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Abstract 

 
Two studies were designed to investigate how pilots of different rank evaluate flight-deck performances 
shown in videotaped scenarios. Study one consisted of 92 airline pilots of differing rank. The second 
study involved eighteen pilots (six flight examiners, six captains, and six first offices) evaluating 
performances in pairs of similar-ranked pilot. Both studies asked subjects to examine 3 different videos 
featuring pilots in a simulator exhibiting poor, average, and good performance. The subjects used a 
standardized assessment form, which included six measures, each having a 5-point rating scale. Study 
1 had pilots assess individually, where study two asked paired pilots to collectively assess the 
performance of pilots using a single assessment form. Preliminary analyses of the first study show that 
there are great variations in the performance ratings within flight examiners, captains, and first officers. 
These variations are taken up in the second study, which reveals reasons for why the pilots of all ranks 
arrived at very different assessments. The results are interpreted with respect to the potential of 
improving pilots’ reflections on practice.  
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Introduction 

 The primary focus of assessment in pilot performance traditionally has been on flying skills and 
related aircraft knowledge, generally referred to as “technical skills”. This approach to assessment has 
been influential in the improvements seen in aviation safety over recent years (Johnston, Rushby, & 
Maclean, 2000). Whilst the emphasis on technical skills assessment remains fundamental to 
certification and qualification of pilots today, the dominance of “nontechnical” skill (NTS) in past aircraft 
accidents, such as decision-making, communication, and team work has seen a refocusing of training 
and assessment (Flin, Goeters, Hörmann, & Martin, 1998; Helmreich & Foushee, 1993; Nagel, 1988). 
NTS, an area often referred to as crew resource management (CRM), has been defined as the “timely 
and proficient use of aircraft resources by operating crew” (Johnston, 1993, p. 371). 
  
 Some fifteen years ago, with evidence demonstrating NTS play a significant factor in aviation 
accidents, the International Civil Aviation Organisation (ICAO) called for an increased integration of NTS 
training for airline flight crew (Maurino, 1996). Many airlines successfully incorporated NTS training. 
However, the assessment of such skills has been less evident. In some regions, such as Europe, NTS 
assessment is quite developed. For instance, the use of the NOTECHS behavioral markers enables 
examiners to assess NTS such as cooperation, leadership and management, situational awareness, 
and decision-making (Flin & Martin, 2001). However, in other regions, such as Australia, assessing NTS 
has been mandated only recently. 
  
A common trend in assessment approaches is the separation of technical from NTS (although 
differences exist between how regions currently assess NTS). This approach has recently been 
critiqued from the view that separating technical skills and NTS for measurement purposes does not 
reflect the reality of what happens on the flight deck (Mavin & Dall'Alba, 2011). The alternative model 
proposed integrates six criterion, technical (e.g., aircraft flown within tolerances and aviation knowledge) 
with NTS (including situational awareness, decision-making considerate of risk, management of crew, 
and communication) into one model (Figure 1). Rather then seeing skills as separated by a 
technical/non-technical divide, the “Model for Assessing a Pilots’ Performance” (MAPP) considers 
performance split between “essential” and “enabling” constituents, which have a mixture of technical 
and NTS in each area. Such interconnected models appear to represent the holistic nature of complex 
performances better than “technical rationalist” models that divide skills into smaller measurable 
components (Schön, 1983). For example, it is suggested that final assessment decisions by examiners 
is mainly on the basis of essential criterion (mixture of technical and NTS). A significant drop in any of 
these areas would indicate a pilot is below a minimum standard. Several of our airline partners use 
MAPP as a method for training and assessment. 
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Figure 1 Model for Assessing a Pilots’ Performance (Mavin & Dall'Alba, 2011) 
 
