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POLICY AND DISCLAIMERS

Policy Statement: The Federal Aviation Administration (FAA) Academy strongly 
supports academic freedom and a researcher’s right to publish; therefore, the Fed-
eral Aviation Administration Academy as an institution does not endorse the view-
point or guarantee the technical correctness of any of the articles in this journal. 

Disclaimer of Liability: With respect to articles available in this journal, neither 
the United States Government nor the Federal Aviation Administration Academy 
nor any of their employees, makes any warranty, express or implied, including the 
warranties of merchantability and fitness for a particular purpose, or assumes any 
legal liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use 
would not infringe privately owned rights. 

Disclaimer of Endorsement: Reference herein to any specific commercial prod-
ucts, process, or service by trade name, trademark, manufacturer, or otherwise, 
does not constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or the Federal Aviation Administration Academy. The 
views and opinions of authors expressed herein do not state or reflect those of the 
United States Government or the Federal Aviation Administration, and shall not be 
used for advertising or product endorsement purposes.
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PHILOSOPHY STATEMENT

1Cornelius Lanczos, a mathematician working in the field of applied analysis, 
expressed the history of mathematics in three phases:

1) A given physical situation is translated into the realm of numbers,

2) By purely formal operations with these numbers certain mathematical re-
sults are obtained, [and]

3) These results are translated back into the world of physical reality  (1988,  
 p. 1). 1

Formal papers, in subjects related to aviation, roughly follow the same course.  
However, there appears to be a weakness in aviation research, that being the 
omission of the third phase.

It is not good enough that conclusions are drawn, if those conclusions fail to 
improve the system observed.  Clearly, the observed have a say in implementing 
the conclusions of research, but their failure to implement the conclusions drawn 
by the researcher may be more indicative of a lack of understanding than a lack of 
desire.  Researchers tend to peer into complex systems as through a soda straw, 
forming formal opinions on the finite without understanding the complete system.  
Industry, ever mindful of the complete system, may find research irrelevant, be-
cause it makes much to do about nothing.

The editorial staff, to include those listed as consulting editors, is committed 
to the improvement of all individuals within the aviation community.  We seek to 
enhance existing systems bearing in mind that small improvements must not up-
set the delicate balance between too little and too much help.  We also seek to 
promote safety, not by lip service, but by demonstration in how we execute our 
studies and how we report our findings.

We feel that the best way to translate results back to the physical world is 
to incorporate the viewpoints of people around the globe.  Without the influence 
of a worldwide community, we deny the significance of diversity, and ignore the 
perspectives of gifted scientists from different countries.  It is our hope that each 
reader will feel the same.

1Lanczos, C. (1988).  Applied Analysis.  Mineola, NY: Dover Publications, Inc.

Go to Table of Contents
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EDITOR’S NOTES

Papers

What are the causes of pilot burnout?  In Fanjoy, Harriman, and DeMik’s study, 
Individual and Environmental Predictors of Burnout among Regional Airline Pilots, 
findings suggest shortened rest periods, adverse weather, aircraft maintenance is-
sues, and pressures to meet on time performance goals are potential contributors 
to pilot burnout and safety concerns.

In Pilots, Controllers and Mechanics on Trial: Cases, Concerns, and Coun-
termeasures, Sidney Dekker examines criminal prosecutions of pilots, air traffic 
controllers, and maintenance technicians in the wake of aviation incidents and 
accidents worldwide.  Dekker assesses the possibility of mitigating the criminaliza-
tion trend, examines the concerns surrounding criminalization, and reviews the 
diversity of countermeasures that are currently being developed in aviation.

In Differential Effects of Likelihood Alarm Technology, Type of Automation, and 
Type of Task on Decision Making as Applied to Aviation and UAS Operations, 
Bustamante and Clark examine the differential effects of likelihood alarm technol-
ogy on decision-making accuracy.  Their findings reveal theoretical implications for 
decision-making models and practical applications to the design of decision sup-
port tools for aviation and UAS operations.

Smith, Bjerke, NewMyer, Niemczyk, and Hamilton present the findings from the 
2010 Pilot Source Study in Pilot Source Study: An Analysis of Pilot Backgrounds 
and Subsequent Success in US Regional Airline Training Programs.  University 
researchers independently analyzed the data and integrated their results.  Of the 
2,156 pilots in the study, more than half of them had a baccalaureate degree, had 
an aviation degree, were flight instructors, had 1,000 or fewer hours of flight time, 
and had no prior airline pilot or corporate pilot experience.

A well-trained CISM team can help high risk/high reliability organizations 
become high resiliency organizations.  In Critical Incident Stress Management 
(CISM): An Effective Peer Support Program for Aviation Industries, Mitchell and 
Leonhardt provide an overview of the basic principles and practices of CISM within 
the aviation industry.  This article details the core services provided by such teams 
and suggests the types and level of training necessary for CISM teams. 

FAA/Industry Training Standards (FITS) stands out as an example of how in-
dustry, academia, and the regulating body can work together to create workable 
and useful solutions to increase safety in general aviation.  The FITS program 
is centered on three key elements: scenario-based training, single pilot resource 
management, and learner-centered grading.  In Changing General Aviation Flight 
Training by Implementing FAA Industry Training Standards, Halleran and Wiggins 
examines the development, components, application, and outcomes of the FITS 
program. 

In the Reciprocal Development of Expertise in Air Traffic Control, Owen and 
Page investigate learning in the air traffic control workplace, where experienced 
controllers act as instructors of trainee controllers.  The results show how engag-
ing in on-the-job-training enriches the reflective learning process for instructors.  

Go to Table of Contents
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Organizational strategies offer wide-ranging benefits in the high reliability domain 
where reflective practices are limited by the intensity and immediacy of the work.

Rogers, Boquet, Howell, and DeJohn report on a research experiment that 
evaluated simulator-based upset recovery training transfer in A Two-Group Experi-
ment to Measure Simulator-Based Upset Recovery Training Transfer. Statistical 
analysis of data collected during flight testing suggests that simulator-based train-
ing combined with classroom instruction improves a pilot’s ability to recover an 
airplane from an upset. 

Knecht and Ball investigate whether brief video weather training products can 
significantly affect pilot weather knowledge and flight behavior in the face of poten-
tial instrument meteorological conditions in their paper, Effects of Video Weather 
Training Products on General Aviation Pilot Weather Knowledge and Flight Behav-
ior into Adverse Weather. They conclude that weather training requires systematic, 
lengthy study and practice.

In MD-11 Landing Incidents/Accidents 1992 – 2009: A Textual Analysis of 
NTSB and FAA Reports, John T. Cocklin provides the results of a textual analysis 
of MD-11 incident/accident public reports from 1992-2009.  Three distinct types of 
landing events were discovered.  Cocklin discusses the MD-11’s relaxed stability 
design and related pitch sensitivity, and reviews possible improvements in inci-
dent/accident reporting.  

Two senior level Aeronautical Engineering Technology (AET) classes at Pur-
due University were chartered to produce a component for actual use within air-
craft maintenance laboratories.  Dubikovsky, Ropp, and Lesczynski’s, Developing 
Next Generation Research Competencies Through Collaborative Student Design 
and Advanced Manufacturing Projects examines the AET program, which incor-
porates additional outcomes of forward thinking design and innovative research 
considerations into a traditional design-test-build project. 

Based on the results of an international survey of flight attendants and pilots, 
Brown and Rantz find a critical need for improved communication between crew-
members.  In The Efficacy of Flight Attendant/Pilot Communication in a Post-9/11 
Environment: Viewed from Both Sides of the Fortress Door, the authors note the 
causes and provide recommendations for improving preflight briefings and CRM 
training.

Previously Published Technical Reports
The article within this section of the IJAAS is a reprint in whole or in part of govern-

ment technical report.  Technical Reports are peer reviewed as is and are reprinted 
on recommendation of the peer review panel.  The IJAAS should not be cited.  The 
original publication citation is provided on the title page of the report.

Hewett, Curry, and Gaydos assess the impact of low to moderate levels of 
hypoxia on the cognitive performance of aircrew in the Subtle Cognitive Effects of 
Moderate Hypoxia. The results indicate that healthy individuals do not experience 
significant cognitive deficit, as measured by the CogScreen®-HE, when exposed 
to moderate levels of hypoxia at or below 14,000 ft.

KC
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Abstract
Recent accidents and incidents in regional airline operations suggest that pilot 

burnout and fatigue may be contributing factors that warrant further investiga-
tion and remediation.  In this exploratory study, the Maslach Burnout Inventory 
(MBI-GS) and an environmental factors survey were administered to a sample 
of 248 regional airline pilots.  The MBI-GS is a 22-question, Likert-scaled instru-
ment that measures three subscales of burnout:  exhaustion, cynicism, and pro-
fessional efficacy.  Findings from the survey instruments suggest that moderate 
levels of burnout currently exist within the sample population.  In addition, findings 
suggest a relationship between elevated regional airline pilot exhaustion levels 
and a perception of inappropriate management pressure to make on time goals.  
These findings have implications for regional airline pilot job satisfaction as well 
as training curricula.  As pilots’ levels of stress and burnout increase, safe and 
efficient air travel may be compromised.  It is therefore important to study these 
detractors further and develop appropriate interventions. 
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Individual and Environmental Predictors of 
Burnout among Regional Airline Pilots

Regional airlines constitute a substantial segment of the US civil air fleet.  In 
2008, 68 regional airlines transported 159.32 million passengers or one out of ev-
ery four air travelers in the United States (RAA, 2009).  With the growth of regional 
airlines has come a shortfall of experienced pilots that has led to the hiring of pilots 
with significantly less flight experience than their predecessors.  At the same time, 
economic pressures have driven airlines to employ utilization strategies that may 
lead to a gradual deterioration of the quality and functionality for both equipment 
and personnel.  A resulting concern within the commercial flight environment is the 
troubling phenomena of pilot fatigue/job burnout among regional airline pilots that 
has drawn the attention of aviation industry officials, congressional leadership, and 
the traveling public.  

Robert Sumwalt, vice president of the National Transportation Safety Board, 
notes that pilot fatigue has been a key factor in commercial aircraft accidents and 
incidents over the last 15 years, resulting in 250 fatalities (Chen, 2009).  Sev-
eral recent pilot fatigue-related accidents and incidents have been prominently 
featured in the media, including:  a Pinnacle Airlines runway overrun in Michigan 
(2007), a Go! Airlines overflight of Hilo, Hawaii attributed to pilots who had fallen 
asleep in the cockpit (2007), and the Colgan Air crash in Buffalo (2009).  The 
media has suggested that pilot fatigue and burnout are undesirable byproducts 
of economic pressures to improve airline performance.  Although airline officials 
have assured the traveling public that pilots are well trained and encouraged to 
keep safety first, when making decisions regarding the safe conduct of flight, it 
appears that subtle company pressures associated with continued employment 
frequently override common sense decision making that has been the hallmark of 
industry pilots.  In an earlier survey of 1,424 regional airline pilots, 89 percent of 
the respondents identified fatigue associated with flight operations as a moderate 
to serious concern (Co, Gregory, Johnson, & Sosekind, 2000).  Regional pilots 
who fly for airlines from other nations echo safety concerns seen in the U.S.  The 
president of the Air Canada Pilots Association notes “pilots are flying more hours a 
month, more days a month,” leading to the increased likelihood of fatigue (Butler, 
2008).  A Belgian pilot source notes subtle management pressure to accept air-
craft with minor mechanical malfunctions reflecting European Union laws recently 
introduced that require compensation for passengers whose flight is delayed or 
cancelled (Pilots ‘under pressure to take risks,’ 2005).  In addition to pressure for 
on-time takeoffs and landings, there is pressure to keep the airplanes in the air as 
much as possible and thereby enhance an airline’s profit margin.  Finally, pilots are 
frequently pressured to accept aircraft with reduced levels of fuel on board in order 
to accommodate additional cargo or to reduce fuel burn rates with correspondingly 
lighter aircraft.  All of these pressures produce stress and mental fatigue in pilot 
crews.

A recent study of pilots who work for major airlines suggested that work over-
load, organizational politics, and an undervalued reward system were significantly 
correlated with job burnout factors (Kearney, 2008).  According to Bennett (2003), 
pilots interviewed from a UK-registered low-cost carrier reported that they felt 
stressed and fatigued and that these issues required close attention in the in-
dustry.  In a later article, Bennett (2006) concluded that pilots flying at a low-cost 
carrier working in a complex and challenging environment were continuing to ex-
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perience stress and fatigue.  An ongoing study of job burnout within the global civil 
aviation industry is currently being conducted by International Transport Workers 
Federation researchers to evaluate the impact of long working hours and precari-
ous employment practices on fatigue (ITWF, 2009).  Dr. Michael Bagshaw, head of 
aviation medical services for British Airways, suggested that automated flight sys-
tems are an additional cause of pilot fatigue and stress.  He believes technology 
associated with evolving automated flight systems may be approaching the mental 
processing limits of assigned flight crewmembers (McConnell, 1997).  Each of the 
several environmental stresses within the airline industry has potential for con-
tributing to a significant level of job burnout.  The present exploratory study was 
developed to investigate burnout levels within the regional airline pilot ranks.

Job Burnout

Burnout has been described as a syndrome of physical and emotional exhaus-
tion resulting from the development of negative self-concept, negative job attitudes, 
and reduced personal accomplishment (Maslach, 1976; Maslach & Jackson, 1981; 
Truchot, Keirsebilick, & Meyer, 2000).  More specifically, burnout is defined as “a 
prolonged response to chronic emotional and interpersonal stressors on the job” 
(Maslach, 2003, p.189). The subscales of burnout have been identified as ex-
haustion, cynicism, and professional efficacy. According to Maslach, Jackson, and 
Leiter (1996), an elevated exhaustion level prompts actions to distance oneself 
emotionally and cognitively from one’s work.  The elevated cynicism aspect is re-
flected as an indifference towards work.  Finally, a depressed professional efficacy 
level reflects feelings of incompetence and a lack of achievement and productivity 
at work.  The development of burnout that occurs from a combination of these fac-
tors may result in physical, psychological, and behavioral symptoms.   

Several studies (Kestnbaum, 1984; Farber, 1990; Piercy & Wetchler, 1987; 
Pines & Aronson, 1981) have described the physical symptoms of burnout as 
headaches, difficulty sleeping, gastrointestinal problems, hypertension and/or a 
poor appetite.  Psychological symptoms may include increased negative self-talk, 
depression, boredom, stress, cynicism, anxiety, irritability and/or difficulty in inter-
personal relationships.  Behavioral symptoms may include diminished attention, 
increased absenteeism, and attrition.  Consequently, increased levels of stress 
and burnout can lead to ineffective job performance, exhaustion, physical com-
plaints, anxiety, depression, and substance abuse (Huebner & Huberty, 1984; 
Pines & Aronson, 1981).  The concern of this study is that as burnout is identified, 
there may be implications for regional airline pilot job satisfaction, flight safety, and 
expanded professional training needs.

Burnout in Other Occupations

Previous research into high stress occupational populations such as police-
men, firemen, and medical staff has identified common stressor factors that in-
clude a hierarchical organizational structure, high environmental risk, a 24-hour 
job rotation system, and responsibilities in emergency/life-or-death situations 
(Winick, Rothacker, & Norman, 2002). Studies of the nursing career field have 
found job stress issues associated with limited resources, conflicts with colleagues 
or physicians, working in life-or-death situations, excessive workload, professional 
knowledge and technical requirements, handling patient’s emotional needs, and 
an inability to succeed in a professional role (Dewe, 1987; Guppy & Gutteridge, 
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1991; Harris, 1989). Related studies have found that nurses experiencing higher 
levels of burnout were judged independently by their patients to be providing a 
lower level of patient care (Leiter, Harvie, & Frizzell, 1998; Vahey, Aiken, Sloane, 
Clarke, & Vargas, 2004). Researchers found that job stress for teachers resulted 
from external or school demands, pressure from students, the degree of school 
support, school policies, and personal factors, such as the lack of professional 
development (McCormick & Solman, 1992). In many work environments, coupled 
with the difficulty of attaining promotion, employees who lack confidence in their 
future may develop a mindset of failure, which in turn may lead to job burnout (Hall, 
1986).

