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Abstract
The use of an assessment model has shown large variation (disagreement) in the scoring of
airline professionals who judged the performance of a captain and first officer in multiple video
scenarios. A better understanding was thus required of the source of assessors’ disagreement
in terms of both the scoring and reasoning of safety-critical crew performance and collaboration.
In the first study, the present thesis quantitatively compared the scoring and assessment time of
airline professionals (first officers, captains, and flight examiners) from two different airlines who
were given versus not given an assessment model to judge performance. The demographics of
the participants were compared in terms of their age, total flight hours, and years flown as
commercial pilot. In contrast, the second and third studies qualitatively investigated and
analysed assessors’ reasoning further. The second study closely examined the reasoning of
captain assessor pairs who assessed the performance of a captain in two video scenarios.
Individually for each assessor pair and pilot assessed, this study contrasted the reasoning of the
assessors against the scores they provided to the pilot assessed. The third study looked into
the reasoning of flight examiner assessor pairs who judged a captain and first officer performing
in an engine fire scenario. It was examined whether commonly used assessment categories
(e.g., Situational Awareness, Management) are specific, in the sense that assessors build their
assessments on the same observations and reasoning (justifications). Furthermore, it was
questioned what might distinguish the sort of observations that are specific to a single
assessment category from observations that are stated in multiple categories.
The results of the first study showed that assessors who did not use an assessment model
scored lower and had a greater spread in the scores (less agreement in scoring) than their
colleagues who used a model. Whereas the two airlines did not differ in regards to the time
spent to watch each scenario, the assessors who were given a model invested more time to
discuss and assess performance. The findings of the second study revealed that assessors
provided the same scores for different reasons, yet also the same reasons for different scores.
Assessor used the assessment model and metric in different ways, and largely applied a
different set of justifications to assess each scenario. The third study found an overlap of the
topics that constitute certain categories. All categories overlapped in terms of the justifications,
yet some did more than others. Assessors largely stated a different set of topics when they
assessed a certain category. No clear pattern could be identified of the justifications that relate
to a single versus multiple categories. Disagreement was found between and within the pairs.
The findings of the present thesis and a growing body of literature on airline pilot performance
assessment are clear about the variety that exists in the scoring and reasoning of assessors,
despite the use of an assessment model. By reflecting on different safety perspectives, two
options are discussed of how the airline industry can deal with this variety in performance
assessment. Implications are drawn in regards to current assessment practice, as well as the
use of behavioural markers, categories, and assessment models.
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CHAPTER 1: INTRODUCTION
On 22 May 2010, Air India Express operated Flight IX-812 from Dubai to Mangalore (MCA,
2010). During landing, shortly after 6am local time, the aircraft overshot the runway, hit airport
infrastructure, and fell into a gorge. The Boeing 737-800 was destroyed on impact and fire,
killing 158 people on board. Only 8 passengers survived (MCA, 2010). The report determined
the cause of the accident to be “the Captain’s failure to discontinue the ‘unstabilised approach’
and his persistence in continuing with the landing, despite three calls from the First Officer to ‘go
around’ and a number of warnings from EGPWS [Enhanced Ground Proximity Warning
System]” (p. 115). Furthermore, the following contributing factors were outlined: unserviceability
of radar control at Mangalore airport, the possibility of the captain’s impaired judgment due to
sleep inertia, the crew’s inadequate planning of the descent profile, and the first officer not
taking over the controls to initiate a go around (MCA, 2010).
The reasons listed in the Mangalore accident report fall outside an area of piloting performance
that is generally referred to as pilots’ technical skills (subsequently referred to as TS), namely
their aviation knowledge and flying skills. Instead, almost all of the causes and contributing
factors relate to so-called crew resource management (CRM)/non-technical skills (NTS; e.g.,
Cooper, White & Lauber, 1979, 1980; Flin, O’Connor & Mearns, 2002; Helmreich, Merritt &
Wilhelm, 1999; O’Connor et al., 2002): Communication (e.g., not being receptive to suggestions
from the copilot), decision making (e.g., discontinue an unstable approach), situation awareness
(e.g., misinterpretation of factors affecting flight safety), management (e.g., not having managed
or mitigated threats or errors), or teamwork (e.g., not having collaborated as a crew).
Rather than psychological reasons or for the purpose of education and training, the present
thesis is driven by, and important due to, safety-concerns about NTS and their assessment. The
safety-concerns are twofold. On the one hand, the past has shown numerous accidents that
were attributed to pilots’ NTS. Examples are the collision of KLM 4805 with Pan Am 1736 in
1977, the crash of Air Florida Flight 90 after takeoff in 1982, the controlled flight into terrain
(CFIT) of Crossair 3597 in 2001 (see Chapter 7), or most recently the Mangalore disaster. The
reoccurrence of accidents that are attributed to pilots’ NTS is an indicator for the safety-criticality
of this particular skillset.
On the other hand, the development of reliable and valid measures to assess NTS has proven
6

difficult (e.g., Orlady & Orlady, 1999). Various models have thus been suggested that, in one
way or another, aspire to capture, measure, and standardise pilots’ performance. At present,
the most advanced assessment model is the Model for Assessing a Pilot’s Performance
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(MAPP; Mavin, 2013; Mavin & Dall’Alba, 2010; Mavin & Roth, 2014a) because it largely builds
on, and adds to, its predecessors. However, studies have found evidence for large variation and
6

Assessment models will be more extensively outlined in 3.1 and 5.2.
The MAPP will be extensively explained in Study 2 (Chapter 5) and discussed in Chapters 6 and 7. Following its
author’s request, however, the MAPP was deemphasised in Study 1 and Study 3.
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disagreement in the scoring and reasoning of airline professionals who used the MAPP to judge
the performance of their peers (Mavin, Roth & Dekker, 2013; Roth & Mavin, 2013; Roth, Mavin
& Munro, 2014).
As a consequence, a better understanding of pilots’ NTS and their assessment is required. The
aim of the present thesis is thus to provide a deeper understanding of the source of assessors’
disagreement in the scoring and reasoning of safety-critical crew performance and
collaboration. The aim of each individual study reported here (see Chapter 1.1) is directly linked,
and will contribute, to this overarching thesis aim. Studies 1, 2, and 3 will intensively examine
assessors’ scoring and reasoning, whereas the discussion (see Chapter 7) will reflect on, and
provide possible reasons for, the source of disagreement.

1.1 Overview of the thesis chapters and arguments
This thesis consists of eight chapters. So far, the present introduction (Chapter 1) has situated
the aim of the thesis within concerns about safety in regards to the involvement of NTS in
aviation accidents and difficulties related to the assessment of NTS. This, in turn, requires a
definition of ‘safety’ (Chapter 1.2), a review of the literature of human performance theory and
assessment (Chapter 2), as well as an outline of the methods, methodology, and
epistemological perspective (Chapter 3) applied in the present project.
Chapter 4 describes Study 1 in detail. The aim of this effort is to draw a quantitative comparison
of the scoring and assessment time of assessors from two different airlines that were given the
MAPP versus not given any model to judge pilots’ performance. In the light of this contrast, it is
examined (1) whether there is more agreement in terms of the scores if assessors use a model,
and (2) if the assessors differ in regards to the time spent to assess performance. The findings
revealed that assessors who did not use a model spent less time to judge performance and
scored lower. In contrast, more agreement in terms of the scoring was found when assessors
used the MAPP. These findings direct the focus of subsequent research: given the smaller
spread within the scores when using a model, studies 2 and 3 examine assessors’ reasoning
among identical and different scores when given the MAPP to assess performance.
Chapter 5 outlines Study 2, which enquires how assessor-pilots view performance of their peers
in difficult situations. Of special interest is assessors’ reasoning. This study thus examines the
criteria assessors identify as affecting flight safety and investigates if all assessors state the
same criteria. This effort looks into the reasoning of airline captains because disagreement was
particularly found in regards to the scoring of this group (Table 4 in Mavin et al., 2013). The
analysis of the captains’ scoring and reasoning of two scenarios showed that assessors
provided the same scores for different reasons, yet also different scores for the very same
reasons. Particularly the large variation in assessors’ reasoning behind identical scores requires
questioning the usefulness of (inter-rater) reliability measures.

2

The results of Study 2 evoke concerns about the validity of widely used assessment categories
in the field of human factors. Study 3, as outlined in Chapter 6, thus contrasts flight examiners’
reasoning against the MAPP categories in terms of yet another scenario. It is examined whether
the categories used to assess the performance of airline professionals are specific, in the sense
that assessors state the same or very similar observations to judge a certain category.
Furthermore, this study investigates what might distinguish the sort of observations that are
specific to a single assessment category from observations that are stated in multiple
categories. The findings revealed an extensive overlap of the categories in terms of assessors’
reasoning, which requires questioning the validity of various categories.
Chapter 7 portrays an extended discussion, which aims to merge and reflect upon the findings
of the present and various other studies in the context of safety research and airline pilot
performance assessment practice. By reflecting on different safety perspectives, the discussion
aspires to develop a deeper understanding of the source of assessors’ disagreement. It outlines
a possible need to adapt current assessment practice.
Chapter 8 recapitulates the main contributions of the thesis. Each study is briefly summarised.
Subsequently, two options are presented of how the aviation industry can deal with the variety
identified in the assessment of airline pilots’ performance. Limitations of the thesis are
addressed and research questions for future studies outlined.

1.2 Defining safety
As outlined above, the present thesis is driven by concerns about safety. This, in turn, requires
a definition of this particular term (Hollnagel, 2014). Today, the word ‘safety’ is often used in
various contexts. Following the assumption that others understand the term in the same way, it
is often hardly questioned any longer what safety actually means (Hollnagel, 2014).
The word ‘safety’ appears to originate from the French word “sauf,” which goes back to the Latin
word “salvus” (Hollnagel, 2014, p. 1). Sauf means “uninjured” or “unharmed,” whereas the
meaning of salvus is “healthy” or “uninjured” (p. 1). The roots of safety, however, may reach
back further to the Greek word “ηολοσ” (“whole”) and Latin word “solidus” (“solid”). Over the
past, these words have shaped the modern meaning of the adjective “safe” as being “free from
risk” and “being safe” as “not being exposed to danger” (p. 1). Safety has thus generically – and
traditionally – been defined as “the absence of unwanted outcomes such as incidents or
accidents” (p. 1). More specifically, safety is a “system property or quality that is necessary and
sufficient to ensure that the number of events that could be harmful to workers, the public, or the
environment is acceptably low” (Eurocontrol, 2013; Hollnagel, 2014, p. 1).
Defining safety as the absence of negative events is the traditional, modernist view of safety
(e.g., Dekker, 2014; Hollnagel, 2014) that is widely spread and appears to be the standard in
aviation. This view is also mirrored in the definition of safety by the International Civil Aviation
3

Organisation (ICAO), which has recently defined safety as “the state in which the possibility of
harm to persons or of property damage is reduced to, and maintained at or below, an
acceptable level through a continuing process of hazard identification and safety risk
management” (ICAO, 2013, p. 2-1).
On this background, the studies involved in the present thesis are modelled after the traditional
safety perspective as well, which aims to reduce the number and consequences of negative
events. However, the traditional view of safety will be questioned and challenged throughout the
thesis (Chapters 7 & 8).
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CHAPTER 2: LITERATURE REVIEW
All studies in this thesis aim to better understand the process of assessing human performance.
Human performance theory and assessment has been discussed in the literature. The present
literature review thus outlines human performance constructs and categories (Chapter 2.1),
steps in the process of assessing performance (Chapter 2.2), strategies to improve rater
agreement (Chapter 2.3), different types of assessment models (Chapter 2.4) and assessment
criteria (Chapter 2.5), as well as relevant psychometric measures (Chapter 2.6).
There are several reasons to focus on the above literature in the present chapter. This thesis
consists of four submitted or published studies (Chapters 4-7). Each individual study is
contextualised within the literature (namely in Chapters 4.1, 5.1, 6.1, and 7.1-4), explaining
various concepts (e.g., CRM), assessment models (e.g., NOTECHS, MAPP), and safety
thinking (Safety-I, Safety-II). To avoid an extensive overlap of the literature review with the
subsequent studies, the present chapter mainly focuses on human performance theory and
assessment. The central aim of the literature review is thus to provide the reader with a
fundamental understanding of the human factors concepts and categories used in the most
popular assessment models.
However, the review of the literature is extended at a later stage, namely in Chapter 7 (and
particularly in Chapter 7.4), after having addressed current practice and research on pilot
performance assessment, and reflections on assessment models, categories, and behavioural
markers. The reader will be introduced to opposing views of human error and safety
perspectives, in order to understand different ways of reflecting on pilot performance
assessment (Assessment-II).
Hence, the gap in knowledge addressed in this thesis does not solely result from the literature
review outlined in the present chapter, but also from reflections on current assessment models
and human factors categories that build on the research outlined in the studies (Chapters 4-6).