 
Organizational Context 
 The airline in this study is a regional airline with 92 pilots operating turbo prop aircraft. This 
included 9 flight examiners (FE) 42 Captains (CAP) and 41 first officers (FO). Over a 12-month period, 
the airline reviewed its assessment program, where the assessment of technical and NTS skills were 
integrated into a single form based on the MAPP. The assessment form is a 6 x 5 grid where the six 
criterions from the MAPP make up the vertical dimension. Each criterion then has a performance rating 
from 1 (very poor) to 5 (very good) forming the horizontal dimension. Like for other assessment forms, 
there was a move away from a simple Likert-type scale, and several “word pictures” for each dimension 
were developed. For example, the criterion “situational awareness” included as components 
“perception”, “comprehension”, and “projection”. A rating of “1” includes the word pictures “Lacked 
awareness of clearly obvious systems or environmental factors,” “Misinterpreted or did not comprehend 
factors affecting flight safety,” and “Did not predict future events, even those obvious to flight safety” 
(see also Table 3 below). 
 
Aim of Study 
 The aim of our study was to determine the extent to which pilots differed with respect to their 
assessment of the same performance. This aim brings to the fore three research questions. “Does a 
pilot’s level of experience in an airline determine the ability to assess another pilot’s performance?” 
“What are the possible sources of variation that occur between pilots of differing experience levels?” 
and “Is the process of assessing performance act as an effective means of training for all ranks of 
pilots?” 
 
Method 

 The research was divided into two studies. Study 1 evaluated how all pilots in an airline used a 
new assessment form in practice. Study 2 was a detailed investigation into how 18 pilots – six flight 
examiners, six captain and six first officers – justify their assessment of other pilots’ performance. 
 
Study 1: All Pilots Evaluating the Performances of other Pilots 
 Study 1 occurred over a five-month period when a new assessment form was introduced by our 
partner airline. To facilitate implementation, each pilot was rostered for a one-day training course (flight 
examiners had a two-day course – see below). The course was an annual training day that formed part 
of the company’s regular CRM training, serving as a refresher for the modules situational awareness, 
decision-making, management, and communication. Classroom size was between six and ten pilots, 
with a mix of captains and first officers. The one-day course included PowerPoint presentations 
featuring descriptions of the MAPP and a review of the six dimensions of the assessment form and 
classroom discussion of the theory underlying each dimension. During the afternoon session, each pilot 
assessed three previously chosen videos. Pilots were asked to assess overall performance of the crew 
in each video, using their own judgments, and without discussion with other pilots. On completion of 
each video the classroom instructor carried out a discussion. All assessment forms were collected for 
analysis. The two-day course for flight examiner included the same material as the one-day course 
except that on the afternoon of Day 1, there was a briefing techniques module and the afternoon of Day 
2 included a discussion of debriefing philosophy.  
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Video outline 
 To make the assessment authentic, 15 flight scenarios where recorded in the company’s 
simulator (Table 1 showing the videos used in Study 1). The two pilots in the scenarios wore company 
uniform. They took turns in acting as captain or first officer. Each video was scripted and recorded using 
three cameras. A cabin crewmember acted as cabin crew in some videos, whereas the cameraman 
acted in one of the videos. 
 

Table 1 Video description for Study 1 

Video Description 

1A 

Aircraft positioned at bay in low visibility operations (fog – daylight). Pilots given specific taxi 
instructions by air traffic control. Whilst taxiing, cabin crew advises of ill passenger. Crew 
become distracted and taxi onto wrong taxiway. (Time: 3:14) 
 

1B 

Aircraft descending through 5,000 feet in instrument meteorological condition (IMC) at night. 
Captain is pilot flying (PF) and first officer pilot monitoring (PM). Aircraft suffers electrical 
malfunction with crew-managing the malfunction well. (Time: 10:14) 
 

1C 
Aircraft flying at 17,000 feet in daylight. Aircraft suffers electrical malfunction same as Video 
1B, however, crew have difficulty diagnosing malfunction. (Time: 4:18) 