Lack of Professional Development/Autonomy

In research related to job burnout, occupations with direct public contact have 
attracted much more attention than flight crews.  The primary duty of flight crews is 
to conduct routine flight services, which frequently lacks challenge, complicity, and 
autonomy (Liang & Hsieh, 2005). If individuals perceive their job as lacking chal-
lenge and autonomy, their commitment to objectives and efforts can potentially be 
affected. Moreover, a job lacking feedback could directly influence the psychologi-
cal sensation of success, which could, in turn, alter a person’s work attitude. Pines 
and Yanai (2001) adopted the psychodynamic-existential perspective in explaining 
that job burnout stems from people’s inability to secure the value of survival on 
their job or career as well as the meaning and importance of working. With respect 
to the examination of job stress from the perspective of occupations with job char-
acteristics somewhat similar to those of flight crews, it was discovered in a study 
by Duffy and McGoldrick (1990) that the major stressors for bus drivers are route 
timing, traffic problems, passenger and company conflicts, work protection, health, 
and family problems. In addition to common work pressures or demands, there 
may be specific job characteristics that will affect workers’ level of burnout, such 
as shift work (Jamal, 2004). 

Work Overload/Lack of Resources

A critical aspect of burnout occurs when people are unable to recover from 
daily work demands. When this kind of stress is a chronic job condition, not an 
occasional emergency, there is little opportunity to recover and restore balance 
(Maslach & Leiter, 2008). A condition of work overload or lack of resources can 
be frequently attributed to management practices of the organization. A study of 
work-related stress in American police officers indicated that organizational factors 
such as bad management or work conditions were more frequently identified as 
negative stressors than potential violence or exposure to human misery (Storch & 
Panzarella, 1996). In a study of Scottish police officers, the highest levels of stress 
were related to organizational factors such as perceived staff shortage and inade-
quate resources (Biggam, Power, MacDonald, Carcary, & Moodie, 1997). The high 
workload of regional airline pilots, that results from the large number of takeoffs 
and landings associated with several legs per day and irregular work hours, may 
lead to fatigue symptoms (Neider, Vejvoda, & Mass, 2008).  Weitzel and Hampton 
(1999) suggest that current work schedules for regional airline pilots and flight 
crews are not compatible with human limitations and existing Federal Aviation 
Regulations have not evolved to meet the demands of a 24-hour industry. 
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Burnout Crossover Phenomenon

If there is no appropriate intervention for employee burnout within the orga-
nization, burnout crossover may occur and further reduce productivity or safety 
practices. Crossover occurs when psychological strain experienced by one person 
affects the level of strain for another person who shares the same social environ-
ment (Bolger, Delongis, Kessler, & Wethington, 1989; Westman & Etzion, 1995). 
Previous findings from field research by Bakker and Schaufeli (2000) suggest that 
individuals suffering from burnout may communicate symptoms to their colleagues 
and that social comparison processes may play a role in the transmission of burn-
out symptoms among employees. Groenestijn, Buunk, & Schaufeli (1992) found 
that nurses who were aware of burnout complaints from their colleagues and felt a 
strong need for social comparison were more susceptible to burnout compared to 
those who had a low need for social comparison. Bakker, Westman, & Schaufeli 
(2007) investigated burnout crossover in high school teachers and found that 
when teachers were exposed to an interview with a colleague who talked nega-
tively about their students and teaching, they reported significantly higher levels of 
emotional exhaustion and depersonalization than teachers who were exposed to 
an interview that was negative in tone, but unrelated to work. Evidence for burnout 
crossover was also found among general practitioners and constabulary officers 
(Bakker, Schaufeli, Sixma, & Bosveld, 2001; Bakker, van Emmerik, & Euwema, 
2006). While on duty days, regional pilots spend a considerable amount of time 
within confined spaces in team settings both on the job and during layovers. The 
result may be a working environment that perpetuates this burnout crossover phe-
nomenon. 

Perceived Job Risks and the Effects of ‘Pilot Pushing’

In addition to actual exposure to stressors, a perception of risk may also in-
crease burnout. According to risk perception theory, perceptions of risk are made 
up of a cognitive component such as the probability of being injured and an af-
fective component such as an emotional reaction to the risk that is manifested as 
worry (Rundmo, 2002). Baugher and Roberts (1999) assessed the extent to which 
petrochemical plant employees worried about two types of hazards: risk of fire/
explosions (i.e., acute events) and exposure to chemicals (i.e., a chronic hazard 
for this occupation). They found that despite the infrequency of acute events and 
despite a substantially low degree of perceived risk of these events, petrochemical 
workers still had a high degree of worry about them. ‘Pilot pushing’is the pressure 
that pilots face from management to keep airplanes in the air as much as possible 
by agreeing to fly legs with critical equipment problems, in severe weather, with re-
duced fuel requirements, or in a state of fatigue. Pilot pushing may result in chronic 
stress that has a significant impact on many health outcomes (Day, Therrien, & 
Carroll, 2005). In addition to these questionable management pressures, the em-
phasis of worrying about the safe outcome of flights and hazards is important be-
cause some of the risks faced by pilots have the potential to be severe and even 
fatal. Based on the literature of affective risk perceptions, continuing pressure to 
operate with a perceived unreasonable level of risk may lead to elevated levels of 
burnout (Day, Sibley, Scott, Tallon, & Ackroyd-Stolarz, 2009). 

Control of one’s job environment is associated with many organizational and 
individual outcomes (de Lange, Taris, Kompier, Houtman, & Bongers, 2003). Stud-
ies suggest that such control has resulted in lower burnout levels for nurses and 
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physicians (Aiken, Clarke, Sloane, Sochalski, & Silber, 2002; Keeton, Fenner, 
Johnson, & Hayward, 2007). Job control may have an even greater role in high risk 
industries, such as medical flight transport, where workplace hazards are preva-
lent. Increasing employee control over their work functions in these industries is 
important because it may allow employees to reduce uncertainty levels associated 
with work-related hazards and risks (Leiter & Robichaud, 1997). Therefore, in-
creased employee job control may promote decreased levels of burnout, and may 
also buffer the negative consequences of safety incidents and concerns of burnout 
(Day et al., 2009). If airline management provides pilots with more work autonomy, 
pilots may be able to exert more influence over the stress-provoking areas of their 
work life (Dwyer & Ganster, 1991).  

Research Questions 

The following research questions were addressed by the present study:

What are the perceived levels of exhaustion, cynicism, and burnout 
among regional airline pilots as measured by the Maslach Burnout 
Inventory-General Survey (MBI-GS)?

Is there a relationship between Individual characteristics (flight time, 
age, education level, duty schedule, and crewmember position) and 
levels of burnout among regional airline pilots?

Is there a relationship between burnout factors and regional airline 
pilot perceptions of management pressure to meet on-time goals? 

Methodology

Participants

A survey instrument was administered to a sample of U.S.-based regional air-
line pilots (N = 248) to assess levels of occupational burnout. Participants did not 
receive payment for participating in the study and were advised that information 
was collected anonymously.  This human subjects study was approved by the 
sponsoring university’s Institutional Review Board.

Measures

The Maslach Burnout Inventory-General Studies (MBI-GS), consisting of 22 
questions that are used to measure the symptoms of burnout, was administered.  
The MBI-GS is designed to assess three aspects of burnout (Exhaustion [EX], 
Cynicism [CY], and Professional Efficacy [PE]) using a Likert-type response scale 
to indicate how often the participants experienced a given thought or feeling.  Re-
sponses range from 0 (never) to 6 (daily).  The construct validity of the MBI-GS has 
been supported through validity studies (Kitaoka-Higashiguchi, Ogino, & Masuda, 
2004; Langballe, Falkum, Innstrand, & Aasland, 2006) that suggest the MBI-GS 
provides a suitable measurement to assess burnout across a wide range of profes-
sions.  For the purposes of this study, minor modification of wording to match the 
regional airline pilot work environment was necessary.  For example, “work” and 
“organization” as referred to in the original questions, were changed to “flight du-
ties” and “airlines” respectively.  
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The last section of the questionnaire was designed to measure the percep-
tion of pressure from airline management to complete a flight with questionable 
safety risks or hazards.  This included: accepting aircraft with critical equipment 
problems, starting or continuing flight into severe weather or icing conditions, ac-
cepting critically reduced fuel requirements to accommodate revenue, and overall 
pressure to make on-time goals.  Constructed in a format similar to the MBI-GS 
items, answers to these items indicated how often the respondents experienced 
this type of pressure, ranging from 0 (never) to 6 (daily). 

Procedures

Study participants were recruited through written requests for research par-
ticipation in the Flight Safety Information Newsletter with a distribution of over 
25,000 aviation subscribers/readers.  A description of the study included a web-
site address, which upon accessing, allowed the participants to view an electronic 
questionnaire, represented written consent, and confirmed their volunteer status.  
Participants completed a 36-question survey which first asked respondents to de-
scribe individual and environmental variables, including:  age, highest educational 
degree obtained, current flight status, years as a regional airline pilot, total flight 
time, type of aircraft flown, work schedule, and salary. 

Analysis

Biographical data

A total of 248 surveys were submitted of which 55 were incomplete and omit-
ted from the analysis.  Descriptive data was compiled for the remaining 193 sur-
veys.  The largest percentage of respondents (38.5 %) was aged 27-32, followed 
by the next highest age group, 33-38 (21 %).  The majority of respondents had 
completed at least a four year degree college program (83.4 %).  The majority of 
the respondents were currently operating a regional jet variant (85.9 %).  Current 
flight status of respondents was somewhat split between captain (51.2 %) and first 
officer (43.1 %).  The remaining small percentage of pilots was employed primarily 
in management.  Employment time with regional carriers, for the most part, fell into 
three primary year groups: 1 to 4 years (33.8 %), 5 to 8 years (34.9 %), and 9-12 
years (12.3 %).  Total flight time of respondents varied widely, but the largest num-
ber of respondents (51.3 %) indicated that they had accumulated more than 5,000 
hours.  Monthly work schedules for respondents varied widely, but most (84.9 %) 
indicated they had 11 to 15 days off per month.  Hours flown per month also var-
ied widely among respondents, but the largest group (69.8 %) indicated that they 
averaged 78-89 flight hours per month.  Salaries varied widely but the two largest 
groups of respondents were paid $30K to $40K per year (22.6 %) and more than 
$70K per year (34.4 %).  Descriptive data are presented in the Appendix.

MBI-GS data

Using the MBI-GS analysis rubric, levels of exhaustion (EX), cynicism (CY), 
and professional efficacy (PE) were calculated by determining the average Likert 
response for corresponding MBI-GS questions.  Survey questions pertaining to 
exhaustion address “feeling drained,” “feeling used up,” “feeling tired in the morn-
ing,” and “feeling burned out.”  Questions pertaining to cynicism address “feeling 
less interested,” “feeling less enthusiastic,” “wanting to be not bothered,” “doubting 
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significance to the employing airline,” and “being cynical about work.”  Questions 
pertaining to professional efficacy address “effective at problem solving,” “making 
a contribution,” “doing a good job,” “feeling exhilarated,” and “having a sense of 
accomplishment.”  According to the literature, individuals who exhibit high levels of 
both EX and CY as well as low levels of PE are considered strong candidates for 
burnout designation.  Levels that contribute to burnout, according to the validated 
MBI-GS rubric were average EX of 4.2 and higher, average CY of 2.2 and higher, 
and average PE of 4.0 and lower (Maslach, Jackson, & Leiter, 1996).  Upon analy-
sis, 32.6 percent (63) of the sample population were identified as high burnout can-
didates.  In addition, 51.8 percent of the sample was identified as exhibiting high 
exhaustion levels and 72.5 percent exhibited high cynicism levels.  An additional 
53.8 % of the sample exhibited low professional efficacy levels.  

A bivariate correlation procedure was completed between the three MBI-GS 
factors (EX, CY, and PE) and the various biographical data responses using Pre-
dictive Analytics Software (PASW).  Significant (p<.01) correlations with level of 
exhaustion were found for age, years of work, hours flown per month, and current 
salary.  A significant correlation (p<.05) was found for level of cynicism and profes-
sional efficacy for hours flown per month.  No other significant (p<.05) correlations 
with biographical data were found for exhaustion, cynicism, and professional ef-
ficacy levels.  See Table 1.

Table 1

Bivariate Correlation – Burnout Factors vs. Biographical Data (n=193) 

Effect EX CY PE
Age -.256* -.140 .096
Years worked    -.194** -.054 .099
Total flight time -.161* .046 .000
Days off/month .002 -.115 .083
Flight hours/month     .200** .174* -.149*
Current salary   -.220** -.046 .040

Note:  * p<.05, ** p<.01

Upon completion of the bivariate correlation,  one-way ANOVAs with Tukey’s 
post-hoc pair wise comparisons were completed to further evaluate the relation-
ships between previously identified biographical groups and burnout factors.  As a 
result of this analysis, a significant difference was noted between mean exhaustion 
levels of pilots over 50 and pilots aged 21 to 26 (p<.000), 27-32 (p<001), or 33-38 
(p<.000). No other significant differences in means were noted for burnout factors 
with other biographical data groupings.

Next, a bivariate correlation procedure was completed with the burnout factors 
and questions regarding management pressure to make on-time goals.  Significant 
correlations (p<.01) were identified for exhaustion and cynicism with management 
pressure to make on time goals through:  shortened rest periods, accepting air-
craft with critical equipment problems, and starting or continuing flight into severe 
weather conditions.  Similar correlations at the p<.05 level were noted for profes-
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sional efficacy.  See Table 2 for these results.  No correlations were noted between 
the burnout factors and management pressure to accept reduced fuel loads.

Table 2

Bivariate Correlation –Burnout Factors vs. Management Pressure to meet On-
time Goals (n=193)

Effect EX CY PE
Management Pressure:
Shortened Rest .584** .431** -.172*
Equipment problems .367** .331** -.166*
Severe Weather .496** .404** -.146*
Reduced fuel loads -.009 .074 -.142

Note:  * p<.05, **p<.01

Finally, a GLM univariate procedure was completed to model biographical data 
and management pressure variables identified in the preceding analysis as predic-
tive factors for levels of exhaustion and cynicism.  The resulting model to predict 
exhaustion had an adjusted r² of .443.  A similar procedure was conducted to 
model cynicism resulted in an adjusted r²of .285.  Removing additional non-sig-
nificant variables from these models resulted in a decreased r².  The analysis did 
not suggest a useful model for professional efficacy.  These results are depicted 
in Tables 3 and 4.        

Table 3

Univariate Model for Exhaustion (n=193, adjusted r² = .443)

Factor df F p
Flight w/shortened rest 1 46.226 .000**
Flight w/adverse weather 1 13.224 .000**
Flight position, Capt-F/O 1   8.045 .005**
Age 1   6.557 .011
Years worked for airline 1   2.370 .125

Note:  **p<01
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Table 4

Univariate Model for Cynicism (n=193, adjusted r²=.285)

Factor df F p
Flight w/shortened rest 1 14.945 .000**
Flight w/adverse weather 1   6.405 .012
Days off/month 1   4.843 .029
Age 1   4.379 .038
Overall Mgt Pressure 1   3.001 .085
Years worked for airline 1   3.000 .085
Flight position, Capt-F/O 1   2.8 .097
Flight w/reduced fuel 1   2.380 .125
Level of Education 1   1.764 .186
Total flight time 1   1.614 .206

Note: **p<.01

Discussion 
This study was conducted to investigate current levels of burnout among re-

gional airline pilots.  Although study limitations in the area of sample selection and 
instrumentation bias restrict generalization of the results, the analysis suggests 
relationships for further study with a larger sample.  The current study should be 
considered a pilot for such studies.  The analysis of current MBI-GS survey results, 
in particular, points to significantly elevated levels of exhaustion, cynicism, and 
burnout, as well as reduced levels of professional efficacy, that may be present 
among the general population of regional airline pilots.  The analysis also suggests 
that mean levels of exhaustion are very different for pilots over 50 and their young-
er counterparts.  The number of current survey participants in the 21 to 26 (21%), 
27 to 32 (16%) and 33 to 38 (22%) age groups exhibiting high levels of exhaus-
tion was much greater than their over 50 (0%) counterparts.  Data also supports 
a higher average number of hours flown per month for the younger age groups.  
Whether this circumstance is a management prerogative or based on seniority of 
older pilots is unclear.  However, there seems to be a threshold of flight hours per 
month that contributes to higher levels of exhaustion. 

