIX C: TOOLKIT 
 

Toolkit 1: Timeline 
 

Date – week off Activity Outcome Notes 

    

January  
Meeting and discussion of 

management and safety 

officers of company re a LOSA 

survey.  

Choose a LOSA team consisting 

of pilots, safety team  and 

analyst. 

To discuss how a LOSA  

works and the 

differences within their 

unique environment 

Proposal and 

timeline 

January 
Send out information letter to 

crew re LOSA and ask for 

observer interest 

All company is aware of 

proposal and suitable 

observers chosen 

Unions engaged 

if appropriate 

February 
Work with pilots and safety 

team to devise adaptation of 

LOSA to their operation 

Appropriate threats, 

errors and UAS are 

identified relevant to 

the company operation 

Engage 

academic 

advisor if 

necessary 

February 
If LOSA will be devised and 

analysed internally choose 

suitable acronym eg:  FAST (Fly 

Air Safety Testing) 

The LOSA collaborative 

have patented LOSA and 

require a fee to deliver 

training.  Only then can 

it be called a LOSA 

LOSA 

collaborative 

can be engaged 

for extensive 

LOSA 

March 
Presentation to all company 

staff of the details of both the 

concept of LOSA and how it will 

work within the company 

Choose observers 

All members of 

company to be familiar 

with LOSA and aware of 

survey happening 

PPT available 

and posters 

displayed 

 

April 
Training of pilots in LOSA 

technique  - 2 days ground 

school, 1 day observation, 1 

day recalibration, 1 day making 

any refinements to TEM 

To enable pilots to have 

a thorough knowledge 

of LOSA system to carry 

out observations and 

amend coding if 

necessary 

 

Engage expert 

on technique if 

necessary 
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May  Commence LOSA.  A minimum 

number of observation flights 

to be observed, commensurate 

with the operation and 

ensuring viability of the 

technique – allow 3 months 

To ascertain the clusters 

of threats and errors 

that are unique to the 

company  

Secure data 

repository to 

ensure 

confidentiality 

August 
Data cleaning by analyst 

followed by Roundtable 

discussion 

To review findings and 

compare to company 

policies 

Ensure clean 

data is 

understandable  

September  
Complete analysis and produce 

a report 

Decide solutions to 

findings 

Make report 

available  

October 
Feedback to crew and 

management 

To ensure all crew are 

aware of findings 

Crew take 

ownership 
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Toolkit 2: Introductory Letter 

 

Company Observational Study based on Line Operations Safety Audit 

(LOSA) 

Introductory Letter 

Line Operations Safety Audit (LOSA) is a pro-active, safety programme devised by the 

University of Texas in collaboration with the Airlines,  that is used to collect 

information on the management of threats and errors on the flight deck that may 

affect operational safety.  LOSA compliments other safety data collection systems 

such as flight data monitoring (e.g. flight operational quality assurance programmes 

(FOQA) and voluntary reporting systems. 

The Line operations Safety Audit (LOSA) has been endorsed by the International Civil 

Aviation Organisation (ICAO) as a recommended practice for monitoring normal flight 

operations and developing countermeasures against human error and has been used 

in the airline industry for two decades.  In 2010 the methodology was adapted to the 

single pilot environment by a study team from Griffith University in Australia named 

LOSA:SP – more details of the study can be found at Appendix A. 

The concept and methodology of LOSA is based on the threat and error management 

model (TEM) that appreciates that ‘threats and errors are integral parts of daily flight 

operations and must be managed’ (ICAO).  In other words it is accepted that everyone 

makes errors but if those errors can be recognised and managed then safety can be 

enhanced (See table below) 

What are THREATS? What are ERRORS? 

External conditions that may impact on safety Actions or inactions that lead to deviations from 
the intentions or expectations of the flight crew 

Conditions that have to be managed or responded 
to 

Normal and unavoidable part of human 
performance.  May include mistakes, slips, 
lapses etc 

Threats can cause people to make errors Often caused by error-provoking conditions or 
situations e.g.  poor design 

May include adverse weather conditions,  
hazardous terrain, aircraft and aircraft system 
malfunctions, time pressures and unfamiliar 
airports or landing strips 

Tend to reduce the margin of safety and increase 
the probability of accidents or incidents 

 



  

381 

In LOSA specially trained pilots from an operator observe normal operations in a ‘fly-

on-the-wall’ situation in the cockpit and record the types of threats and errors that 

occur in normal everyday operations.  The programme helps to identify strengths and 

weaknesses of the overall work system and does not focus on individual performance.  

LOSA is not just about identifying problem areas but also highlights the number of 

situations that pilots are successfully responding to and managing on a daily basis. 

Observers are not there to make judgements but to record what happens on a normal 

flight.   The process is totally confidential and non-jeopardy.  Observations are non – 

identifiable by crew, date, callsign or in any other way. The results are collated and 

feedback is then delivered to management and operational staff. 

This company is conducting a similar observational study to enhance the already 

extensive safety systems in place which has been adapted for the single pilot 

operation and the unique environment in which this company works. The team 

chosen to conduct, train and analyse the study consist of a representative from crew, 

the safety team and a data analyst.  They are able to answer any questions or take on 

board any suggestions you may have that would aid the study. 

A presentation will be made to all staff before the commencment of the study to 

ensure everyone is aware of the process and understand the reasons behind it and 

this positive approach to safety.  The presentation will be by powerpoint which will be 

made available to staff and a number of explanatory information will be around the 

hangar and offices.  

Questions ansered by LOSA include: 

 What type of threats do flight crews most frequently encounter? 

 What are the most frequently committed crew errors? 

 What outcomes are associated with mismanaged errors? 

 Are there significant differences between routes, airports, fleets or phases of 

flight re threats and errors? 

The TEM model proposes that when an error occurs, the flight crew either trap it 

(detect and manage the error), exacerbates it (action or inaction that results in 

additional error) or fails to respond to it (ignores the error). 

When a pilot exacerbates or fails to respond to an error the outcome could be an 

undesired aircraft state (UAS). 
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The Threat and Error Management Model 

(Courtesy of The LOSA Collaborative) 

The observational study will start with the selection of pilot observers who will 

observe on line when operational requirements allow it.  LOSA  is conducted on a 

strictly non-jeopardy basis and is not a check ride.  For an observer there is a five day 

training course which includes 2 days of ground school, one day when an observation 

flight is carried out,  a day of recalibration following the observed flight and a final day 

of readjustment to the methodology.   

The observers will then go ‘live’ and may appear on your flight.  However, your 

participation is voluntary,  therefore the observer will make sure you are willing to be 

part of the process.  They will emphasise that the observations is: 

 Anonymous – no names or identifying details are recorded on observation 

materials and no individuals can be identified 

 Confidential – all data is kept in a secure repository only available to the 

analyst and study team.  Observers sign a confidentiality agreement to 

demonstrate that they will not disclose any individual information 

Observers should be unobtrusive and create an environment where the pilot hardly 

realises they are being observed.  Most of all, the pilot should not feel as if it is a check 

ride. In effect there should be a ‘fly-on-the-wall’ approach.   However, if you still do 

not wish to be part of the observation study then there will be no come-back on you.   

Threat

Threat Management

(Diagnosis / Recovery)

Threat Linked

Incident / Accident

Error Management

(Diagnosis / Recovery)

Crew error linked

Undesired Aircraft State

Undesired Aircraft State

Management

(Diagnosis / Recovery)

Inconsequential

Crew Error Linked

Incident / Accident

Additional

Crew Error
Inconsequential

Inconsequential

Spontaneous

Crew Error

Threat Linked

Crew Error
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The majority of pilots from airlines where LOSA has been carried out though, have 

become increasingly enthusiastic about LOSA.  They have seen the positive changes 

that have come out of the system and many airlines have conducted multiple LOSA’s 

to measure the safety improvements that have been steadily brought about over time. 

Once the observations have been completed the study team go through a process of 

collatating the data collected, conducting ‘round-tables’ with company personnel to 

verify the quality of that data – ensuring, for example, that the observed errors are 

actually errors according to the airline’s flight standards – then analysing the data and 

producing a full report of the findings. 

The final report identifies targets for safety enhancement that may lead, for example, 

to: 

 Increased emphasis in the training syllabus in a specific area or aspect of the 

operation 

 A change in SOP’s 

 A change in checklist procedures or protocols 

 Measurable data to inform and work with external agencies for changes such 

as Air Traffic Control 

After the final report is delivered, the results will be fed back to all appropriate 

personnel  

Union involvement has been sought and approved and all flight crew are encouraged 

to approach the team with any issues, questions or suggestions. 

Study Team Contact Details: 
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Toolkit 3: Observers required 

 

Subject: Observational Study – Observers required 

 

For some time now the Safety Team have been aware of the possible value in exploring an 
observational study based on LOSA within the company. LOSA is relatively well known within 
airline circles but less so in the single-pilot area, although Griffith University trialled the 
methodology with success (paper attached). 

 

What we require in order to conduct our own study is volunteer line pilots to train as 
observers. The actual observation process requires that the observer sits quietly in the right 
seat and notes specific pre-determined items. At the conclusion of the observation this 
information is entered into a supplied laptop which is returned to the safety team analyst for 
extraction of the data following the completion of the observation series.  