 
Study 2: Pilot Reasoning Study 
 Study 1 revealed that there existed considerable variations in the assessment of Video 1A, 1B 
and 1C (see Results). To better understand why the same performance dimensions may receive 
anything between a “1” and a “5,” a think-aloud study was designed. Three pairs of pilots, each at the 
rank of flight examiner, captain, and first officer (N = 18) participated in this study. The selection of pilots 
was a function of the airlines roster. Pilots were randomly picked among those with free slots during the 
1-week data collection period. 
 Each pilot-pair was required to assess the flight deck performances of pilots displayed on video 
scenarios not seen before (see Table 2 for video description). Unlike Study 1, each pilot-pair was 
required to separately assess the performances of the captain and first officer shown. The pairs had to 
come to an agreement on an assessment and complete an assessment form for each pilot shown. They 
were asked to discuss their assessment with explicit references to the reasons on which their 
assessments were made.  
 The sessions were videoed-recorded using three cameras. One camera was above the pilot-
pair recording written notes and scores on assessment form. A second camera was in front of the pair 
recording their faces, interactions, and gestures. The third camera, like camera two, recorded the pair 
interaction, plus the flight videos being currently viewed. 
 Following each rating exercise, pilot-pairs were invited to talk about their thinking during the 
rating exercise and at what point they learned something new, or, where they learned about new 
perspectives of looking at difficult moments of their practice. On completion, the three videos were 
spliced together to get a picture-in-picture video for analysis. Interviews were transcribed word for word 
to capture the content of the talk. 
 

 
Results 

 We began this study with the hypothesis that experience would lead to differences in rating pilot 
performance. To find out whether flight examiners, captains and first officers differ in the rating three 
video clips (1A, 1B and 1C), a multivariate analysis of variance (MANOVA) procedure was used for 

Table 2 Video description for Study 2 

Video Description 

2A 

Captain (PF) and FO (PM) conduct instrument approach by day, becoming visual close to 
airport. During visual maneuvering to land, aircraft encounters rain, missed approach 
conducted, captain initially turning wrong direction, though corrected by FO. (Time: 6:45) 
 

2B 

FO (PF) and captain (PM) conducting instrument approach. Due poor weather, crew 
conducts a missed approach. Fuel is low, requiring diversion to alternate airport. Captain 
attempts to convince FO to conduct one more approach. FO is reluctant. (Time: 3:30) 
 

2C 
Aircraft on descent in IMC suffers engine fire prior to becoming visual. Captain (PF) elects to 
continue approach and land aircraft. Crew evacuates passengers after landing. (Time: 9:16) 
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Study 1. In this procedure, all six areas – situational awareness (SA), decision-making (DM), aircraft 
flown within tolerances (AC), aviation knowledge (KN), management (MN), and communication (CM) – 
are treated as dependent variables that are tested simultaneously. Only if this test shows significant 
differences (p < 0.05) would the 6 variables be investigated individually.  
 Only Video 1B showed significant differences observed between the ratings of the flight 
examiners, captains and first officers (Wilks Λ1A = .817, F1A(6,83) = 1.473, p1A = .139; Wilks Λ1B = .751, 
F1B(6,84) = 2.513, p1B = .016; Wilks Λ1C = .868, F1C(6,83) = 1.013, p1C = .439). When the six dependent 
variables for Video 1B were investigated individually using an analysis of variance (ANOVA), significant 
differences existed only on the factors of decision-making (p1BDM = 0.007) and knowledge (p1BKN = 0.01). 
It is noted that situational awareness was p1BSA = 0.056. Conducting an ANOVA on Video 1A showed 
only communication (p1ACM = 0.008) and for Video 1C, aircraft flown with tolerances (p1CAC = 0.024). 
 To understand these findings better, a crosstab procedure was applied to investigate the 
distribution of scores in each of the six categories for the three videos. The results show that for almost 
all categories, there is a wide distribution of scores. For example, when the 92 pilots rated Video 1A with 
respect to decision-making (DM), 14 pilots rated the performance as 1, 39 as 2, 32 as 3, 6 as 4, and 1 
as 5. That is, there is a wide variation of assessment, from failed to very good (Table 3). 
 