A relationship might be hypothesized between higher levels of cynicism and 
more senior pilots who have been with regional airlines longer (or who had accu-
mulated more total flying hours).  This conclusion was not supported by analysis of 
the data which suggests that more respondents from the 27 to 32 (77%) and 33 to 
38 (80%) age groups exhibited higher levels of cynicism than respondents in the 
over 50 (38%) group.  In addition, the analysis suggests that respondents from the 
27 to 32 (60%) and 33 to 38 (61%) age groups exhibited lower levels of profes-
sional efficacy than their counterparts in the over 50 group (38%).  Each of these 
factor levels are based on self-reported answers to survey questions.
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Further analysis was completed to identify relationships between burnout fac-
tor levels and respondent answers to questions about management pressure to 
meet on time goals.  The survey asked respondents to comment on their percep-
tion of management pressure to fly with excessively shortened rest periods, critical 
equipment problems, severe weather conditions, or reduced fuel requirements.  
The analysis shows a significant relationship between levels of exhaustion, cyni-
cism, and burnout, and perceived management pressure to continue flight with 
shortened rest periods, critical equipment problems, and severe weather condi-
tions.  Although survey responses may have been influenced by a presumed re-
lationship between continued employment and acceptance of the described flight 
conditions, the analysis suggests there is, in fact, a relationship between percep-
tions of management pressure and burnout factors.  This finding seems to highlight 
a need for further investigation into pilot perceptions of acceptable flight practices 
and what reality exists regarding inappropriate management pressure to meeting 
on time flight goals.     

Conclusion
A large body of literature details investigations into the causes of burnout in 

various occupations and the effect of this condition on job performance.  This study 
represents an initial look into environmental factors that may impact levels of ex-
haustion, cynicism, professional efficacy, and ultimately burnout, of regional airline 
pilots.  Although findings of this study do not conclusively identify environmental 
factors responsible for burnout in the subject population, they do suggest areas for 
further investigation.  Further investigation may include a larger sample size, eth-
nographic research as a means of understanding the lived reality of the regional 
pilots, or include the results of this study with other published studies to provide a 
meta-analysis.  The researchers acknowledge that there may be sample bias due 
to the small sample size; nevertheless, this pilot study has been useful to develop, 
adapt, and check the feasibility of techniques.  In particular, study findings suggest 
shortened rest periods, adverse weather, aircraft maintenance issues, and pres-
sures to meet on time performance goals are potential contributors to pilot burnout 
and resulting safety concerns.  This study highlights an opportunity to review sub-
tle and not-so-subtle management pressure on flight crews to meet performance 
goals as well as pilot perspective on implied and actual authority for flight conduct.  
Further work in the area of management and pilot training is indicated.  This level 
of attention is critical given the recent trend of commercial aircraft accidents and 
incidents as well as the eroding public perception of commercial air travel.  
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APPENDIX

Regional Airline Pilot Survey Sample Descriptive Data (n=193)

Descriptor Group % of sample

Age 27-32 38.9

 33-38 21.3

 Other 39.8

Education 4 yr. Degree min. 83.4

 Other 16.6

Current equipment Regional jet variant 85.5

 Other 14.5

Current flight status Capt 51.4

 F/O 44.0

 Other (mgt pilots) 4.6

Years employed 1-4 34.4

 5-8 35.4

 9-12 12.5

Total flight hours less than 2000 7.8

 2000-4000 21.9

 4000-5000 18.2

 More than 5000 52.1

Days off/month Less than 11 days 7.8

 11-15 days 84.9

 More than 15 days 7.3

Hours flown/month less than 72 hours 18.2

 72-89 hours 70.9

 More than 89 hours 10.9

Current Salary Less than $30K 14.1

 $30K-69K 57.0

 More than $69K 34.9
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Abstract
This paper examines criminal prosecutions of pilots, air traffic controllers, and 

maintenance technicians in the wake of aviation incidents and accidents world-
wide, which points to an accelerating criminalization trend over the past fifteen 
years. It examines the concerns surrounding criminalization by considering its 
wisdom, fairness, and utility, taking into account the consequences for both the 
affected individual and the aviation industry as a whole. It concludes by reviewing 
the diversity of countermeasures that are currently being developed in aviation and 
assesses the possibility of mitigating the criminalization trend.
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Pilots, Controllers and Mechanics on Trial: Cases, 
Concerns, and Countermeasures

There is increasing concern about pilots, controllers, and mechanics facing 
trial in the wake of incidents and accidents (Esler, 2009; Michaels, 2008; North, 
2002; Ter Kulle, 2004; Thomas, 2007). Even though criminal prosecution has fol-
lowed aviation accidents in the past, it now has become an automatic response 
to accidental death (or even just risk of death) in many countries (ICAO, 2007). 
Prosecution is often seen by those inside a profession as unfair, unnecessary, 
intrusive and “heavy handed” (Moran, 2008) as well as detrimental for safety initia-
tives aimed at increasing honest disclosure and the free flow of safety information 
(FSF, 2006; GAIN, 2004; ICAO, 2007). 

The basis for responding to, and learning from, accidents in aviation is pro-
vided by Annex 13 to the ICAO convention. This represents an international treaty 
of all UN member countries, which establishes the purpose of investigations and 
protects those safety investigations for learning and system improvement only. 
Co-mingling safety investigations with criminal prosecutions is something that An-
nex 13 explicitly guards against, and ICAO member states are in principle obliged 
to enact its standards through their own regulatory and legal systems. There is, 
however, growing evidence of cracks and holes in the wall that putatively sep-
arates safety investigation from judicial probes. Data gathered by independent 
safety investigations has been appropriated by judicial action, and formal accident 
reports are used routinely either as evidence in court or as preparatory reading for 
prosecutors and judges. Despite the clear proscriptions in international treaties, 
professional arrangements and even national codes, Flight Data Recorder (FDR) 
and Cockpit Voice Recorder (CVR) records have been admitted as evidence in 
criminal prosecutions in several ICAO countries (Michaelides-Mateou & Mateou, 
2010; North, 2002). 

Prosecution of pilots, controllers and mechanics is often based on general 
hazard statutes that have evolved from road traffic laws which criminalize the reck-
less endangerment of people or property (Esler, 2009; Tingvall & Lie, 2010). The 
leeway in such statutes for what can be considered sanctionable behavior is of 
course important for any open and democratic justice system. Nevertheless, it has 
led to very general risk statutes (such as Netherlands Aviation Act §5.3), which 
can, depending on prosecutorial ambition, criminalize anything that can be con-
strued as dangerous in hindsight. US Federal Aviation Regulation (FAR) 91.13 
holds this potential, for example, though it has not been extensively relied on for 
criminal prosecution of pilots or controllers:

a)  No person may operate an aircraft in a careless or reckless manner so as 
to endanger the life and property of others.

b)  No person may operate an aircraft, other than for the purpose of air navi-
gation, on any part of the surface of an airport used by aircraft for air com-
merce (including areas used by those aircraft for receiving or discharging 
persons or cargo), in a careless or reckless manner so as to endanger the 
life and property of others.

The criminalization of error in aviation, particularly through criminal categories 
such as “causing air disaster” (RTE, 2009), may represent a jurisprudential evo-
lution similar to that of “hate crime,” which went from a broad, amorphous social 
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concept to a determinate legal construct inside of a few decades through judicial 
rhetoric and successive jurisprudential meaning-making (Jacobs & Henry, 1996; 
Phillips & Grattet, 2000). Groups from inside the aviation industry suggest that this 
represents “overcriminalization” (Garland, 2002; Husak, 2008).

This paper presents data that supports the notion of a criminalization trend 
in aviation, and details the concerns about prosecuting practitioners (in part by 
borrowing from research in other fields). These are divided up as concerns about 
the wisdom, the fairness, and the utility of criminally prosecuting practitioners. It 
concludes with a review of current and possible countermeasures.

Cases
In 1956, an Air France captain was convicted of  involuntary manslaughter 

after 56 passengers were killed in a DC-6 visual approach accident at Cairo airport 
on a flight en route from Saigon to Paris (Esler, 2009). Since then, criminalization 
of pilots, controllers, and mechanics has occurred or is occurring in many other 
countries, including the U.S., the U.K., Japan, New Zealand, China, Libya, Korea, 
Yugoslavia, France, Argentina, Romania, Taiwan, Italy, Switzerland, Canada, Bra-
zil, Indonesia, the Netherlands, Russia, Kenya, Turkey, Venezuela, Portugal, India, 
Spain, and Iran (Michaelides-Mateou & Mateou, 2010). Since criminal prosecution 
occurs almost only under state or national statutes, an exhaustive global corpus 
of cases is difficult to track and build. Yet, according to Michaelides-Mateou & 
Mateou (2010), almost half of these criminal cases have been brought since 2000 
(see figure 1 for a graphical condensation of their case descriptions), attesting to a 
strong criminalization trend in aviation. The trend not only affects pilots, mechanics 
and air traffic controllers, but increasingly accountable managers and nominated 
post holders. A number of cases are presented in more detail in the appendix to 
this paper. 

Figure 1: Number of worldwide cases of criminalizing human acts in aviation 
accidents and incidents per decade since 1950.
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The criminalization trend in aviation mirrors developments (and concomitant 
concerns) in other fields, including shipping (Wallis, 2010), construction (ENR, 
1997), chemical processing (Prakash, 1985), and health care (Grunsven, 1996; 
ISMP, 2007; Pandit, 2009; Skegg, 1998; Ukens, 2002), where “cases of doctors 
being subjected to criminal prosecution are on the increase” (Pandit, 2009, p. 379) 
and nurses’ errors are increasingly criminalized, also in the U.S. (Mee, 2007).

Concerns
Concerns with the criminalization based on such cases and other statutes, can 

be divided up into those about the wisdom, fairness and utility of prosecution.

Wisdom of prosecution

A focus of the industry has been on how judicial action in the aftermath of acci-
dents and incidents interferes with independent safety investigations and destroys 
the willingness of people to voluntarily report errors and violations (Berlinger, 2005; 
Brous, 2008; Chapman, 2009; Dekker, 2007a, 2009; FSF, 2006; Thomas, 2007). 
Criminalization thus hampers the development of “safety cultures”: organizational 
cultures that encourage honest disclosure and open reflection on their practices 
with the aim to constantly improve quality and safety (Lauber, 1993). 

A survey conducted by Michaelides-Mateou & Mateou (2010) confirms the 
preponderance of fear about prosecution and its detrimental effects on contribut-
ing to safety improvements. Says one of their respondents: “People cannot work 
with the fear of being prosecuted haunting them. Blaming and punishing someone 
will not help aviation safety. How can safety lessons be learnt if everyone is too 
scared to report and error or mishap?” (p. 282). Practicing under the threat of pros-
ecution can only serve to hide errors, to condition people to get smarter at making 
evidence of possible criminalizable acts disappear, to discourage people from re-
porting their mistakes (Chapman, 2009; Michaelides-Mateou & Mateou, 2010). 

Willingness to participate in independent safety investigations has also been 
found to go down when pilots or controllers have knowledge of previous criminal 
prosecutions: they do not want to incriminate themselves. Increasingly, pilots, me-
chanics and air traffic controllers refuse to participate in an independent safety 
investigation without the presence of a union representative or even a lawyer (Mi-
chaelides-Mateou & Mateou, 2010). This is testimony to the problem of co-mingling 
safety investigations and criminal probes, as it can stop people from cooperating 
with either of them (North, 2002). 

Another effect is practicing more defensively, which may increase the unnec-
essary use of resources (Sharpe, 2004) or investments in paper trails that limit 
exposure and liability. Including managers in prosecution (particularly after pilots 
have died) may bring such adverse consequences. Organizational safety manage-
ment can become an activity centered around reducing a company’s exposure 
and protecting management structures from criminal liability, which serves neither 
safety nor justice (Michaelides-Mateou & Mateou, 2010). Accountability demands 
that are seen as unreasonable and illegitimate (e.g. those imposed by the crimi-
nal justice system) can interfere with the conscientious execution of safety-critical 
work. There is experimental evidence suggesting that with unreasonable account-
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ability demands, cognitive effort gets deflected into the management of liability 
risks—to the detriment of task-orientation (Lerner & Tetlock, 1999). 

Fairness of Prosecution

Over the last fifteen years, doubts have increasingly been voiced about the 
fairness of criminalizing errors that are made in the course of executing normal 
professional duties with no criminal intent in aviation and other fields (Mee, 2007; 
Merry & Peck, 1995; Moran, 2008; Reissner, 2009). There is also concern about 
the capriciousness of criminal prosecution: why some professionals, in some 
countries, get prosecuted for errors that have no such consequences elsewhere. 
Doubts also exist about the ability of a judiciary to make sense of the messy de-
tails of practice in a safety-critical domain (R. E. Anderson, 2005), let alone resist 
common biases of outcome knowledge and hindsight in adjudicating people’s per-
formance (J. C. Anderson, Jennings, Lowe, & Reckers, 1997; Arkes, Saville, Wort-
mann, & Harkness, 1981; Berlin, 2000; Dripps, 2003; Hawkins & Hastie, 1990; 
Hugh & Dekker, 2009; LaBine & LaBine, 1996; Laudan, 2006; Roese & Olson, 
1996). 

These doubts about a judiciary’s ability to fairly adjudicate in the wake of pro-
fessional mistake are amplified by a broad research consensus in safety research. 
Errors by pilots, controllers and mechanics, made in the normal pursuit of their du-
ties, are heavily anchored and embedded in normal contexts in which they perform 
skilled work under conditions of resource constraints and outcome uncertainty 
(Woods, Dekker, Cook, Johannesen, & Sarter, 2010). This has raised significant 
skepticism about whether error can be punished or sanctioned away. Error is an 
inevitable part of the complex system in which it is generated (Amalberti, 2001, 
2006; Clarke & Perrow, 1996; Leveson, 2002). Errors and other undesired out-
comes are the inevitable product of the structural interactive complexity and tight 
coupling of the aviation system (Perrow, 1984). They occur not because unreli-
able people undermine otherwise smooth and well-functioning organizational pro-
cesses. Rather, they emerge non-randomly as the side effects of well-organized 
processes (Pidgeon & O’Leary, 2000). Error in complex systems seems inevitable, 
no matter what sanction it might invite (Vaughan, 1996). Accidents that result in 
part from these inevitable errors are by definition unforeseeable and unintended. 
This makes it hard for accidents to meet the judicial principle of a mens rea (guilty 
mind) and thus puts them at odds with criminal prosecution (Michaelides-Mateou 
& Mateou, 2010).

For most professionals, a mistake that results in an incident, adverse event or 
inadvertent death is antithetical to their identities. It militates against their goals of 
delivering safe and efficient service (Berlinger, 2005; Sharpe, 2004; Wolf, 1994). 
Such errors, and their consequences, are experienced as a devastating failure to 
live up to the duty ethic inherent in the profession, and a betrayal of the trust that 
passengers or other users have put in it. The memory of mistake typically stays 
with professionals for many years (Serembus, Wolf, & Youngblood, 2001) and 
can cause excessive stress, depression, anxiety and other psychological ill-health 
(Berlinger, 2005; Lerner & Tetlock, 1999). Guilt and self-blame are also very com-
mon. Professionals can deny the role of the system or organization in spawning 
their mistake (Meurier, Vincent, & Parmar, 1998; Snook, 2000), despite the large 
research base to the contrary (Woods, et al., 2010).
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When error gets criminalized, it can lead to sick leave, divorce, exit from the 
profession permanently or the committing of suicide (Chapman, 2009; Meszaros 
& Fischer-Danzinger, 2000; Moran, 2008; Tyler, 2003; Wolf, 1994). Another re-
sponse to litigation, though rare, is anger and counter-attack, for example by fil-
ing a defamation lawsuit (R. E. Anderson, 2005; Sharpe, 2004). Criminalization 
can also have consequences for a person’s livelihood (and his or her family), as 
licenses to practice may be revoked automatically which in turn can generate a 
whole new layer of anxiety and stress.