 

The process of selection for these two positions will be via formal application to me – name –
with a brief explaining your understanding of LOSA and the potential long term benefits to the 
company.  Selection will be by merit of the individual as presented in the application.   Pilots of 
all experience may apply. 

 

The programme that applicants should be available for includes:  

 
A Planning meeting with the Safety Team 
Observer training x 5 days 
Conducting observational flights as timetabled 
Completion of observation forms, narratives and interviews 
Entering of information into the laptop provided 
Roundtable discussion workshops 

 

This project may lead to an exciting addition to our arsenal for managing safety within the 
company, so if you have an interest in safety/human factors then consider possible 
involvement in this opportunity.  

 

Please feel free to ask any questions. 

 

Regards,   

 

 

-Name- 
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Toolkit 4: Master Quick Reference Card LOSA SP 

 

 

Company LOGO 
 

 

LOSA (SP) Quick Reference Card 
 

 

TO SEND OBSERVATIONS: 

 
E-mail file to safetyresearch@company.co.nz 
 
For questions, e-mail or telephone –name-   name@company.co.nz     Tel: -phone- 

 
Crew Interview Questions 
 
1. In your opinion, what specific area of aircraft operations is likely to cause the next incident or accident at 

company?  
 
2. Do you have any suggestions to improve safety e.g. Flight Ops, Dispatch, Airports, ATC and SOPs 
 
3. Details of any automation anomalies / difficulties you have experienced with this aircraft type 
 
4. Suggestions to improve overall efficiency and effectiveness within RFDS operations 
  

Demographics – Ask at the end of the interview – “Would you mind if I collected some statistical data ” 
 

 

Crew Introduction Briefing 

 Introduce yourself as being a LOSA Observer 

 Stress you are there to collect safety data – all are kept confidential and sent 

directly to Safety Team 

 Ask pilot for permission to observe – If declined, thanks and walk away 

 Once permission is granted, 

o Ask if you can take notes to help you remember particular events 

o Liaise with / explain to other personnel if appropriate 

o Turn into a “Fly on the Wall” 

 

Narratives – Collect data that only be collected by a LOSA  

1. Crew performance 

 Describe how the crew managed threats, errors, or undesired aircraft states? 

 TRO - Threat, Response and Outcome 

 ERO - Error, Response and Outcome 

 URO - Undesired Aircraft State, Response and Outcome 

 Justify crew performance for rating of 1,2, or 4 

(Poor, Marginal or Outstanding) 

Ex) The pilot meticulously cross checked all FMC 

entries  (Outstanding Monitor / Crosscheck) 

 
2. Operational context 

 Explanation of threats or any other factor that 

shaped crew performance 

 Operational context is “Narrative Glue” – helps 
build the storyline – fills the gaps  for someone 
not in the cockpit 

 

COLLECT ALTITUDE FOR ALL 
THREATS AND ERRORS  
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Threats (TRO) – External events or errors 
Weather   Airport 

ATC   Aircraft 

Cabin   Dispatch / Paperwork 

Ground / maintenance Ground / Ramp 

Manuals / Charts   

Op Pressure 

 

Errors  (ERO) – Observable crew deviations 

Aircraft Handling Errors 

Manual handling  Automation 

Flight Controls   Systems / Radios / Inst. 

Ground Navigation 

Communication Errors 

Pilot to Pilot Comm  Crew to External Comm 

 

Procedural Errors 

Checklists  Callouts 

Briefings  Cross-verification 

Documentation  Other Procedural 

 

Undesired Aircraft States  (URO) 
(Always are induced by Crew error)   
 

 Pilot has to detect and act quickly to maintain safety 

 Pilot typically detects the UAS before the error or errors 
that contributed to the state 

 Length of time passes before the state is detected 

 Usually an Aircraft Handling Error followed by a 

Procedural Error 

Descent / Approach / Land Narrative 

 Write the narrative using Blue Box Landmarks 

 Briefing 

 TOD 

 Transition 

 5,000 ft 

 Slow and configure 

 FAF / OM 

 Stabilized Approach Criteria met 

 Flare / Touchdown 

 

 

 

 

 

 

 

 

 

 

 

Descent / Approach / Land Variables 

1. Did the crew brief before the TOD?  

2. Did the crew descend at the FMS TOD? 

3. What was the arrival weather? (VMC, IMC, or Mixed) 

4. Did the crew brief the landing runway? What was the landing runway? 

5. What type of approach was flown? 

6. Was the approach stable by airline SOP? 

7. If unstable, note deviations for speed, sink rate, engines, vertical and lateral deviations 

at 1000’ and 500’ and below. 

 

Stable Approach Definition: (Please complete during observer training) 
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Crew Performance Markers  

1. Poor 2. Marginal 3. Good 4. Outstanding 

Observed performance had 
safety implications 

Observed performance 
was adequate but needs 
improvement 

Crew performance was 
effective 

Observed performance 
was truly noteworthy 

 

Planning Performance Markers 

SOP BRIEFING 
Required briefings were interactive and 
operationally thorough. 

Concise, not rushed, with clear boundaries established 

PLANS STATED 
Operational plans and decisions were 
communicated and acknowledged 

Shared understanding about plans 

CONTINGENCY 
MANAGEMENT 

Pilot anticipated, developed, and communicated 
strategies to manage safety risks 

Used all available resources to manage threats, errors and 
undesired aircraft states 

Execution Performance Markers 

MONITOR / CROSS-
CHECK  

Pilot actively monitored and cross-checked, 
position, systems and other crew members 

Aircraft position, settings, and crew actions were verified 
Pilot  maintained situational awareness 

WORKLOAD 
MANAGEMENT  

Operational tasks were prioritized and properly 
managed to handle primary flight duties 

Avoided task fixation and did not allow work overload 

AUTOMATION 
MANAGEMENT 

Automation was properly managed to balance 
situational and/or workload requirements 

Automation setup was briefed to other members 

TAXIWAY / RUNWAY 
MANAGEMENT 

Pilot used caution and kept watch outside when 
navigating taxiways and runways 

Clearances were verbalized and charts were used 

Review / Modify Performance Markers 

EVALUATION OF PLANS 
Existing plans were reviewed and modified 
when necessary 

Crew decisions and actions were openly analyzed 

INQUIRY 
Crew members not afraid to ask questions to 
investigate and/or clarify current plans of action 
when necessary 

Crewmembers spoke up without hesitation 

Team Climate Performance Markers (Overall Performance Only) 

COMMUNICATION  
ENVIRONMENT 

Environment for open communication was 
established and maintained 

Good cross talk – flow of information was fluid, clear, and direct 

LEADERSHIP 
Captain showed leadership and verbally 
coordinated flight deck activities 

In command, decisive, and encouraged crew participation 

OVERALL CREW 
PERFORMANCE 

Overall crew performance as risk managers.   
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Toolkit 5: Threat Codebook 
 
 
 

Company LOGO LOSA (SP) Threat and Error Code Book 
 

 
 

THREATS

Weather 

100 Crosswind, tailwind, gusty or high winds aloft 

101 Icing only 

102 IMC only 

103 Thunderstorms & turbulence 

104 Turbulence only  

105 Windshear 

109  Other Weather threat 

 

 Airport 

 110 Airport construction 

 111 Contaminated taxiway / runway 

 112 Lack of or faded signage / markings 

 

  113  Complex takeoff/approach requirements 

   (difficult SID/STAR,  non-radar environment 
   or noise abatement procedures) 

  114 Out-of-service / malfunctioning  

  NAVAID / ILS / PAPI 

  115 Other runway threats 

  116 Other taxiway / ramp threats 

 119  Other Airport threat 

  

ATC 

 120 ATC command - challenging clearances, late 

changes 

 121 ATC error 

 122 ATC language difficulty 

  123 ATC non-standard phraseology 

  124 ATC radio congestion 

  125 ATC runway change 

  126 Similar call signs 

  129  Other ATC threat 

 

 Environment Ops Pressure 

 130 ATIS or ACARS communication 

 131 GPWS warning 

 132 TCAS RA/TA 

 133 Terrain 

 134 Traffic (air or ground congestion) 

 139 Other Environmental Ops Pressure threat 

 

 Airline Ops Pressure 

 140 Crew scheduling event 

 

 141 Operational time pressure (delays, 

   OTP, late arriving pilot or aircraft) 

 149  Other Airline Ops Pressure threat 

 

 Aircraft 

  150 Aircraft malfunction unexpected by crew 

 151 Automation event or anomaly 

 152 MEL/CDL with operational implications 

 159 Other Aircraft threat 

 

 

 Cabin 

 160 Cabin event / distraction / interruption 

 161 Flight attendant / medical crew member error 
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 169  Other Cabin threat 

 

 Dispatch / Paperwork 

 170 Dispatch / paperwork error 

 171 Dispatch / paperwork event 

 179  Other Dispatch / Paperwork threat 

 

 Ground / Maintenance / Ramp 

 180 Maintenance error 

 181 Maintenance event 

 182 Ground crew error 

 183 Ground handling event 

 189  Other Ground / Ramp threat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Manuals / Charts 

 190 Chart error 

 191 Manual error 

 199 Other Manuals / Chart threat 

 

