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    Chapter 9   
 Models for and Practice of Continuous 
Professional Development for Airline Pilots: 
What We Can Learn from One Regional 
Airline                     

       Timothy     J.     Mavin    

9.1          Introduction 

       Aviation      is  an   industry where  continuing education and training (CET)   is  c  ommon 
for all  personnel  . For  some   professionals, like airline pilots, CET is not only impor-
tant, but also mandatory. For example, pilots undergo a regular biannual training 
and assessment program where they attend (a) classroom-based instruction, and (b) 
simulator training and assessment sessions. In the classroom, pilots undertake 
instruction to refresh knowledge of – or be introduced to new – aircraft systems, 
technical procedures or operational philosophy. In simulator training and assess-
ment sessions, various emergencies will be encountered, requiring pilots to effec-
tively work as a team. In this case, the captain (fi rst in command) assisted by the fi rst 
offi cer (second in command) will identify and contain a malfunction and determine 
the best courses of action. The simulator instructor, known as a  fl ight examiner  (also 
 check captain  or  type - rated examiner  in some countries and regions), then makes an 
assessment of the pilots’ individual performance and that of the team. Unfortunately 
for some pilots, this profi ciency examination does not go well, requiring focused 
retraining followed by a further simulator assessment. In some cases, continued 
poor performance is career ending. 

 Over many decades, the  aviation   industry has come to realize pilot profi ciency is 
a complex interaction of both technical and  non-technical skills  . How these  skills   
are both developed and assessed in differing training environments – such as class-
room and simulator – is a question still under investigation. The purpose of this 
chapter is to show how two training methods were adapted to the particular needs of 
an airline through a unique collaboration with a university-based research team. In 
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particular, I demonstrate (a) how traditional classroom-based instruction moved to 
a mode that increased the possibility for  refl ection  , and (b) how post-simulator 
 debriefi ngs   increase the possibilities of pilots refl ecting on their experiences.  

9.2     Refl ective Practice in Training 

 An argument premised just over 30 years ago was that traditional training programs 
do not translate well into the workplace (Schön,  1983 ). It was proposed that improv-
ing life-long learning required a greater focus and analysis on a practitioner’s expe-
riences. At the time, refl ective practice was formulated as a way for professionals to 
develop during and after practice. The terms refl ection-in-action ( refl ection   during 
practice) and refl ection-on-action ( refl ection   after practice) were coined to assist in 
making the learning phases of refl ective practice more explicit (Schön,  1983 ,  1987 ). 

 Over the decades there have been numerous methods developed to improve 
refl ective practice. One common method used within fi elds such as  health care  , 
human resource  development   and university education is the refl ective journal 
(O’Connell & Dyment,  2011 ). The refl ective journal requires individuals to write, 
often informally, about their practice. Although the refl ective journal still remains 
an important method of  professional development  , it has not been without criticism. 
For instance, there have been arguments that writing can be superfi cial (Betts,  2004 ) 
or mechanical, and as such, that it does not address the deeper conceptual issues 
associated with professional practice (Holden & Griggs,  2011 ). Further critique 
centres around students not receiving adequate instruction on the purpose or 
approach to writing, thereby creating some journaling that focuses on perceived 
instructor expectation rather than refl ecting on a writer’s experiences and possible 
learning opportunities (O’Connell & Dyment,  2011 ). 

 Other forms of refl ective practice include role playing. Here, students’ abilities to 
deal with new situations can be enhanced by role playing possible outcomes prior to 
real-world practice. For instance, role playing has been used in many professional 
fi elds such as  health care   and  aviation  ; more recently, it has gained increased use for 
returning soldiers from confl ict zones to assist them in dealing with their own past 
experiences (Hassall & Balfour,  in press ). In a way,  simulation   training in aviation 
allows pilots to role play possible emergencies in high fi delity environments. Here, 
pilots are able to rehearse fl ying  skills   to such a level that they do not need any prac-
tice in a real aircraft prior to fl ying an aircraft with fare-paying customers (Mavin & 
Murray,  2010 ). 

 Critical incident analysis provides another approach to refl ective practice. 
Initially developed in  aviation   and anesthesia, its main purpose “was on analysing 
and assessing failures of procedures, or human error, with a view to reducing future 
risk” (Lister & Crisp,  2007 , p. 47). Critical incident analysis is gaining increasing 
use in the broader  health care   industry, education and also in social work (Lister & 
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Crisp,  2007 ). It has been recognized that critical incident analysis is an effective 
form of refl ection-on-action (Schön,  1983 ), where participants are able to review 
previous practice. Furthermore, it has been established that critical incident analysis 
is helpful for planning future action (Holden & Griggs,  2011 ), recently referred to 
as refl ection-for-action (Thompson & Pascal,  2012 ). 

 As one would expect, increasing use of technology is fi nding its way into the 
refl ective practice fi eld. Film segments from movies and documentaries become 
vignettes that facilitate individual and classroom-based discussions about practice. 
Video recordings taken from actual work practices of students and from profes-
sional performances are also used as a means to refl ect (Hulsman, Harmsen, & 
Fabriek,  2009 ; Todd,  2005 ). For example, modern aircraft simulators video record 
cockpit, audio and fl ight instrument parameters, permit a fl ight examiner to replay 
an entire simulator session in the  debriefi ng   room; a tool referred to as a debriefi ng 
tool. 