In the most constructive response, professionals try to process and learn from 
the error, discussing details of their error with their employer, contributing to its 
systematic investigation and helping with putting safety checks and improvements 
in place (Christensen, Levinson, & Dunn, 1992). The role of the organization in 
facilitating such coping (e.g. through peer and managerial support and appropriate 
structures and processes for learning from failure) is hugely important (Dekker & 
Laursen, 2007). It is crucial that employees do not get constructed as if they are the 
source of the problem and treated as somehow “troubled” as opposed to “normal” 
employees (Cooper & Payne, 1988; Dekker & Laursen, 2007). In aviation, and 
particularly in air traffic control, critical incident stress management (CISM) pro-
grams have been instituted in several countries. These voluntary peer programs 
have evolved from stress management interventions in particularly fire fighting and 
rescue services personnel and were first treated with suspicion by professionals 
because of the stigma of psychological infirmity its use might attract. It is now ac-
cepted and standard procedure in many organizations, however. Management has 
noticed that CISM helps professionals reenter productive operational life sooner 
after an incident, which benefits both organization and individual (Leonhardt & 
Vogt, 2006). 

Neither CISM, nor people’s progress through post-incident phases, has been 
investigated specifically for the influence of (criminal) prosecution. Prosecution 
probably affirms feelings of guilt and self-blame and exacerbates their effects, 
which are linked to poor outcomes in other criminological settings (Christensen, 
et al., 1992; Friel, White, & Alistair, 2008). At the same time, prosecution could de-
stroy most opportunities for intervention by the employer or peers because it intro-
duces new equations of mistrust, which can already be a problem after an adverse 
event (Scott, Hirschinger, & Cox, 2009). In addition, there could be organizational 
expediency and economy in not combating criminal prosecution of an employee 
as it publicly locates the source of the organization’s safety problems in that single 
individual. Meaningful access could be cut off entirely when the professional is 
incarcerated (Learmount & Modola, 2004), and, not surprisingly, the prognosis for 
psychological health is never very good in that case (Friel, et al., 2008). 

Utility of Prosecution

There is no conclusive evidence about the extent to which the purposes of 
criminal justice (e.g. retribution, rehabilitation, prevention, and deterrence—spe-
cific or general) are served by the criminalization of professional mistake (Dekker, 
2007c; Dekker & Hugh, 2009; A.F. Merry & McCall Smith, 2001). In fact, the prose-
cution of professionals can distort the allocation of scarce societal resources within 
the criminal justice system (Jacobs & Henry, 1996) when there are already bodies 
in place (e.g. accident investigation boards, medical discipline committees) that 
could be better positioned to deal effectively with the aftermath of failure in those 
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systems (FSF, 2006). In addition, broader, systemic interventions are known to 
have better safety effects than the prosecution of individuals. So how can a crimi-
nalization trend in aviation be explained?

Over the last 30 years the societal interpretation of accidents has shifted dra-
matically. Failures such as the Three Mile Island nuclear accident and the collision 
of two 747’s at Tenerife in the seventies made society more “risk conscious” (I. 
Wilkinson, 2001). Accidents today are not seen as meaningless coincidences but 
as evidence that a particular risk was not managed well. And behind such misman-
agement there are people, single persons, or single acts of omission or commis-
sion by those persons (Bittle & Snider, 2006; Green, 2003). Accidents are failures 
of risk management, which opens the door for the search (judicial or otherwise) for 
someone who did not manage risk well. The accident can go, or even needs to go, 
on somebody’s account (Douglas, 1992).

The end of the twentieth century has also seen an increase in the democrati-
zation and accessibility of knowledge, as well as consumer vocalism and activism. 
These can put the failings of complex systems (or alleged failings of individuals 
in them) on fuller display (Anon., 2005; Pandit, 2009) and animate societal re-
sponses to them. The media doubtlessly enjoys a strong role in celebrating certain 
accidents, while being able to ignore others (Dekker, 2007b; Ditton & Duffy, 1983; 
Ödegård, 2007; Palmer, Emanuel, & Woods, 2001). A recent study links cultural 
and political populism to the punitiveness of a country’s criminal justice system 
(Miyazawa, 2008). Media coverage of an event has been shown to articulate and 
animate social reactions to the point of constructing anti-heroes (Elkin, 1955; 
McLean & Elkind, 2004) and their crimes (Dekker, 2007b; Ericson, 1995; Innes, 
2004; Jacobs & Henry, 1996; Tuchman, 1978). There is a strong basis to believe 
that the coverage of, and discourse surrounding social issues (e.g. accidents and 
human error), can be linked at least in part to political populism, judicial responses 
and the criminalization of new categories of human action (Blackwelder, 1996; 
Engbersen & Van der Leun, 2001; Husak, 2008; Jacobs & Henry, 1996; Phillips & 
Grattet, 2000). 

A gradual reduction in the acceptance of risk altogether (Beck, 1992) has ac-
companied these developments, and there are now societal expectations that 
some safety-critical activities are entirely accident-free, with a zero-tolerance of 
failure. Aviation may have its own success to thank for this in part. Its increasingly 
flawless performance may have sponsored a societal belief in its infallibility and 
a concomitant political intolerance of failure (Amalberti, 2001). This means that 
almost of necessity, explanations of residual failure in these systems get deflected 
toward individual culprits (Perrow, 1984). The prosecution of individuals may thus 
hold some utility both for society and, in the Perrowian argument, for its intent 
on preserving a particular economic and social order (Goode, 1994). As Perrow 
(1984) pointed out about “human error”:

…if this attribution can be made, that is the end of serious inquiry. Find-
ing that faulty designs were responsible would entail enormous shutdown 
and retrofitting costs; finding that management was responsible would 
threaten those in charge, but finding that operators were responsible pre-
serves the system…(p. 146)
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A letter sent by the Boeing Corporation to the independent safety investigation 
of two inexplicable 737 crashes in the 1990s was seen by Byrne as an example of 
this. Investigators had found no evidence that the crew had done anything wrong, 
but the manufacturer expressed its dismay about the “desire of certain participants 
in our group to revisit, reexamine, and theorize about airplane system failures that 
could have contributed to the accident…” (Byrne, 2002, p. 162). 

This is where the utility of prosecution for some groups becomes the unfair-
ness of prosecution for others (Menkel-Meadow, 2000). Even victims of the results 
of the pilot or controller error sometimes see this, which puts them in sharp con-
trast to the focus of criminal prosecution on the single acts of single people. After 
an air traffic controller was jailed in the wake of a 1976 accident over Zagreb that 
killed 176 people, the father of one of the victims led a campaign to prevent the 
controller’s jailing. His campaign was unsuccessful, but the father joined efforts to 
free the controller after he had served two years (Geoffrey Thomas, 2002). Jailing 
individuals after system failure can be seen as unfair and counterproductive even 
by the primary victims; it can be seen as scapegoating (Mellema, 2000), which gets 
the organization or other people off the hook and oversimplifies the complexity of 
contributory events. Most importantly, prosecution of an individual may not give 
primary victims confidence that a similar incident will be prevented in the future.

Countermeasures
The criminalization trend over the last fifteen years has exposed the difficulty 

of how and where the line between honest professional mistake and criminally 
liable act should be drawn, and by whom. This makes coordinated global action 
very difficult (Esler, 2009). Professional bodies have proposed to increase their de-
fensive posture in response to the criminalization trend, for example by being more 
careful with external liaisons, particularly when it comes to sharing safety-related 
information (ICAO, 2007). In Canada, for instance, some airlines have asked their 
regulator to sign a non-disclosure agreement before safety inspections are con-
ducted. One aim could be to protect the identity of employees who might, by dis-
closing information about incidents or violations, offer evidence of what can later 
be construed as criminal activity (Schmidt, 2009). 

Various industries and countries have moved to different solutions. Most ini-
tiatives remain local and contingent on national law (under which most criminal 
prosecution occurs). Some initiatives locate the power to draw the line between 
acceptable and sanctionable performance more strongly inside of professions, for 
example by a re-asserted role of ethics or similar committees. At least one country 
has installed a so-called judge of instruction, who functions as a go-between be-
fore a prosecutor can go ahead with a case against a professional by checking the 
prosecutor’s homework and ambitions and weighing other stakeholders’ interests 
(which can work as long as those are fairly and equitably represented) (Dekker, 
2009). 

Other initiatives, most of them local or industry specific, are being developed 
and range from raising awareness and rallying opinion (FSF, 2006; GAIN, 2004; 
ICAO, 2007);  to alternative dispute resolution and mediation and the legal protec-
tion of certain statements by professionals in the wake of failure (e.g. “I’m sorry” 
laws) (Berlinger, 2005; Sharpe, 2003); to stonewalling, by keeping the indepen-
dent safety investigation open until the period of limitation for criminal prosecution 
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has expired (this may be many years); or by refusing to cooperate with any inquiry 
at all and destroying safety-related data before any access can be gained from the 
outside (Dekker, 2007c). Jointly, these effects create an adversarial stance that se-
verely reduces openness, and could be counterproductive to longer-term societal 
efforts to achieve a balance between learning and accountability in safety-critical 
systems (Anon., 2009; Dekker, 2007c; FSF, 2006; ISMP, 2007; Michaels, 2008; 
Pandit, 2009; Ter Kulle, 2004; G. Thomas, 2007).

The data presented in this paper shows that the current protections offered 
by ICAO Annex 13 and similar treaties are insufficiently anchored in national laws, 
safety regulations and legal practices—a lack from which very few countries seem 
exempt. Transnational initiatives, for example in the European Union, are currently 
being undertaken that try to address this (TTE, 2010). In the end, countermea-
sures should focus on the implementation of strong national legislation that fairly 
balances accountability and learning. Norwegian and Danish examples of estab-
lishing a compulsory, non-punitive, and strictly confidential reporting system for 
aviation incidents could represent one example, of both the difficulty and modest 
possible success. In Denmark, immunity against use of such a report in prosecu-
tion is guaranteed within 72 hours of the incident. This provision made that air 
traffic control reporting rates tripled from one year to the next (Norbjerg, 2003). Not 
long after it was implemented, the law was tested in court, though, importantly, not 
in a case that involved a loss of life. A pilot who was brought to court in 2002 on 
the basis of an incident report submitted by himself saw the evidence from his own 
report thrown out because of the new law. Yet he was found guilty of negligence 
and perhaps left wondering whether not submitting a report might have been a 
better idea after all. And of course, even in these laws there are always provisions 
that exclude deliberate negligence—a category that remains hard to define and is 
always open to judgment (Dekker, 2007c).

Conclusion
Criminalization of errors ultimately raises the question of who—in a society or 

an organization or a profession—gets the power to draw the line between accept-
able and unacceptable behavior, to draw a moral boundary, and who gets to en-
force it (Dekker, 2009). Just as Foucault (1982) described about France 150 years 
ago, different professions, branches of government and institutions might be vying 
for power and influence over the moral and legal privilege of calling something a 
criminal or otherwise sanctionable act. From this point of view, the line is not a 
location but a judgment, influenced by politics, power, or even sensationalism and 
populism (Dekker, 2009; Foucault, 1982; Morrill, Snyderman, & Dawson, 1997; 
Osborne, Blais, & Hayes, 1999). In the meantime, however, criminal prosecution 
of professionals such as pilots, air traffic controllers, or mechanics is increasingly 
seen as a threat to safety. Its effect on willingness to report and disclose safety-
related information is well documented. What is encouraging is that the field of 
aviation has also germinated a number of cross-industry initiatives aimed at miti-
gating the effects of criminal prosecution (FSF, 2006; ICAO, 2007), something that 
is not likely to abate in the near future (Esler, 2009; Michaelides-Mateou & Mateou, 
2010).
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Appendix — selected cases
Fourteen passengers died in a Swissair DC-8 runway overrun accident at Ath-

ens on a flight from Geneva en route to Mumbai and Beijing in October 1979. The 
airplane had been carrying sixteen tons of extra fuel due to uplift constraints at 
Athens, and had been at maximum landing weight. The runway was extremely 
slippery due to rain and rubber deposits and its profile made the end of the runway 
hard to see. A trial was held in April 1983 and the captain and first officer were 
convicted of manslaughter, criminal negligence and interruption of air traffic. They 
were sentenced to five years imprisonment. Swissair offered to post the twenty mil-
lion drachma bail (then $266,000), to allow the crew to leave Greece. The captain 
refused, however, wanting to make this a test-case for the tenability of criminal-
izing pilot error (Venet, 1984). 

In November 1989, a British Airways 747 carried out a missed approach to 
Heathrow in thick fog, narrowly missing a hotel near the other end of the runway. 
Two years later, the captain was found guilty in a split verdict of negligently en-
dangering the aircraft and its passengers, the first time in British aviation history. 
The problem had begun much earlier, with a dinner in Mauritius that incapacitated 
both the copilot and the flight engineer through gastroenteritis during the flight. 
The airline had routinely been giving dispensations to copilots unqualified to fly 
low-visibility approaches, and did so in this case as well, a practice that had been 
condoned by the Civil Aviation Authority (CAA). Interestingly, and quite uniquely, 
the aviation prosecutor in Britain is employed by the CAA. Having been convicted 
and demoted, the captain eventually committed suicide (S. Wilkinson, 1994). 

In January 1992, an Air Inter Airbus A320 crashed into a mountain near Stras-
bourg, France, while executing a night approach, killing all 87 persons aboard. 
Although the flight crew performed the approach correctly, a contributing factor in 
the accident was an uncommanded descent by the A320 of 3,200 feet per minute 
instead of the required 700, only two nautical miles from the airport. The accident 
became a prime example of “mode error” where crews are led to believe that 
they are making inputs and giving the automation instructions in one mode (in this 
case: Flight Path Angle) whereas the aircraft is actually in a different mode (Verti-
cal Speed) (Sarter & Woods, 1995, 1997). Criminalization didn’t occur until a full 
fourteen years after the accident when five current and former Airbus executives, 
including the A320 chief designer; two retired Air Inter executives; the former head 
of the country’s Direction Générale de l’Aviation Civile (DGAC) and the aviation 
authority’s retired certification director,  as well as an air traffic controller, were 
prosecuted in French criminal court for negligent homicide. Even though they were 
acquitted, Airbus and Air France (which by then had taken over Air Inter) were 
found liable for pain and suffering of victims’ families, and a subsequent trial was 
scheduled to determine monetary compensation (Esler, 2009).

In the wake of a June 1995 crash of an Ansett de Havilland Dash 8 near Palm-
erston North in New Zealand, accident investigators turned the aircraft’s cockpit 
voice recorder (CVR) over to criminal prosecutors. The crash killed four persons 
on the aircraft, but not the pilots, who faced possible charges of manslaughter. 
Pilots in New Zealand instituted proceedings to block the police use of the CVR, 
saying recorders should only be used for safety and educational purposes. Pros-
ecutors prevailed and regained access to the CVR, but pilots soon began disabling 
CVRs on their flights. Officials have crafted a plan that would permit police use of 
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CVRs in future cases, provided New Zealand’s High Court deemed it necessary 
(McKenna, 1999, pp. 47-48).

In May 1996, a ValuJet McDonnell Douglas DC-9 crashed into the Everglades 
not long after take-off from Miami. A carton with oxygen canisters had been placed 
in the forward cargo hold of the DC-9, and ignited shortly after takeoff. The fire 
and smoke incapacitated the crew, rendering the aircraft uncontrollable. All 110 
people on board died. The official investigation determined that the oxygen gen-
erators were improperly packaged and labeled by ValuJet’s contract maintenance 
provider, SabreTech, though correct packaging and labeling would have required 
them “to draw a verbal distinction between canisters that were ‘expired,’ meaning 
most of the ones they were removing, and canisters that were not ‘expended,’ 
meaning many of the same ones, loaded and ready to fire, on which they were 
expected to put nonexistent safety caps. Also involved were canisters that were 
expired and expended, and others that were not expired but were expended. And 
then, of course, there was the set of new replacement canisters, which were both 
unexpended and unexpired” (Langewiesche, 1998). Three SabreTech mechanics 
were indicted by a Florida court on criminal charges. The editor of Aviation Week 
and Space Technology “strongly believed the failure of SabreTech employees to 
put caps on oxygen generators constituted willful negligence that led to the killing 
of 110 passengers and crew. Prosecutors were right to bring chargers. There has 
to be some fear that not doing one’s job correctly could lead to prosecution” (North, 
2000). In the ensuing trial, the mechanics were acquitted on the grounds that they 
“committed mistakes, but they did not commit crimes” (Esler, 2009). The jury did 
convict SabreTech and ordered it to pay a $2.9 million fine, though an appeals 
court overturned this in 2005. 