 Other 

 999 Any other Threat 
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Toolkit 6: Error & UAS Codebook 
 

ERRORS 

 

A. Aircraft Handling 

1. Attempting or lining up for incorrect runway 

2. Attempting or lining up off C/L 

3. Deciding to start a late descent 

4. Decision to fly profile in a configuration that increased risk 

5. Decision to navigate on the incorrect heading or course 

6. Decision to navigate to the wrong assigned altitude 

7. Unnecessary low maneuver on approach 

8. Excessive brake use 

9. Landing deviation by choice  

10. Late flaps setting 

11. Lateral or vertical deviation by choice 

12. Decision to navigate through known bad weather that increased risk 

13. Operating at the edge of performance envelope (no buffer for error) 

14. Speed deviation by choice 

15. Speed too high for operating environment 

16. Unintentional bank deviation 

17. Unintentional crosswind technique 

18. Unintentional landing deviation 

19. Unintentional lateral deviation 

20. Unintentional pitch deviation 

21. Unintentional speed deviation 

22. Unintentional vertical deviation 

23. Unintentional vertical speed deviation 

24. Unintentional weather penetration 

25. Unintentional yaw deviation 

26. INTENT - Intentionally flying below the G/S 

27. INTENT – Intentional T/O or landing above max weight 

28. INTENT - Intentionally flying a nonstandard visual approach 

29. INTENT - Intentionally not following published Jepp procedures 

30. INTENT – Intentional other manual flying error 

 31. INTENT - Unauthorized speed deviation 

 99. Other intentional manual flying error 
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B. Automation 

1. Discretionary omission of FMC data  

2. Failure to execute a FMC mode when needed 

3. Failure to execute a MCP mode when needed 

4. Failure to use flight directors (FD) 

5. FMC over-reliance - used at inappropriate 
times 

6. FMC under-reliance - not used when needed 

7. Improper use of automation 

8. Improper use of flight directors 

9. Manual aircraft control with MCP mode 
engaged 

10. Omitted / wrong waypoint or route settings 
entered into FMC 

11. Other MCP error 

12. Other wrong FMC entries 

13. Wrong altitude entered into the FMC 

14. Wrong approach selected in FMC 

15. Wrong FMC format for input 

16. Wrong FMC page displayed 

17. Wrong MCP altitude setting dialed 

18. Wrong MCP course setting dialed 

19. Wrong MCP heading set or dialed 

20. Wrong MCP mode executed 

21. Wrong MCP mode left engaged 

22. Wrong MCP nav select setting 
(NAV,GPS,ILS,VOR switch) 

23. Wrong MCP setting on autothrottle switch 

24. Wrong MCP speed setting dialed 

25. Wrong MCP vertical speed / flight path angle 
setting 

26. Wrong mode executed in the FMC 

27. Wrong mode left engaged in the FMC 

28. Wrong present position entered into the FMC 

29. Wrong setting on the MCP autopilot or flight 
director switch 

30. Wrong speed setting entered into the FMC 

31. Wrong weight and balance calculations entered 
into FMC 

32. INTENT - Nonstandard or wrong MCP settings 

33. INTENT - Nonstandard automation usage 

34. INTENT - Other intentional automation error 

 99. Other automation error 

 

 

C. Flight Controls

1. Attempting to use INOP controls 

2. Decision to use wrong thrust / power 

3. Failure to engage thrust reversers on 
landing 

4. Failure to raise or lower landing gear on 
schedule 

5. Other incorrect switch or lever settings 

6. Wrong autothrottle setting 

7. Wrong autobrake setting 

8. Wrong flaps setting 

9. Wrong thrust / power settings 

10. Wrong speed brakes setting 

11. Wrong spoilers setting 

12. Wrong stab trim settings 

13. Wrong thrust reversers setting 

14. INTENT - Failure to arm spoilers 

15. INTENT - Other flight control error 

16. INTENT - Use of excessive power on 
pushback 

 99. Other flight control error 
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D. Systems / Inst / Radio 

1. Failure to respond to GPWS warnings 

2. Failure to respond to TCAS warnings 

3. Failure to set altitude alerter 

4. Failure to turn on A/C packs (no pressurization) 

5. Incorrect nav display setting 

6. Lack of weather radar use 

7. Wrong ACARS entries 

8. Wrong altimeter settings 

9. Wrong anti-ice setting 

10. Wrong ATC frequency dialed / selected 

11. Wrong ATIS frequency dialed 

12. Wrong bug settings 

13. Wrong display switch setting 

14. Wrong fuel switch setting 

15. Wrong nav radio frequency dialed 

16. Wrong panel setup for engine start 

17. Wrong radar setting for situation 

18. Wrong radar settings 

19. Wrong squawk 

20. Wrong TCAS setting 

21. INTENT - Failure to respond to GPWS warnings 

22. INTENT - Failure to respond to TCAS warnings 

23. INTENT - Setting altimeters before transition  

24. INTENT - Using equipment placarded as INOP 

25. INTENT - Failure to respond to overspeed warning 

26. INTENT - Failure to set altitude alerter 

27. INTENT - Omitted login to datalink 

28. INTENT - Other systems / inst / radio error 

29. INTENT - Unauthorized response to aircraft warning 

30. INTENT - Wrong bug settings 

 99. Other systems / inst / radio error 

 

E. Ground Navigation 

1. Attempting or turning down wrong gate/taxiway/ramp/hold spot 

2. Attempting or turning down wrong runway 

3. Attempting to taxi off C/L 

4. Failure to hold short 

5. Missed gate 

6. Missed runway 

7. Missed taxiway 

8. Taxi on taxiway / runway with oncoming traffic 

9. Taxi too close to other aircraft 

10. Taxi too fast 

11. Unintentional taxi speed too fast 

12. INTENT - Taxi above speed limit 

13. INTENT - Other ground navigation error 

 99. Other ground error 
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F. Pilot to Pilot Comm 

1. Crew miscommunication of information 

2. Failure to communicate approach 
information 

3. Misinterpretation of ATIS 

4. Missed command within crew 

5. Wrong airport communicated 

6. Wrong engine out procedures 
communicated 

7. Wrong gate assignment communicated 

8. Wrong nav aid communicated 

9. Wrong runway communicated 

10. Wrong taxiway/ramp/gate/hold spot 
communicated 

11. INTENT - Sterile cockpit violation 

12. INTENT- Other pilot to pilot communication 
error 

 99. Other pilot to pilot communication error 

 

 

 

G. Crew to External Comm 

1. Accepting an unauthorized LAHSO clearance 

2. Accepting instructions from ATC that increased risk 

3. Accepting visual approach in nonvisual conditions 

4. Altitude deviation without ATC notification 

5. Course or heading deviation without ATC clearance 

6. Crew did not repeat ATC clearance 

7. Crew omitted ATC call 

8. Decision to navigate w/o ground clearance 

9. Failure to communicate pertinent ATC information 

10. Failure to give readbacks or callbacks to ATC 

11. Failure to verify ATC instructions 

12. Incomplete clearance readback 

13. Making a request to ATC that increased risk 

14. Misinterpretation of ATC instructions 

15. Misinterpretation of ground instructions 

16. Misinterpretation of tower instructions 

17. Missed ATC calls 

18. Missed instruction to hold short 

19. Missed taxi instruction 

20. Omitted call signs to ATC 

21. Omitted non-radar environment report to ATC 

22. Omitted position report to ATC 

23. Speed deviation without ATC notification 

24. Taxi deviation without clearance 

25. Use of nonstandard ATC phraseology 

26. Wrong position report 

27. Wrong readbacks or callbacks to ATC 

28. Accepting a landing clearance 10+ knot tailwind 

29. INTENT - Course or heading deviation without ATC clearance 

30. INTENT - Departure without ATC clearance 

31. INTENT - Omitted ATC calls 

32. INTENT - Omitted call signs to ATC 

33. INTENT - Omitted non-radar environment report to ATC 

34. INTENT - Use of nonstandard ATC phraseology 

35. INTENT - Altitude deviation without ATC clearance 

36. INTENT - Omitted position report to ATC 

37. INTENT - Pushback / taxi-out without clearance 

38. INTENT - Speed deviation without ATC clearance 

39. INTENT Other crew to external communication error 

 99.   Other crew to external communication error 
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H. Checklists 

1. Checklist not performed to completion 

2. Checklist performed late or at the wrong time 

3. Completed checklist not called 'complete' 

4. Did not call for checklist 

5. Missed checklist item 

6. Omitted abnormal checklist 

7. Omitted checklist 

8. Wrong checklist performed 

9. Wrong response to a challenge on a checklist 

10.  INTENT -  Checklist performed from memory 

11. INTENT -  Completed checklist not called 'complete'  

12.  INTENT -  Omitted abnormal checklist 

13.  INTENT -  Self-initiated checklist (not called for by CA) 

14.  INTENT -  Use of nonstandard checklist protocol 

15.  INTENT - Checklist not performed to completion 

16.  INTENT - Checklist performed as "to-do" checklist 

17.  INTENT - Checklist performed late or at wrong time 

18.  INTENT - Omitted checklist 

19.  INTENT - Other checklist error 

20.  INTENT - Self-initiated checklist (not called for by PF) 

21.  INTENT - Self-performed checklist - no challenge and response 

 99.  Other checklist error  

 