 In regard to the effectiveness of videos, the fi ndings are mixed. Studies show that 
medical students improve future practice if given opportunities to review their own 
performance via video recorded refl ective sessions (Ward et al.,  2003 ). It has also 
been demonstrated that improvement can be enhanced if participants are able to 
conduct reviews whilst accompanied by a senior or more experience person (Lane 
& Gottlieb,  2004 ; Scherer, Chang, Meredith, & Battistella,  2003 ). Yet, larger meta- 
analyses of studies investigating refl ective sessions mediated by personal video 
fragments (referred to in  aviation   as a debriefi ng) indicate they are no more benefi -
cial than sessions that have no video (e.g., Cheng et al.,  2014 ; Tannenbaum & 
Cerasoli,  2013 ). 

 There is increasing literature supporting refl ective practice for  professional 
development  , though with a caveat of improving its underpinning theory (e.g., 
Mavin & Roth,  2014a ; Thompson & Pascal,  2012 ) and support via empirical studies 
(e.g., Koole et al.,  2012 ). In spite of these calls, a key issue continuing to arise is that 
individuals, asked to refl ect on their own practice, must be able to do so. Inherent in 
this assumption is that once a performance has been completed, individuals review-
ing their own performance are capable of appraising that performance. However, 
considerable literature suggests many poorer performing individuals have great dif-
fi culty teasing apart the fundamental strengths and weaknesses of performance 
(Dunning, Johnson, Ehrlinger, & Kruger,  2003 ; Dunning & Suls,  2004 ; Gurung, 
Daniel, & Landrum,  2012 ; Sitzmann, Ely, Brown, & Bauer,  2010 ). That is, when 
people make incorrect responses, “they are also cursed with an inability to know 
when their answers, or anyone else’s, are right or wrong. They cannot recognize 
their responses as mistaken, or other people’s responses as superior to their own” 
(Dunning et al.,  2003 , p. 85). Despite the fact that skilled – or expert – individuals 
may use  refl ection   as a means of improving performance, it is not known how lower 
performing individuals – either by virtue of being new to a job or simply through a 
reduced level of  professional development   commensurate with (in)experience – 
gain the greatest benefi t from refl ective practice, when intrinsically they will have 
diffi culty refl ecting. How could a CET program integrate these well-known issues 
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into new curricula that allow an increase in refl ective practice across a range of 
skilled individuals?  

9.3     Background on Pilot Training and Assessment: Decades 
of Change 

 In early training, a pilot is familiarized with basic fl ight instruments, cockpit setup 
and electrical systems, for instance. Concurrently, pilots learn standard operating 
procedures on how to operate the aircraft with other crew members, including other 
pilots, cabin crew, air traffi c control, and company personnel (e.g., ground engineers 
and passenger boarding staff). In early instructional phases, pilots will use their 
understanding of basic aircraft systems and procedures to conduct training exercises 
in the simulator, including initial cockpit setup for departure, engine start, and taxi-
ing. As pilots develop greater awareness of systems, simulators are used to integrate 
this knowledge into the context of both normal and non-normal fl ight situations. On 
completion of a training program – generally lasting 6–10 weeks – a majority of 
pilots develop suffi cient  skills   and profi ciency to be accredited to fl y a particular 
aircraft type. Before a pilot is fully endorsed to fl y with passengers and other non- 
training pilots, they undergo an examination in which a fl ight examiner assesses 
their skills and performance levels. How might the examiners accomplish their task? 

 As mentioned, it is mandated that airline pilots must undergo CET and assess-
ment, though these have varied over the years. Studies in the late 1980s and through 
the 1990s discovered CET and assessment for airline pilots had a technical focus. 
For example, CET emphasized engineering and systems of the aircraft with exten-
sive assessment of fl ight manoeuvres (Mavin & Murray,  2010 ). Even though this 
approach to technical profi ciency remains important (Johnston, Rushby, & Maclean, 
 2000 ), it does not fully encompass the reasons why aircraft incidents and accidents 
were occurring over this period of time. Empirical research demonstrated that 
whereas technical knowledge of aircraft systems (e.g. aerodynamics, electrics, 
hydraulics), basic aeronautical knowledge (navigation and rules of the air), and 
technical  skills   (manipulation of actual aircraft) are important, these tended not to 
be the main reasons for the vast majority of aircraft accidents. Instead, skills associ-
ated with decision making, teamwork,  communication  , situational awareness, and 
management were often identifi ed to have been the root cause of fatal aircraft acci-
dents (Flin, O’Connor, & Crichton,  2008 ). 

 As a means of supplementing technical training curricula, airlines developed 
 crew resource management  material as a way to emphasize effective and effi cient 
teamwork (e.g., Helmreich, Merritt, & Wilhelm,  1999 ). Though these so-called soft 
 skills   – now referred to as  non-technical skills   – continued to be integral to CET via 
a variety of didactic methods (e.g., theory concepts and critical incident analysis) 
there was a level of apprehension within national  aviation   regulatory authorities that 
these skills were not assessed in the simulator or aircraft. To effect change, the Joint 
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Aviation Authorities in Europe developed a separate system to assess non-technical 
skills; the assessment of technical skills remained unchanged. The  non-technical 
skills   system developed was referred to as NOTECHS and consisted of four non- 
technical skills categories of co-cooperation, leadership and management,  situational 
awareness, and decision making (Flin et al.,  2003 ). To further improve and clarify 
these categories, each was further divided into sub-categories. For example,  leader-
ship and management  was divided into u se of authority ,  maintaining standards , 
 planning and coordination , and  workload management  (Flin et al.). To further assist 
fl ight examiners in assessing pilot performance, each sub-category was augmented 
by means of “word pictures” to describe poor and good performance. For example, 
 use of authority  had word pictures for  poor performance  including “hinders or with-
holds crew involvement,” “passive,” and “does not show initiative for decisions,” 
and “own position not recognizable.” Good performance on the other hand was 
described as “takes initiative to ensure crew involvement and task completion”, 
“takes command if situation requires” and “advocates own position” (Flin et al., 
p. 104). The aim was to make the assessment of  non-technical skills   mandatory, and 
to foster implementation by means of newly developed assessment tools. 