2.1 Human performance constructs and categories
The field of aviation human factors outlines a range of constructs that focus on different aspects
of human performance. Examples are workload or communication. In the form of assessment
categories (i.e., Flin et al., 2003), these constructs are often used and applied in popular
assessment models, such as NOTECHS (NOn-TECHnical Skills project) and MAPP.
NOTECHS involves the categories ‘Situation awareness,’ ‘Decision making,’ ‘Leadership and
managerial skills,’ and ‘Cooperation’ (O’Connor et al., 2002), whereas the MAPP is made up of
‘Situational

awareness,’

‘Decision

making/Decisions

considerate

of

risk,’

‘Aircraft

flown/maintained within tolerances,’ ‘Aviation knowledge,’ ‘Management,’ and ‘Communication’
(Mavin, 2010, 2013; Mavin, Roth & Dekker, 2012). Subsequently, the concepts and categories
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of the MAPP will be outlined, since this model forms the basis of examining airline pilot
performance assessment in the studies presented in this thesis. However, the categories,
elements, and behavioural markers of NOTECHS are integrated and explained as well
throughout the following chapters. A detailed description of the actual MAPP is given in Chapter
5.1, and its metric is depicted in Chapter 5.2.4 (Figure 9).
2.1.1 Situation awareness
The concept of Situation awareness (SA) is widely discussed in the literature (e.g., Flin,
O’Connor & Crichton, 2008; Salmon et al., 2008). SA has been defined as “the perception of the
elements in the environment within a volume of time and space, the comprehension of their
meaning, and the projection of their status in the near future” (Endsley, 1995a, p. 36; Endsley,
Bolté & Jones, 2003). This definition thus hints at three levels of SA.
In order to achieve adequate SA, an operator, e.g. a pilot, needs to perceive the necessary
elements in the environment (Endsley, 1995a). Examples of elements are the warning lights
within the aircraft, or mountains, traffic, trees, or airports in the surrounding environment. A pilot
who is aware of the elements in a present situation is said to have Level 1 SA (Endsley, 1995a).
The next step to acquire SA is to comprehend the present situation, which is referred to as
Level 2 SA (Endsley, 1995a). The perceived elements have to be synthesised into a holistic
representation of the environment, which allows the operator to develop an understanding of the
importance of the elements in relation to specified goals. A pilot, for instance, has to perceive
and comprehend the significance of the surrounding traffic.
The highest level of SA (Level 3) is achieved when the pilot is able to project the actions of the
elements in the future (Endsley, 1995a). A pilot not only needs to perceive and comprehend the
surrounding traffic, but also anticipate where other aircraft is likely to proceed in the future.
Studies have identified over 30 techniques to measure SA (e.g., Salmon, Stanton, Walker &
Green, 2006). Among the most common SA measurement techniques are the freeze probe
techniques, real-time probe techniques, self-rating techniques, observer-rating techniques,
performance measures, and process Indices, such as eye tracking (e.g., Chauvin, Clostermann
& Hoc, 2008; Endsley, 1995b; Salmon et al., 2006).
When applying a freeze-probe technique, the simulation is randomly stopped at various stages
and the participant is required to answer multiple questions about the present situation, typically
with all windows and displays blanked (Chauvin et al., 2008; Endsley, 1995b; Gonzalez &
Wimisberg, 2007; Salmon et al., 2006). A pilot performing in a full-motion simulator, for
instance, is asked about the aircraft’s speed, heading, bank-angle, position, or the surrounding
environment, such as the location of airports, mountains, and traffic in the vicinity. The most
popular freeze probe technique is the 'Situation Awareness Global Assessment Technique’
(SAGAT; Endsley, 1995b). Whereas freeze probe techniques have the advantage of being
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direct in nature, they have been critiqued for intrusively interrupting the participant’s
performance of the task (e.g., Dekker, 2000, 2014; Salmon et al., 2006).
In contrast, real-time probe techniques are less intrusive because the task is not interrupted.
Participants are questioned prior to or during task performance (e.g., Endsley, 1995b; Salmon
et al., 2006). The participant’s SA is inferred by measuring the time taken to answer the
questions, as well as the actual content of the answer. However, a disadvantage of real-time
probe techniques is that questioning may direct participants’ attention and thus result in
distorted or biased data. Examples of real-time probe techniques are the ‘Situation Present
Assessment Method’ (SPAM; Durso et al., 1998) or ‘SA for SHAPE’ (SASHA; Jeannott, Kelly &
Thompson, 2003).
Other means to measure SA are self-rating techniques (e.g., Salmon et al., 2006), which require
participants to self-rate their SA on a scale shortly after completion of a task or exercise.
Examples of self-rating techniques are the ‘Quantitative Analysis of Situational Awareness’
(QUASA; McGuinness, 2004), the ‘Situational Awareness Rating Scale’ (SARS; Waag & Houck,
1994), the ‘Cranfield Situation Awareness Scale’ (C-SAS; Dennehy, 1997), the ‘Crew
Awareness Rating Scale’ (CARS; McGuinness & Foy, 2000), the ‘Situational Awareness Rating
Technique’ (SART; Taylor, 1990), or the ‘Mission Awareness Rating Scale’ (MARS; Matthews &
Beal, 2002). However, the measurement of SA using self-rating techniques has been subject to
critique (Salmon et al., 2006).
The method most often applied to measure SA is the observer-rating technique (e.g., Bell &
Lyon, 2000; Chauvin et al., 2008; Salmon et al., 2006). The rater (usually a subject matter
expert) observes the participant performing a task and judges the level of SA upon observable
SA behaviours. An example of an observer rating technique is the ‘Situation Awareness
Behavioral Rating Scale’ (SABARS; e.g., Matthews & Beal, 2002). Whereas the non-intrusive
nature of the observer-rating technique is seen as an advantage, the accuracy of SA ratings has
been questioned (Salmon et al., 2006).
Performance measures provide an indirect means to measure SA (Salmon et al., 2006). When
using performance measures, the adequacy of a pilot’s SA is inferred from various indicators. A
pilot is said to have had adequate SA if, for instance, all hazards were identified during the flight
and the aircraft had safely arrived at the destination airport. The non-intrusive character of
performance measures makes this method appealing, yet it remains questionable if and to what
extent such characteristics represent SA (Salmon et al., 2006).
Efforts have been made to indirectly measure SA by using process indices, such as eye
tracking methods (e.g., Salmon et al., 2006; van de Merwe, van Dijk & Zon, 2012). Eye-tracking
devices capture the participant’s eye movements and fixations, which are subsequently used to
evaluate the user’s allocation of attention as an indicator of SA. The analysis of pilots’ eye
movements is seen as “a valuable addition to established SA measures” (van de Merwe et al.,
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2012, p. 93). However, eye-tracking methods have been subject to critique, e.g. due to indirectly
inferring about the presence or absence of SA and the lack of technical reliability of eye-tracking
devices, namely when applied in the field (Salmon et al., 2006).
Overall, the concept of SA is highly contentious and has been subject to extensive discussion
(e.g., Salmon et al., 2008; Stanton, Salmon, Walker & Jenkins, 2009, 2010). At the heart of this
debate is the question whether SA can be seen as a viable and valid ergonomics concept that is
supported and corroborated by a growing body of empirical studies (e.g., Parasuraman,
Sheridan & Wickens, 2008), or if it merely represents a folk model (e.g., Dekker, 2014; Dekker
& Hollnagel, 2004; Dekker, Hummerdal & Smith, 2010a; Dekker, Nyce, van Winsen &
Henriqson, 2010b).
Folk models are characterised by using substitution for explanation, being immune to
falsification, and relying on overgeneralisation (e.g., Dekker & Hollnagel, 2004). An
investigation, for instance, might conclude that the cause of an accident was the pilots’ loss of
SA, which, in turn, resulted from complacency to develop an adequate picture of the situation
preceding the accident. Such “explanations” lack a decomposition of the human factors
concepts (SA and complacency in this case) and a specification of the concepts’ underlying
mechanisms. One concept (SA) is substituted with another (complacency), which, itself, is in
need of an explanation. No clear analytical trace is provided between the observed behaviour
and the concepts used as an explanation (Dekker, 2006, 2014). The transition from the pilot’s
behaviour to the concept is made in one big leap, which is difficult – if not impossible – to
replicate (Dekker & Hollnagel, 2004). This makes folk models immune to falsification, hard to
critique, and utterly difficult to defend against (Dekker, 2014). As a consequence, folk models
are uncritically applied to explain human performance in various situations (Dekker & Hollnagel,
2004).
In NOTECHS, the category of SA consists of three elements: “Awareness of aircraft systems,”
“Awareness of external environment,” and “Awareness of time” (Flin et al., 2003, p. 106). For
each element, NOTECHS provides descriptions of good versus poor practice, which are called
‘behavioral markers’ (BM). The BM representing good practice of the pilot’s awareness of the
aircraft systems are that s/he “[m]onitors and reports changes in systems’ states,” and
“[a]cknowledges entries and changes to systems” (Flin et al., 2003, p. 106). It is deemed poor
practice, however, if the pilot “[d]oes not ask for updates,” or “[d]oes not signal awareness of
changing systems.”
The BM representing good practice of the element “Awareness of external environment” are
that the pilot “[c]ollects information about [the] environment (position, weather and traffic),”
“[s]hares key information about [the] environment with crew,” and “[c]ontacts outside resources
when needed (to maintain situation awareness)” (Flin et al., 2003, p. 106). On the other hand, a
pilot is said to show poor practice if s/he “[d]oes not enquire about environmental changes,”
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“[d]oes not comment on relevant environmental factors, or is surprised by them,” or “[o]perates
a ‘closed shop’.”
The BM representing good practice of a pilot’s awareness of time are that the pilot “[d]iscusses
time constraints with [the] crew,” “[d]iscusses contingency strategies,” and “[i]dentifies possible
future problems” (Flin et al., 2003, p. 106). In contrast, a pilot shows poor practice if s/he “[d]oes
not set priorities regarding time limits,” “[d]oes not discuss [the] relationship between past
events and [the] present/future,” or “[i]s surprised by outcomes of past events.”
In contrast to the NOTECHS framework, the elements of SA in the MAPP metric (Figure 9)
follow Endsley’s (1995a) definition of SA: perception, comprehension, and projection. A pilot
demonstrates good SA if all systems or environmental factors are perceived with an active
approach to seeking further information (perception), when the pilot clearly comprehended the
meaning of all factors (comprehension), and actively considered future events and their impact
on flight safety (projection). A pilot shows poor SA if there is a lack of awareness of clearly
obvious systems or environmental factors (perception), if factors effecting flight safety are
misinterpreted or not comprehended (comprehension), or future events are not predicted, even
those obvious to flight safety (projection). Note that the markers addressed here are only those
for a score 1 (very poor performance) and 5 (very good performance), yet that the MAPP metric
(Figure 9) also provides markers for scores in between (scores 2-4).
2.1.2 Decision making
Decision making (DM) has been discussed as a main contributor to aviation accidents (e.g., Flin
et al., 2008). Hence, the concept of DM, as well as methods to measure it, has been subject to
extensive research in aviation (e.g., Flin et al., 2003; Klein, 2008; Klein, Orasanu & Calderwood,
1993; O’Connor et al., 2002; Orasanu, 1993; Orlady & Orlady, 1999; Salas & Maurino, 2010).
DM has been defined as the “process of reaching a judgment or choosing an option” (Flin et al.,
2003, p. 107). Despite types of decisions differ, the process of decision making has in common
to involve the assessment of a situation, a choice among multiple alternatives, and an
assessment of risk (Orasanu, 1993).
Classical decision making models (e.g., Klein et al., 1993) suggested that decisions are based