I. Callouts 

1. Incorrect approach callouts 

2. Incorrect climb or descent callouts 

3. Incorrect V-speed callouts 

4. Omitted approach callouts 

5. Omitted climb or descent callouts 

6. Omitted landing callouts 

7. Omitted altitude callouts 

8. Omitted V-speed callouts 

9.  INTENT -  Omitted altitude callouts 

10.  INTENT -  Nonstandard altitude callouts 

11.  INTENT -  Nonstandard approach callouts 

12.  INTENT -  Omitted approach callouts 

13.  INTENT -  Omitted climb or descent callouts 

14.  INTENT - Nonstandard climb or descent callouts 

15.  INTENT - Nonstandard V-speed callouts 

16.  INTENT - Omitted V-speed callouts 

17.  INTENT - Other nonstandard calls 

18.  INTENT Other callout error 

 99. Other callout error 

 

J. Briefings 

1. Brief performed late 

2. Incorrect / incomplete approach brief 

3. Incorrect / incomplete depart review / takeoff brief 

4. Incorrect / Incomplete F/A brief 

5. Omitted approach briefing 

6. Omitted departure review / takeoff briefing 

7. Omitted required engine-out briefing 

8. Omitted required F/A briefing 

9. INTENT – Incorrect / incomplete approach briefing 

10. INTENT - Omitted depart review / T/O briefing 

11. INTENT - Omitted handover briefing 

12. INTENT - Omitted required engine-out briefing 

13. INTENT – Incorrect / incomplete depart review / T/O 
briefing 

14. INTENT – Incorrect / Incomplete F/A brief 

15. INTENT - Intentional late brief 

16. INTENT - Omitted approach briefing 

17. INTENT - Omitted required flight attendant briefing 

18. INTENT Other briefing error 

 99. Other briefing error 
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K. Cross Verification 

1. Failure to clarify MEL or logbook entry 

2. Failure to cross-verify altimeter settings 

3. Failure to cross-verify automation navigation with raw 
data 

4. Failure to cross-verify clearance 

5. Failure to cross-verify documentation or paperwork 

6. Failure to cross-verify FMC inputs 

7. Failure to cross-verify MCP/altitude alerter changes 

8. Failure to cross-verify speed before flap selection 

9. Failure to monitor engine start 

10. Failure to verify crew actions 

11. Omitted flight mode annunciation 

12.  INTENT - Failure to cross-verify paperwork 

13.  INTENT - Failure to cross-verify altimeter settings 

14.  INTENT - Failure to cross-verify FMC/CDU changes 

15.  INTENT - Failure to cross-verify manual with 
paperwork 

16. INTENT - Failure to cross-verify MCP/altitude alerter 
changes 

17. INTENT - Nonstandard cross-verification  

18. INTENT - Omitted flight mode annunciation 

19. INTENT Other cross-verification error 

 99. Other cross verification error 

 
 
 
 
 

L. Documentation 

1. Incorrect or failing to make an entry into the logbook 

2. Miscalculation of hold times 

3. Misinterpreted items on flight documentation 

4. Missed items on flight documentation (flight plan, 
NOTAM, dispatch release) 

5. Wrong clearance recorded 

6. Wrong fuel information recorded 

7. Wrong or no ATIS information recorded 

8. Wrong or no Jepp pages out (approach plates, 10-7 
page, etc) 

9. Wrong performance chart used 

10. Wrong runway information recorded 

11. Wrong times calculated in flight plan 

12. Wrong V-speeds recorded 

13. Wrong weight and balance information recorded 

14. z - INTENT - Other documentation error 

15. z - INTENT - Failure to make logbook entry 

16. z - INTENT - No Jepp pages out (approach charts, 10-7 
page, etc) 

17. z - INTENT - T/O without proper weight & balance figures 

 99. Other documentation error 
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M. Other Procedural Error 

1. Admin duties performed at inappropriate time 

2. Decision not to ask FA's to stay seated for bad weather 

3. Decision not to turn on seat belt sign in bad WX 

4. Executing the correct job SOP out of sequence 

5. Failure to G/A after stabilized approach window 

6. Omitted RVSM procedure 

7. PF makes own FMC changes 

8. PF makes own MCP changes 

9. PNF performs PF automation duties 

10. Pushback without clearing right or left 

11. Taxi in position and hold with unready cabin 

12. Unintentional operation with MEL 

13. Wrong MEL action performed 

14. Crew omitted cabin / flight attendant call 

15. INTENT -  Failure to use proper WX SOP 

16. INTENT -  Operation with unresolved aircraft 

malfunction 

17. INTENT -  Operation with unresolved MEL 

18. INTENT -  Other procedural error 

19. INTENT -  PF makes own FMC changes 

20. INTENT -  PF sets own flight controls or switches 

21. INTENT - Admin duties performed at inappropriate times 

22. INTENT - Failure to G/A after stabilized approach window 

23. INTENT - Nonstandard "ready to push" procedures 

24. INTENT - Nonstandard onboard performance computer usage 

25. INTENT - PF makes own MCP changes 

26. INTENT - PNF carried out PF duties 

27. INTENT - Taxi duties performed b/f leaving runway 

28. INTENT - Taxi-in duties performed before crossing an active 
runway 

29. INTENT - Taxi-in or out without wing walkers 

 99. Other procedural error 

 
 
 

N. Other 

99.  Other uncategorized error 
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UNDESIRED AIRCRAFT STATES 

1. Abrupt aircraft control (attitude) 

2. Continued landing - unstable approach 

3. Excessive banking 

4. Firm landing 

5. Floated landing 

6. Incorrect aircraft config - automation 

7. Incorrect aircraft config - engines 

8. Incorrect aircraft config - flight controls 

9. Incorrect aircraft config - systems 

10. Incorrect aircraft config - weight / balance 

11. Landing off C/L 

12. Landing short of TDZ 

13. Lateral deviation 

14. Long landing outside TDZ 

15. Operation outside aircraft limits 

16. Operation with unresolved MEL 

17. Other taxi handling / navigation 

18. Proceeding toward or taking wrong gate 

19. Proceeding toward wrong runway 

20. Proceeding toward wrong taxiway/ramp 

21. Runway incursion 

22. Speed too high 

23. Speed too low 

24. Taxiway /ramp incursion 

25. Unauthorized airspace penetration 

26. Unnecessary WX penetration 

27. Unresolved TCAS RA 

28. Unstable approach 
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Toolkit 7: Observation Form 

Company LOGO 
 

LOSA (SP) Flight Observation Form 
 

Observer Info and Observation Number e.g. (Observer A on third observation sector would 

enter A/3 )  

Observation Number 
 

 

Operating Pilot Observation Number  
(e.g., “1 of 2” indicates sector one for a pilot observed across two sectors by this observer)  of       

 

 

 

Flight Demographics 
Airport City Pair  

(e.g. BNE – CNS)          or  

Departure & Destination Details  
(e.g. BNE – Lara Station)  

Aircraft Type  

 

 

Flight Segment Length 
(Time from engine start to shutdown) 

(Hours:Minutes) 
    

Local Departure 
Time 

(Use 24 hour time) 
 

 
Day/Night 

Late Departure? 
More than 10 minutes (Yes or No) 

 
Local Arrival 

Time 
(Use 24 hour time) 

 
 

Day/Night 

 
 

 

Pilot Demographics 

 
Pilot 

Hours of sleep in last 24 hours                    Hours 

Years / hours experience all flying (GA / airlines / military 
etc) 

Years /       Hours 

Years / hours experience on this aircraft (all companies)   Years /     Hours 

Years in automated aircraft (FMC / Full glass cockpit)                  Years 

Total years in RFDS                   Years 
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Operating 
Pilot 
Familiarity & 
General 
Demographics 

 

Has this pilot flown this route before? (yes / no)  

Was this a normal or primary flight? 
Normal = N1 – Familiar route 
                N2 – Medical emergency 
                N3 – Short notice change 
 
Primary = P 

 

Did this pilot “verbalise” checklists? (yes / no)  
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Pre-departure / Taxi-Out 

 

 

Narrative Narrative must provide context.  Tell the story of what happened concentrating on how the pilot performed as a risk 
manager?  How did the pilot manage threats, errors and significant events? 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

1 2 3 4 

Poor 
Observed performance had 

safety implications 

Marginal 
Observed performance was 

adequate but needs 
improvement 

Good 
Observed performance was 

effective 

Outstanding 

Observed performance was 
truly noteworthy 

 
Planning Performance Markers Rating 

SOP BRIEFING Required briefing was interactive and 
operationally thorough. 