 Over the last decade, NOTECHS (and its many variants developed by airlines) 
are used to assess pilot performance. Even though there is great support for its use 
in practice, there has been some questioning of the separation of technical and non- 
technical skills (Mavin & Roth,  2014b ). The main theme of these questions was 
orientated around the reality of practice. Specifi cally, when fl ight examiners assess 
pilots, do they see a separation of technical and  non-technical skills  ? Furthermore, 
do fl ight examiners place a greater emphasis on some skills compared to others, as 
per the theories of compensatory and non-compensatory skills (e.g., Brannick & 
Brannick,  1989 )? 

 In response to these concerns, a unifi ed model of performance was developed 
that did not split performance into technical or non-technical skills. Newer models 
combine performance dimensions of fl ying skills and technical knowledge (tradi-
tionally technical skills) and situational awareness, decision making, management 
and  communication   (non-technical skills) into an integrated model of performance 
(Mavin, Roth, & Dekker,  2013 ). Mavin and colleagues also investigated the impor-
tance of individual performance dimensions and how they might relate. For exam-
ple, a pilot during an emergency may become distracted and allow the aircraft to 
exceed a fl ight tolerance (sub-category – aircraft fl own within tolerances), such as 
an airspeed or altitude (rather like being distracted while driving a car and running 
into the curb). However, this may be due to ineffi cient management of crew tasks 
(management of crew). In respect to the importance of  skills  , an aircraft outside of 
parameters (akin to running off the road) is viewed as a non-negotiable issue. Yet the 
cause may have been poor management (don’t use your mobile phone). Seven air-
lines in the Tasman and the Australian military use this model for assessment of 
pilot performance (MAPP) (see Fig.  9.1 ) as their primary framework for training 
and evaluation purposes. Here, the MAPP provides a conceptual framework for 
pilots to assess performance by combining technical and  non-technical skills   
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( traditionally separated) and offers a visual presentation of the hierarchy and causal 
relationship of  skills  .

   In the following sections, I show how one airline evolved two training modali-
ties. I begin by overviewing the airline’s initial crew resource management training, 
which had an identifi able lack of translating theory into practice, no different from 
the problem identifi ed decades before in other professions (Schön,  1983 ,  1987 ). 
Through a change in classroom-based curriculum it is illustrated how CET moved 
from traditional instruction to one based on performance assessment training. That 
is, I show how making performance increasingly explicit, as per the MAPP, changes 
the focus of future refl ective practice. I then describe and discuss simulator-training 
principles to show that even with improved understanding of performance, pilots 
exposed to high workload|stress assessment have diffi culty recalling their previous 
performance. This then entails further refi nements to the CET program.  

9.4     Changes in Classroom-Based Instruction: Moving 
Towards Refl ective Practice 

 A decade ago, the airline partner made strategic changes to their CET program in an 
attempt to come to grips with the fi ndings emanating from the global  aviation 
  research community. It was clear that a move towards more  non-technical skills   
content was required if the airline was to acknowledge current worldwide trends in 
accidents. The fundamental change expressed itself as an increased emphasis on 
theory, especially  skills   areas like situational awareness, decision making, manage-
ment, and  communication   (Flin et al.,  2003 ; Helmreich et al.,  1999 ). It was assumed 
that this approach would transfer well to the fl ight deck of the aircraft. To confi rm 
that the CET program was working, the participating airline developed an assess-
ment instrument for technical and  non-technical skills  . It encompassed manipula-
tive  skills  , knowledge of systems and procedures, automated system usage, 
execution of procedures,  communication  , workload management, situational 

  Fig. 9.1    Model for assessing pilots’ performance (MAPP) (1,200 dpi)       
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awareness, decision making and problem solving; a clear match of areas identifi ed 
as problematic were taught and assessed. 

 The new CET program was implemented with baseline measures taken in early 
2004 to determine that (a) company pilots were interpreting and correctly using the 
 human factors   elements in practice, and (b) fl ight examiners were assessing the new 
human factor elements. Another measurement taken in 2010 identifi ed little if any 
change (see Fig.  9.2 ). To be more specifi c, after 6 years of investing in the new CET 
program, the focus of assessment remained on the technical  skills   of (a) execution 
of procedures, and (b) manipulation skills (Munro & Mavin,  2012 ).

   As a result of this second assessment, the airline investigated new approaches to 
both classroom training and simulator assessment. One of the fundamental changes 
was the implementation of MAPP as its technical and  non-technical skills   philoso-
phy. The reasoning for this was that the airline training team identifi ed that the 
MAPP better represented the way that fl ight examiners assessed. This decision nat-
urally brought the airline and the university-based research team closer together. In 
the meetings between airline and researchers soon after these early decisions, it 
became apparent that current practices were inappropriate: teaching theory and hop-
ing for transfer into the fl ight deck was not working. Furthermore, it was identifi ed 
that crew, even after years of additional training, were returning every 6 months to 
simulator assessments with little if any change. 

 A new training system was designed using standard instructional design princi-
ples including performance objectives, assessment instruments, instructional strate-
gies, and instructional materials. The vision was to teach pilots fundamental  skills 

  Fig. 9.2    A comparison of human  factor   elements measured in 2004 and 2010 shows little change 
after 6 years of training investment (1,200 dpi)       
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  of assessment irrespective of their rank. Developing assessment skills within the 
entire pilot group (including fl ight examiner, captain and fi rst offi cer) was thought 
to improve self-refl ective capacities both when pilots were assessed by a fl ight 
examiner and also during normal operations when the captain and fi rst offi cer fl ew 
together (Mavin & Roth,  2014a ). 