on a process of identifying possible alternatives and examining likely outcomes to potential risks
and consequences. However, models of DM have been revised and further developed to better
explain how decisions are made in complex, real-world environments (Klein, 2008).
Naturalistic decision making has thus aspired to examine how people make decisions in difficult,
time-constraint situations that are characterised by uncertainty, changing conditions, and vague
goals (Klein, 2008; Orasanu & Connolly, 1993): Rather than balancing and estimating the
probability and utility of various alternatives, decision makers use their prior experience to
quickly and efficiently judge situations (e.g., Klein, Calderwood & Clinton-Cirocco, 1986).
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Based on insight from naturalistic decision making, further models of DM have been developed.
The ‘simplified model of decision-making’ (Flin et al., 2008, p. 44) addresses two stages. In a
first stage, the pilot needs to assess the situation and identify the problem at hand. Depending
on the level of risk and time available, a decision is made creatively, analytically, based on
rules, or intuitively (second stage). Subsequently, a course of action is selected and
implemented, before the present situation is reassessed (feedback).
Within NOTECHS, the category DM consists of four elements: “Problem definition and
diagnosis,” “Option generation,” “Risk assessment and option selection,” and “Outcome review”
(Flin et al., 2003, p. 108). In the stage of defining and diagnosing the problem, the pilot has to
gather information and determine the nature of the situation. Alternative explanations for the
observed situation have to be considered. Subsequently, the pilot has to generate possible
options and alternatives to deal with the situation. The extent of developing options depends on
the time and information available. The pilot then has to assess and evaluate the risk and
choose a preferred option. Eventually, the decision has to be reviewed by evaluating the
effectiveness of the chosen alternative (Flin et al., 2003).
In NOTECHS, the BM representing good practice of the element “Problem definition and
diagnosis” are that the pilot “[g]athers information to identify [the] problem,” and “[r]eviews
causal factors with other crew members” (Flin et al., 2003, p. 108). In contrast, pilots
demonstrate poor practice if they do not state the nature of the problem, fail to diagnose the
problem, or do not discuss the probable causes.
The BM representing good practice of the element “Option generation” are that the pilot “[s]tates
alternative options,” and “[a]sks crew members for options” (Flin et al., 2003, p. 108). It is
deemed poor practice, however, when a pilot “[d]oes not search for information,” or “[d]oes not
ask crew for alternatives.”
The BM representing good practice of the element “Risk assessment and option selection” are
that a pilot “[c]onsiders and shares estimated risk of alternative options,” “[t]alks about possible
risks for action in terms of crew limits,” and “[c]onfirms and states selected option/agreed action”
(Flin et al., 2003, p. 108). Practice is poor if there is an “[i]nadequate discussion of [the] limiting
factors with [the] crew,” when “limiting factors” are not considered, or the pilot “[d]oes not inform
[the] crew of [the] decision path [that is] being taken.” Furthermore, the element “Outcome
review” is good if the pilot “[c]hecks [the] outcome against [the] plan,” or poor if s/he “[f]ails to
check [the] selected outcome against [the] goal” (Flin et al., 2003, p. 108).
In contrast to NOTECHS, the MAPP metric uses the following DM elements (Figure 9): time,
facts and diagnosis, option generation, risk assessment, and plan & contingency. DM is good if
a pilot demonstrates to have consistently identified the problem, chosen the best possible option
in the time available, clearly outlined the plan with no doubt to intentions from other crew
members, conducted a thorough risk assessment, and developed a detailed contingency plan.
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Poor DM practice is mirrored in a poor grasp of the time available, if facts are not considered
(leading to ill-informed or wrong identification or diagnosis), if the range of options considered is
inadequate, if the risk assessment is inappropriate, or the pilot is unable to develop a plan.
2.1.3 Management
The concept of ‘management’ (MN) has been generally defined as “coordinating and overseeing
the work activities of others so that activities are completed efficiently and effectively” (Robbins,
Bergman, Stagg & Coulter, 2009, p. 10). However, the concept of MN is far-reaching and has
been applied to various contexts. Examples are stress management, information management,
workload management, automation management, error management, system management, risk
management, flightdeck management, team management, aircrew management, threat and
error management, or cockpit and crew resource management (e.g., Baker, Mulqueen &
Dismukes, 2001; Flin & Martin, 2001; Flin et al., 2002; Helmreich, Wilhelm, Kello, Taggart &
Butler, 1991; Helmreich et al., 1999; Kanki & Palmer, 1993; O’Connor et al., 2002; Rasmussen,
1997; Salas, Wilson, Burke & Wightman, 2006; Thomas, 2004).
In aviation, the conceptualisation of management thus largely varies (e.g., Mavin, 2010),
referring to social and cognitive functions (e.g., Flin & Martin, 2001). A lack of research has
been identified that specifically addresses the work of pilots in the commercial airliner cockpit
(Mavin, 2010). More specific research is required to provide management approaches that
describe best practice for airline pilots.
In the NOTECHS framework, management skills are combined with leadership skills into the
same category (e.g., Flin et al., 2003; O’Connor et al., 2002). This category – named
“Leadership and Managerial Skills” (Flin et al., 2003, p. 99) – is defined as “effective leadership
and managerial skills [to] achieve joint task completion within a motivated, fully functioning team
through coordination and persuasion” (p. 101). “Leadership and Managerial Skills” consists of
four so-called “elements” (Flin et al., 2003, p. 100): “Use of authority and assertiveness,”
“Providing and maintaining standards,” “Planning and co-ordination,” and “Workload
management.” BM outline good versus poor practice for each element.
The element “Use of authority and assertiveness” states that the pilot in command (PIC) is
responsible to create an atmosphere of adequate challenge and response (Flin et al., 2003).
The PIC’s authority has to balance both assertiveness and the involvement of the entire crew. In
certain situations, the PIC needs to make decisions and take action (Flin et al., 2003). The BM
representing good practice are that the pilot “[t]akes initiative to ensure crew involvement and
task completion,” “[t]akes command if [the] situation requires,” “advocates [the] own position,”
“[r]eflects on suggestions of others,” “motivates [the] crew by appreciation,” and “coaches when
necessary” (p. 104). Negative behaviors (poor practices), on the other hand, are that the pilot
“[h]inders or withholds crew involvement,” is “[p]assive,” “does not show initiative for decisions,”
makes the “own position not recognisable,” “[i]gnores suggestions of others,” “[d]oes not show
appreciation for the crew,” or “coaches very little or too much” (p. 104).
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The element “Providing and maintaining standards” requires that standards are followed to
complete the task (Flin et al., 2003). The members of a crew have to supervise each other and
intervene if deviations from a standard are identified. Certain situations, however, may require
the application of non-standard procedures, which have to be adequately communicated among
the crew. The BM representing good practice are that the pilot “[s]ubscribes to SOPs” (Standard
Operating Procedures), “makes sure SOP compliance in [the] crew,” “[i]ntervenes if task
completion deviates from standards,” “deviates from standards if necessary” after having
consulted with the crew, and “[d]emonstrates will to achieve top performance” (p. 104). In
contrast, a pilot shows poor practice if s/he “[d]oes not comply to SOPs,” “does not monitor crew
for SOP compliance,” “[d]oes not intervene in case of deviations,” if “[d]eviations from standards
are neither announced nor consulted,” or if the pilot “[d]oes not care for performance
effectiveness” (p. 104).
The element “Planning and co-ordination” requires the pilot to establish an adequate concept of
task sharing and delegation to achieve best performance and avoid workload fluctuations (Flin
et al., 2003). The entire crew has to understand the goals, plans, and intentions. All activities
have to be coordinated among the crew. The BM representing good practice are that the pilot
“[e]ncourages crew participation in planning and task completion,” makes sure that the “[p]lan is
clearly stated and confirmed,” “changes [the] plan if necessary” after having consulted with the
crew, and “[c]learly states goals and boundaries for task completion” (p. 105). In contrast, the
pilot demonstrates poor practice if s/he only plans for him- or herself without involving the crew,
if “intentions [are] not stated or confirmed,” if the plan is followed blindly or changed without
informing the crew, or if “[g]oals and boundaries remain unclear” (p. 105).
The element “Workload management” requires a pilot to prioritise tasks, to adequately allocate
the tasks to crew members, to notice and communicate signs of fatigue and stress, and to use
various sources to complete each task on time (Flin et al., 2003). The BM representing good
practice are that the pilot “[d]istributes tasks among the crew,” “checks and corrects
appropriately,” prioritises “operational task…to retain sufficient resources for primary flight
duties,” “[a]llots adequate time to complete tasks,” and “[n]otifies signs of stress and fatigue” (p.
105). On the other hand, the pilot shows poor practice if s/he is “[f]lying ‘solo’ without other
crewmembers involved,” when “[s]econdary operational tasks interfere with primary flight
duties,” when “[w]orkload is increased through inadequate planning,” or when “signs of stress
and fatigue” are ignored (p. 105).
NOTECHS and the MAPP assessment metric (Figure 9) slightly differ in the elements used to
assess a pilot’s management skills. The MAPP assessment metric splits management into
workload, control, cooperation, and threats & errors (e.g., Mavin et al., 2013). A pilot
demonstrates good management if the tasks are organised in a way that challenging aspects of
the flight appear easy (workload), if the pilot has effective control of him-/herself and the crew
even in challenging situations (control), if the pilot interacts with the crew to maximise
performance (cooperation), and if threat and error management is well integrated (threats &
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errors). In contrast, a pilot shows poor management when crew tasks are organised ineffectively
(workload), if the pilot cannot demonstrate to have the ability to control self or crew member
performance (control), if the interaction with the crew is negligible or team effectiveness is
disrupted (cooperation), or if serious threats or errors are not mitigated or managed (threats &
errors).
2.1.4 Communication
Communication (CM) is a key component to efficient teamwork, allowing the exchange of
information, ideas, and feelings (e.g., Flin et al., 2008). Communication is vital for the
coordination of activities among humans (e.g., Leplat, 1991; Salas & Maurino, 2010). Good or
poor performance of a team is highly dependent on the exchange of information to co-ordinate
the actions of the team members involved (Driskell & Salas, 1992). The efficient exchange of
information is deemed the key to effective SA, DM, leadership, and co-operation (Flin et al.,
2008). Inadequate communication, however, is seen as a main contributor to accidents in
aviation or the oil and gas industry, such as the Piper Alpha disaster (e.g., Flin et al., 2008).
The literature distinguishes between one-way and two-way communication (e.g., Flin et al.,
2008). One-way communication involves a sender and a receiver. The sender is the person
who wants to convey the message, whereas the receiver is the person who is supposed to
understand the meaning of the transmission. The sender encodes the message into words or
other signals, which are transmitted to one or several receivers. The receiver has to decode the
message to understand its meaning. An example of one-way communication is television
broadcast, or the written instructions in a manual.
One-way communication has the advantages of being quick and to give the sender the feeling