 
 When the ratings of flight examiners, captains, and first officers are compared for Video 1C, a 
slight trend appears to exist for the first officers to be “harder” in the ratings. Thus, about 62% of the 
flight examiners and captains thought the performance on this factor were 4 or 5, whereas only 51% of 
the first officers thought that the performance was 4 or 5. We also note that the percentage of first 
officers rating this factor as 2 is more than double than that of the flight examiners and captains. 
 This pattern is repeated on the other criteria for this video and for the other two videos used in 
the training session. In some instances, all scores fall on 3 scores (e.g., situation awareness video 1B, 
all scores fall in the 3–5 range, with only 7.6% of the pilots giving a 3). On the other 5 criteria, 1 
individual apparently gave 1s or 2s, whereas all other ratings fell between 3 and 5 and the predominant 
number of scores falling in the 4 and 5 (decision-making 86.9%; aircraft within tolerances 96.8%; 
knowledge 93.5%; management 90.2%; communication 76.1%). The ratings of the performances of the 
6 criterions fell even farther apart on video 1C.  
 To investigate the variation in the assessment further, a think-aloud study was conducted. Each 
pair evaluated crew performances – individually for the captain and first officer in the video – of three 
videos. Our analyses were intended to answer two questions. First, what are the phenomena that 
different pilot-pairs identify and rate? What are the reasoning patterns with which they arrive at a 
conclusion? Other questions that our analyses of the videotaped rating sessions will seek to answer 
include (a) what uncertainties do pilot-pairs face when attempting to assign a score (i.e., the horizontal 
variation)? and (b) What are the uncertainties pilot-pairs face when attempting to assign a particular 
behavior “vertically” to one of the six criterion of pilot performance. 
 As in the large sample, ratings provided during our think-aloud protocol varied widely even 
within level of expertise (FE, CAP, FO). Thus, for most factors on all three videos, the minimum and 
maximum score differed by 2 to 3 points. For instance, mean ratings of the captain’s performance in the 
video on each of the six criterions across the three videos tended to be lowest for flight examiners and 
highest for the first officers. The flight examiners were also lowest in their rating of the first officer in the 
training video (marked harder), though sometimes captains and sometimes FOs had the highest ratings 
across the six factors. For instance, in the Video 2A, there was a situation where the flight examiners all 
considered the performance to be considered a fail, two of the captains agreed, though one pair 
considered it a pass. However, all first officer pairs considered the performance a pass (see Table 4). 
 To illustrate the source of variance in the assessment, we draw on the protocols from two pilot-
pairs of captains (four captains in total) rating situational awareness of the captain (PF) in Video 2A, 
which features the aircraft flying into a rain shower on final turn before landing. The mean ratings and 
standard deviations for the criterion situational awareness (SA) for all nine pairs was: XFE = 2.33 (SDFE = 

Table 3. Video 1B crosstab “Decision making” (1BDM) against “Experience” 