 The framework for developing assessment instruments came from the perfor-
mance dimensions contained within the MAPP (e.g., situational awareness,  decision 
making, aircraft fl ight, technical knowledge, management, and  communication  ). 
The instrument was in the form of a rubric with word pictures used to describe per-
formance levels from 1 through to 5 ( poor  to  very good  performance). The rationale 
was that “a holistic rubric is more conducive to providing global judgment of attain-
ment of a benchmark standard at a program level” (Riebe & Jackson,  2014 , p. 329). 
For example, management was a fundamental component of the MAPP; the man-
agement word picture described could be graded as a 1 ( poor performance ) all the 
way through to 5 ( very good performance ) (see Fig.  9.3 ). Coupled with the use of 
the MAPP, the assessment instrument enabled fi ner-grade assessment of each per-
formance dimension with the ability for causal issues coming from the diagram-
matic use of the MAPP (see Fig.  9.1 ). To return to the previous example, the 
instrument could show that “workload management” was the reason the aircraft was 
out of tolerance (or you were using your phone). Here, pilots would use maybe a 1 
or 2 (see Fig.  9.3 ) depending on the word picture matching the performance.

   As outlined, traditional methods of instruction were not transferring well from 
the classroom to the fl ight deck. Given that improving refl ective practice was the 
objective of the training program, it was suggested that training all pilots in the area 
of assessment, by focusing on a similar method used for inter-rater reliability train-
ing, would assist in this area of transfer. Again, the aim was to align how pilots of 
all ranks assess. Inter-rater reliability training is a technique known for increasing 
assessment consistency between raters; it is detailed and requires an ongoing com-
mitment (Holt, Hansberger, & Boehm-Davis,  2002 ). It has three main areas of 
focus: (a) performance dimension training, (b) behaviour observation training, and 
(c) frame of reference training. 

 Performance dimension training familiarizes students with assessment material 
being used (e.g., Baker & Dismukes,  2002 ). For example, pilots would be introduced 
to the MAPP and its fundamentals, followed by the new assessment instrument. This 
would also incorporate a detailed review of all performance dimensions such as the 
management fi eld and its 1–5 rating scale (see Fig.  9.3 ). Behaviour observation 
training follows, where pilots are taught how to categorize and differentiate each 
performance dimension, including knowing the difference between   management  

  Fig. 9.3    The word pictures used to assess management, on a scale from 1 to 5 (1,200 dpi)       
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and   communication   . The last step in the training is frame of reference training, where 
pilots are given the “multidimensionality of performance, defi ning performance 
dimensions, [which] provides a sample of behavioral incidents representing each 
dimension” while also allowing “practice and feedback” (Woehr & Huffcutt,  1994 , 
p. 192). Here, the most effective method has been identifi ed as video assessment. By 
utilizing appropriate assessment forms, students assess videos and obtain feedback 
from other pilots and the instructor. 

 As video assessment was a fundamental instructional strategy in this new train-
ing system, the airline invested in developing realistic fl ight video scenarios. This 
occurred by fi lming company pilots in various scenarios in the company simulator. 
The videotaped scenarios (ranging in length from 2 to 7 min) featured a variety of 
normal and non-normal situations (non-normal can describe any situation not usu-
ally experienced in fl ight, e.g., sick passenger, hydraulic failure, or engine fi re) in 
fi ne and severe weather conditions. It was understood that developing realistic train-
ing materials would link directly to the pilots’ world. 

 Even though performance assessment training was normally limited to fl ight 
examiners, the new aim for classroom-based instruction was to improve the assess-
ment  skills   of all pilots. It was argued that having pilots assess the performance of 
peers in the scenarios – using the performance dimensions from the MAPP and the 
new assessment instrument – would create a stronger and more authentic link 
between theory and everyday work in the cockpit. Furthermore, as the MAPP pro-
vided a conceptual model of how a fl ight examiner assesses performance, junior 
pilots and those pilots who had performance issues would better understand the 
reasons why pilots in a video vignette may have failed, and the probable causal 
factors. 

9.4.1     A Typical Training Day 

 After initial introductions, a typical training day in the revised classroom began with 
the projection of a specifi c scenario: in this instance, where two pilots taxi an air-
craft in poor visibility to the runway. When the cabin crew (fl ight attendant) calls to 
announce that a passenger is very sick, the pilots are distracted. As the situation 
unfolds, they eventually fi nd themselves on the wrong taxiway. 

 After playing this clip, the instructor asked workshop participants to individually 
assess each pilot in the scenario. Participants were specifi cally directed to comment 
on the nature of the problems that existed with the pilot’s performance. In other 
words, what was being identifi ed through the participants’ eyes as the key reason 
that made them either concerned or pleased with the observed performance? 
Participants also were asked to identify how the problem could be fi xed. The solu-
tion was to be stated in terms of the view a fl ight examiner would take: “What would 
the fl ight examiner emphasize during a (possible)  debriefi ng   that would enable the 
(scenario) pilots to improve their performance?” The last component was the actual 
debriefi ng: How would they go about discussing this issue with the pilots? That is, 
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 all  pilots were being asked to role play a fl ight examiner. The lesson focused on a 
sequence: problem → fi x → debrief. After rating the pilots individually, participants 
teamed up with a peer. Finally, they discussed previous fi ndings in groups of four. 
With a class of eight, this process would take 1-h prior to the instructor bringing the 
groups to a general discussion. No assessment tools were provided; pilots were 
required to make judgments using only their own experiences to this point. 