of control (Flin et al., 2008). The disadvantages of one-way communication are that the sender
does not get any feedback about whether the receiver has actually received, decoded, and
understood the meaning of the message. The receiver might not have paid attention to the
sender and the message. The responsibility thus largely remains with the sender.
In contrast to one-way communication, two-way communication involves a feedback loop from
the initial receiver back to the sender (Flin et al., 2008). Having received the sender’s message,
the initial receiver becomes the sender him-/herself, transmitting information back to the initial
sender. Responding to the initial sender closes the feedback loop between two (or more)
communicators, preventing misunderstandings and supporting adequate transmissions (e.g.,
Salas & Maurino, 2010). Examples of two-way communications are telephone conversations, or
radio transmissions among pilots and air traffic controllers (Flin et al., 2008).
The advantages outweigh the disadvantages of two-way communication (e.g., Flin et al., 2008).
Two-way communication usually takes longer than one-way communication, and it requires the
receiver to communicate as well. Two-way communication, however, is generally more
effective, reliable, and accurate than one-way communication. Two-way communication
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requires less planning, allows to check whether the message was received, and to make
corrections in case the message did not arrive at, or was misunderstood by, the receiver. The
sender and receiver thus have to collaborate to achieve mutual understanding and agreement.
This gives the receiver more confidence to use the new information (Flin et al., 2008). Two-way
communication is the standard in airline aviation phraseology, ensuring that relevant information
is adequately shared among pilots, crews, and air traffic controllers (Salas & Maurino, 2010).
Various internal and external barriers exist to effective communication (Flin et al., 2008).
External barriers are noise, distraction, interference, time, being separated in the location, or the
absence of visual cues, such as gestures or facial expressions. Internal barriers, on the other
hand, are differences in language or culture, the motivation of communicators, expectations,
prejudice, past experiences, moods, emotions, status, the voice level, or deafness.
The concept of communication does not form part of NOTECHS (Flin et al., 2003).
Communication was discussed yet excluded from NOTECHS because it was not regarded a
separate skills category (van Avermaete, 1998). Rather, the authors believed communication to
be inherent and required in all of the four NOTECHS categories (Co-operation, Leadership and
Managerial Skills, Situation Awareness, and Decision Making), and listed behaviors (Flin et al.,
2003).
In contrast, communication is a separate category in MAPP. The MAPP metric (Figure 9)
distinguishes between three elements of communication: clear and correct, flow of information,
and timeliness. A pilot shows good communication skills if s/he actively promotes open and
timely communication, even in challenging situations. Communication is poor, however, if inputs
are blocked, information is withheld (information flow), if communication is unclear or incorrect
(clear and correct), or if the timing creates confusion or misunderstandings (timeliness).
2.1.5 Aviation knowledge
Airline pilots are expected to have sound aviation knowledge (e.g., Mavin, 2010). Aeronautical
knowledge includes, but is not limited to, general aircraft knowledge, flight rules, air law, flight
planning, aircraft structure, principles of flight, aerodynamics, flight controls, aircraft systems,
automation, flight instruments, weight and balance, aircraft performance, meteorology, weather
services, navigation, airport operations, airspace, human and aeromedical factors, radio
telephony, and air traffic control requirements (e.g., FAA, 2008).
Building on the basic aviation knowledge acquired and tested in the training of private and
commercial pilots, the theoretical examination for an Australian air transport pilot licence
(aeroplane) involves deeper and more extensive knowledge in the following subjects (CASA,
2014): flight planning (in particular practical application of climb, cruise and descent; practical
flight planning and flight monitoring), navigation (in particular navigation charts; time zones;
flight instruments; compasses; radio wave propagation; radio navigation aids; route navigation;
basic radar principles), performance & loading (in particular take-off and loading performance;
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climb, cruise and descent performance), aerodynamics & aircraft systems (in particular
advanced aerodynamics; airframe and systems; power plants and turbine engine; engine
instruments; flight instrumentation systems; automatic flight control system; warning and
recording equipment), human factors (in particular aviation medicine; human information
processing; human behaviour; flying and health; threat and error management), meteorology (in
particular the atmosphere; clouds and precipitation; motion of the atmosphere; visibility; ice
accretion; airmasses and fronts; airmasses and frontal analysis; synoptic charts; upper level
weather; upper level charts; climatology; met observations; reports and forecasts), as well as air
law (in particular aircraft nationality and registration; airworthiness of aircraft; personnel
licensing; procedures for air navigation; air traffic services; rules of the air and air traffic
services; aeronautical information service; aerodromes; facilitation; search and rescue; security;
aircraft accidents and incidents; air service operations).
The MAPP and its metric (Figure 9) include the category “Aviation knowledge” (KN) to assess
whether a pilot has a sound level of aviation knowledge (Mavin, 2010). The pilot needs to
demonstrate knowledge about the aircraft’s operating systems, as well as air traffic control
(ATC) requirements and boundaries. The MAPP metric thus distinguishes between the
knowledge of facts and procedures. A pilot shows good knowledge if s/he demonstrates an
error-free understanding of all facts (facts), and if the correct procedures are selected and
executed with certainty (procedures). Factual knowledge is poor, however, if the pilot is unable
to recall facts, or makes fundamental errors in their recall (facts); procedural knowledge is
inadequate if the pilot does not identify the correct procedures, or shows major deficiencies
and/or takes excessive time in their execution (procedures).
2.1.6 Aircraft flown within the tolerances
A pilot needs to demonstrate the ability to fly the aircraft within the limits specified by both the
regulator and operator (Mavin, 2010). These limits apply to normal and non-normal flight
operation, in both manual flight and when using automated systems. The MAPP thus includes
the technical skills category of whether the pilot shows the ability to maintain the aircraft within
the required tolerances (AC). This category consists of manual flight, automation, and
monitoring (Figure 9; Mavin et al., 2013). A pilot demonstrates good AC performance if
manipulations are made accurately and without deviations from target parameters (manual
flight), if automated systems are used appropriately at all times (automation), and the monitoring
is carried out well with timely calls (monitoring). In contrast, AC performance is poor if the pilot’s
manipulations result in frequent or sustained deviations outside the allowed tolerances (manual
flight), if the use of the automated system leads to the aircraft exceeding tolerances
(automation), or if the pilot makes frequent mistakes or misses calls in the monitoring
(monitoring).
2.1.7 Co-operation
In contrast to the MAPP, NOTECHS contains a further non-technical skills category, named
“Co-operation” (Flin et al., 2003, p. 99). This category involves four elements: “Team building
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and maintaining,” “Considering others,” “Supporting others,” and “Conflict solving” (Flin et al.,
2003, p. 102).
Co-operation is concerned with mutual support and a prospering atmosphere within a team (Flin
et al., 2003). It has been defined as “the ability to work efficiently in a team/crew” (p. 100). In the
context of aviation, a team is defined as “a distinguishable set of two or more people who
interact, dynamically, interdependently, and adaptively toward a common and valued
goal/objective/mission, who have each been assigned specific roles or functions to perform, and
who have a limited life-span of membership” (Salas, Dickinson, Converse & Tannenbaum,
1992, p. 4). Team building and maintaining is fundamental for successful co-operation, because
actions have to build on mutual agreement of all crew/team members involved. A positive group
climate has to be established, e.g. by considering and supporting other crew members. Active
and open communication within the team is the key to good co-operation (Flin et al., 2003).
The NOTECHS element “Team building and maintaining” focuses on “[e]stablishing positive
interpersonal relations and active participation of crew members in fulfilling the tasks” (Flin et
al., 2003, p. 101). The BM representing good practice of team building and maintaining are that
the pilot “[e]stablishes [an] atmosphere for open communication,” “[e]ncourages inputs and
feedback from other,” and “[d]oes not compete with others” (Flin et al., 2003, p. 102). On the
other hand, a pilot shows poor practice if s/he “[b]locks open communication,” “[k]eeps barriers
between crewmembers,” and “[c]ompetes with others.”
The element “Considering others” addresses the need to accept other team members and to
understand their personal condition (Flin et al., 2003). Good practice of “Considering others” are
that the pilot “[t]akes notice of the suggestions of other crewmembers even if s/he does not
agree,” “[t]akes condition of other crewmember into account,” and “[g]ives personal feedback”
(Flin et al., 2003, p. 102). A negative assessment of a pilot’s co-operation results from ignoring
“suggestions of other crewmembers,” not taking “account of the condition of other
crewmembers,” or not showing a “reaction to other crewmembers.”
The element “Supporting others” emphasises the importance of helping other team members
when they need assistance and support (Flin et al., 2003). Good behaviours of mutual support
are that the pilot “[h]elps other crewmembers in demanding situations,” and “[o]ffers assistance”
(Flin et al., 2003, p. 102). Not offering assistance or hesitating “to help other crewmembers in
demanding situations” mirrors poor practice.
A pilot also needs to have the ability to effectively solve conflicts within the crew. This element
requires the pilot to be able to articulate different interpersonal positions and make suggestions
of how the conflict can be solved (Flin et al., 2003). Good practice of “Conflict solving” are that
the pilot “[k]eeps calm in interpersonal conflicts,” “[s]uggests conflict solutions,” and
“[c]oncentrates on what is right rather than who is wrong” (Flin et al., 2003, p. 102). A pilot who
“[o]verreacts in interpersonal conflicts,” “[s]ticks to [the] own position without considering a
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compromise,” or “[a]ccuses other crewmembers of making errors” would be given low cooperation marks.
2.1.8 Separation of Technical and Non-Technical Skills
The above descriptions of human factors concepts outline differences of the categories involved
in NOTECHS and the MAPP. NOTECHS – as suggested by its name – solely focuses on pilots’
NTS (Situation awareness; Decision making; Leadership and managerial skills; Cooperation). In
contrast, the MAPP combines TS (Aviation knowledge; Aircraft flown within the tolerances) and
NTS (Situation awareness; Decision making; Management; Communication) into the same
framework.
The integration of both skillsets builds on research that found the separation of TS and NTS to
not reflect how airline professionals assess the performance of their peers (e.g., Mavin &
Dall’Alba, 2010, 2011; Mavin et al., 2013). Moreover, the complexity involved in the automation
of modern airliner cockpits has largely increased (e.g., Mavin et al., 2013; Sarter & Woods,
1997), which, in turn, has eroded the clear separation between TS and NTS (Mavin et al.,
2013). Changing an airliner’s flight path during the flight, for instance, involves both
crewmembers as well as air traffic control. The changes require navigation and system
knowledge, various call-outs, and double-checking from both pilots. Consequently, a strict
separation between TS and NTS becomes highly difficult and questionable (Mavin et al., 2013).