Concise, not rushed, with clear boundaries 
established 

 

PLANS STATED Operational plans and decisions were 
communicated and acknowledged 

Shared understanding about plans  

CONTINGENCY 

MANAGEMENT 
Crew members anticipated, developed, and 
communicated strategies to manage safety risks 

Used all available resources to manage threats, errors 
and undesired aircraft states 

 

Execution Performance Markers Rating 

MONITOR / CROSS-
CHECK  

Pilot actively monitored and cross-checked, 
position, systems and other crew members 

Aircraft position, settings, and crew actions were 
verified 
Pilot  maintained situational awareness 

 
 

WORKLOAD 
MANAGEMENT  

Operational tasks were prioritized and properly 
managed to handle primary flight duties 

Avoided task fixation and did not allow work overload  

AUTOMATION 
MANAGEMENT 

Automation was properly managed to balance 
situational and/or workload requirements 

Automation setup was briefed to other members  

TAXIWAY / RUNWAY 
MANAGEMENT 

Pilot used caution and kept watch outside when 
navigating taxiways and runways 

Clearances were verbalized and charts were used  

Review / Modify Performance Markers Rating 

EVALUATION OF PLANS 
Existing plans were reviewed and modified 
when necessary 

Crew decisions and actions were openly analyzed  
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INQUIRY 
Crew members not afraid to ask questions to 
investigate and/or clarify current plans of action 
when necessary 

Crewmembers spoke up without hesitation  



  

402 

With acknowledgement to The LOSA Collaborative                         LOSA (SP) Flight Observation Worksheet 

- Version 1.0       

Takeoff / Climb 
 

 

Narrative 
Narrative must provide context.  Tell the story of what happened concentrating on how the pilot performed as a risk 
manager?  How did the pilot manage threats, errors and significant events? 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 
AutoPilot Engagement 
Altitude 

 

 
 

 

1 2 3 4 

Poor 
Observed performance had 

safety implications 

Marginal 
Observed performance was 

adequate but needs 
improvement 

Good 
Observed performance was 

effective 

Outstanding 

Observed performance was truly 
noteworthy 

 
Execution Behavioural Markers (CRM & TEM Countermeasures) Rating 

MONITOR / CROSS-
CHECK  

Pilot actively monitored and cross-checked, 
position, systems and other crew members 

Aircraft position, settings, and crew actions were 
verified 
Pilot  maintained situational awareness 

 

WORKLOAD 
MANAGEMENT  

Operational tasks were prioritized and 
properly managed to handle primary flight 
duties 

Avoided task fixation and did not allow work 
overload  

AUTOMATION 
MANAGEMENT 

Automation was properly managed to balance 
situational and/or workload requirements 

Automation setup was briefed to other members  

    

  

 Review / Modify Behavioral Markers (CRM & TEM Countermeasures) Rating 

EVALUATION OF PLANS 
Existing plans were reviewed and modified 
when necessary 

Crew decisions and actions were openly 
analyzed  
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INQUIRY 
Crew members not afraid to ask questions to 
investigate and/or clarify current plans of 
action when necessary 

Crewmembers spoke up without hesitation       

 

 

Cruise  
 

 

Narrative 
Narrative must provide context.  Tell the story of what happened concentrating on how the pilot performed as a risk 
manager?  How did the pilot manage threats, errors and significant events? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

1 2 3 4 

Poor 
Observed performance had 

safety implications 

Marginal 
Observed performance was  

adequate but needs 
improvement 

Good 
Observed performance was 

effective 

Outstanding 

Observed performance was 
truly noteworthy 

 
Execution Behavioural Markers (CRM & TEM Countermeasures) Rating 

MONITOR / CROSS-
CHECK  

Pilot actively monitored and cross-checked, 
position, systems and other crew members 

Aircraft position, settings, and crew actions were 
verified 

Pilot  maintained situational awareness 
 

WORKLOAD 
MANAGEMENT  

Operational tasks were prioritized and 
properly managed to handle primary flight 
duties 

Avoided task fixation and did not allow work 
overload  

AUTOMATION 
MANAGEMENT 

Automation was properly managed to balance 
situational and/or workload requirements 

Automation setup was briefed to other members  

    

  
 Review / Modify Behavioral Markers (CRM & TEM Countermeasures) Rating 
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EVALUATION OF PLANS 
Existing plans were reviewed and modified 
when necessary 

Crew decisions and actions were openly 
analyzed  

INQUIRY 
Crew members not afraid to ask questions to 
investigate and/or clarify current plans of 
action when necessary 

Crewmembers spoke up without hesitation       
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Descent / Approach / Land Technical Worksheet 
 

 

Descent  

Was the approach briefed / prepared for before the TOD? (Yes / No)  

Did the pilot begin the descent before or at the planned / FMS TOD? (Yes / No)  

Did the aircraft get significantly above the planned / FMC descent path (Yes / No)  

 

Approach and Landing (Below 5,000 ft.) 
 

Was some or all of the approach segment (inside the IAF) flown 
with the Autopilot engaged (A) or flown manually throughout (M)? 

 

Autopilot disconnect altitude.  

Did the aircraft get significantly above / below the desired approach 
descent path (Inside the IAF) (Yes / No) 

 

If “Yes”, explain in the narrative the cause and whether the crew tried to regain the 
profile. 

 

Weather at IAF 
VMC  IMC  

Altitude pilot 
became visual 

 

 

Approach 
flown?  

Visual  

Instrument 
backup on visual 
approach? (Yes / 
No) 

 

ILS  RNAV/GNSS  

VOR  NDB 
 

   
  

Visual 
Transition 

(above 
1500ft) 
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Stabilized Approach Parameters 

1000 – 500 

HAT Deviations 

Below 500 

HAT 

Deviations 

At 

Threshold 

Airspeed VREF +15 Minus 0 at threshold xxxxxxxxxxxxxxx xxxxxxxxxxxxx  

ROD < 1000 fpm   xxxxxxxxxx 

Props 1900   xxxxxxxxxxx 
+ 1 / - 1 dot localizer  or RNAV / 5* VOR / NDB 
or significant lateral visual deviation    xxxxxxxxxxx 

+ 1 / - 1 Dot glideslope /  full scale PAAPI / VASI   xxxxxxxxxxx 

 

9 Landing runway  

10 Did the pilot brief / prepare for the landing runway? (Yes / No)  

If “No”, explain “why” in the narrative 
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Descent / Approach / Land 
 

 
 

Narrative Narrative must provide context.  Tell the story of what happened concentrating on how the pilot performed as a risk 
manager?  How did the pilot manage threats, errors and significant events? Use the headings as “landmarks” 

 
Briefing / Descent Preparation 

 
 

TOD 
 
 

Transition Level  
 
 

5,000ft 
 
 

Slow and Configure 
 
 
 

FAF/OM 
 
 
 

Stable Approach criteria 
 
 
 

Flare / Touchdown 
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Descent / Approach / Land 
 

 

1 2 3 4 

Poor 
Observed performance had 

safety implications 

Marginal 
Observed performance was 

adequate but needs 
improvement 

Good 
Observed performance was 

effective 

Outstanding 

Observed performance was 
truly noteworthy 

 

Planning Behavioural Markers (CRM & TEM Countermeasures) Rating 

SOP BRIEFING 
Required briefings were interactive and 
operationally thorough. 

Concise, not rushed, with clear boundaries 
established  

PLANS STATED 
Operational plans and decisions were 
communicated and acknowledged 

Shared understanding about plans  

CONTINGENCY 
MANAGEMENT 

Pilot anticipated, developed, and 
communicated strategies to manage safety 
risks 

Used all available resources to manage threats, 
errors and undesired aircraft states  

 
Execution Behavioural Markers (CRM & TEM Countermeasures) Rating 

MONITOR / CROSS-
CHECK  

Pilot actively monitored and cross-checked, 
position, systems and other crew members 

Aircraft position, settings, and crew actions were 
verified 

Pilot  maintained situational awareness 
 

WORKLOAD 
MANAGEMENT  

Operational tasks were prioritized and 
properly managed to handle primary flight 
duties 

Avoided task fixation and did not allow work 
overload  

AUTOMATION 
MANAGEMENT 

Automation was properly managed to balance 
situational and/or workload requirements 

Automation setup was briefed to other members  

TAXIWAY / RUNWAY 
MANAGEMENT 

Pilot used caution and kept watch outside 
when navigating taxiways and runways 

Clearances were verbalized and charts were 
used  

 

Review / Modify Behavioural Markers (CRM & TEM Countermeasures) Rating 

EVALUATION OF PLANS 
Existing plans were reviewed and modified 
when necessary 

Crew decisions and actions were openly 
analyzed  

INQUIRY 
Crew members not afraid to ask questions to 
investigate and/or clarify current plans of 
action when necessary 

Crewmembers spoke up without hesitation       
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Overall Flight 
 

 

Narrative 
This narrative should include overall impressions of crew effectiveness.  

 

 
 

1. Poor 2. Marginal 3. Good 4. Outstanding 

Observed 
performance had 

safety implications 

Observed 
performance was 

adequate but needs 
improvement 

Crew performance 
was effective 

Observed 
performance was truly 

noteworthy 

 

 
 

Team Climate Performance Markers (Overall Performance Only) Rating 

COMMUNICATION
ENVIRONMENT 

Environment for open communication was 
established and maintained 

Good cross talk – flow of information was fluid, clear, and direct  

LEADERSHIP 
Captain showed leadership and 
coordinated flight deck activities with 
operational requirements 

In command, decisive, and encouraged crew participation  

OVERALL CREW 
PERFORMANCE 

Overall crew performance as risk managers.    
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 Pilot Interview  
 

Question #1 
Safety Concern 

In your opinion, what specific area of aircraft operations is likely to cause the next 
incident or accident at company? 