 What is surprising using this method is the diffi culties pilots experience in iden-
tifying a consistent approach to the problem and the causal reasoning (fi x) why the 
aircraft ended up on the wrong taxiway. Over a period of years, the airline had 
developed a culture of focusing on technical  skills   (specifi cally, execution of proce-
dures and manipulation skills) even though a broad spectrum of technical and  non- 
technical skills   were taught and assessed (see Fig.  9.2 ). Accordingly, the general 
aspects that workshop participants identifi ed as problematic related to failure in 
following procedures, communicative trouble, not stopping the aircraft when they 
fi rst received the call from the cabin crew, crew ineffi ciency (e.g., the fi rst offi cer 
was hopeless, the captain was hopeless), management, the aircraft being on the 
wrong taxiway, loss of situational awareness, and so on. During the subsequent 
classroom discussion, the instructor listed on the white board, under the headings 
 problem ,  fi x , and  debrief , all items that had been identifi ed by the pilots. On most 
occasions, there were over 30 issues produced for the 4-min clip. Fundamentally, 
there was no common framework among the pilot group for assessing 
performance. 

 After students had conducted their fi rst individual assessment of a video and as a 
group collated scores and reasons on the white board, the MAPP was introduced. 
This demonstrated to the pilots in the classroom that the pilots in the video had 
experienced a reduction in essential  skills   (see Fig.  9.1 ) of situational awareness, 
which led to a failure to maintain the aircraft within tolerance (the aircraft was tax-
ied in contravention of actual clearance). However, as use of the MAPP could illus-
trate, the fundamental reason that the aircraft was in this position was the failure of 
the crew to  manage  the incident. It would therefore follow that the  debriefi ng   meet-
ing was to focus on management skills. For some workshop participants, there was 
a little confusion on why  stopping  was not the way to fi x the problem. However, 
stopping the aircraft would have been an  event fi x  rather than giving pilots  broader  
  skills    that could be transferred to other events. 

 When the MAPP had been introduced and discussed, the assessment instrument 
was then introduced to the pilots. The workshop leaders demonstrated that man-
agement was the prime causal factor for poor performance. With the assessment 
instrument it was categorized under “workload management” with a rating of 1 
( Ineffective organization of crew tasks ) (see Fig.  9.3 ). On completion on this fi rst 
video, theory pertaining to each performance dimension – now no different from 
traditional training – was introduced, using the fi rst video as a frame of reference 
or anchor.  
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9.4.2     Summary 

 What has been described here is a new approach to how theoretical training is now 
conducted within this airline. Rather than theory being taught in the classroom fi rst, 
videos have become the central focus of training. Pilots are required to use previous 
experience in an attempt to identify strengths and weaknesses in the vignettes 
viewed. The instructor then facilitates discussion among students about their inter-
pretations of the performance. The ongoing research shows that many pilots now 
are better in identifying strengths and weaknesses of their performances, thus 
improving refl ective abilities.   

9.5     Simulation  Instruction: Getting Pilots to Remember 
What Actually Happened 

 Simulation for both CET  and   assessment is fundamental to  aviation   today. In their 
most sophisticated form, simulators used for the last 20–30 years have been able to 
replicate the fi delity of a modern airliner in almost every way (Mavin & Murray, 
 2010 ). This level of sophistication now allows pilots to make their fi rst real-aircraft 
training fl ight with passengers. The use of simulation within airlines has two prime 
purposes. The fi rst is  type rating  training, where pilots initially learn to fl y a particu-
lar aircraft type. The type rating includes classroom-based and simulation training 
lasting approximately 6 weeks prior to pilots undergoing fl ight training in a real 
aircraft. The second use of the simulator is for quality assurance. It is a requirement 
that airline pilots undergo a regular training and assessment program. Every 6 
months (slight differences do occur between countries and airlines) all airline pilots 
undergo a 2-day training and assessment program. Each day consists of a 6-h train-
ing footprint that includes a 1-h briefi ng and 4-h simulator session, concluding with 
a 1-h  debriefi ng  . Even though most airlines encourage training as an underlying 
philosophy for each simulator session, it is still incumbent on pilots to attain profi -
ciency by the end of the simulator session. 

 The simulator session can encompass a variety of training and assessment tasks. 
For example, when pilots fi rst enter a simulator after the briefi ng, they will generally 
spend approximately 10 min setting up for departure. Once the setup is completed, 
the fl ight examiner (sitting at an operator console in the rear of the simulator) directs 
the session, operating the simulator and acting on behalf of traffi c control, ground 
engineer, cabin crew and other aircraft. 

 A couple of specifi c sessions are always conducted. The fi rst is a manoeuvre- 
based sequence. Here, the fl ight examiner sets up a specifi c manoeuvre for the pilots 
to conduct. In early training it could be as simple as an engine start or a rejected 
takeoff, or a more complex manoeuvre where an engine fails as the aircraft is rotat-
ing during takeoff. The pilots will be required to fl y the aircraft to a safe altitude, 
secure the engine (putting out an engine fi re in some cases) and land the aircraft at 
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a suitable airport, which could be the airport of departure or another airport depend-
ing on weather conditions. Generally in manoeuvre-based sequences, the aircraft is 
continually repositioned to allow for the next manoeuvre, which in itself creates 
issues for some pilots; these are discussed later. 

 The second type of training is  line - oriented fl ight training . Here a normal fl ight 
is planned, with pilots during the briefi ng generally spending time planning for the 
fl ight. They are provided with normal fl ight plans, aircraft status, passenger loads, 
and specifi c weather, from which information they plan the fl ight. The aim is for the 
assessment to be as realistic as possible, with the fl ight examiner acting only as a 
traffi c controller, a ground engineer, or cabin crew. During the fl ight, the fl ight 
examiner instigates specifi c non-normal events that the pilots are required to deal 
with. The events can be as simple as increasingly poor weather at the destination or 
malfunctions of a single system, or more complicated emergencies where one sys-
tem malfunction can affect another system. 