  Decision making (DM) grade  
Rank  1.00 2.00 3.00 4.00 5.00 Total 

FE 
Count 2 5 2 0 0 9

% 22.2% 55.6% 22.2% 0.0% 0.0% 100%

CAP 
Count 5 16 15 5 1 42

% 12.0% 38.1% 35.6% 11.9% 2.4% 100%

FO 
Count 7 18 15 1 0 41

% 17.1% 43.9% 36.6% 2.4% 0.0% 100%

Total Count 14 39 32 6 1 92
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0.58), XCAP = 2.00 (SDCAP = 1.00), and XFO = 3.00 (SDFO = 0.00) for flight examiners, captains, and first 
officers, respectively. Within the participant airline, three 2s, or one 1 on any of the six criterion means a 
“fail”, requiring a repeat of the assessment. For the pair CAP2, there were “two gaping holes” that led to 
the ultimate decision to score a 1 on situational awareness: Missed MDA call and plan for action 
following a missed approach call (Table 5). The pair identified a number of associated issues: (a) did not 
push go-around button, (b) no go-around Flap 15 call, (c) likely failure to plan during brief, (d) missed 
altitude capture. The pair CAP3 made note of the surprise and the likelihood of a failure to plan a 
possible missed approach. The pair noted some loss of situational awareness but also felt that there 
was some sense of weather conditions being bad and some confusion. In contrast, the pair CAP3 only 
perceived “some” difficulty predicting future events. In the Video 2A, all flight examiners and two captain 
pairs tended to evaluate in the direction of pair CAP2, all FO pairs rated the performance as pair CAP3. 
 

Table 4. Assessment of Video 2A by pilot rank 

Pilot pair SA DM AC KN MN CM Pass/Fail 
FE 1 2 2 2 2 2 3 F 
FE 2 3 1 3 2 3 4 F 
FE 3 2 3 2 2 2 4 F 
Mean 2.33 2.00 2.33 2.00 2.33 3.67   
SD 0.58 1.00 0.58 0.00 0.58 0.58   

CAP 1 2 3 3 2 2 3 F 
CAP 2 1 2 3 1 2 3 F 
CAP 3 3 2 4 2 3 3 P 
Mean 3.00 2.00 4.00 2.00 3.00 3.00  
SD 1.00 0.58 0.58 0.58 0.58 0.00  

FO 1 3 4 3 3 3 4 P 
FO 2 3 4 3 4 4 4 P 
FO 3 3 2 3 3 3 3 P 
Mean 3.00 3.33 3.00 3.33 3.33 3.67  
SD 0.00 1.15 0.00 0.58 0.58 0.58  

Shading: see Table 5 for an expansion of reasoning for CAP2 and CAP3 
 

Table 5. Main Points of Situational Awareness in Video 2A flying into rain shower 

 Situational Awareness 
CAP2 CAP3 

- Two gaping holes in situational awareness. 
- Mention about strong tail wind, or cross wind. 
- Didn’t hear a “go around positive.” 
- He obviously didn’t push the go-around button, 

because flight director bars weren’t consistent 
with what he was flying – go-around procedure 
begins with go-around call. 

- No go-around Flap 15 call. 
- Did ask for check power. 
- Botched go-around. 
- Situational awareness issues barely acceptable 

for a simulator check situation. 
- Missed MDA and what way to turn on missed 

approach, important because on that approach 
there is high terrain, hence necessity to turn the 
correct way. MDA is critical. 

- He did ask what MDA was and did ask what 
way to turn. 

- Late setting missed approach altitude indicates 
that he wasn’t predicting the go-around, 
indication of difficulty predicting future events. 

- As flying pilot, completely missed altitude 
capture.  

- Lacked awareness of clearly obvious systems 
or environmental factors.  

- Two things you must know is minimum altitude 
and what to do if missed approach. 

- Got onto the downwind 
- Had feeling that weather conditions weren’t 

good. 
- Cloud [IMC] was a bit of surprise. 
- Started to lose situational awareness, had 

feeling weather might not be good, had a little bit 
of confusion. 

- Likely hadn’t developed a plan during brief, for 
there was confusion when turning left (toward 
mountain) rather than right. 

- Some difficulty predicting future events. 
- Flight well handled, approach well flown, kind of 

aware that downwind it didn’t look good. 
- Had an idea of what to do for missed approach, 

execution was somewhat problematic. 
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Whereas the main focus of the study was to interpret how pilots of differing ranks assess other pilots’ 
performance, the study also investigated how all pilots viewed this approach to training. Traditionally, 
training pilots in performance assessment has focused on flight examiners. What appeared interesting 
from the findings in Study 1 was that the process of evaluating other pilots performance was well 
received by all pilots (see Table 6). Two questions that gave the highest score were “I enjoyed the 
collaborative process involved in discussing the performance of other pilot's performance in the video 
scenarios” (XQ2 = 5.00, SDQ2 = 0.96) and “Having to personally apply the assessment standards to the 
pilot's performance in the video scenario has caused me to think about my own practice” (XQ6 = 5.01, 
SDQ6 = 0.94). 
 