 

 

Question #2 
Safety Improvements 

Do you have any suggestions to improve safety e.g. Flight Ops, Dispatch, Airports, 
ATC and SOPs? 

 

 

Question #3 
Automation 

Details of any automation anomalies / difficulties you have experienced with this aircraft 
type 

 

 
Question #4 
RFDS 
Operational 
Efficiency 

Suggestions to improve overall efficiency and effectiveness within Company operations 
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Threat Management Worksheet (TRO) 
Threats – Events or errors that originate outside the influence of the pilot but require 

 active management to maintain safety. 

T
h

re
a
t 

ID
 

Threat Description Threat Management 

Describe the threat 

Threat 
Code & 
Altitude 
that 
threat 
occurre
d 

Phase of Flight 
 

1 Predepart/Taxi 
2 Takeoff/Climb 
3 Cruise 
4 Des/App/Land 
5 Taxi-in 

Effectively 
managed? 

 
(Yes / No) 

How did the pilot manage or mismanage the threat? 
(Describe the response to the threat and the outcome) 

T 1  
 

   
 

T 2  
 

   
 

T 3       
      

             
 

T 4 
 

 
 

   
 

T 5 
 

 
 

   
 

T 6 
 

 
 

   
 

T 7 
 

 
 

   
 

T 8 
 

 
 

   
 

T 9      
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Error Management Worksheet (ERO & URO) 
E

rr
o

r 
ID

 

Error Description  Error Response / Outcome 

Describe the error and any 
associated undesired aircraft 

states 

Phase of 
flight 
1 Predepart/Taxi 
2 Takeoff/Climb 
3 Cruise 
4 Des/App/Land 
5 Taxi-in 

Was the error 
proficiency 

based? 
(Yes or No) 

Error Type 
1 Intentional 
   Noncompliance 
2 A/C Handling 
3 Procedural 
4 Communication 

 

Error 
Code & 
Altitude 
Error 
Occurre
d 

Who 
committed 
the error? 

Who 
detecte
d the 
error? 

Error 
Response 
1 Detect & Action 
2 Detect & 
Ignored 
3 Undetected 

Error Outcome 
 
1 Inconsequential 
2 Undesired state 
3 Additional error 

E 1     

 

    
 

E
rr

o
r 

ID
 

Error Management  Undesired Aircraft states 

Associated 
with a threat? 

 
(If Yes, enter Threat ID 
e.g. T2) 

How did the pilot manage or mismanage the error? 
(Describe the  response to the error and the outcome) 

 
Also describe the response to any associated UAS and the 

outcome  

Was there 
an 
Undesired 
Aircraft 
State (Y/N) 

UAS  
Code & 
Altitude 
UAS 
Occurre
d 

Who 
detected the 
UAS? 

UAS 
Response 

 

1 Detect & Action 
2 Detect & Ignored 
3 Undetected 

UAS 
Outcome 

 

1 Inconsequential 
2 Additional error 

E 1   

 
      

                  
 

Who Committed / Detected Codes 

Flightcrew 
 

1 Pilot 
 

3 Other Crew Member 
 

4 All crew members 
 

Other people                                    Aircraft   
 
8 ATC                                                20 Aircraft systems 
 
9  Dispatch                                        Other                                       
                                                          99 Detected by any other means 
10  Ground-crew                                    
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5 Nobody 
 

6 Observer (only complete if observer had to intervene for safety) 

11 Maintenance 
 

 

Error Management Worksheet (ERO & URO) 

E
rr

o
r 

ID
 

Error Description  Error Response / Outcome 

Describe the error and any 
associated undesired aircraft 

states 

Phase of 
flight 
1 Predepart/Taxi 
2 Takeoff/Climb 
3 Cruise 
4 Des/App/Land 
5 Taxi-in 

Was the error 
proficiency 

based? 
(Yes or 
No) 

Error Type 
1 Intentional 
   Noncompliance 
2 A/C Handling 
3 Procedural 
4 Communication 

 

Error 
Code & 
Altitude 
Error 
Occurre
d 

Who 
committed 
the error? 

Who 
detecte
d the 
error? 

Error 
Response 
1 Detect & Action 
2 Detect & 
Ignored 
3 Undetected 

Error Outcome 
 
1 Inconsequential 
2 Undesired state 
3 Additional error 

E 2     

 

    
 

E
rr

o
r 

ID
 

Error Management  Undesired Aircraft states 

Associated 
with a threat? 

 
(If Yes, enter Threat ID 
e.g. T2) 

How did the pilot manage or mismanage the error? 
(Describe the  response to the error and the outcome) 

 
Also describe the response to any associated UAS and the 

outcome  

Was there 
an 
Undesired 
Aircraft 
State (Y/N) 

UAS 
Code & 
Altitude 
UAS 
Occurre
d 

Who 
detected the 
UAS? 

UAS 
Response 

 

1 Detect & Action 
2 Detect & Ignored 
3 Undetected 

UAS 
Outcome 

 

1 Inconsequential 
2 Additional error 

E 2   

 
      

                  
 

Who Committed / Detected Codes 
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Flightcrew 
 

1 Pilot 
 

3 Other Crew Member 
 

4 All crew members 
 

5 Nobody 
 

6 Observer (only complete if observer had to intervene for safety) 

Other people                                    Aircraft   
 
8 ATC                                                20 Aircraft systems 
 
9  Dispatch                                        Other                                       
                                                          99 Detected by any other means 
10  Ground-crew                                    
 
11 Maintenance 
 

 

Error Management Worksheet (ERO & URO) 

E
rr

o
r 

ID
 

Error Description  Error Response / Outcome 

Describe the error and any 
associated undesired aircraft 

states 

Phase of 
flight 
1 Predepart/Taxi 
2 Takeoff/Climb 
3 Cruise 
4 Des/App/Land 
5 Taxi-in 

Was the 
error 

proficiency 
based? 

(Yes or No) 

Error Type 
1 Intentional 
   Noncompliance 
2 A/C Handling 
3 Procedural 
4 Communication 

 

Error 
Code & 
Altitude 
Error 
Occurre
d 

Who 
committed 
the error? 

Who 
detecte
d the 
error? 

Error 
Response 
1 Detect & Action 
2 Detect & 
Ignored 
3 Undetected 

Error Outcome 
 
1 Inconsequential 
2 Undesired state 
3 Additional error 

E 3     

 

    
 

E
rr

o
r 

ID
 

Error Management  Undesired Aircraft states 

Associated 
with a threat? 

 
(If Yes, enter Threat ID 
e.g. T2) 

How did the pilot manage or mismanage the error? 
(Describe the  response to the error and the outcome) 

 
Also describe the response to any associated UAS and the 

outcome  

Was there 
an 
Undesired 
Aircraft 
State (Y/N) 

UAS  
Code & 
Altitude 
UAS 
Occurre
d 

Who 
detected the 
UAS? 

UAS 
Response 

 

1 Detect & Action 
2 Detect & Ignored 
3 Undetected 

UAS 
Outcome 

 

1 Inconsequential 
2 Additional error 

E 3   
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Who Committed / Detected Codes 

Flightcrew 
 

1 Pilot 
 
3 Other Crew Member 

 
4 All crew members 

 
5 Nobody 
 
6 Observer (only complete if observer had to intervene for safety) 

Other people                                    Aircraft   
 
8 ATC                                                20 Aircraft systems 
 
9  Dispatch                                        Other                                       
                                                          99 Detected by any other means 
10  Ground-crew                                    
 
11 Maintenance 
 

 

Error Management Worksheet (ERO & URO) 

E
rr

o
r 

ID
 

Error Description  Error Response / Outcome 

Describe the error and any 
associated undesired aircraft 

states 

Phase of 
flight 
1 Predepart/Taxi 
2 Takeoff/Climb 
3 Cruise 
4 Des/App/Land 
5 Taxi-in 

Was the 
error 

proficiency 
based? 

(Yes or No) 

Error Type 
1 Intentional 
   Noncompliance 
2 A/C Handling 
3 Procedural 
4 Communication 

 

Error 
Code & 
Altitude 
Error 
Occurre
d 

Who 
committed 
the error? 

Who 
detecte
d the 
error? 

Error 
Response 
1 Detect & Action 
2 Detect & 
Ignored 
3 Undetected 

Error Outcome 
 
1 Inconsequential 
2 Undesired state 
3 Additional error 

E 4 
    

 

    
 

E
rr

o
r 

ID
 

Error Management  Undesired Aircraft states 

Associated 
with a threat? 

 
(If Yes, enter Threat ID 
e.g. T2) 

How did the pilot manage or mismanage the error? 
(Describe the  response to the error and the outcome) 

 
Also describe the response to any associated UAS and the 

outcome  

Was there 
an 
Undesired 
Aircraft 
State (Y/N) 

UAS  
Code & 
Altitude 
UAS 

Who 
detected the 
UAS? 