2.2 Steps in the assessment process
The literature outlines different, subsequent steps in the process of performance assessment
8

(Borman, 1978). In a first step, raters have to observe the relevant work-related behaviour.
Disagreement among assessors may result if raters, for example, make different observations.
Subsequently, assessors evaluate each behaviour in terms of its effectiveness. This is often
made implicitly and rather unsystematically. Here, disagreement among raters can have
9

different sources, such as prior experience with the ratee. In a third step, assessors weight the
behaviours observed. Differences in raters’ judgments can result from unequal weights.
Whereas a certain aspect of performance might be deemed highly critical by one rater, it may
not receive the same weight by another.
The training of assessors was found to reduce disagreement, yet assessors often still differed in
their performance judgments (e.g., Borman, 1978; Mavin et al., 2012). An explanation was
sought in ‘Personal construct theory’ (Bannister & Mair, 1968; Kelly, 1955), which suggests that
raters own a set of personal constructs that they apply to judge performance. A better
understanding of raters’ personal constructs would thus help explain disagreement among
assessors (Borman, 1978). Indeed, theories such as these have formed the basis for the

8
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The terms ‘rater’ and ‘assessor’ are used synonymously in this thesis.
The ‘ratee’ is the person assessed (e.g., the pilots performing in the video scenarios).
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suggestion that assessment methods that help standardise the constructs used by assessors
will contribute to greater agreement.

2.3 Rater training strategies
The literature offers various strategies to improve agreement among assessors (e.g., Baker &
Dismukes, 2002; Baker, Mulqueen & Dismukes, 1999; Baker et al., 2001; Mavin, 2010; Mavin et
al., 2012; Roth et al., 2014; Sulsky & Day, 1992; Woehr & Huffcutt, 1994): ‘Rater-error training’
(RET), ‘Performance-dimension training’ (PDT), ‘Frame-of-reference training’ (FOR), and
‘Behavioural-observation training’ (BOT).
In RET, assessors are made familiar with, and encouraged to avoid, common rater errors in
order to achieve more effective ratings. Raters are trained and made aware of various negative
effects in the assessment, such as halo, central tendency, leniency, and severity (Baker et al.,
1999; Mavin, 2010; Saal, Downey & Lahey, 1980; Woehr & Huffcutt, 1994). The halo effect
describes a rater’s “failure to discriminate among conceptually distinct and potentially
independent aspects of a ratee’s behavior” (e.g., Saal et al., 1980, p. 415). A pilot, for instance,
might receive a high assessment score due to good performance in one particular area, with
less than optimal performance in another. In contrast, central tendency refers to assessors’
tendency to provide marks that all group around the middle of the scale (e.g., Saal et al., 1980;
Woehr & Huffcutt, 1994). In this case, assessors are reluctant to provide ratees with extremely
good or extremely poor marks (Saal et al., 1980). The opposite of central tendency is leniency
and severity: assessors tend to give ratees either an excessively low (severity) or excessively
high (leniency) score (e.g., Saal et al., 1980; Woehr & Huffcutt, 1994).
PDT informs raters about the rating scales and performance dimensions subsequently used to
evaluate performance. This training is conducted prior to the actual assessment and gives the
raters time to discuss and thoroughly understand the dimensions used in the assessment. PDT
emphasises the importance of involving raters in the development of the assessment scale
(Baker et al., 1999; Woehr & Huffcutt, 1994).
The aim of FOR is to train less experienced raters to a certain performance standard (frame of
reference) set by experts. Prior to the FOR training of raters, experts assess a series of
performance videos. These expert ratings are then compared and discussed until consensus
among experts is achieved. The resulting expert ratings are called “true scores” (Baker et al.,
2001, p. 137) and serve as the standard of performance assessment. In the actual FOR
training, participants are given information about their task, the dimensions they will have to
assess, and samples of performance at various levels. Assessing a range of performance
videos, the ratings of the FOR training participants are contrasted against the experts’ “true
scores.” Subsequently, differences are identified and feedback provided to the participants
(Baker et al., 1999; Woehr & Huffcutt, 1994).
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BOT aspires to increase raters’ observational skills, because problems in behavioural
observations are deemed a critical source of inaccurate ratings. BOT offers various strategies to
improve raters’ observations. Examples are exercises of note taking, or strategies to avoid
common observation errors (Baker et al., 1999; Woehr & Huffcutt, 1994).

2.4 Linear and non-linear assessment models
The literature on performance assessment distinguishes between linear and non-linear models
(e.g., Dawes & Corrigan, 1974; Einhorn, 1970, 1971, 1972; Hogarth & Karelaia, 2007; Ogilvie &
Schmitt, 1979). Linear models are characterised by the premise that assessors combine
important information in an additive, linear way. Various criteria are added and combined to
arrive at a decision about a ratee’s performance. A linear model suggests that raters involve all
relevant criteria into their assessments.
However, assessors may not always consider all aspects of performance, but combine
information in a non-additive way (i.e., Einhorn, 1971; Mavin et al., 2012). To arrive at a
decision about performance, only certain relevant criteria might be involved and a cut-off
procedure applied. A framework that incorporates these assumptions represents a noncompensatory model (e.g., Einhorn, 1971). In a state of information overload, assessors may
use a non-compensatory model as a cognitive simplification (Einhorn, 1971, 1972).

2.5 Compensatory and non-compensatory criteria
Assessors apply various criteria that are relevant to the performance being assessed (Einhorn,
1972). However, assessors not always combine criteria in a linear, predictive way. Some criteria
are compensatory whereas others are non-compensatory (e.g., Billings & Marcus, 1983;
Dieckmann, Dippold & Dietrich, 2009; Einhorn, 1972; Mavin et al., 2012; Schneider & Selling,
1996). Non-compensatory criteria have to be present and are not negotiable. An example is the
assessment of a pilot’s skills to taxi on the ground. In case the pilot taxied onto an active runway
without a clearance from the tower controller, the assessor might immediately deem
performance insufficient, no matter how well the pilot taxied before or after this event. The issue
of ‘entering an active runway without a clearance’ reflects a non-compensatory criterion. Taxiing
onto an active runway without a clearance cannot be compensated.
In contrast, a criterion is compensatory when an assessor allows the ratee to make up for poor
performance with excellent performance in another area (Einhorn, 1970, 1972). A pilot, for
example, might be unfamiliar with an airport because he had never flown to it. The pilot,
however, might be able to compensate for his reduced knowledge of the destination airport with
excellent chart reading skills.
In summary, the discussion about the use of models in performance assessment is ongoing
(Brannick & Brannick, 1989; Hogarth & Karelaia, 2007). Yet studies suggest that expert
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judgments are better mirrored in non-linear, non-compensatory models (e.g., Hogarth &
Karelaia, 2007).

2.6 Reliability and validity
In later chapters, this thesis questions the reliability of assessment scores and the (discriminant)
validity of assessment categories. A brief introduction into these psychometric measures shall
thus be given at this point.
Reliability and validity are the principal measures to assess the quality of human judgments
(Goldsmith & Johnson, 2002). Reliability relates to the “consistency of a measurement”
(Anastasi, 1988; Goldsmith & Johnson, 2002, p. 229) and is used to “determine the extent to
which the data or measurement is consistent” (Hernon & Schwartz, 2009, p. 73). For instance,
an assessment model is reliable when it provides consistent results, and little or no variation in
the scoring of assessors when they judge the same performance. The literature distinguishes
between various types of reliability measures, such as split-half, test-retest, intra-rater, or interrater reliability (e.g., Cook & Beckman, 2006; DeVon et al., 2007; Downing, 2003).
Intra-rater reliability exists when an assessor provides the same scores “to the very same level
of performance across multiple observations” (Goldsmith & Johnson, 2002, p. 229). In contrast,
high inter-rater reliability (subsequently referred to as IRR) is present when various assessors
give “the same grade to the same level of performance” (p. 229). Both intra-rater and inter-rater
reliability are essential when evaluating the performance of aircrews (Goldsmith & Johnson,
2002).
Whereas reliability is a necessity, it is not a sufficient component of validity (e.g., DeVon et al.,
2007; Downing, 2003). In general terms, validity is defined as “the ability of the instrument to
measure the attributes of the construct under study” (DeVon et al., 2007, p. 155). An
assessment model does not only have to provide consistent results, but also “accurately
measure…what it purports to measure” (Hernon & Schwartz, 2009, p. 73). This is referred to as
internal validity. In contrast, an instrument (or study) has external validity if its findings are
generalisable to the larger population (e.g., Hernon & Schwartz, 2009).
The literature distinguishes between different types of validity, such as content, face, criterion,
construct, predictive, translational, concurrent, convergent, discriminant, multicultural, and
consequential validity (i.e., Beaubien, Baker & Salvaggio, 2004; Colton & Covert, 2007; Cook &
Beckman, 2006; DeVon et al., 2007; Downing, 2003; Hernon & Schwartz, 2009). At this point,
only construct, convergent, and discriminant validity will be explained in some greater detail to
support the reader’s understanding of the arguments made later in this thesis.
Many concepts (e.g., intelligence) cannot be directly measured but have to be operationalised in
some way (Colton & Covert, 2007). Measures are thus required to determine whether an
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instrument (i.e., questionnaire, assessment model) actually measures what it intends to
measure (Cronbach & Meehl, 1955; DeVon et al., 2007). This is achieved by examining
construct validity. For example, an instrument that intends to measure the construct “situational
awareness” has construct validity if all of its items “have the capability to exclusively measure
concepts that are theoretically and structurally related to” this construct (DeVon et al., 2007, p.
156). Construct validity would have to be questioned if the instrument also measured other
concepts that are closely related to situational awareness.
Among others, convergent and discriminant validity are types of construct (and criterion) validity
(Campbell & Fiske, 1959; Colton & Covert, 2007; DeVon et al., 2007). Both are closely related
yet oppose each other. On the one hand, convergent validity is defined as a “correspondence or
convergence between constructs that are theoretically similar” (DeVon et al., 2007, p. 159).
When measuring the relationship between feelings of depression and worthlessness, for
instance, we would expect these constructs to be strongly related (Colton & Covert, 2007).
Discriminant validity, on the other hand, is an instrument or model’s “capability to differentiate or
discriminate between constructs that are theoretically different” (DeVon et al., 2007, p. 159).
Measurements of depression and happiness, for example, are not supposed to be strongly
related to each other (Colton & Covert, 2007). In order to provide evidence for the construct
validity of an instrument, the researcher will have to demonstrate both that a construct highly
“correlates with other measures of the same construct (convergent)” yet is “uncorrelated with
measures of dissimilar constructs (discriminant)” (Colton & Covert, 2007; Weber, 1990, p. 13).
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CHAPTER 3: METHODS, METHODOLOGY,
EPISTEMOLOGICAL BACKGROUND
In the following, the methods and methodologies of the project will be outlined. Subsequently,
the choice of methods and methodologies will be justified and contextualised in terms of the
project’s theoretical perspective and epistemological background (Crotty, 1998).