In December 1998, the crew of a Delta Airlines Boeing 767 had to abort its 
take-off from Amsterdam because of a Boeing 747 being towed across the runway 
in front of them. Low visibility procedures were in force at the time of the incident. 
Investigators found how ergonomic issues with a newly added panel, the surface 
movement radar displays as well as role ambiguities between coach and trainee 
controller all contributed to the confusion. Two years later, the coach, the trainee 
and the assistant controller involved were all charged under a section of the Neth-
erlands Aviation Act, (§5.3), which provides that “it is prohibited to provide air traf-
fic services in such a way that persons or property are endangered or could be 
endangered.” Though a conviction was upheld in some sense, no punishment was 
imposed as the judge acknowledged that the prosecutor had used the incident as 
a “test case” (Ruitenberg, 2002).

In September 1999, a Dassault Falcon 900B, operated by Olympic Airways on 
behalf of the Greek government, was on approach to Bucharest, Romania, when 
one of the pilots tried to level the aircraft at 15,000 feet with the autopilot engaged. 
The autopilot disengaged, the artificial flight control feel system failed and a sub-
sequent oscillation caused a violent upset in which passengers in the cabin not 
wearing seat belts were killed and one passenger and the flight attendant were 
injured (S. Dekker, 2006). A subsequent criminal trial was conducted in Greece, 
and the pilot who had been flying the aircraft was found guilty.

In July 2000, an Air France Concorde crashed in Paris after running over a 
titanium metal strip on the runway, causing tires on one of the main landing gear 
legs to explode and send fragments into a wing tank, igniting the fuel. The airliner 
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lifted off the runway but crashed into a nearby hotel seconds later, killing all 109 
people on board as well as four on the ground (Esler, 2009). After the investi-
gation, criminal charges were levied against a former regulatory official and two 
former executives of Concorde’s manufacturer. In addition, Continental Airlines, 
whose DC-10 was suspected of dropping the titanium strip on the runway just 
before the Concorde took off, was placed under criminal investigation. In 2006, the 
French Supreme Court refused to dismiss the charges, and a trial was conducted 
in 2010.

In October 2000, a Singapore Airlines Boeing 747 crashed when taking off 
from Taipei, Taiwan in the dark and bad weather. The aircraft had run into construc-
tion equipment on runway 05R, which the crew had mistaken for runway 05L be-
cause of inadequate signage and taxiway lighting (burnt-out bulbs and inadequate 
spacing, among other problems). There was no surface movement radar at the 
airport. The crew was apprehended later the same evening and detained in Taiwan 
on suspicion of criminal negligence and manslaughter.

In October 2001, a Scandinavian MD-80 on its take-off run collided with a pri-
vately operated Cessna Citation business jet at Milan Linate airport in fog, killing 
118 people. The airport surface environment radar system was not working, and 
taxiway markings had been poor for years. Five Italian officials, including the ex-
manager of the Milan Linate Airport, the former director general of the ENAV Ital-
ian ATC agency, and a controller, were ultimately convicted of manslaughter and 
sentenced to between three and eight years in prison. In 2006, an appeals court 
reaffirmed the convictions (Learmount & Modola, 2004). 

In July 2002, a DHL Boeing 757 collided with a Bashkirian Tupolev-154 over 
Uberlingen, Germany. The two aircraft collided at altitude over an intersection, with 
the loss of 71 lives. Four years later, negligent homicide charges were brought 
against eight Swiss air navigation services controllers and managers by Swiss 
prosecutors. The controller on duty at the time of the accident had been threatened 
with similar criminal charges, but was stabbed to death by the father of one of the 
crash victims. 

In August, 2005, a Helios Airways Boeing 737 crashed in the mountains close 
to Athens airport, Greece, with 121 occupants. A failure of the cabin pressuriza-
tion system led to the incapacitation and death of the crew and passengers. Sev-
eral prosecutions were launched, including two for manslaughter charges, the first 
against five Helios officials in Cyprus and the second against six more in Greece 
(Esler, 2009). Trials were going on in both countries in 2010 (Mail, 2009).

In August 2005, a Tuninter ATR-72 was forced to ditch in the sea off the Sicil-
ian coast after running out of fuel enroute to Djerba, Tunisia from Bari, Italy. The 
aircraft fuel gauges and indicators had been replaced, mistakenly, with those of 
the shorter, lighter (but otherwise identical) ATR-42 and had shown that there was 
enough fuel on board when the aircraft took off. 19 people died. The two pilots 
were convicted of multiple counts of manslaughter and air disaster, and sentenced 
to ten years in jail in 2009. In theory, they had the opportunity to reach the Palermo 
airport for an emergency landing. Five mechanics and managers were also found 
guilty, with the chief operating officer and maintenance chief sentenced to nine 
years each (RTE, 2009).
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In September 2006, a Gol Linhas Aéras Boeing 737-800 collided with an Em-
braer Legacy Business jet over the Amazon, killing 154 people on board the 737. 
The report, complied by the Brazilian Air Force’s Centro de Investigação e Pre-
venção de Acidentes Aeronáuticos, or CENIPA, held the Legacy flight crew (two 
Americans) and four Brazilian air traffic controllers liable for the deaths, resulting in 
a criminal trial against them (Esler, 2009). A separate investigation instead pointed 
to systemic and deep rooted problems in the country’s military-run air traffic control 
system, which put the two aircraft on a collision course.

In March 2007, a Garuda Indonesia Boeing 737, overran the runway at Yokya-
karta, Indonesia, and caught fire. Although 140 occupants escaped, 21 were killed 
(among them five Australians) and 12 were seriously injured. In its investigation 
report, the Indonesian National Transportation Safety Committee listed among 
probable causes the crew’s failure to reject an unstabilized approach, the captain’s 
failure to heed the first officer’s repeated calls for a go-around as well as GPWS 
alerts, and the first officer’s failure to take control of the airplane. A year after the 
accident, the captain was arrested and charged with criminal negligence, man-
slaughter, and violations of aviation regulations. The Indonesian court’s indictment 
was based on the accident investigation findings, which were used as evidence 
against the captain (Esler, 2009). He was sentenced to two years in prison. One 
of the judges remarked that the sentence was about the prevention of future ac-
cidents rather than revenge.

In August 2008, a Spanair MD-82 crashed during take-off from Madrid-Barajas 
Airport, killing 154 people. The take off warning system did not warn the crew of a 
problem with the slats (high-lift devices on the leading edge of the wing). Mechan-
ics who had worked on the aircraft just before the take off were facing manslaugh-
ter charges (Brothers & Maynard, 2008).
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Abstract
The goal of this research was to examine the differential effects of likelihood 

alarm technology (LAT) on decision-making accuracy and bias as a function of the 
type of automation and task. The types of automation examined included miss-
prone (MP) and false-alarm prone (FP) decision support tools (DSTs). The a-b 
signal detection theory model served as the framework for measuring decision-
making accuracy (a) and bias (b). Results showed differential effects of LAT on a 
depending on the type of automation. (a) Participants were greater as a function of 
LAT when they interacted with the FP DST. Results showed differential effects of 
the type of automation depending on the type of task. (b) Participants were higher 
when they interacted with the MP DST while they performed the FP task. These 
findings had important theoretical implications for decision-making models and 
practical applications to the design of DSTs for aviation and UAS operations.
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Differential Effects of Likelihood Alarm Technology, Type 
of Automation, and Type of Task on Decision Making 

as Applied to Aviation and UAS Operations
Adequate decision making is a critical component of aviation and unmanned 

aerial systems (UAS) operations. Given the complexity of aviation and UAS re-
lated tasks, human-automation interaction, especially with decision support tools 
(DSTs), has become an integral factor for ensuring the safety, effectiveness, and 
efficiency of pilots’ and UAS operators’ decision making. Human error accounts 
for 70-80% of aviation accidents (Wiegmann & Shappell, 2003), and more than 
half of UAS mishaps arise from inadequate human-systems integration (Tvarynas, 
Thompson, & Constable, 2005). Choosing what type of DST to incorporate within 
modern aviation technology has critical, and often underestimated, consequences 
for human-automation interaction. Therefore, determining DSTs characteristics is 
a vital issue that begins in the design stage, and it is important to be aware of the 
different influences of alarm technology, type of automation, and type of task con-
figurations on pilots’ and UAS operators’ decision-making abilities. Consequently, 
the purpose of this research was to examine the differential effects of likelihood 
alarm technology (LAT) on decision-making accuracy and bias as a function of the 
types of automation and tasks.

DSTs help pilots monitor important automation displays and keep them ‘in the 
loop’ with the status of pertinent systems so that they can take necessary correc-
tive actions. DSTs can also assist UAS operators in identifying targets and pro-
viding advisories for weapon deployment missions. There are numerous DSTs in 
the form of alarm systems designed to aid pilots’ and UAS operators’ important 
decision-making processes. When triggered, alarm systems function to create an 
attentional capture effect (Woods, 1995), which may cause pilots and UAS opera-
tors to focus on a particular subsystem or situation. DSTs in modern glass cock-
pits and UAS ground control stations serve such a vital role that designers must 
consider several factors: such as the type of alarm technology, automation, and 
task, which may play a role on the type of configuration to employ. Wilson (2005) 
asserted that DST technology reliably transfers between inhabited and uninhab-
ited aircrafts. However, the nature of the DSTs’ underlying alarm technologies, the 
types of automation, and the types of tasks associated with inhabited aircrafts may 
qualitatively and quantitatively differ from those associated with UAS, especially 
when it comes to human decision making. This study is part of a programmatic line 
of research seeking to establish empirical evidence for the costs and benefits, in 
terms of decision making, for different alarm technology configurations and types 
of automation as they apply to different types of aviation and UAS related tasks. 

Decision Making with DSTs

Decision making is a key component of pilots’ and UAS operators’ interaction 
with DSTs that manifests in how they react to advisories and make necessary cor-
rective responses. Pilots’ and UAS operators’ decision making may be analyzed 
with an information-processing model composed of a sequence of stages: percep-
tion, attention, decision making, and response execution (Wickens, 1987). More 
specifically though, the two-stage signal detection theory (SDT) model developed 
by Bustamante (2008a) is particularly useful for examining pilots’ and UAS opera-
tors’ decision making while interacting with DSTs. The main reasons being are 
that the perceptual stage is not as critical because DST advisories, such as alarm 
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signals, are typically salient enough for pilots and UAS operators to perceive them 
(Edworthy & Stanton, 1995). Furthermore, response execution is generally a direct 
result of the decision making process (Wickens, 1987). However, attention and 
decision making are more relevant information processing stages, playing a focal 
role in detecting system problems and managing fault diagnosis (Moray, 1981). 

The Two-Stage Signal Detection Model of Decision Making

In his two-stage SDT model (see Figure 1), Bustamante (2008a) provided a 
framework for examining human decision making while interacting with DSTs. This 
model was derived from the theoretical foundations of Sorkin and Woods’ (1985) 
signal detection analysis of systems with human monitors and Wickens’ (1987) 
information processing model. Bustamante (2008a) also coupled his model with 
the theoretical foundations of the a-b SDT model of decision making (Bustamante, 
2008b).

Figure 1. Two-stage signal detection model of decision making.

The first decision-making stage, whereby pilots and UAS operators either ac-
knowledge or ignore a perceived alarm signal, is mostly affected by attentional 
capacity. If pilots and UAS operators acknowledge an alarm, they are charged with 
searching for more information in an effort to diagnose the nature of the underlying 
problem and make a corrective decision. This second decision-making stage of 
the model is mostly shaped by information processing - deciding if the problem is 
real or not and implementing a chosen solution. Furthermore, either element of the 
human-automation system may bypass one or more of the information processing 
stages and make responses automatically based on the level of automation. The 
two-stage SDT model (Bustamante, 2008a), combined with measures of decision-
making accuracy and bias derived from the a-b SDT model (Bustamante, 2008b), 
may be especially useful for evaluating the effectiveness of DSTs within the con-
text of aviation and UAS operations. 
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The a-b SDT Model of Decision Making

This model is based on the work of Bustamante (2008b), who offered alterna-
tive measures of decision-making accuracy (a) and bias (b) that do not rely on 
the underlying assumptions of traditional SDT. Instead, the a and b measures are 
based solely on an outcome matrix defined by the proportion of hits, false alarms, 
misses, and correct rejections. Within the a-b SDT model, decision-making accu-
racy is conceptually defined as the outcome due to making correct responses (i.e., 
hits and correct rejections) and mathematically estimated as their linear combina-
tion (see Formula 1). Decision-making bias, on the other hand, is conceptually 
defined as the outcome due to making affirmative responses (i.e., hits and false 
alarms) and mathematically estimated as their linear combination (see Formula 
2).

a = .5* p(HI) + .5* p(CR) (1)

b = .5* p(HI) + .5* p(FA) (2)

 
The a-b SDT model of decision-making has several advantages over tradition-

al SDT, which are relevant to aviation and UAS operations. First, given the lack of 
assumptions in comparison to traditional SDT, it is evident that the a-b SDT model 
is more parsimonious. One of the main reasons for this is that the a-b SDT model 
does not refer to an underlying decision-making continuum. Swets (1996) argued 
that the exact nature of the sensory excitation produced by either the noise or the 
stimulus could be quantified in terms of a single continuous variable. However, 
this argument does not apply well to domains where individuals and automated 
systems make decisions based on multiple sources of information and different 
decision-making algorithms, such as in aviation and UAS operations. Researchers 
have suggested that several factors may influence human decision making in a 
nonlinear fashion (Johnson, Bilimoria, Thomas, Lee, & Battiste, 2003). Examples 
include the use of cognitive heuristics (Kahneman, Slovic, & Tversky, 1982), ex-
perience (Bisseret, 1981), expertise (Klein,1998), the amount of effort involved in 
choosing a particular alternative (Wogalter, Allison, & McKena, 1989), perceived 
urgency (Haas & Casali, 1995), risk perception (Ayres, Wood, Schmidt, & McCa-
rthy, 1998), the emergency of the situation (Bliss & Gilson, 1998), workload (Bliss 
& Dunn, 2000), and trust (Lee & See, 2004). With regard to automated systems’ 
decision-making, designers typically use highly complex algorithms that are also 
nonlinear, such as decision trees, Monte Carlo simulations, and neural networks 
(Canton, Refai, Johnson, & Battiste, 2005; Thomas, Wickens, & Rantanen, 2003; 
Yang, & Kuchar, 1997).

A second advantage of the a-b SDT model of decision making, which may be 
particularly relevant to aviation and UAS operations, is that DST designers and 
developers may interpret the a and b measures in an intuitively and readily appli-
cable fashion. With regard to a, a score of 0 indicates the complete lack of ability 
to make accurate decisions. A score of .5 indicates decision-making performance 
at chance level, and a score of 1 indicates optimal decision-making accuracy. With 
regard to b, a score of 0 indicates a lack of affirmative responsiveness. A score 
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of .5 indicates an unbiased level of responsiveness, and a score of 1 indicates a 
complete response bias toward affirmative responses. 

The most important advantage of the a-b SDT model of decision making, 
however, is that it provides metrics that more adequately measure the underly-
ing detection and response processes, which lead to the estimation of distinct yet 
dependent decision-making outcomes (Bustamante, 2008b). Consequently, the 
a-b SDT model may serve as an adequate framework for examining the potential 
differential effects of likelihood alarm technology, type of automation, and type of 
task on decision making as applied to aviation and UAS operations.

Binary vs. Likelihood Alarm Technology

As the name implies, binary alarm technology (BAT) emits two types of ad-
visories intended to inform operators of the potential state of the world. Typically, 
DSTs equipped with BAT are either silent or activated, emitting one type of alarm 
signal when specified thresholds are exceeded. However, these systems may also 
provide operators with salient advisories regardless of the potential state of the 
world. These advisories may be comprised of a combination of variations of stimu-
lus characteristics, such as color, signal word, and sound frequency. For example, 
an advisory intended to indicate a normal state of the world may consist of a green 
icon, with the signal word “OK” embedded in it, accompanied by a low-frequency 
sound. Likewise, an advisory intended to indicate an abnormal state of the world 
may consist of a red icon, with the signal word “ALARM” embedded in it, accom-
panied by a high-frequency sound. 