 On completion of the 4-h session, pilots leave the simulator and return to a room 
to conduct a  debriefi ng   with the fl ight examiner. It is here that the fl ight examiner 
uses a variety of artifacts to conduct the debriefi ng of the crew performance. These 
artifacts can include notes made by the fl ight examiner in the simulator, charts and 
documents used by the pilots during fl ight, or whiteboard drawings produced on the 
spot to explain the fl ight manoeuvres. In some simulators, the debriefi ng tool (out-
lined previously) is used to replay selected scenes in the debriefi ng room. This 
allows the pilots to look at actual performance from a third-person perspective. 

 During the time that the university-based research team worked with the airline, 
we had begun with the assumption that pilots trained in performance assessment 
would be far better equipped to self-assess in the debriefi ng. To test our initial 
hypothesis, our research team began a large study investigating the actual practice 
of debriefi ng. In this study, we videotaped 29 entire  debriefi ng   sessions. To compare 
our partner airline with the practices of other airlines, fi ve airlines participated in 
this study. 

 The study identifi ed a number of important issues, some of which are outlined 
here. First, some pilots were emerging from the 4-h simulator session disorientated, 
especially after manoeuvre-based sequences. Second, all pilots were fatigued, 
regardless of their performance. That is to say, even pilots who had performed at an 
exceptional level appeared to be as tired as those pilots who had performed poorly. 
For example, when asked to review performance in the simulator, pilots had diffi -
culty remembering the sequence in its entirety, thus making  refl ection   diffi cult. 
Third, fl ight examiners were not taking into account the diffi culties pilots were hav-
ing in remembering what actually occurred in the simulator session. On numerous 
occasions pilots had to clarify what scenario the fl ight examiner was discussing. 
Basically, fl ight examiners without this realization were analyzing and critiquing a 
specifi c event; the pilots on the other hand were (a) trying to determine which event 
the examiner was talking about, and (b) reconstructing what had happened. Finally, 
fl ight examiners were not giving pilots ample time during discussions or when 
answering questions. In other words, examiners did not give enough time after a 
question was asked, or after an answer, a period called “wait time” (Rowe,  1986 ). 
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From this study arose two key questions: Were current  debriefi ngs   effective, and if 
debriefi ngs were not effective, how could the practice be changed? 

 By integrating previous studies the university had conducted with the airline 
(e.g., Mavin et al.,  2013 ; Roth & Mavin,  2015 ), other studies on performance assess-
ment (e.g., Dunning & Suls,  2004 ) and the current debriefi ng studies, we identifi ed 
key issues that were making  debriefi ngs  , and therefore  refl ection  , less effective than 
they might be. These included (a) pilots of different rank assessing performance 
differently, (b) a disparity between ability to perform and ability to self-assess, (c) 
pilots being fatigued (no matter performance level), (d) some pilots being disorien-
tated by numerous simulator repositions, (e) fl ight examiners doing most of the 
talking, (f) pilots fi nding it diffi cult to remember, and (g) fl ight examiners exhibiting 
poor wait time during discussion. To address these issues a new framework for 
 debriefi ng   was developed. It consisted of fi ve phases, as shown in Fig.  9.4 . Here, 
pilots initially review plan for simulator session (Phase 1); review positive and neg-
ative performance events (Phase 2); review a selected performance event in detail by 
talking through event, reviewing the simulator video of the event and assessing the 
performance by MAPP (Phases 3 and 4); and then fi nal review (Phase 5).

   In the fi rst phase of this new framework, fl ight examiners encouraged pilots 
(rather than directing them) to provide an overview of simulator session details, 
simply by asking, “What were we planning to do?” This enabled pilots, especially 
those who were disorientated, to develop a clear understanding of what was meant 
to occur in the simulator. It also allowed the pilots time to  talk   more, with wait time 
being an important skill now learned by fl ight examiners. Surprisingly, this stage, 
which had usually not been occurring previously, was now taking as long as 12 min. 

 The second phase required pilots to identify positive and negative performance 
areas. We had identifi ed, as had other studies, that pilots of different rank (i.e. fl ight 
examiner, captain and fi rst offi cer) assessed performance differently (e.g., Mavin 
et al.,  2013 ). At this stage the fl ight examiners were encouraged to be noncommittal 
in their interpretations of the pilots’ perceptions of their own performance. As part 
of the third phase, fl ight examiners and pilots identifi ed a particular scenario identi-
fi ed as either well done or in need of improvement. Flight examiners would then 
encourage pilots to relive (remember) that experience, or what we referred to as the 
 fi rst - person  experience. This reliving of the experience was important, as it had 
been identifi ed that pilots were having problems trying to do so. The fl ight examiner 
encouraged the pilot to describe (a) what they were doing, and (b) what they were 

  Fig. 9.4    New  debriefi ng   format depicting specifi c phases (300 dpi)       
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thinking. In cases when the airline had access to a  debriefi ng   tool, the fl ight exam-
iner replayed the scene to the pilots. This is what I called the  third - person  perspec-
tive. It was only after these reliving experiences, both from a fi rst- and third-person 
perspective, that the fl ight examiners engaged in analysis of performance. On com-
pletion of the analysis, another scenario would be selected for the pilots to relive. 

 Depending on time available, the fi nal phase required the fl ight examiner to sum-
marise the simulator session, or what we refer to as main learning points. As can be 
seen in Fig.  9.4 ,  debriefi ng   is initially linear (Phases 1 and 2) leading to a cyclical 
review where a number of focus areas are covered (Phases 3 and 4) followed with a 
fi nal review (Phase 5). Comments from some pilots with whom we discussed this 
process noted it “is far better.” There is now “a defi nite change in philosophy, how 
the debrief was run, very handy for us, for me anyway, use the time to chronologi-
cally list as a team, because you can’t remember it … often after a simulator you’re 
tired, you learn in the simulator and you learn in the debrief.” 