3.1 Methods
The methods applied to analyse the data differ between the studies. In Study 1, the data
analysed is quantitative in nature, involving assessors’ scores, assessment times, age, flight
hours, and years as commercial pilot (see Chapter 4). As a consequence, a statistical analysis
(e.g., Crotty, 1998) was performed, using IBM SPSS Statistics. In contrast, the analyses of
Studies 2 and 3 largely focus on the reasoning provided by assessors to justify a certain score
(see Chapters 5 and 6). Researchers were present during the assessment, yet only gave the
necessary introductory explanations and enquired in case assessors did not explain why they
came to certain conclusions (i.e., providing a score without a reason). Hence, the technique
used to collect the data was a non-participatory observation (Crotty, 1998). After the
assessment of each scenario, follow-up questions were asked that were part of a semistructured interview: while specific questions were addressed, participants had the opportunity
to share thoughts and ask questions.

10

The discussion-paper, on the other hand, does not

contain the analysis of specific datasets, but reflects on the findings of a number of relevant
studies in the form of an extensive discussion. The procedure applied, the subjects’ task, the
transcription of the assessment sessions, the coding of the data, and the description of how the
data was analysed is extensively outlined in each individual study. To avoid repetition, the
reader is directed to the Methods section in Study 1, 2, and 3 (see Chapters 4, 5, and 6).
Involving quantitative and qualitative data (assessors’ scoring and reasoning, respectively), the
present project applies a mixed-methods research (e.g., Campbell & Fiske, 1959; Gray, 2014;
Greene, Caracelli & Graham, 1989; Johnson, Onwuegbuzie & Turner, 2007; Madey, 1982;
Tashakkori & Teddlie, 1998). Following up on a quantitative comparison (Study 1) with
qualitative enquiries (Studies 2 and 3) represents a sequential analysis (Tashakkori & Teddlie,
1998). The combination of both data sources will provide a richer and more profound analysis
(Rossman & Wilson, 1985) that involves multiple valuable perspectives (Johnson et al., 2007).
Furthermore, the involvement of quantitative and qualitative data does not contradict the
methodology applied (Grounded Theory; see Chapter 3.2) to enquire assessors’ reasoning.
According to the founders of this methodology, “each form of data is useful for both verification
and generation of theory…” (Glaser & Strauss, 1967, p. 17).
10

The analysis of the semi-structured interviews is not part of the present thesis. This data will be analysed in studies
conducted by the co-authors.

23

3.2 Methodology
Resulting from the non-participatory observation, the qualitative data in Studies 2 and 3 require
a methodology that allows for the extraction of assessors’ key statements to arrive at the topics
addressed.

11

A methodology is defined as a “way of thinking about and studying social

phenomena” (Corbin & Strauss, 2008, p. 1). It is a strategy that links the methods to an
expected result (Crotty, 1998). Rather than having predefined research questions and
hypotheses to be tested, the aim of Studies 2 and 3 is to explore the data and develop a
theoretical base for what the data reveal. The methodology that embodies this research
approach best is Grounded Theory (e.g., Corbin & Strauss, 2008; Glaser, 1992; Glaser &
Strauss, 1965, 1967; Strauss & Corbin, 1990).
Grounded Theory was developed by Barney Glaser and Anselm Strauss (1965, 1967), who
aimed to enquire “the experience of dying patients” (Baker, Wuest & Stern, 1992, p. 1356). The
name of the methodology reflects its purpose: Grounded Theory is a “specific methodology…for
the purpose of building theory from data” (Corbin & Strauss, 2008, p. 1). The researcher
discovers and creates ‘theory’ that is directly ‘grounded’ in the data (Charmaz, 2008; Glaser &
Strauss, 1967). The researcher conducts a theoretical analysis and builds inductive theories
from what she or he discovers in the data. Providing a large set of tools for the collection and
analysis of qualitative data, Grounded Theory offers the study of human experience, such as
actions, intentions, situations, and meaning (e.g., Corbin & Strauss, 2008; Glaser & Strauss,
1965, 1967).
The Grounded Theory researcher is strongly involved during the entire research process, in
both the data collection and analysis (Glaser & Strauss, 1967; Strauss & Corbin, 1997). The
process usually begins with collecting focused data (i.e., individual cases) that are related to a
specific question or a topic of interest. The researcher starts comparing pieces of data to find
patterns, such as commonalities and differences. S/he increasingly builds levels of abstraction
and progressively develops concepts and categories that contextualise and synthesise the data
to explain what the data indicate. Based on the analytic work and leads in the data itself, the
researcher subsequently collects additional data to refine the properties of emerging themes
and categories. As a consequence, the researcher moves back- and forwards from data
collection and analysis (Charmaz, 2008).
In terms of the Grounded Theory methodology, categories (also called ‘themes’) are defined as
“[h]igher-level concepts under which analysts group lower-level concepts according to shared
properties” (Corbin & Strauss, 2008, p. 159; Glaser, 1992). Categories constitute relevant
phenomena, summarise common patterns, and allow for the synthesis and reduction of data
(Charmaz, 2008; Corbin & Strauss, 2008). Categories enable the researcher to interpret data,
identify relationships, and “explicate ideas, events or processes” (Charmaz, 2008, p. 98).
Concepts, on the other hand, are the researcher’s interpretations (Corbin & Strauss, 2008).
11

Subsequently, ‘key statements’ are referred to as ‘criteria’ (Study 2) or ‘justifications’ (Study 3). On the other hand, a
‘topic’ represents the thematic summary of multiple criteria/justifications (see Study 3).
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They represent “the product of [the] analysis” (Corbin & Strauss, 2008, p. 159) and are referred
to as “[w]ords that stand for groups or classes of objects, events, and actions that share some
major common property(ies)…” (p. 45). Concepts are the foundation of the analysis, and
provide “ways of talking about and arriving at shared understandings among professionals”
(Corbin & Strauss, 2008, p. 8). Eventually, properties are the “[c]haracteristics or components of
an object, event, or action” that provide specificity (p. 46).
Grounded Theory researchers aspire to collect rich data that provide substantial descriptions of
the subjects’ thoughts, intentions, feelings, and/or actions (Charmaz, 2008; Corbin & Strauss,
2008). Transcribed recordings, for instance, enable detailed views and opinions (Charmaz,
2008). Grounded Theory offers various techniques to code the data. In general terms, coding
means “[e]xtracting concepts from raw data and developing them in terms of their properties
and dimensions” (Corbin & Strauss, 2008, p. 159). Coding is also defined as the
conceptualisation of data by comparing several incidents, or incidents with concepts, to develop
categories (Glaser, 1978, 1992). Coding directly leads to the development of categories and
may result in the development of unforeseen and new research questions to pursue (Charmaz,
2008).
Grounded Theory encourages the researcher to develop memos, which are “[w]ritten records of
analysis” (Corbin & Strauss, 2008, p. 117). Memos serve the purpose of analysis by providing
the researcher with a tool for reflecting upon the data and developing ideas about them. Memos
help the researcher to examine implicit and unstated meaning, as well as to explore and
determine the codes that become the analytic categories (Charmaz, 2008). The use of memos
directly leads to theoretical sampling, which is referred to as the process of collecting additional
data to elucidate and refine the theoretical categories that have already been developed during
the research process. Through theoretical sampling the researcher can further explore the
meaning of the tentative concepts, identify gaps between categories, and find relationships
(Charmaz, 2008; Corbin & Strauss, 2008; Glaser & Strauss, 1967). The researcher stops the
collection of further data at the point when the categories are well saturated. This is achieved
when further data only provide little new insight, or no additional data can be found to further
develop the properties of categories (Charmaz, 2008; Corbin & Strauss, 2008; Glaser &
Strauss, 1967).
How the Grounded Theory methodology is implemented in Studies 2 and 3 will be outlined in
the Methods sections of the respective chapters (see Chapters 5.2 and 6.2).

3.3 Epistemological background
Having addressed the methods and methodology, the design and the epistemological
perspective of the project need to be outlined (Crotty, 1998). An epistemology is the “study of
the nature of knowledge…” (Burr, 2003, p. 92), which invites us to ask “what it means to know”
(Gray, 2014, p. 19), or, more instrumentally, how we know what we know.
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According to the aim of the thesis, I aspire to provide a deeper understanding of the source of
assessors’ disagreement in their scoring and reasoning of pilot performance. I will perform a
statistical analysis of assessors’ scores and look into their reasoning by using a Grounded
Theory methodology. Applying both quantitative and qualitative methods represents a mixedmethods design. Being well aware of the limitations, I have chosen this design because I
believe that both methods have the ability to shed light on the assessment of pilot performance
from different perspectives. The statistical analysis can say something meaningful about the
relation of scores (and time intervals) of assessors from two airlines. Furthermore, it will direct
the focus of the subsequent qualitative studies that aim at exploring assessors’ reasoning.
However, quantitative statistics provide no means to examine assessors’ reasoning. This can
only be achieved by applying qualitative methodologies.
Different epistemological perspectives can be adopted when looking into performance
assessment. On the one hand, we can follow the assumption that there is a single truth about
the performance of a pilot. We might assume that truth and meaning do exist in an external
world and are ready to be discovered with the right tools and adequate instruments. For
instance, assessment models that offer categories and meticulously defined behavioural
markers will allow assessors to uncover this truth and eventually lead to agreement about
performance. This perspective represents an objectivist epistemology (Crotty, 1998).
On the other hand, we might want to reject the notion that meaning and truth exist in some
external world and that there is a single truth about the performance of a pilot. We could
assume that variation in performance is possible and likely, for instance due to the task given to
the pilots, the situation they face, or their form on the day. The behaviour of a pilot, e.g.,
observed in a simulator, might only provide a current picture of performance in the present, yet
change in the future. Instead of assuming that the truth about performance is ready to be
discovered, we might want to reflect upon whether truth and meaning are constructed and
created by the assessors themselves. Meaning may be constructed in different ways,
depending on assessors’ background, expertise, and experience. As a consequence, different,
and even contradictory interpretations of performance can result, which, however, may all be
equally reasonable and justifiable.
The present research is inspired by the latter perspective, which builds on the theoretical
perspective of symbolic interactionism and the epistemology of (social) constructivism (Baker et
al., 1992; Burr, 2003; Charmaz, 2008; Crotty, 1998; Gergen, 2009; Gray, 2014). Social
constructivism invites us to question whether knowledge is based upon objective observations
(Burr, 2003). It denies objective facts and rejects that the knowledge we have acquired results
from “a direct perception of reality” (p. 6). Rather, people construct knowledge and their
perception of reality in their daily interactions with others. Social constructionists are thus
interested in studying various ways of social interaction, namely language (Burr, 2003), to
question whether language reflects the world as it is, or if language creates the world that we
see.
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All qualitative studies in this thesis examine language in the form of the transcribed discourse
among assessors. Based on the findings and inspired by social constructivism, the objectivist
epistemology underpinning the assessment of airline pilots’ performance is increasingly
challenged (Chapter 7).
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CHAPTER 8: CONCLUSION
The aim of the present thesis was to examine possible reasons for the source of disagreement
among assessors when judging safety-critical crew performance and collaboration. The
importance of this aim and significance of the thesis are mirrored in previous studies that have
identified large variation in the scoring of airline professionals who assessed the performance of
peers (e.g., Mavin et al., 2013). Each study involved in the thesis has substantially contributed
to the existing body of knowledge—as well as to the aim of the thesis—by providing a better
understanding of the variation in assessors’ scoring and reasoning. The discussion has
reflected on, and provided possible reasons for, the source of disagreement.