One of the main issues associated with most alarm systems, especially in 
aviation and UAS operations, is that they tend to mostly emit false alarms (Bliss, 
2003; Dixon  & Wickens, 2006). This, in turn, tends to decrease human compli-
ance (Stanton, Ragsdale, & Bustamante, 2009) and may lead to automation dis-
use (Parasuraman & Riley, 1997). The main problem, particularly related to BAT 
systems, is that they do not provide enough diagnostic information for operators to 
decide when it is critical to shift their focus of attention from primary to secondary 
tasks. More specifically, BAT systems tend to emit limited advisories for pilots and 
UAS operators to adequately divert their attention from the primary flight tasks to 
secondary subtasks that may require immediate corrective actions, such as moni-
toring the engine status of the aircraft they are flying or scanning aerial images to 
deploy weapons on enemy targets while flying UAS (Clark & Bustamante, 2008; 
Clark, Peyton, & Bustamante, 2009).

Likelihood Alarm Technology (LAT), on the other hand, is intended to provide 
operators with multiple advisories depending on the probability of abnormal states 
of the world. For example, in addition to the two levels of BAT, a DST equipped with 
LAT may emit an intermediate advisory intended to suggest a low probability of an 
abnormal state of the world, which may consist of a yellow icon with the signal word 
“WARNING” embedded in it accompanied by a medium-frequency sound. LAT is 
based on two fundamental human-automation interaction principles: probability 
matching and urgency mapping. As noted by Bliss, Gilson, and Deaton (1995), 
humans tend to match their frequency of responding to alarm signals based on 
the probability that they indicate an actual abnormal state of the world. Also, as 
emphasized by Edworthy and Loxley (1991), humans have a tendency to respond 
more often to alarm signals that they perceive to portray high urgency. The main 
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advantage of LAT over BAT, is that the former allows operators to better allocate 
their attentional resources and ultimately increase their decision-making accuracy 
and reduce their decision-making bias by responding more often to higher-likeli-
hood advisories that suggest a higher urgency (Bustamante, 2005, 2007, 2008a; 
Bustamante & Bliss, 2005; Bustamante, Fallon, & Bliss, 2005; Clark & Bustaman-
te, 2008; Clark, Ingebritsen, & Bustamante, in press; Clark et al., 2009). 

False Alarm vs. Miss Prone Automation & Tasks

Two critical aspects of DSTs are emitting alarm signals under normal states of 
the world (i.e., false alarms) and failing to emit alarm signals under abnormal states 
of the world (i.e., misses). Depending on which type of error it tends to exhibit, au-
tomation is typically conceived as ‘false-alarm prone’ (FP) or ‘miss prone’ (MP). FP 
systems tend to produce both high false-alarm and hit rates. MP systems, on the 
other hand, tend to generate high miss and correct-rejection rates. This tradeoff is 
influenced primarily by the accuracy of the DST and its pre-determined or adjust-
able alarm thresholds, which could be affected by the base rate of abnormal condi-
tions and the costs associated with each type of error given the nature of the task 
(Bustamante, Bliss, & Anderson, 2007; Wickens & Dixon, 2007). 

For instance, monitoring engine status in an inhabited aircraft could be con-
ceived as a FP task. The main reason being is that the potential costs associated 
with failing to take corrective actions (e.g., engine failure, aircraft malfunction, and 
perhaps ultimately the loss of human lives) outweigh the potential costs associ-
ated with shifting attention from the primary flight tasks to diagnose normal engine 
functioning (e.g., unnecessary workload increase). On the other hand, conducting 
a weapon-deployment mission through the use of a UAS could be conceived as a 
MP task. The main reason being is that the potential costs associated with deploy-
ing a weapon on a non-military target (e.g., the destruction of civilian property and 
perhaps even lives) outweigh the potential costs associated with missing a military 
target (e.g., potential future military attacks from the missed target).

Goals of This Research

The purpose of this research was to examine the differential effects of LAT on 
decision-making accuracy and bias as a function of the types of automation and 
tasks. The types of automation examined included FP and MP DSTs. The types 
of tasks included a simulated commercial aviation FP engine-monitoring task and 
a simulated UAS MP weapon-deployment task. The a-b SDT and the two-stage 
SDT models of decision making served to create the fundamental framework for 
measuring decision-making accuracy and bias. 

Based on the previously discussed literature, we derive consistent hypotheses 
and expected results. We hypothesized a differential effect of LAT on decision-
making accuracy depending on the type of automation. We expected LAT to en-
hance decision-making accuracy when implemented in the FP DST. We also hy-
pothesized a differential effect of the type of automation on decision-making bias 
depending on the type of task. We expected higher decision-making bias when the 
type of automation mismatched the type of task. 

Decision Making In Aviation And UAS Operations
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Method

Research Design

We used a 2 x 2 x 2 between-groups fractional experimental design. We con-
ducted two independent experiments. We systematically manipulated the type of 
alarm technology (BAT vs. LAT) and the type of automation (FP vs. MP) in the 
same manner for each experiment. The only difference between the two experi-
ments was the type of task (FP vs. MP). As a method of experimental control, par-
ticipants who completed Experiment A were not allowed to complete Experiment 
B and vice versa. Additionally, to avoid potential history and diffusion of treatment 
effects, we ran both studies concurrently yet physically isolated in the same labo-
ratory. We used the a-b SDT model (Bustamante, 2008b) to calculate decision-
making accuracy and bias during the first stage of the two-stage SDT model of 
decision making (Bustamante, 2008a). Prior to the beginning of data collection, 
we obtained proper approval from the Institutional Review Board. All researchers 
involved in data collection completed the National Institute of Health online training 
course for protecting human participants. 

Participants

An a priori power analysis revealed that approximately 25 participants would 
be necessary to obtain statistically significant effects at a .01 alpha level, assum-
ing a power of .80 and a medium effect size for each factor (Cohen, 1988). Con-
sequently, one-hundred university students participated in each experiment. The 
demographic characteristics of participants in each experiment were very similar. 
Fifty-three women and 47 men participated in Experiment A. They ranged from 
18 to 42 years of age (M = 20.07, SD = 3.06). Forty-nine women and 51 men 
participated in Experiment B. They ranged from 18 to 39 years of age (M = 20.51, 
SD = 3.68). In both experiments, we randomly assigned each participant to one of 
four experimental conditions, characterized by the type of alarm technology and 
the type of automation. There were a total of 20 participants in each experimental 
condition in both experiments. All participants reported to have normal or correct-
ed-to-normal vision and hearing. As incentives, we compensated participants with 
two research credits and provided a $25 gift certificate to the participant with the 
highest level of performance. Throughout the beginning and completion of either 
experiment, researchers treated participants according to the American Psycho-
logical Association Ethical Guidelines. 

Materials and Apparatus

Two computer workstations equipped with 19” monitors, standard QWERTY 
keyboards, optical mice, and sound-attenuating headphones were used to allow 
participants to complete the primary and secondary tasks in each experiment. 
The presentation of the primary and secondary tasks was consistent with prior 
research (Bustamante, 2008a). The primary tasks were presented in participants’ 
main field of view, and the secondary task was presented at a 90° angle to the 
left of participants’ main field of view. The rationale for this configuration was to 
generate structural interference between the primary and secondary task displays, 
which is common in aviation and UAS operations.
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Two tasks of the Multi-Attribute Task Battery (Comstock & Arnegard, 1992) 
were used to simulate the primary flight tasks (see Figure 2). 

Compensatory-tracking task. The main purpose of this task was to simulate 
the key function that pilots and UAS operators need to perform to fly an airplane or 
a UAS, which is to maintain level flight. 

Resource-management task. The main purpose of this task was to simulate 
another important function that pilots and UAS operators need to perform as they 
fly an airplane or a UAS, which is to make sure that they have an adequate level 
of fuel. 

Figure 2. Multi-attribute task battery.

In addition to performing the primary flight tasks, participants had to perform 
a secondary task. In Experiment A, participants performed an engine-monitoring 
task (Stanton et al., 2009). The main purpose of this task was to simulate a crucial 
secondary function that pilots need to perform to maintain flight safety, which is to 
ensure that they have at least one fully functioning engine at all times. Participants 
performed this task with the aid of a simulated EICAS display (see Figure 3).
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Figure 3. Simulated EICAS display.

The simulated EICAS display equipped with BAT provided one of two types of 
advisories (OK, ALARM) regarding the potential status of the engines. The simu-
lated EICAS display equipped with LAT provided one of three types of adviso-
ries (OK, WARNING, ALARM). After receiving the EICAS advisory, participants 
could ignore it and continue performing their primary flight tasks, or they could ac-
knowledge it and search for system-status information. If so, they had to evaluate 
the temperature and pressure levels of two engines and determine whether they 
needed to make a corrective response to repair the engines if both of them were 
malfunctioning (see Figure 4).
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Figure 4. System-status information.

In Experiment B, participants performed a secondary weapon-deployment task 
(Clark et al., 2009). The main purpose of this task was to simulate one of the func-
tions that UAS operators may need to perform in a combat situation, which is to 
deploy a weapon on a military target. To accomplish this task, participants interact-
ing with the BAT DST received one of two types of advisories (OK, ALARM), and 
participants interacting with the LAT DST received one of three types of advisories 
(OK, WARNING, ALARM) regarding the potential presence of an enemy target. 
After receiving the advisory, participants could ignore it and continue performing 
their primary flight tasks, or they could acknowledge it and view an aerial image to 
find the enemy target. If participants considered that an enemy target was present, 
they had to deploy a weapon to destroy it (see Figure 5).
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Figure 5. Sample aerial image.

Type of Automation and Alarm Technology

The type of automation (FP vs. MP) was manipulated in a similar manner as 
Dixon, Wickens, and McCarley (2007). The FP system had a 100% hit rate and an 
80% false alarm rate. The MP system, on the other hand, had a 20% hit rate and 
a 0% false alarm rate. As previously mentioned, the BAT system provided partici-
pants with one of two types of advisories. One of such advisories was composed 
of a green rectangle with the signal word “OK” embedded in it, accompanied by a 
500-Hz simple sign wave sound. The other advisory was composed of a red rect-
angle with the signal word “ALARM” embedded in it, accompanied by a 3000-Hz 
simple sign wave sound. The LAT system provided participants with three types 
of advisories depending on the probability of engine malfunctions in Experiment A 
and the presence of the enemy target in Experiment B. Two of the three advisories 
had the same physical characteristics as the stimuli used for the BAT system. The 
LAT system, however, provided an additional intermediate advisory composed of 
a yellow rectangle with the signal word “WARNING” embedded in it, accompanied 
by a 1500-Hz simple sign wave. All advisories were presented at a constant ampli-
tude level of 65 dB(A) through the set of sound-attenuating headphones.
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Procedure

Participants came to the laboratory individually and at different times. When 
they came into the laboratory, they first read and signed an informed consent form 
and completed a demographic questionnaire. Then, researchers explained to par-
ticipants the nature of the experiment and provided them with the instructions on 
how to perform the tasks. Next, participants performed each of the tasks individu-
ally and concurrently to familiarize themselves with the nature of each task. As part 
of each experiment, participants completed three 30-min sessions, separated by 
5-min breaks. During the first session, participants completed the required tasks 
without the aid of any DST. Throughout the second and third sessions, participants 
completed the required tasks with the aid of the respective DST. The main reason 
for having participants complete three sessions was to allow their performance to 
plateau at a reliable level. Given this, we examined participants’ decision-making 
accuracy and bias during the third session only. Completion of either experiment 
lasted approximately two hours. After participants completed either experiment, 
researchers debriefed and thanked them for their participation.

Results

Decision-Making Accuracy

Results from a 2 x 2 x 2 between-groups ANOVA showed a statistically signifi-
cant with a medium effect size ordinal interaction effect between the type of alarm 
technology and automation on decision-making accuracy, F(1, 192) = 34.85, p < 
.01, partial η2 = .15, observed power = 1.00. LAT significantly increased partici-
pants’ decision-making accuracy when they interacted with the FP system only. 
These results are graphically depicted in Figure 6. Table 1 contains the estimated 
marginal means and standard errors for the four conditions characterized by the 
type of alarm technology and the type of automation.

Table 1

Estimated Marginal Means and Standard Errors of Participants’ Decision-Making 
Accuracy

Type of Automation
FP MP

Alarm Technology M SE M SE

BAT .55 .01 .51 .01

LAT .71 .01 .53 .01
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Figure 6. Decision-making accuracy as a function of type of automation and alarm 
technology.

Additionally, results showed a statistically significant main effect with a me-
dium effect size of the type of technology on decision-making accuracy, F(1, 192) = 
56.01, p < .01, partial η2 = .23, observed power = 1.00. In general, decision-making 
accuracy was significantly greater for participants who interacted with LAT (M = 
.62, SE = .01) than for those who interacted with BAT (M = .53, SE = .01). Last, 
results showed a statistically significant main effect with a large effect size of the 
type of automation on decision-making accuracy, F(1, 192) = 83.81, p < .01, partial 
η2 = .30, observed power = 1.00. In general, decision-making accuracy was signifi-
cantly greater for participants who interacted with FP automation (M = .63, SE = 
.01) than for those who interacted with MP automation (M = .52, SE = .01).  

Decision-Making Bias

Results from a 2 x 2 x 2 between-groups ANOVA showed a statistically sig-
nificant disordinal interaction effect between the type of automation and task on 
decision-making bias, F(1, 192) = 6.98, p < .01, partial η2 = .04, observed power 
= .75. Differences in decision-making bias varied depending on the mismatch be-
tween the type of automation and task. These results are graphically depicted in 
Figure 7. Table 2 contains the estimated marginal means and standard errors for 
the four conditions characterized by the type of automation and task.
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Figure 7. Decision-making bias as a function of type of automation and task.

Table 2

Estimated Marginal Means and Standard Errors of Participants’ Decision-Making 
Bias

Type of Automation
FP MP

Type of Task M SE M SE

FP .80 .03 .93 .03

MP .75 .03 .70 .03

Additionally, results showed a statistically significant main effect of the type of 
task on decision-making bias, F(1, 192) = 17.65, p < .01, partial η2 = .08, observed 
power = .99. In general, decision-making bias was significantly greater for partici-
pants who performed the FP task (M = .86, SE = .02) than for those who performed 
the MP task (M = .72, SE = .02). 

Discussion

Differential Effects of LAT and Type of Automation on Decision-Making Ac-
curacy 

The findings from this research effort provided empirical support for our main 
contentions and derived hypotheses regarding the differential effects of LAT and 
type of automation on decision-making accuracy. As expected, LAT enhanced 
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decision-making accuracy, especially when applied to FP automation. This trend 
was consistent with prior empirical research (Clark et al., 2009) and theoretical 
postulations for the use of LAT (Bustamante, 2008a). As previously mentioned, 
FP automation tends to emit a large proportion of false alarms. What previous 
literature, as well as the present findings, suggest is that LAT is a useful approach 
to mitigate the potential negative ramifications due to false alarms. The main goal 
of LAT is to provide individuals with more diagnostic information regarding the 
probability that different alarm signals actually indicate the presence of abnormal 
situations. Given this, it follows that LAT should be applied to FP systems because, 
unlike MP automation, such systems have a greater tendency to generate a high 
proportion of false alarms.  

Differential Effects of the Type of Automation and Task on Decision-Making 
Bias

The findings from this research effort also provided empirical support for our 
main contentions and derived hypotheses regarding the differential effects of the 
type of automation and task on decision-making bias. As predicted, decision-making 
bias differentially increased due to the mismatch between the type of automation 
and task. Results from this research showed that response bias toward acknowl-
edging alarms was highest when individuals performed the FP task while interact-
ing with MP automation. These findings may seem counterintuitive at first, perhaps 
due to the nature of the terminology used to characterize the types of automation 
and tasks. However, this effect was consistent with the fundamental notions of 
what MP tasks and FP automation entail. Considering that the costs associated 
with responding to false alarms in MP tasks outweigh the costs of responding to 
false alarms in FP tasks, it follows that individuals would be more biased toward 
acknowledging alarms in general while performing a FP task. Furthermore, it is 
also important to take into account the fundamental difference between FP vs. MP 
automation. Considering that MP systems rarely generate false alarms, it follows 
that individuals would be more biased toward acknowledging alarms in general 
while interacting with MP automation. Integrating these two theoretical premises, 
it was reasonable to expect individuals to be more biased toward acknowledging 
alarms emitted by a MP system while performing a FP task. 