9.5.1     Summary 

 I initially made the assumption that pilots, previously trained in performance assess-
ment, would be able to correctly evaluate their own performance on completion of 
a simulator session. However our  debriefi ng   study demonstrated that for a pilot to 
be able to assess performance they must fi rst  make present again  what had gone 
before, prior to being able to refl ect. This makes sense, as many studies demonstrate 
that cognition within the fl ight deck of an aircraft is situated and distributed (e.g., 
Henriqson, van Winsen, Saurin, & Dekker,  2011 ; Hutchins,  1995 ; Roth, Mavin, & 
Munro,  2014 ). That is, past experience of performance is not contained within a 
single person: in fact it is spread across the captain, fi rst offi cer and aircraft systems, 
thus requiring a process – Phase 1 through 3 – to bring the past to the present. 
Because pilots can  talk   between them to reconstruct the simulator session, hear and 
see each other in the video, important aspects of the fl ight become present again. 
This is enhanced by the representation of instruments, which show exactly what 
pilots had available in the simulator. The third-person view, and the recalled fi rst- 
person experience, increase the quantity and quality of represented experience, 
which then was available for analysis, assessment (using the MAPP and assessment 
instrument), and learning .   

9.6     Classroom  and Simulation Training: Improving 
Learning 

 In the foregoing  sections  , I described the ways in which an airline had changed two 
CET training programs it had been using: classroom-based instruction and simula-
tor training associated with assessment. In the early years the airline increased the 
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focus on training of  non-technical skills   due to evidence being presented from the 
world  aviation   community (e.g., Helmreich et al.,  1999 ). However, teaching non- 
technical skills theory (Flin et al.,  2003 ) in the class did not transfer well into 
practice. 

 As part of a university|airline collaboration we had identifi ed a couple of key 
issues. First, the best learning requires socially and physically authentic  environments 
(e.g., Ericsson,  2008 ). Classroom-based training, by virtue of its decontextualized 
setting, can make authentic instruction diffi cult (Roth,  1995 ). Nevertheless, our use 
of videos – thereby consistent with existing research (e.g., Merriam, Caffarella, & 
Baumgartner,  2007 ) – provided an increased level of authenticity. The videos 
afforded anchored instruction (Merriam et al.,  2007 ), whereby practice (the fl ight 
deck) was brought into the classroom. Using this approach allowed us to integrate 
theory with the practice of fl ying in the way that the pilots are familiar. Secondly, 
there was a consistent message that newer or poorer performing pilots had diffi culty 
understanding assessment decisions of the more experienced fl ight examiners. This 
was consistent with other studies into performance assessment (e.g., Dunning & 
Suls,  2004 ; Dunning et al.,  2003 ; Gurung et al.,  2012 ; Sitzmann et al.,  2010 ) and our 
study with airline pilots (Mavin et al.,  2013 ). The focus of training therefore moved 
towards performance assessment training as a means of improving all pilots’ ability 
to refl ect on practice. 

 Yet there still remains a need to step beyond looking at pilots merely as individu-
als and to take a broader view on performance, which can only be learnt when the 
pilots are viewed within actual or simulated work settings. In simulation training, it 
was assumed that pilots now trained in performance assessment would be better 
equipped to assess their own performance. Given that pilots are trained to assess 
performance, and given that they had just completed the events in the last couple of 
hours, it was assumed that refl ecting back would be a simple affair. Again, our 
research suggests this is simply not the case. We discovered that while a fl ight 
examiner can quite accurately identify events to be discussed, pilots under assess-
ment actually struggle to recall what occurred during their simulator exercises. In 
the revised training program, there now existed an interim step between  refl ection 
  on practice: an emphasis on recalling or re-remembering events that they had con-
ducted. By changing fl ight examiners’  debriefi ng   framework, as illustrated in Fig. 
 9.4 , we assisted pilots in recalling events prior to the analysis of performance via 
assessment instruments, thus allowing pilots to better use the assessment  skills 
  taught in the classroom, and thereby improving refl ection. 

9.6.1     Broader Implications for CET 

 Our work has a number of important implications that may assist other professional 
fi elds. The fi rst implication for CET concerns an individual’s ability to recall past 
events. Here there are two issues that are at play. The fi rst is associated with mem-
ory, specifi cally explicit and implicit memory. Explicit memory is viewed as the 
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purposeful referencing of prior experiences, and is linked to conscious recollection 
(McKone & French,  2001 ). On the other hand implicit memory often requires little 
if any conscious effort to recall; implicit memory profi ciency often relates to expo-
sure to previous tasks, and “makes no reference back to any particular encounter 
with the stimulus” (McKone & French, p. 806). 

 For many years explicit memory has been categorized to include areas like epi-
sodic (past events) and semantics (factual information) memory. Of late these cate-
gories have been subject to increasing debate, with some research questioning its 
separation from implicit memory (Goujon, Didierjean, & Poulet,  2014 ), and others 
stating that explicit memory exists only as mental representations, and is thus unable 
to be observed (Grimm,  2014 ). Yet, while we improve our understanding of how 
knowledge may be categorized, we are still aware that when we recall past experi-
ences – specifi cally explicit memory – recollections can be inchoate or unclear 
(Roth & Jornet,  2013 ). For example, when we ask individuals to recall a perfor-
mance in a simulator, classroom or even an operating theater, the recollection may 
be unclear, incomplete and in some cases provide only what was done, not what an 
individual was thinking, or vice versa. It requires increased effort on the part of the 
individual and trainer to elicit a detailed view of past experience. 