8.1 Contribution
Study 1 provided a quantitative, statistical comparison of the scoring and assessment time of
assessors from two different airlines. Only one airline was given an assessment model. The
findings revealed that the pairs of the two airlines largely arrived at different conclusions about
performance. The assessors who did not use a model scored lower and took less time to
assess the pilots. The use of a model resulted in more agreement among assessors, yet
nowhere nearly led to identical scores. The disagreement about the scores between the two
airlines, yet also between the pairs of the same rank and airline, necessitated qualitative
investigations into assessors’ reasoning. Assessors disagreed about the scores despite using a
model and word pictures. The subsequent studies thus focused in on the airline that used a
model to judge performance.
Study 2 examined the reasoning of three captain assessor pairs who assessed the categories
‘Situation awareness’ and ‘Knowledge’ related to a crew’s performance in two scenarios. The
aim was to explore the criteria assessors state as affecting flight safety, and to investigate
whether all assessors identify the same criteria. The results showed that assessors used a mix
of the same and different criteria. Pairs arrived at the same scores for different reasons, yet also
at different scores for the very same reasons. The reasoning behind the same or very similar
scores largely varied. Implications were drawn in regards to the usefulness of inter-rater
reliability measures.
The findings of Study 2 evoked concerns about the validity of commonly used assessment
categories. It thus had to be questioned if disagreement among assessors is partly the result of
the low validity of the categories themselves. To find if variation in the reasoning was solely
distinctive of the captain assessors or if it existed in the assessment of other airline
professionals as well, Study 3 explored the reasoning of flight examiners who assessed a
crew’s performance in yet another scenario. Assessors’ justifications were contrasted against
widely used assessment categories. The findings revealed an extensive overlap of the criteria
that constitute certain categories. The categories were hardly specific because assessors
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largely built their assessments on different observations and justifications. However, no clear
pattern could be identified of what might distinguish the sort of observations that were specific to
a single assessment category from observations that were stated in multiple categories.
Consequently, the validity of assessment categories was questioned.
The discussion (Chapter 7) concluded that the findings of the present thesis and a growing body
of literature are clear about immense variety that exists in the assessment of airline pilots’
performance. Large variation was found in assessors’ scoring and reasoning, even if assessors
were given a model and word pictures to judge performance. Chapter 7 thus aimed at
developing a better understanding of the source of disagreement. It was questioned how the
airline industry can deal with the variety in assessment, and how it can come away from the use
of both highly specific BM and highly unspecific categories. Based on reflections about safety
research, the need to adapt current assessment practice was outlined.
8.1.1 Options available to the airline industry
Based on the present research, the aviation industry has two options of how to deal with the
variety in assessors’ scoring and reasoning. The first option is to continue the pursuit of high
inter-rater reliability measures in assessment scores and to strive against diversity in assessors’
reasoning. However, the findings outlined in the present thesis show a slim chance of success.
It may turn out highly difficult—if not impossible—to eliminate all of the variance in assessors’
observations, evaluations, and interpretations. Variation may exist despite the use of BM,
categories, or various techniques to improve inter-rater reliability (e.g., Woehr & Huffcutt, 1994).
The alternative option is to accept, value, and embrace diversity in assessors’ judgments.
Rather than an obstacle, diversity can be seen as a rich source of learning and engaging pilots
to reflect on performance. A more “accurate” picture of a pilot’s skills may result from various
assessments, different perspectives, and disagreement among raters. However, it goes without
saying that the acceptance of diversity in examiners’ scoring and reasoning evokes questions
about the equality of the pilots assessed. Yet analogically to the absence of single, unbiased
explanations found—or created—in accident investigations (i.e., Cilliers, 1998; Dekker, 2011a),
there may as well never be only one objective truth about a pilot’s performance.
As a result of these options, it needs to be questioned whether increased agreement among
assessors (Assessment-I) or diversity in assessors’ reasoning (Assessment-II) may provide a
more colourful picture of a pilot’s performance. Given the limited prospects of the first option,
the aviation industry might want to consider and explore the benefit of involving multiple
perspectives from various independent, internal and external assessors who reflect on a pilot’s
background, expertise, previous work, and current performance from an even wider angle.
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8.2 Limitations
When I was generously invited to join, assist in, and help further develop the present research
project, the initial focus was to increase knowledge about the use of hierarchical, noncompensatory models, such as the MAPP. The aim was to develop a better understanding of
the process of assessing complex performance and increase the effectiveness of NTS
assessment. Improvement in the training of NTS would help pilots further develop and apply
their NTS, and, as a consequence, reduce problems and accidents related to this skillset. Every
individual study was supposed to increase knowledge of how to improve the MAPP. Based on
the findings, the MAPP and certain word pictures should have been adapted and increasingly
built on founded research.
However, in the course of my first qualitative investigation into assessors’ reasoning (Study 2),
my research ground to a halt. Particularly reflections on safety and accident research, human
factors, complexity theory, systems thinking, and the literature on criminalisation of human error
inspired me to depart from the research trajectory as initially planned. My thoughts in this very
moment are best summarised in an email to one of my supervisors (personal communication;
February, 2013):
In order to make assessments, we are trying to break pilot performance down into single,
measurable parts (behavioural markers, NOTECHS, criteria within the MAPP). This
seems to do injustice to the complexity of the scenarios—which I also find in my results:
assessors use a mix of the same and different criteria in their assessments, provide the
same scores for different reasons, and vice versa. Assessments do not follow a linear
path, but are rather nonlinear. Some see non-compensational criteria, whereas others do
not. I almost went nuts during my analysis, because it was never possible to pinpoint
certain criteria that for all pairs would lead to the same conclusion.
I think this underlines that the process of assessing pilot performance is complex and that
it might be completely the wrong approach to go and try to find the criteria. Instead, we
might have to go up and out when assessing performance, and accept that the diversity
of assessors' opinions is valuable (instead of trying to achieve high IRR-scores and make
assessors all observe and assess the same things). This, however, seems to be contrary
to what we are trying to achieve with our research: to better understand assessment and
provide the industry with improved assessment models.
Subsequently, I adapted the focus of the remaining studies. I questioned if the categories
themselves are a potential source of assessors’ disagreement (Study 3), and reflected on
current assessment practice, research on pilot performance assessment, opposing views of
human error, and progress in safety research (Chapter 7). These studies, however, could no
longer increase knowledge about the use of hierarchical models, serve as a validation of the
MAPP, or provide improvements of its word pictures.
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An additional limitation was the number of subjects involved in the present research. Two
airlines participated with n = 18 airline professionals (6 FO, 6 CAP, 6 FE) per airline, which
resulted in a total of N = 36 airline pilots. The quantitative comparison in Study 1 involved the
scoring of all participating assessor pairs. In contrast, the qualitative examination into
assessors’ reasoning in Studies 2 and 3 was limited to a number of n = 6 assessors per study.
However, qualitative studies tend to involve relatively small numbers of participants “due to the
time-consuming and labour-intensive nature of qualitative data collection and analysis” (Willig,
2008, p. 17). Furthermore, constraints in the number of subjects are not unique in aviation.
Rather, single-case research designs have become increasingly accepted (Whitehurst, 2013).
Despite generalisations from the sample to the population have to be made with care, I am
convinced that the participants involved in the present effort were representative for the
population of airline professionals, and that the number of subjects was both adequate and of
value to conduct initial qualitative investigations into assessors’ scoring and reasoning. Yet the
richness and depth of assessors’ discourse has to be further examined in studies that involve
larger numbers of participants.

8.3 Future research and questions
This research project has given rise to a range of new, more specific questions that need to be
addressed in future studies. Some of these questions have already been outlined throughout
the chapters, yet an overview shall be given here.
The need to involve a larger number of assessors is threefold. Firstly, Studies 2 and 3 have
examined the reasoning of captain and flight examiner assessor pairs. Further efforts have to
look into the scoring and reasoning of a larger number of assessors from different airlines and
ranks (e.g., first officer assessor pairs). Secondly, Study 3 has shown that a critical issue (the
spinning engine on the ground) was not only noticed by highly experienced flight examiners but
by less experienced first officers as well. Further studies have to examine how this or a similarly
critical issue influences the scoring and reasoning of a larger number of assessors. It generally
needs to be questioned if more or less experienced assessor-pilots all make the same
observations. Thirdly, this research has looked into the reasoning of flight examiners to question
the validity of widely used categories (Study 3). Further studies have to examine whether a
similar pattern results when involving a larger number of assessors, from different airlines and
ranks, who assess various scenarios. An approach of how to examine the validity of
assessment categories involving a larger number of assessors was outlined in Study 3 (Chapter
6.5).
Future studies have to address various questions related to assessment models. On the one
hand, the findings of Study 1 have shown that the use of a model and its word pictures/BM did
not increase the likelihood of assessors making a safety-critical observation: The spinning
engine on the ground was only noticed by a small number of assessors, and an even smaller
number of assessors who used a model. It thus needs to be examined if and how models can
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better direct assessors’ attention to critical aspects of performance, and whether the variety of
those aspects can be captured in a set of BM. On the other hand, Study 1 has revealed
differences in assessors’ scores when using a model or not. This requires questioning if a
model and its word pictures have an influence on the assessment, in terms of both assessors’
scoring and reasoning.
Additional studies have to enquire how assessments come about when assessors are not given
a model or word pictures to assess performance (further examination of Dataset B). It has to be
asked what reasons, justifications, and word pictures assessors come up with when not given a
model, if they actually refer to commonly used categories, and whether assessors agree about
performance. The reasoning of assessors who use a model has to be qualitatively contrasted
against the reasoning of assessors who do not use a model. Eventually, pilots rated by
assessors who did use a model faced less variation in assessors’ scoring, yet were passed
more often and received higher scores. Hence, it has to be questioned whether these
consequences reflect what an assessment model is supposed to achieve.
This research has revealed differences in assessors’ time spent to assess performance. Study
1 has shown that the raters who used a model spent more time to assess the scenarios. Further
studies have to examine if longer assessment times are the result of a model’s discussion
stimulating nature or reflect assessors’ difficulties in the use of a model, the word pictures,
and/or the categories (see Chapter 4.4). In addition, Study 3 outlined differences in the
assessment process of the flight examiner pairs (see Chapter 6.3.4). These pairs not only
differed in regards to the total time spent to assess the engine fire scenario, but also in the
amount of time to assess each individual category. Further research thus has to examine the
time spent to assess performance in regards to the use of categories and the scores provided.
This thesis has shown that various questions about widely accepted assessment categories
remain unanswered. The issues with these categories pertain to (a) their reference to mental
processes, (b) the benefit and implications of filing performance into categories, (c) seeing
categories as stable constructs that say something meaningful about performance in the future,
(d) lifting observable aspects of performance into unobservable categories of mental processes,
(e) the origin of the categories, and (f) the foundation of categories in psychological research.
All of these issues have to be subject of future research.