Theoretical Implications

The findings from this research effort had important theoretical implications 
for the a-b SDT and the two-stage models of decision making. As previously ar-
gued, the main theoretical contention of the a-b SDT model of decision making is 
that it provides metrics that more adequately measure the underlying detection 
and response processes, which lead to the estimation of distinct yet dependent 
decision-making outcomes (Bustamante, 2008b). Also, as previously discussed, 
the two-stage SDT model of decision making (Bustamante, 2008a) emphasizes 
the attentional and decision-making stages of information processing as the criti-
cal factors in human interaction with DSTs. These two stages are theoretically 
mapped to the fundamental detection and response processes underlined in the 
a-b SDT model of decision making. 

The differential effects of LAT, the type of automation, and the type of task on 
decision-making accuracy and bias provided empirical support for the integration 
of these two models. The factors that were intended to affect decision-making ac-



66

curacy, such as LAT, interacted with factors that were not intended to have this ef-
fect, such as the type of automation. Furthermore, the factors that were intended to 
have independent effects on decision-making bias, such as the type of automation 
and task, had an interaction effect instead. These interactions provided empirical 
support for the contention that decision-making accuracy and bias are distinct yet 
dependent outcomes of human interaction with DSTs. 

The results from this study also had important theoretical implications for 
the principles of probability matching (Bliss et al., 1995) and urgency mapping 
(Edworthy, & Loxley, 1991), which served to create the fundamental framework 
for implementing LAT in the design of DSTs. The differential effects of LAT and 
the type of automation provided empirical support for taking advantage of prob-
ability matching and urgency mapping. As previously mentioned, LAT increased 
decision-making accuracy when it was coupled with FP automation. The potential 
reason for this might be that following the probability matching and urgency map-
ping principles, participants responded more often to high-likelihood alarms, which 
portrayed higher urgency, and less often to low-likelihood alarms, which portrayed 
lower urgency.   

Practical Applications

The findings from this research effort also had important practical applications 
for aviation and UAS operations. As previously mentioned, the main advantage of 
LAT depends upon its more diagnostic signals, which could help pilots and UAS 
operators make better decisions regarding their attention allocation. While per-
forming predominantly monitoring tasks that require corrective actions, such as 
engine monitoring and weapon deployment, pilots and UAS operators could ben-
efit from interacting with DSTs that appropriately capture their attention depending 
on the urgency of such tasks over the main primary flight tasks. Moreover, complex 
and high-risk aviation and UAS operations, which require accurate decision mak-
ing regarding the allocation of attentional resources to different tasks, may become 
more manageable when assessing the effects of alarm configurations using these 
findings. 

Currently, aviation and UAS designers primarily adhere to the proximity com-
patibility principle (Wickens & Carswell, 1995) grouping information relevant to a 
common task or mental operation together within an integrated DST display. Such 
displays are prevalent in aviation (Bliss, 2003) and UAS operations (Dixon & Wick-
ens, 2006). In general, display integration makes more intuitive sense than relying 
on pilots’ and UAS operators’ ability to make decisions by integrating related infor-
mation from different and scattered displays. A consequence of this high degree of 
display integration, however, is that not all relevant information is readily available 
to pilots and UAS operators as they must navigate through various display pages 
taking up a great deal of their attentional resources (Bustamante, 2008a). The find-
ings from this research suggest that LAT may aid pilots and UAS operators stay 
‘in the loop’ with regard to the states of world as they relate to the tasks at hand by 
allowing them to allocate their attentional resources more effectively. 

Furthermore, consistent with extensive prior research (Bustamante, 2005, 
2007, 2008a; Bustamante & Bliss, 2005; Bustamante, Fallon, & Bliss, 2005; Clark 
& Bustamante, 2008; Clark, Ingebritsen, & Bustamante, in press; Clark et al., 
2009), the findings from this study provide compelling evidence for the potential 
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benefits of the application of LAT to the design and implementation of FP DSTs 
within integrated aviation and UAS displays. More specifically, FP DSTs equipped 
with LAT could provide pilots and UAS operators with the ability to respond faster 
and more accurately to potential threats while performing several tasks (Ratches, 
J. A., Walters, C. P., Buser, R. G., & Guenther, B.D., 1997).

Potential Limitations & Suggestions for Future Research

The main overarching potential limitation of this study was its level of eco-
logical validity, which is a common limitation of most laboratory research. Notwith-
standing, it is important to keep in mind the delicate balance between low-fidelity 
laboratory research and high-fidelity field research. The former allows researchers 
to achieve high levels of internal validity, whereas the latter allows practitioners to 
achieve high levels of external validity. Although laboratory research may lack the 
high level of ecological validity that is more conducive for applying its findings to 
specific domains, it nevertheless may allow researchers to generalize their find-
ings to applied settings given its higher level of internal validity.

More specifically though, the present research had specific potential limita-
tions, which may intuitively lead to suggestions for future research. First, the way 
in which participants performed the tasks involved in the present study may be 
qualitatively different from the way in which certified pilots and UAS operators 
may perform their respective tasks in field settings. Second, participants in this 
research individually performed simulated aviation or UAS operations that are typi-
cally performed by more than one individual in field settings. Third, the nature of 
the simulated environments used in this study may not be readily applicable to 
actual aviation and UAS operations due to differences in their level of complexity. 
Last, an important component of human interaction with DSTs in critical situa-
tions is the imminent level of risk associated with making inaccurate and biased 
decisions. Due to ethical and practical constraints, it was unfeasible to simulate a 
level of risk qualitatively comparable to real-world aviation and UAS operations. 
Consequently, future research efforts should focus on validating the findings of 
this study using certified pilots and UAS operators, evaluating the performance of 
pilots and UAS operators at individual and team levels of analysis, and increasing 
the level of complexity and imminent risk by examining pilots’ and UAS operators’ 
performance in actual aviation and UAS operations. 

Conclusion
Decision-making accuracy and bias are critical components of human perfor-

mance in aviation and UAS operations. The goal of this research was to examine 
the differential effects of LAT on decision-making accuracy and bias as a function 
of the type of automation and task. As expected, results showed a differential effect 
of LAT on decision-making accuracy depending on the type of automation. Also, as 
predicted, results showed a differential effect of the type of automation depending 
on the type of task. The findings from this research effort had important theoreti-
cal implications for the a-b SDT and the two-stage models of decision making and 
practical applications to the design of DSTs for aviation and UAS operations.
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Abstract
The 2010 Pilot Source Study, commissioned to research the success of pilots 

in initial training for Part 121 operations, analyzed the training performance of 2,156 
new-hire pilots in the years 2005-2009. Six regional airlines provided data that was 
mined from human resource and pilot training files. Five university researchers 
independently analyzed the data and integrated their results. The study expressed 
success in terms of fewer extra training events and fewer non-completions in 
regional airline training. Statistically, the best performing pilots were those who had 
flight instructor certificates, graduated from collegiate accredited flight programs, 
received advanced (post-Private) pilot training in college, graduated with collegiate 
aviation degrees (any aviation discipline), and had between 500 and 1,000 pre-
employment flight hours. Pilot source characteristics that had no significance in 
regional airline pilot training success were: having a non-aviation college degree 
and having prior corporate pilot or airline pilot experience.
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Analysis of Pilot Backgrounds and Subsequent Success

in US Regional Airline Training Programs
Public and legislative attention is currently focused on the appropriate levels 

of training and the qualification requirements for United States airline pilots. In-
volved citizens and Congress have expressed concerns about pilot performance 
and professionalism, issues that were highlighted by the Colgan Air (operating as 
Continental Connection Flight 3407) accident in a DHC-8 on February 12, 2009, 
outside of Buffalo, New York. The accident focused attention on whether com-
mercial copilots are adequately prepared prior to their training at a regional airline. 
Prompted by the Colgan Air accident, the US House of Representatives passed 
the Airline Safety and Pilot Training Improvement Act of 2009 (H.R. 3371, 2009) to 
amend Title 49 of the United States Code with the intent to improve airline safety 
and pilot training. Similar legislation was introduced in the US Senate – Enhanc-
ing Flight Crewmembers’ Training (S. 1744, 2009) requiring the Federal Aviation 
Administration (FAA) Administrator to prescribe regulations to ensure that all crew-
members on air carriers have proper qualifications and experience. As of March, 
2010, the language from H. R. 3371 and S. 1744 was been combined into two bills 
being considered by Congress under the general heading of “FAA Reauthoriza-
tion,” namely S. 1451(2010) and H. R. 1586 (2010).

Consequently, the FAA issued an Advance Notice of Proposed Rulemaking 
(ANPRM) titled New Pilot Certification Requirements for Air Carrier Operations 
(FAA, 2010). The purpose of this notice was to gather information on whether 
current eligibility, training, and qualification requirements for commercial pilot cer-
tification were adequate for conducting domestic, flag, and supplemental opera-
tions (FAA). The ANPRM requested public comment on the necessity to improve 
pilot performance and professionalism standards with specific emphasis on train-
ing for commercial pilots involved in Part 121 operations. The FAA sought input 
and recommendations on five concept areas, each of which included a series of 
questions.

In the ANPRM, Question 2A asked, “Are aviation/pilot graduates from ac-
credited aviation university degree programs likely to have a more solid academic 
knowledge base than other pilots hired for air carrier operations? Why or why not?” 
(FAA, 2010, p. 7). To answer this question thoroughly and accurately, a consor-
tium of educators, regional airlines, the Aviation Accreditation Board International 
(AABI) and the University Aviation Association (UAA) commissioned a study to 
determine the performance outcomes of new pilot indoctrination for first officers in 
Part 121 operations.

Background
Accreditation is a system for recognizing educational programs that meet a 

defined set of standards – granted by private organizations (AABI, n.d.). There 
are two types of Accreditors: (a) Institutional accreditors that review and accredit 
entire institutions; and (b) Program accreditors that review and accredit specific 
programs or subject area offerings within an institution (AABI). AABI is a program 
accreditor that focuses on collegiate non-engineering aviation education for both 
two-year and four-year programs. AABI is one of 46 specialized accreditation or-
ganizations recognized by the Council for Higher Education Accreditation (CHEA) 
(CHEA, 2010). In the FAA (2010) ANPRM, Question 2A requests information about 
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accredited aviation university degree programs; AABI is the only body that accred-
its aviation university degree programs.

Another organization that represents collegiate aviation is the University Avia-
tion Association (UAA), “the voice of collegiate aviation education to its members, 
the industry, government and the general public” (UAA, n.d., homepage). UAA is a 
nonprofit organization including aviation high schools, 2-year colleges, and 4-year 
universities that have aviation programs. UAA represents all segments of avia-
tion education, including flight programs. UAA is not an accrediting organization; 
however, many of the colleges and universities that have AABI Accredited Flight 
Programs are active members of UAA. 

On February 19, 2010, at a combined meeting of AABI and UAA, members 
were challenged by the two presidents to provide collegiate aviation support for 
the FAA Administrator’s goals on pilot qualification regulatory initiatives. This study 
was commissioned to research the success of new pilot indoctrination for first of-
ficers in Part 121 operations. The goal of the study was to provide empirical data 
concerning characteristics of the sources of pilot training that related to the pilots’ 
success in regional airline training. The ultimate goal is to make it possible for tal-
ented young people to select “airline pilot” as an aviation career and to support the 
aviation industry with a strong cadre of enthusiastic candidates in the pilot supply 
chain. With the support of AABI and UAA, researchers from five independent uni-
versities and six regional airlines developed this study to analyze the performance 
data of pilots hired at these carriers between 2005-2009.

Review of the Literature
Over the years, significant research has been conducted on predicting pilot 

training success. Much of this research (Hunter & Burke, 1994; Carretta & Ree, 
1996; Martinussen, 1996; Damos, 1996; Griffin & Koonce, 1996) focused on mili-
tary pilot selection and training success. Due to the high cost of training failures 
and stagnant attrition numbers, militaries from numerous countries have conduct-
ed a wide range of studies to evaluate selection measures.

In a meta-analysis of 68 published studies, Hunter and Burke (1994) utilized 
a method of validity generalization to assess which predictor measures were most 
significant. The most significant predictive measures were found in the following: 
quantitative ability, spatial ability, mechanical ability, aviation information, general 
information, gross dexterity, perceptual speed, reaction time, biographical informa-
tion, and job sample. In a separate meta-analysis, Martinussen (1996) compared 
samples from 50 studies conducted in 11 different countries. This research found 
that the best predictor of pilot performance was previous training experience and 
a combined index utilizing cognitive and/or psychomotor tests. Carretta and Ree 
(1996) analyzed the role of general cognitive ability in the selection process of mili-
tary pilots that could be accomplished using numerous varying batteries. 

Damos (1996) presented a critical analysis of pilot selection batteries. A major 
concern of the author was the use of the dichotomous pass/fail outcome variable 
used in the majority of the research. The author argued for utilizing a more defined 
operational performance measure to capture the role of a pilot. Another concern 
in relying on a dichotomous variable as the outcome measure was the reduc-
tion in predictive validity measures (Burke, Hobson, & Linsky, 1997). Burke et al. 
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found that a larger sample size was needed to guarantee a respectable statistical 
power. 

Despite the vast amount of literature relating to military pilot section, very little 
research was found on civilian pilot selection. In a study conducted within a col-
legiate aviation program; Mekhail, Niemczyk, Ulrich and Karp (2010) found signifi-
cance when correlating scores obtained on the Table Reading Test to both flight 
hours to solo an aircraft and flight hours to obtain a private pilot certificate.

The pilot selection process at the regional airlines within the United States var-
ies greatly from the ab initio training process utilized by both military and foreign air 
carriers. Pilots apply at the regional carriers after having obtained their pilot certifi-
cations and sufficient flight experience; thus, the selection variables differ from the 
traditional pilot selection studies. In a survey of key administrators at 11 regional 
airlines, it was found that the most important new-hire candidate traits included be-
ing a team player, being trainable, having good crew resource management skills, 
and having current flight experience (Fanjoy, Young, & Suckow, 2006). These traits 
were often assessed with a written knowledge test, a structured interview, and a 
flight simulator checkride. However, half of the respondents did not place a strong 
level of confidence on the ability of these instruments to predict candidate suc-
cess.

In order to assure a better prediction of pilot success at a regional airline, Karp 
(2004) suggested utilizing a regional airline bridge training model. This training 
model would prepare collegiate flight education program graduates for a success-
ful transition into the role of a regional pilot. This model included an integrated 
learning style, which would incorporate coursework beyond the basic flight train-
ing.

In a study conducted at one regional airline, Cortés (2008) correlated pilot 
background information to the subsequent success in initial training at the airline. 
The background variables mined in this study were the following: source of flight 
training, type of college degree completed, possession of a flight instructor (CFI) 
certificate, and total flight experience. Cortés defined success in initial training at 
the airline by the number of extra training events that a pilot required to complete 
the training program. It was found that the group with the best overall success at 
the regional airline consisted of individuals who graduated from an AABI Accred-
ited Flight Program, possessed a CFI certificate, and had fewer than 500 hours of 
total flight time. The least successful in initial training were those trained at a com-
mercial flight school or a Part 61 Fixed Base Operator (FBO). 

Research Questions
As a means to expand upon the research concerning pilot selection at the 

regional airlines, this study answered the following research questions:

What were the characteristics of pilots who were hired by the US   1. 
regional airlines between 2005-2009?

How did these characteristics relate to their success in regional airline   2. 
training programs?

Pilot Source Study
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Methodology

Participants

On February 19, 2010, at a combined meeting of the Aviation Accreditation 
Board International (AABI) and the University Aviation Association (UAA), a study 
was commissioned to research the success of new pilot indoctrination for first of-
ficers in Part 121 operations. Six regional airlines participated by providing access 
to their human resource and pilot indoctrination files; the regional airlines were 
American Eagle Airlines, Atlantic Southeast Airlines, Cape Air, Horizon Air, Mesa 
Airlines, and Trans States Airlines. Seven colleges or universities, matched with 
these airlines, assisted with data collection. The research project studied the per-
formance of 2,156 new-hire pilots in the years 2005 – 2009.