     Rating scale: Scale 1 (highly disagree) – 6 (highly agree) 
 
Discussion and Conclusion 

 The studies reported here set out to explore how pilots of differing ranks within an airline assess 
the performance of other pilots. In the context of this aim, Study 1 was designed to investigate how each 
pilot, independent of rank, assessed other pilots in three videos using a new holistic assessment form. 
This study showed that that there were no statistically detectable differences in the ratings that flight 
examiners, captains, and first officers provided. If there were indeed undetected real differences, then 
these would have disappeared given the considerable variance in assessment within groups including 
those where some flight examiners awarded high scores, wheras other flight examiners viewed the 
same performance as a fail. This variation existed across all ranks. It has to be noted that the pilots 
tended to ascertain that they would have given a pass or fail even if they had not had the assessment 
form. 
 The variations were also apparent in Study 2. In some cases, the difference was linked with 
experience of the pilot making the assessment. For instance, in Table 4 three flight examiner pairs 
considered the captain’s performance in Video 2A to be below standard. Within the captain group, two 
pairs agreed with the flight examiner's judgments, with one captain-pair considering the performance to 
be acceptable. On the other hand, all three first-officer-pairs considered the performance of the captain 
in the video to be acceptable. Whereas these findings may be initially surprising, other studies have 
shown that individuals bring their own experiences during assessment (Woehr & Huffcutt, 1994). Given 
that this study is one of the first, if not the first study, investigating the ways in which all pilots of a given 
airline assess the performances of peers, the findings should be considered in context. Furthermore, 
other studies in aviation have shown that differences do exist in assessment scores (Brannick, Prince, & 
Salas, 2002) and the variation can differ across criterion measured (Holt, Hansberger, & Boehm-Davis, 

Table 6. Survey of responses for use of video assessment   

Question Mean SD 
1. I enjoyed the overall approach to using video scenarios during ground 
based instruction 
 

5.15 .99 

2. I enjoyed the collaborative process involved in discussing the performance 
of other pilot's performance in the video scenarios 
 

5.00 .96 

3. Applying the assessment standards to other pilot's performance in the video 
scenarios improved my learning 
 

4.83 1.00 

4. Applying the assessment standards to other pilot's performance in the video 
scenarios improved my learning 
 

4.83 1.00 

5. The collaborative process involved in discussing the pilot's performance in 
the video scenarios improved my learning 
 

4.81 .95 

6. Having to personally apply the assessment standards to the pilot's 
performance in the video scenario has caused me to think about my own 
practice 
 

5.01 .94 

7. The collaborative approach to discussing assessment standards relevant to 
the pilot's performance in the video scenarios has caused me to think about 
my own practice 
 

4.80 .94 

8. Using video scenarios has caused me to develop enhanced action plans for 
my own future practice 

4.73 1.06 
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2002). One recent study on university students shows that individuals that underwent training focusing 
on assessing performance of others, shared a “common conceptualization of performance” (Gorman, 
2009, p.1336}. In other words, the participants tended to developed schema similar to some referent 
expert. 
 Under going assessment training may have positive effects (Gorman & Rentsch, 2009). As a 
consequence, can training, related to inter rater reliable training for all pilots, be used as a method of 
instruction? For illustration, if one of the six first officers in Study 2, had flown the same performance as 
in Video 2A, and had been under examination by one of the 6 flight examiners, it could be suggested 
that a discrepancy between how each group viewed the performance would occur. This discrepancy 
may have training implication, or even lead to disagreement during the debriefing process. However, 
this may be reduced if all pilots had a similar, or shared understanding of performance. Accordingly, the 
results of the current study certainly support further investigation into performance assessment training 
for pilots of all rank.  
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