8.4 Closure
In accordance with the Grounded Theory methodology, it was interesting to have learned in this
research project about the importance of “letting the data speak.” This has allowed pursuing
further research questions that resulted from the previous findings. Each study has led to
additional questions that were addressed in subsequent efforts. “Letting the data speak” has
also resulted in a research journey that is characterised by a different focus in the beginning
and the end: The project has increasingly moved away from validating a widely used
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assessment model towards discussing, and reflecting about, changes in assessment practice.
The closer I looked into the use of a model, the more apparent and distinctive the mismatch
became between the categories used in the model and the critique about these categories
expressed in a growing body of literature in human factors and safety research.
Despite its changing focus, this research never aspired to deem current assessment practice
unreasonable, state that disagreement about performance reflects examiners’ inability to make
adequate assessments, devalue airline professionals’ judgments, or claim that there is no value
in improving pilots’ technical and/or non-technical skills. Instead, this project has sought to make
the reader reflective about moving assessment practice into a new era, which sees practitioners
as the solution to harness, looks into the presence of capabilities and capacities, and allows and
embraces vocabularies of empowerment and diversity.
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Why is the research being conducted?
You! are! asked! to! consider! participating! in! a! collaborative! research! program! between! Griffith!
University,!University!of!Victoria!and!QantasLink.!The!research!will!be!conducted!in!Brisbane!entitled!
“A!new!model!for!training!and!assessment!of!non@technical!skills!in!critical!environments”.!!
Research! has! shown! that! many! pilot! errors! were! not! related! to! technical! skills! but! rather! were!
centred! on! areas! such! as! communication! and! decisionEmaking.! Furthermore,! investigations! have!
revealed!a!mismatch!between!traditional!training!and!assessment!methods,!and!causes!of!accidents,!
highlighting!an!important!need!for!changes!in!pilot!training!and!assessment.!
To!resolve!these!problems,!Mavin!and!Dall'Alba!(2009;!2010;!2011)!have!argued!that!continuing!to!
assess!pilot!skills,!utilising!separate!measures!for!technical!and!nonEtechnical!skills!is!not!reflecting!
the! realities! of! actual! practice.! From! these! arguments,! Mavin! (2010)! developed! a! Model! for!
Assessing! a! Pilots'! Performance! (MAPP),! which! brought! together! both! technical! and! nonEtechnical!
skills.! The! MAPP! consists! of! six! key! criteria:! situational! awareness,! decisionEmaking,! flying! skills,!
aviation!knowledge,!management!of!crew!activities,!and!communication!amongst!crew.!
The! aim! of! this! study! is! designed! to! investigate! pilot! expertise! and! its! enhancement! (i.e.,! knowing!
and!learning)!while!pairs!of!pilots!from!three!expert!levels!(examiners,!captains,!firstEofficers)!watch!
videotaped! performances! of! peers! that! have! been! recorded! during! flight! simulator! sessions.! This!
approach!will!allow!us!to!investigate!knowledge!in!action!and!reflection!on!knowledge.!
The!participants!in!this!study!will!be!a!total!of!18!pilots!(6!examiners,!6!captains,!and!6!first!officers).!
Each!pilot!will!be!paired!with!a!pilot!of!similar!rank!within!the!airline.!Each!pair!will!assess!three!(3)!
videotaped! episodes! of! pilots! flying! a! simulated! flight.! Each! pair! will! be! asked! to! assess! the!
performance! of! the! pilots! in! the! video,! and! it! is! anticipated! that! they! will! make! available! to! each!
other!their!personal!reasoning!supporting!their!choice!during!each!assessment!exercise.!!
To!enable!analysis!at!a!later!date!by!the!research!team,!each!pair!will!be!video!taped!by!two!video!
cameras.!One!camera!will!be!facing!the!pilots!capturing!their!discussion!and!the!assessment!form.!
The!other!camera!will!be!placed!behind!the!pilots!to!show!the!discussion!and!current!flight!footage.!

What you will be asked to do
Participation!requests!you!to!be!involved!in!the!following:!
•
•

A!three!hour!video!recorded session!where!you!and!another!pilot!of!similar!rank!will!be!
asked!to!assess!three!(3)!flight!videos.!
A!short!(individual)!interview!at!the!end!of!the!assessment!session!to!discuss!your!
assessment.!

135

!
!

Who is involved and is it voluntary
Eighteen! (18)! pilots! from! QantasLink! will! be! involved! in! this! specific! study.! ! We! would! greatly!
appreciate!your!involvement.!Participation!in!this!study!is!voluntary!and!is!no!way!connected!to!your!
employment.!If!you!wish!to!be!involved,!we!ask!you!to!sign!the!attached!consent!form!and!return!to!
the!investigator.!
If!you!wish!to!withdraw!from!the!study!at!any!time,!you!are!free!to!do!so.!However,!once!the!audio!
and! video! recordings! have! been! transcribed,! participants! made! anonymous,! and! audio! recordings!
destroyed,!deleting!your!input!will!be!difficult.!
!

The expected benefits of the research
Benefits! for! this! research! include;! improved! and! more! transparent! approach! to! assessing! pilot!
performance;!improved!approaches!to!pilot!debriefing;!and!better!training!approaches.!

Risks to you
There!are!no!known!risks!associated!with!this!study.!

Your confidentiality
As! you! can! imagine,! during! the! analysis,! there! is! a! risk! that! you! will! be! identified! by! the! video!
recordings.! However,! all! information! that! is! gained! from! these! sessions,! including! your! voice! and!
visual! images,! will,! as! per! university! guidelines,! be! kept! in! the! strictest! confidence.! ! No! names! of!
pilots!or!airlines!will!be!used!within!the!reporting!of!this!research.!On!completion!of!the!research,!
the!video!recording!will!be!destroyed.!
Should! you! wish! to! withdraw! at! any! time! during! the! research,! you! may! do! so! without! prejudice.!!
Overall,! all! data! collected! throughout! the! study! will,! where! possible,! be! deEidentified! to! maintain!
confidentiality!and!anonymity!and!stored!separately.!Your!privacy!will!be!managed!by!the!research!
team!at!all!times.!!
Whilst!the!data!will!be!kept!in!the!strictest!confidence,!we!would!like!to!seek!permission!for!a!small!
sampling! of! the! images! be! used! for! academic! publications! and! or! conference! presentations.! It! is!
assumed,! that! by! signing! this! consent! form! you! will! not! automatically! agree! to! this.! An! additional!
signature!will!be!required!by!yourself!at!the!end!of!the!consent!form!if!you!agree!to!this.!

Further information
You!may!contact!the!Chief!Investigator!Associate!Professor!Tim!Mavin!(Griffith!University)!on!+61!7!
3735!4404!or!+61!412!370!700.!Alternatively!if!you!would!like!to!speak!to!an!officer!of!the!University!
not! involved! in! the! study,! you! may! contact! Griffith! University! Research! Ethics! on! 3735! 5585! or!
researchEethics@griffith.edu.au.! If! significant! new! findings! develop! during! the! course! of! this! study!
that!may!relate!to!your!decision!to!continue!participation,!you!will!be!informed.!

The ethical conduct of this research
This!study!adheres!to!the!guidelines!of!the!ethical!review!process!of!Griffith!University.!The!information!
sheet! should! indicate! that! Griffith! University! conducts! research! in! accordance! with! the! National!
Statement! on! Ethical! Conduct! in! Human! Research.! ! If! potential! participants! have! any! concerns! or!
complaints!about!the!ethical!conduct!of!the!research!project!they!should!contact!the!Manager,!Research!
Ethics!on!+61!7!3735!5585!or!researchEethics@griffith.edu.au.!

Feedback to you
On completion of the research, participants, via a companywide report, will be given appropriate and
timely summary of the results of the overall research.
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!
Privacy Statement
The! conduct! of! this! research! involves! the! collection,! access! and/or! use! of! your! identified! personal!
information.! The! information! collected! is! confidential! and! will! not! be! disclosed! to! third! parties!
without!your!consent,!except!to!meet!government,!legal!or!other!regulatory!authority!requirements.!!
A! deEidentified! copy! of! this! data! may! be! used! for! other! research! purposes.! ! However,! your!
anonymity!will!at!all!times!be!safeguarded.!!For!further!information!consult!the!University’s!Privacy!
Plan! at! http://www.griffith.edu.au/aboutEgriffith/plansEpublications/griffithEuniversityEprivacyEplan!
or!telephone!(07)!3735!5585.!
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Griffith University Ethical Approval: BPS/14/11/HREC!

CONSENT FORM
Research
Team

Associate Professor Tim Mavin, Griffith University, +61 412 370 700
Mr David Weber, Griffith University
Professor Sidney Dekker, Griffith University
Professor Wolff-Michael Roth, University of Victoria

You!are!involved!in!the!following:!
•
•

A!threeEhour!video!recorded!session!where!you!and!another!pilot!of!similar!rank!will!
be!asked!to!assess!three!(3)!flight!videos.!
A!short!(individual)!interview!at!the!end!of!the!assessment!session!to!discuss!your!
assessment.!

By!signing!below,!I!confirm!that!I!have!read!and!understood!the!information!package!and!in!
particular!have!noted!that:!
•
•
•
•
•
•
•

•

I!have!had!any!questions!answered!to!my!satisfaction;!
I!understand!the!risks!involved;!
I!understand!that!there!will!be!no!direct!benefit!to!me!from!my!participation!in!this!
research;!
I!understand!that!my!participation!in!this!research!is!voluntary;!
I!understand!that!if!I!have!any!additional!questions!I!can!contact!the!research!team;!
I!understand!that!I!am!free!to!withdraw!at!any!time,!without!comment!or!penalty;!
I!understand!that!I!can!contact!the!Manager,!Research!Ethics,!at!Griffith!University!
Human!Research!Ethics!Committee!on!3735!5585!(or!researchE
ethics@griffith.edu.au)!if!I!have!any!concerns!about!the!ethical!conduct!of!the!
project;!and!
I!agree!to!participate!in!the!project.!

Name
Signature
Date
Sign!below!if!you!consent!to!the!following:!
I!agree!to!still!images!(10)!being!used!for!academic!publications.!
I! agree! to! short! video! images! (30! seconds)! being! used! for! academic!
only!conferences.!
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Appendix 2
Scoring sheet used in the study involving Airline B.

Score Captain
1

2

3

4

5

2

3

4

5

Score FO
1

5 = very good standard
4 = good standard
3 = satisfactory
2 = minimum standard
1 = unsatisfactory
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