 With implicit memory on the other hand, we have little if any recollection of how 
actions come to play, are learnt or acquired. Nevertheless when asked to perform a 
task we are familiar with, like playing piano or operating on a patient, we are able 
to perform these familiar tasks fl awlessly (Roediger,  1990 ). Here implicit represen-
tations are diffi cult, as they can be viewed as sensory-motor or embodied (e.g., 
Sheets-Johnstone,  2011 ). For instance, when asking an individual to describe an 
action, they may have diffi culty recalling what they did, how they performed a task, 
and in some cases may even require acting out the task to assist in the recall. 

 The second issue to be discussed regarding memory relates to  distributed cogni-
tion . Distributed cognition describes how, within a group such as a team of profes-
sionals, cognition is not held internally by one individual, but shared across multiple 
team members, and aided by the use of artifacts (Hutchins,  1995 ). Here the argu-
ment is that within teams the “operation of a distributed-cognitive system is parallel 
in that multiple people and artifacts work simultaneously” (Cheon,  2014 ). To be 
precise, multifaceted work environments are viewed as a complex socio-technical 
system, like an intensive care unit (ICU) at a hospital (e.g. Rajkomar & Blandford, 
 2012 ). For example, when a doctor in hospital examines a patient, they make a diag-
nosis and prescribe treatments to a patient – be it physical therapy or pharmaceutical 
drugs. A  nurse   will action these treatments or prescriptions (by referencing to 
patient records) while at the same time caring for a patient’s daily needs, such as 
measuring vital signs, and again recording these on a patient’s chart. A doctor, be it 
the same one or another, will return again to review a patient, and record their prog-
ress, and so on. What is known about the patient within this clinical setting is not 
contained within one individual, but distributed amongst doctors,  nurses   and arti-
facts. In this case, remembering all there is about the patient would require the team 
of doctors and nurses to discuss the patient in vivid terms, while referencing arti-
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facts such as patient records. This would allow for an entire picture of the patient’s 
well-being, health and care to be clearly developed and understood. 

 The second implication for CET is not in focusing on teaching  refl ection  , but 
rather teaching how to assess performance. Some approaches to CET include 
refl ecting on performance with journals (e.g. O’Connell & Dyment,  2011 ), critical 
incident analysis (Lister & Crisp,  2007 ), refl ection on performance aided with the 
use of videos (e.g. Hulsman et al.,  2009 ; Todd,  2005 ) or even using instruments that 
measure the effectiveness of refl ection itself (e.g. Thorsen & DeVore,  2013 ). 
However, the literature fails to demonstrate the link between an individual’s perfor-
mance and the effectiveness of measuring that performance. As  Dewey   wrote over 
a century ago, “To fi nd out what facts, just as they stand, mean, is the object of all 
discovery; to fi nd out what facts will carry out, substantiate, support a given mean-
ing, is the object of all testing” (Dewey,  2012 , p. 116). Here  Dewey   recognizes that 
meaning is fundamental. Yet, as there appears to be a connection between perfor-
mance ability and refl ective ability – sometimes referred to as a  double paradox  
(Dunning et al.,  2003 ) or  ability effect  (Cassidy,  2007 ) – the research suggests that 
deliberate approaches to specifi cally teaching the  meaning  of performance would 
result in improving refl ective ability. 

 In summary, during CET, the process of learning new procedures – during nor-
mal practice or even during times of high workload or stressful events – may require 
an individual to spend time recollecting and reviewing performance, sometimes 
with other team members. This process must occur prior to an individual or team 
being able to assess on action. Of equal importance is the fact that, once a picture 
has been clearly painted of a performance, it must be determined whether the indi-
vidual will be able to refl ect on their actions in order to assess performance and 
develop strategies that will realise improvements in their actions. 

 As a fi nal note, it is worth observing that  non-technical skills   mentioned in this 
chapter are not unique to airline pilots. Numerous professions, such as  health care  , 
armed services, police, mining and rail, must attend to and contend with non- 
technical skills (e.g., Flin et al.,  2008 ). While  aviation   has undoubtedly led the 
world in non-technical skills training, lessons from our program could well be 
applicable to other professions .   

9.7     Conclusion 

 The  aviation   industry is one where CET and assessment are integral to practice. 
Traditional CET and assessment programs for airline pilots have focused on techni-
cal profi ciency. It has only been over recent decades that increasing evidence has 
demonstrated that technical  skills   defi ciencies, while important, are not the full rea-
son for aircraft incidents (Helmreich et al.,  1999 ). The identifi cation of  non- technical 
skills   as causal in many accidents has created a change in the direction for pilot 
training. 
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 The use of classroom-based instruction is necessary to almost all training envi-
ronments; as would be expected, classroom-based training became the focus for 
teaching  non-technical skills  . Nevertheless, as I demonstrate in this chapter, this 
approach has not worked well for one airline. 

 The  collaborative   airline/university research undertaken in this chapter predicted 
that focusing on performance assessment training in the classroom, for pilots of all 
ranks, would achieve a greater understanding of  non-technical skills  . While this 
approach was reasonable, it revealed only half the story. As evidence mounted iden-
tifying the diffi culties pilots were having remembering the intense simulator ses-
sions of only 4 h prior, it became apparent that new approaches to  debriefi ng   were 
required. Once the importance of remembering prior to  refl ection   informed the 
debriefi ng sessions, the CET program’s focus became apparent     .     

  Acknowledgment   Thanks to Michael Roth for his ideas and editorial assistance in the fi rst draft. 
Appreciation goes to Ian Munro for his help in the development of the debriefi ng framework.  
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