UAS 
Response 

 

1 Detect & Action 
2 Detect & Ignored 
3 Undetected 

UAS 
Outcome 

 

1 Inconsequential 
2 Additional error 
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Occurre
d 

E 4 
  

 
      

                  
 

Who Committed / Detected Codes 

Flightcrew 
 

1 Pilot 
 

3 Other Crew Member 
 

4 All crew members 
 

5 Nobody 
 

6 Observer (only complete if observer had to intervene for safety) 

Other people                                    Aircraft   
 
8 ATC                                                20 Aircraft systems 
 
9  Dispatch                                        Other                                       
                                                          99 Detected by any other means 
10  Ground-crew                                    
 
11 Maintenance 
 

 

Error Management Worksheet (ERO & URO) 

E
rr

o
r 

ID
 

Error Description  Error Response / Outcome 

Describe the error and any 
associated undesired aircraft 

states 

Phase of 
flight 
1 Predepart/Taxi 
2 Takeoff/Climb 
3 Cruise 
4 Des/App/Land 
5 Taxi-in 

Was the 
error 

proficiency 
based? 

(Yes or No) 

Error Type 
1 Intentional 
   Noncompliance 
2 A/C Handling 
3 Procedural 
4 Communication 

 

Error 
Code & 
Altitude 
Error 
Occurre
d 

Who 
committed 
the error? 

Who 
detecte
d the 
error? 

Error 
Response 
1 Detect & Action 
2 Detect & 
Ignored 
3 Undetected 

Error Outcome 
 

1 Inconsequential 
2 Undesired state 
3 Additional error 

E 5     
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E
rr

o
r 

ID
 

Error Management  Undesired Aircraft states 

Associated 
with a threat? 

 
(If Yes, enter Threat ID 
e.g. T2) 

How did the pilot manage or mismanage the error? 
(Describe the  response to the error and the outcome) 

 
Also describe the response to any associated UAS and the 

outcome  

Was there 
an 
Undesired 
Aircraft 
State (Y/N) 

UAS  
Code & 
Altitude 
UAS 
Occurre
d 

Who 
detected the 
UAS? 

UAS 
Response 

 

1 Detect & Action 
2 Detect & Ignored 
3 Undetected 

UAS 
Outcome 

 

1 Inconsequential 
2 Additional error 

E 5   

 
      

                  
 

Who Committed / Detected Codes 

Flightcrew 
 

1 Pilot 
 

3 Other Crew Member 
 

4 All crew members 
 

5 Nobody 
 

6 Observer (only complete if observer had to intervene for safety) 

Other people                                    Aircraft   
 
8 ATC                                                20 Aircraft systems 
 
9  Dispatch                                        Other                                       
                                                          99 Detected by any other means 
10  Ground-crew                                    
 
11 Maintenance 
 

 

Error Management Worksheet (ERO & URO) 

E
rr

o
r 

ID
 

Error Description  Error Response / Outcome 

Describe the error and any 
associated undesired aircraft 

states 

Phase of 
flight 
1 Predepart/Taxi 
2 Takeoff/Climb 
3 Cruise 
4 Des/App/Land 
5 Taxi-in 

Was the 
error 

proficiency 
based? 

(Yes or No) 

Error Type 
1 Intentional 
   Noncompliance 
2 A/C Handling 
3 Procedural 
4 Communication 

 

Error 
Code & 
Altitude 
Error 
Occurre
d 

Who 
committed 
the error? 

Who 
detecte
d the 
error? 

Error 
Response 
1 Detect & Action 
2 Detect & 
Ignored 
3 Undetected 

Error Outcome 
 
1 Inconsequential 
2 Undesired state 
3 Additional error 
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E 6 
    

 

    
 

E
rr

o
r 

ID
 

Error Management  Undesired Aircraft states 

Associated 
with a threat? 

 
(If Yes, enter Threat ID 
e.g. T2) 

How did the pilot manage or mismanage the error? 
(Describe the  response to the error and the outcome) 

 
Also describe the response to any associated UAS and the 

outcome 

Was there 
an 
Undesired 
Aircraft 
State (Y/N) 

UAS  
Code & 
Altitude 
UAS 
Occurre
d 

Who 
detected the 
UAS? 

UAS 
Response 

 

1 Detect & Action 
2 Detect & Ignored 
3 Undetected 

UAS 
Outcome 

 

1 Inconsequential 
2 Additional error 

E 6 
  

 
      

                  
 

Who Committed / Detected Codes 

Flightcrew 
 

1 Pilot 
 

3 Other Crew Member 
 

4 All crew members 
 

5 Nobody 
 

6 Observer (only complete if observer had to intervene for safety) 

Other people                                    Aircraft   
 
8 ATC                                                20 Aircraft systems 
 
9  Dispatch                                        Other                                       
                                                          99 Detected by any other means 
10  Ground-crew                                    
 
11 Maintenance 
 

 

Error Management Worksheet (ERO & URO) 

E

rr
o

r ID
 

Error Description  Error Response / Outcome 
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Describe the error and any 
associated undesired aircraft 

states 

Phase of 
flight 
1 Predepart/Taxi 
2 Takeoff/Climb 
3 Cruise 
4 Des/App/Land 
5 Taxi-in 

Was the 
error 

proficiency 
based? 

(Yes or No) 

Error Type 
1 Intentional 
   Noncompliance 
2 A/C Handling 
3 Procedural 
4 Communication 

 

Error 
Code & 
Altitude 
Error 
Occurre
d 

Who 
committed 
the error? 

Who 
detecte
d the 
error? 

Error 
Response 
1 Detect & Action 
2 Detect & 
Ignored 
3 Undetected 

Error Outcome 
 
1 Inconsequential 
2 Undesired state 
3 Additional error 

E 7     

 

    
 

E
rr

o
r 

ID
 

Error Management  Undesired Aircraft states 

Associated 
with a threat? 

 
(If Yes, enter Threat ID 
e.g. T2) 

How did the pilot manage or mismanage the error? 
(Describe the  response to the error and the outcome) 

 
Also describe the response to any associated UAS and the 

outcome 

Was there 
an 
Undesired 
Aircraft 
State (Y/N) 

UAS  
Code & 
Altitude 
UAS 
Occurre
d 

Who 
detected the 
UAS? 

UAS 
Response 

 

1 Detect & Action 
2 Detect & Ignored 
3 Undetected 

UAS 
Outcome 

 

1 Inconsequential 
2 Additional error 

E 7   

 
      

                  
 

Who Committed / Detected Codes 

Flightcrew 
 

1 Pilot 
 

3 Other Crew Member 
 

4 All crew members 
 

5 Nobody 
 

6 Observer (only complete if observer had to intervene for safety) 

Other people                                    Aircraft   
 
8 ATC                                                20 Aircraft systems 
 
9  Dispatch                                        Other                                       
                                                          99 Detected by any other means 
10  Ground-crew                                    
 
11 Maintenance 
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Error Management Worksheet (ERO & URO) 
E

rr
o

r 
ID

 

Error Description  Error Response / Outcome 

Describe the error and any 
associated undesired aircraft 

states 

Phase of 
flight 
1 Predepart/Taxi 
2 Takeoff/Climb 
3 Cruise 
4 Des/App/Land 

5 Taxi-in 

Was the 
error 

proficiency 
based? 

(Yes or No) 

Error Type 
1 Intentional 
   Noncompliance 
2 A/C Handling 
3 Procedural 
4 Communication 

 

Error 
Code & 
Altitude 
Error 
Occurre
d 

Who 
committed 
the error? 

Who 
detecte
d the 
error? 

Error 
Response 
1 Detect & Action 
2 Detect & 
Ignored 
3 Undetected 

Error Outcome 
 

1 Inconsequential 
2 Undesired state 
3 Additional error 

E 8     

 

    
 

E
rr

o
r 

ID
 

Error Management  Undesired Aircraft states 

Associated 
with a threat? 

 
(If Yes, enter Threat ID 
e.g. T2) 

How did the pilot manage or mismanage the error? 
(Describe the  response to the error and the outcome) 

 
Also describe the response to any associated UAS and the 

outcome 

Was there 
an 
Undesired 
Aircraft 
State (Y/N) 

UAS  
Code & 
Altitude 
UAS 
Occurre
d 

Who 
detected the 
UAS? 

UAS 
Response 

 

1 Detect & Action 
2 Detect & Ignored 
3 Undetected 

UAS 
Outcome 

 

1 Inconsequential 
2 Additional error 

E 8   

 
      

                  
 

Who Committed / Detected Codes 

Flightcrew 
 

1 Pilot 
 

3 Other Crew Member 
 

4 All crew members 
 

Other people                                    Aircraft   
 
8 ATC                                                20 Aircraft systems 
 
9  Dispatch                                        Other                                       
                                                          99 Detected by any other means 
10  Ground-crew                                    
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5 Nobody 
 

6 Observer (only complete if observer had to intervene for safety) 

11 Maintenance 
 

 

Error Management Worksheet (ERO & URO) 

E
rr

o
r 

ID
 

Error Description  Error Response / Outcome 

Describe the error and any 
associated undesired aircraft 

states 

Phase of 
flight 
1 Predepart/Taxi 
2 Takeoff/Climb 
3 Cruise 
4 Des/App/Land 
5 Taxi-in 

Was the 
error 

proficiency 
based? 

(Yes or No) 

Error Type 
1 Intentional 
   Noncompliance 
2 A/C Handling 
3 Procedural 
4 Communication 

 

Error 
Code & 
Altitude 
Error 
Occurre
d 

Who 
committed 
the error? 

Who 
detecte
d the 
error? 

Error 
Response 
1 Detect & Action 
2 Detect & 
Ignored 
3 Undetected 

Error Outcome 
 
1 Inconsequential 
2 Undesired state 
3 Additional error 

E 9     

 

    
 

E
rr

o
r 

ID
 

Error Management  Undesired Aircraft states 

Associated 
with a threat? 

 
(If Yes, enter Threat ID 
e.g. T2) 

How did the pilot manage or mismanage the error? 
(Describe the  response to the error and the outcome) 

 
Also describe the response to any associated UAS and the 

outcome 

Was there 
an 
Undesired 
Aircraft 
State (Y/N) 

UAS  
Code & 
Altitude 
UAS 
Occurre
d 

Who 
detected the 
UAS? 

UAS 
Response 

 

1 Detect & Action 
2 Detect & Ignored 
3 Undetected 

UAS 
Outcome 

 

1 Inconsequential 
2 Additional error 

E 9   
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Who Committed / Detected Codes 

Flightcrew 
 

1 Pilot 
 

3 Other Crew Member 
 

4 All crew members 
 

5 Nobody 
 

6 Observer (only complete if observer had to intervene for safety) 

Other people                                    Aircraft   
 
8 ATC                                                20 Aircraft systems 
 
9  Dispatch                                        Other                                       
                                                          99 Detected by any other means 
10  Ground-crew                                    
 
11 Maintenance 
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Toolkit 8: Narrative Examples 
 
Company LOGO 
 
 

 

Flight Phase Narrative Examples 

 

 
 

Good Narrative Examples 
 

1. This narrative provides the desired balance between “what happened” and crew 
performance.  It also contains good justification of the observer’s marginal performance marker 
ratings. 
 
Predeparture / Taxi-Out – The CA set a neutral tone in the briefing.  He was clearly running the 
show and coordinated activities without taking the FO’s workload into consideration.  He 
continually distracted the FO from what he was doing many times (e.g, verifying paperwork or 
looking at manuals).  This did not leave much of a buffer for error (marginal workload 
management).  It didn’t help that the FO was mostly non-communicative which contributed to 
a split cockpit for most of the flight.  Many of the checklists were rushed and executed in a 
nonchalant manner and occasionally, it was quite obvious that the FO, although holding the 
checklist, was looking somewhere else and was not reading the items off the checklist but 
calling them from memory.  Captain also failed to visually verify some FMC inputs settings – 
he said “check” but did not look. (Poor monitor / crosscheck).  In the end, everything was set 
correctly.  The departure review and takeoff briefing was clear, concise, and by the book.  
This was the only time when the crew seemed to be on the same page. No flight attendant 
briefing was made. ATIS was scratchy so the FO called ground to verify the report.  For the 
taxi, ground told the crew to “expedite and hold short Bravo”.  The crew called ATC back and 
verified that expedite meant to proceed off the ramp and hold short taxiway Bravo.  

 

 
2. This narrative provides a good illustration of crew performance intertwined with an event. 

 
Takeoff / Climb – Almost immediately after takeoff, the captain started a turn up the river, and 
did not wait until 400 feet, per SOP. At 300 feet, (hand flying) captain reached over to MCP 
and selected Flight Path Angle. (Poor workload management). He did not tell FO of this 
selection, which is a very unusual setting (Poor automation management). The F/O did not 
see the change and at 800 feet the FO noticed this setting and reselected the more common 
mode (VNAV). (Marginal monitor / crosscheck) Captain then reached over and then reselected 
VNAV PATH ARM. This led to a brief discussion of whether of not the aircraft would capture 
nav in this setting. As a result of all of this, the FO missed ATC handoff to departure control, a 
call that was not made until the aircraft leveled off at 5000 feet. (Poor workload management) 
Both Captain and FO were involved heads-down in the FMC aircraft leveled off. If the autopilot 
would not have leveled off, then the crew would have been unlikely to have caught it, because 
they were doing other things. (FO, programming FMC ; CA looking at weather showing at 200 
NM on the ND). Airline Zed has a procedure that says when within 1000 feet of level off, the 
crew should not do anything that is not essential and should both monitor the correct altitude 
level off (Poor automation management). 

 

 
3. This is a good example of short and concise overall narrative. 

 
Overall - CA set the tone for a professional flight without being overbearing. Communication 
was open and encouraged and all potential barriers were eliminated by the initial briefings 
(Outstanding Communication Environment). CA developed a plan in consultation with the crew 
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and flew the plan from start to finish. Stick and rudder abilities were excellent as were 
knowledge and application of SOPs through the trip. The entire crew always knew what the CA 
was thinking as he verbalized his actions before taken them.  

 

 
4. A short narrative of a relatively routine Predeparture – good marker justification 

 
Predeparture / Taxi-out - The CA who was Pilot Flying did not thoroughly review the Jeppessen 
special procedures pages for the airport which specify unique engine out instructions for 
departure on runway 08 due to the rapidly rising terrain and briefed them from memory. He did 
not brief the normal departure. After takeoff the CA started to fly the engine failure procedure 
and the required turn to the north at 700 feet (All engine procedure is to fly straight ahead to 
1550 ft / 5 NM). The first officer made one discreet inquiry regarding the procedure as the CA 
started the turn but was either not heard or ignored by the CA. ATC picked up the turn and 
enquired if Operations were normal. The FO said “Ops Normal” and nothing more was said by 
the crew or ATC. (Poor Sop Briefing and Plans Stated) 

 

 
5. This narrative is an example of a complex “Blue Box”– showing the use of the “Blue Box” 
landmarks.  Notice how the observer states assumptions on “why” certain things occurred, but 
clearly states that these were assumptions. 

 
Descent / Approach / Land – Blue Box  

 
Approach brief – Crew briefed before the TOD.  The FO did a nice job with the brief – concise 
and thorough. Both crew members were fully involved – they used the Jepps and green pages 
as references.  They also used the Latin America Reference card.  After receiving the ATIS, 
they expected RWY 07 but they also put RWY 25 arrival in the secondary FMC flight plan as a 
backup (Outstanding SOP Briefing).  The crew stated to the observer that they see a lot of 
runway changes in SJO.  
 
Transition  – Crews deviated to a lower altitude for WX.  The crew missed a couple of heading 
verifications.  (The observer coded these as unintentional because it happened when CA was 
working the radios with ATC). The crew had some problems understanding ATC accents but 
each time verified the correct instruction. 

 
5,000 ft – CA asked ATC to deviate from weather.  This was approved but ATC issued a runway 
change from runway 7 to runway 25.   The crew was ready for this and performed it nicely as 
the plan was already loaded. Good monitoring throughout the change.   

 
Slow and Configure – Commenced at 30 NM from T/D – pretty much by the book  

 
Approach  - FO was the pilot flying so as he began a the left 30 degree bank turn onto base / 
final, he could not see the runway for the visual approach.  The CA let the FO fly and guided 
him perfectly around the landmarks.  Very nice coordination.  The Captain gave the FO nice 
feedback on altitude and position without making it a running commentary.   

 
Bottom lines – EGPWS gave a “sink rate” warning at 500 feet (the observer noticed it still at 
1200 fpm at 300 feet).   The CA told the FO to disregard. The FO corrected the sink rate before 
the runway threshold but overcorrected and floated the landing outside the touchdown zone at 
2500 feet.  The FO was upset with himself but the CA remarked that he shouldn’t sweat it on a 
10000 ft. runway. 

 
Taxi - As they taxied in, ground called the crew and told them they would have to be towed in 
from the taxiway to the gate due to a large hole on the ramp surface caused by the previous 
night’s rain.  As the CA shut down on the taxiway, he failed to set the parking brake before 
connecting the tug. The FO missed this too as she was putting away paperwork. (Marginal 
Monitor / Crosscheck). 
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Poor Narrative Examples 
 

1. These narratives came from one observation – not enough information - waste of time 
 

Pre-departure / Taxi - Conversation during taxi-out. 
 

Climb – Routine 
 

Cruise – Routine 
 

Descent / Approach / Land - Vectors to approach final. 
 

Overall - FO pilot flying - good awareness and planning. Captain effective as leader and still 
allowed FO to operate without over  

 

 
2. Again, not enough information to be useful 

 
Descent / Approach / Land – Blue Box - SOP, but ATC did try to change our RWY after we were 
below 4,000' in our approach and the FO refused. 

 
 

 
3. Don’t make blanket statements – explain why the crew did a good job 

 
Descent / Approach / Land – The crew did a good job during the final approach and landing.  
Both pilots were good stick and rudder men.  They made a high threat environment look like 
walk in the park. I would definitely fly with these guys again.  Excellent. 

 

 