Procedures

There were three constraints on the study: (a) a requirement that all variables 
had to be common among the six regional airlines so their data could be com-
bined; (b) an agreement that the analyzed dataset would not have identification 
data for a specific pilot or airline; and (c) a requirement for researchers to collect 
and analyze the data with a neutral perspective that did not attempt to favor any 
interested party.

SurveyMonkey (2010) was selected as an online data collection device be-
cause it uniformly organized the data, automatically collected the data in a spread-
sheet, and provided a common vehicle for transmitting de-identified data from the 
regional airlines to the principal investigator. Representatives from the partner uni-
versities (professors, graduate research assistants, or interns) entered the airline 
data into SurveyMonkey. These data had to be mined from two separate depart-
ments in the regional airlines – the Training Department and the Human Resource 
Department.

Demographic data were gathered for the subject pilots, including: year hired, 
college degree, name of college, name of degree, military background, where the 
pilot received advanced (beyond private pilot) training, whether the pilot had previ-
ous experience as a flight instructor, total flight hours at the time of indoctrination, 
and previous experience as a corporate or airline pilot. To de-identify the data, 
two variables (whether the degree was in an aviation concentration, and whether 
the degree was from an AABI Accredited Flight Program) were derived so that the 
“name of college” and “name of degree” data could be removed. The outcomes 
studied were: (a) how many times did the pilot need to repeat the elements of in-
doctrination training, and (b) whether the pilot completed the full training program 
at the airline. The individual pilot and airline information are de-identified in the 
study. 

Five independent university researchers from Arizona State University, Auburn 
University, Embry-Riddle Aeronautical University, Southern Illinois University, and 
the University of North Dakota independently analyzed the data using the SPSS 
data mining and statistical analysis software and integrated their results through 
a series of conference calls. Consensus among the researchers was reached by 
a process that considered inputs from each researcher, reconciled any conflict-
ing arguments, and concluded that there was no opposition to substantial results 
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and conclusions. Additionally, a draft of the report was sent to their constituents 
requesting comment and feedback; there were no responses that would invalidate 
the results.

Limitations

There were limitations on the type and amount of data that could be collected 
from a rich source of human resources and training data maintained by airlines. 
Data were collected from six airlines on new-hire pilots in the years 2005-2009; 
however, incomplete data sets from several airlines prevented an analysis by year 
hired.

Since there were no standard pilot evaluation processes or uniform training re-
cords, data were mined from an assortment of records – both paper and electronic. 
Some data were not available at all of the carriers. Additionally, airline human re-
sources and training personnel rightfully guarded company records and required 
stringent control and protection of their data, even after researchers were granted 
access to some of it. Consequently, the study was limited to pilot characteristics 
and success data that were common across all six airlines.

Effect size (Cohen’s d for t-tests and ANOVA; Cohen’s w for Chi-Square) was 
included in the reporting of all significant results. Although the null hypothesis sig-
nificance tests showed that the means were significantly different; the effect sizes 
were small to modest, meaning that the factor accounted for a small or modest 
percent of the relationship between pilot source data and regional airline training 
data. Small effect sizes were anticipated for this study because, in many cases, 
the outcome variables (associated with regional airline training) were removed 
by several years from the income variables (associated with the source of a pi-
lot’s foundational training). According to Trusty, Thompson, and Petrocelli (2004), 
“Small effect sizes for very important outcomes can be extremely important, as 
long as they are replicable” (p. 110).

Results
The six regional airlines and their affiliated institutions entered 2,187 records 

into the online data collection device. Several records were purged because they 
contained obvious data entry errors (duplicate records, blank records, etc.), leav-
ing 2,156 valid records for data analysis. The records from the six airlines were 
combined into a single dataset and all identifying information was removed. In 
the following analysis, the statistical assumptions and conditions were met unless 
otherwise noted.

Outcome Variable: Extra Training Events

The dependent variable, Extra Training Events, as suggested by Cortés 
(2008), was defined as, “How many repeat training events at your airline did this 
pilot require BEFORE IOE (Initial Operating Experience)? NOTE: Training events 
- anything that required a PASS grade (Ground Schools, Exams, Procedure Train-
ers, Simulators, LOFT, etc.)”. The variable, Extra Training Events, is described in 
Table 1.

Pilot Source Study
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Table 1

Extra Training Events

Extra Training Events 

Mean 0.950
Median 0
Mode 0
Standard Deviation 1.537
Range 12
Minimum 0
Maximum 12
Count 2156

Since the Pilot Source Study was a large sample (N = 2156), the variable was 
treated as a scale variable and parametric tests were considered robust. Graphical 
analysis of Extra Training Events suggests that one-tail p values are appropriate 
(Motulsky, 1999). According to Motulsky, for large samples (> 100) the p value will 
be nearly correct even if the population is fairly far from Gaussian.

Outcome Variable: Completions

The dependent variable Completions was defined as, “Did this pilot complete 
the training with your airline (including IOE)?” The dependent variable Comple-
tions was not parsed because the airlines would not disclose reasons for non-
completion. The dichotomous variable Completions is described in Table 2.

Table 2

Completed Training (Including IOE)

Completed Training (Including IOE)
Yes 2035 94%
No 121 6%

Total 2156 100%

Predictor Variable: Flight Instructor

The independent variable Flight Instructor was defined as, “INSTRUCTOR: 
Was this pilot an FAA certificated flight instructor (CFI, CFII, MEI, etc.?).” Of the 
2,156 pilots, 1,583 (73%) were certificated flight instructors and 573 (27%) were 
not. Flight Instructor has confounding variables, most notably the number of hours 
spent in flight instructing. In a follow-on question, the surveyor instrument collected 
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Hours-of-Dual-Given; however, excessive missing data made Hours-of-Dual-Giv-
en unreliable.

A Chi-Square test of significance compared Completions for pilots who were 
flight instructors and for pilots who were not flight instructors. In Table 3, the re-
sults show that pilots who were not flight instructors had comparatively more non-
completions.

Table 3

Comparison of Number of Completions Between Flight Instructors and Other 
Pilots

Completions Flight Instructor 
(YES)

Flight Instructor 
(NO)

Complete Observed/Expected 1509/1494 526/541
(YES) χ2 Contribution 1% 4%

Complete Observed/Expected 74/89 47/32
(NO) χ2 Contribution 25% 69%

χ2 (1,1) = 9.884, p = .0017, Cohen’s w = .068.

A two-sample one-tailed t-Test (assuming unequal variances) tested for dif-
ferences in Extra Training Events between pilots who were flight instructors and 
pilots who were not flight instructors. Table 4 displays the results – Pilots who were 
flight instructors had fewer Extra Training Events than pilots who were not flight 
instructors.

Table 4

Comparison of Extra Training Events Between Flight Instructors and Other Pilots

 Flight Instructor
(NO)

Flight Instructor
(YES)

Mean 1.14 0.88

Variance 2.60 2.26

Observations 573 1583

df 955

t Stat -3.987***

P(T<=t) one-tail 0.00004

Cohen’s d .167

t Critical one-tail 1.65
***p < .001.

Pilot Source Study
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Predictor Variable: AABI Accredited Flight Program

AABI Accredited Flight Program was derived from three entries in the online 
data collection device: (a) “COLLEGE: What college/university did the pilot gradu-
ate from? If unknown, enter U.” (b) “DEGREE TYPE: What undergraduate de-
gree did the pilot have?” and (c) “DEGREE NAME: What was the name of the 
undergraduate college degree? If unknown, enter U.” These three entries were 
compared against the list of AABI Accredited Flight Programs dated September 
18, 2009, provided to the researchers by AABI. It is important to note that AABI ac-
credits programs, not institutions; so a pilot was counted in AABI Accredited Flight 
Program only if that pilot graduated from a college or university on the list and if the 
pilot’s degree type and degree name matched the program name of the AABI Ac-
credited Flight Program on the list. Of the 2,156 pilots, 616 (29%) were graduates 
of AABI Accredited Flight Programs, while 1,540 (71%) were not.

A Chi-Square test of significance compared Completions for pilots who gradu-
ated from AABI Accredited Flight Programs and all other pilots in the dataset. The 
results in Table 5 show that graduates of AABI Accredited Flight Programs had 
comparatively fewer non-completions.

Table 5

Comparison of Number of Completions Between AABI Graduates and Other 
Pilots

Completions AABI (YES) AABI (NO)

Complete Observed/ Expected 601/581 1434/1454
(YES) χ2 Contribution 4% 2%

Complete Observed/Expected 15/35 106/86
(NO) χ2 Contribution 67% 27%

χ2 (1,1) =16.434, p = .00005, Cohen’s w = .087.

A two-sample one-tailed t-Test (assuming unequal variances) tested for differ-
ences in Extra Training Events between pilots who graduated from AABI Accred-
ited Flight Programs and all other pilots in the dataset. Table 6 shows the results 
– Pilots who graduated from AABI Accredited Flight Programs produced fewer 
Extra Training Events.

Table 6

Comparison of Extra Training Events Between AABI Graduates and Other Pilots

 AABI (NO) AABI (YES)
Mean 1.08 0.64

Variance 2.69 1.42

Observations 1540 616
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df 1545
t Stat 6.09***
P(T<=t) one-tail 0.0000
Cohen’s d .307
t Critical one-tail 1.65

***p < .001.

Predictor Variable: Source of Pilot Training

The independent variable, Source of Pilot Training, was defined as, “PILOT 
TRAINING: Where did this pilot get Advanced Pilot Training (beyond Private Pi-
lot)?” The entries for advanced pilot training were: College = 994 (46%); Military = 
55 (3%); Non-college Part 141/142 = 670 (31%), and Non-college Part 61 = 437 
(20%). It should be noted that college flight programs are also taught under Part 
61, Part 141, or Part 142; however, those data were not collected for this study.

A Chi-Square test of significance compared Completions among the four 
sources of pilot training – Table 7. Post hoc analysis (χ2 Contribution) shows two 
significant results: pilots trained in Colleges had comparatively fewer non-comple-
tions and pilots trained in Non-college Part 141/142 programs had comparatively 
more non-completions.

Table 7

Comparison of Number of Completions Based on Sources of Pilot Training

Completions College Military
Non-college 
(Part 141 or 

142)

Non-
college

(Part 61)

Complete Observed/
Expected 966/938 49/52 612/632 408/413

(YES) χ2 Contribution 3% 1% 2% 0%

Complete Observed/
Expected 28/56 6/3 58/38 29/25

(NO) χ2 Contribution 46% 9% 37% 3%

χ2 (3,1) = 30.163, p = .00000, Cohen’s w = .118.

A one-way Analysis of Variance (ANOVA) tested for differences in Extra Train-
ing Events among the four sources of pilot training. The results, shown in Table 8, 
suggest that pilots trained in Colleges had fewer Extra Training Events than pilots 
trained in Non-college Part 141/142 programs ( p < .001) and pilots trained in Non-
college Part 61 programs (p < .05).

Pilot Source Study
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Table 8

Analysis of Variance for Extra Training Events Based on Source of Pilot Training

PILOT TRAINING Mean SD N
College .76 1.29 994
Military 1.16 1.69 55
Non-college Part 
141/142 1.16 1.72 670

Non-college Part 61 1.04 1.69 437

Source of variation SS df MS F Sig.
PILOT TRAINING 72.66 3 24.22 10.39*** .000
Error 5017.03 2152 2.33
Total 7037.00 2156
Cohen’s d .139
Scheffe Tests Significance
College vs. Non-college 
Part 141/142*** .000

College vs. Non-college
Part 61* .016

*p < .05. ***p < .001.

Predictor Variable: Aviation Degree

Aviation Degree was derived from a comprehensive variable in the online data 
collection device: “DEGREE NAME: What was the name of the undergraduate 
college degree? If unknown, enter U.” A pilot was counted in Aviation Degree, if 
that pilot earned any degree that contained words like aviation, flight, airport, pilot, 
etc. It is important to note that this variable contained a wide variety of aviation 
disciplines; these were not all flight degrees. Of the 2,156 pilots, 1,144 (53%) had 
aviation degrees; the other 1,012 (47%) had either a non-aviation degree or no 
degree.

A Chi-Square test of significance compared Completions between pilots who 
graduated with a degree in aviation and all other pilots in the dataset. The results 
in Table 9 show that pilots who graduated with a degree in aviation had compara-
tively fewer non-completions; pilots with degrees other than aviation or with no 
degree had comparatively more non-completions.
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Table 9

Comparison of Number of Completions Between Pilots With an Aviation Degree 
and Other Pilots

Completions Aviation Degree 
(YES)

Aviation Degree 
(NO)

Complete Observed/Expected 1095/1080 940/955
(YES) χ2 Contribution 3% 3%

Complete Observed/Expected 49/64 72/57
(NO) χ2 Contribution 44% 50%

χ2 (1,1) = 8.127, p = .0044, Cohen’s w = .061.

A two-sample one-tailed t-Test (assuming unequal variances) tested whether 
there was any difference in Extra Training Events between pilots who graduated 
with a degree in aviation and all other pilots in the dataset. The results, depicted in 
Table 10, show that pilots who graduated with a degree in aviation had fewer Extra 
Training Events than other pilots in the dataset.

Table 10

Comparison of Extra Training Events Between Aviation Graduates and Other 
Pilots

 Aviation Degree 
(YES)

Aviation Degree 
(NO)

Mean 0.87 1.04
Variance 2.12 2.63
Observations 1144 1012
df 2047
t Stat 1.71*
P(T<=t) one-tail 0.04
Cohen’s d .110
t Critical one-tail 1.65

*p < .05.

Predictor Variable: Total Flight Hours

The independent variable, Total Flight Hours, was defined as, “HOURS: How 
many Total Hours did the pilot have at the beginning of training with your airline?” 
Six entries in Total Flight Hours had missing data; thus N = 2150. This scale vari-
able is described in Table 11. Since the variance and range were so wide-ranging, 
the researchers agreed to treat Total Flight Hours as a categorical variable, also 
described in Table 11. The categories were chosen to be factors of 1,500 hours, 
the total pilot time required for an Air Transport Pilot certificate under Part 61.159.

Pilot Source Study
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Table 11

Total Flight Hours Described as a Scale Variable and Categorical Variable

Total Flight Hours
(Scale Variable)

Total Flight Hours
(Categorical Variable)

Mean 1,312.51 Range
Median 913 178 to 500 Hours 405
Standard Deviation 1,618.05 501 to 1,000 Hours 780
Variance 2,618,088.43 1,001 to 1,500 Hours 459
Range 21,498 > 1,500 Hours 506
Minimum 178
Maximum 21,676
Count 2,150

A Chi-Square test of significance compared Completions based on the number 
of Total Flight Hours. The results in Table 12 show that pilots with 501 to 1,000 total 
flight hours had comparatively fewer non-completions.

Table 12

Comparison of Number of Completions Based on Total Flight Hours

Completions HOURS 0-500 501-1000 1001-1500 > 1500

Complete Observed/
Expected 387/382 753/736 422/433 466/477

(YES) χ2 Contribution 0% 2% 2% 1%

Complete Observed/
Expected 18/23 27/44 37/26 40/29

(NO) χ2 Contribution 6% 38% 28% 23%
χ2 (3,1) = 17.242, p = .001, Cohen’s w = .089.

A one-way Analysis of Variance (ANOVA) tested for differences in Extra Train-
ing Events among the four categories of Total Flight Hours. The results, shown 
in Table 13, suggest that pilots who had 501 to 1,000 total flight hours had fewer 
Extra Training Events than pilots with > 1,500 total flight hours.
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Table 13

Analysis of Variance for Extra Training Events Based on Total Flight Hours

TOTAL FLIGHT HOURS Mean SD N
0 to 500 .92 1.42 405
501 to 1000 .85 1.34 780
1001 to 1500 .96 1.56 459
> 1500 1.12 1.85 506
Source of variation SS df MS F Sig.
TOTAL FLIGHT HOURS 23.39 3 7.80 3.31* .019
Error 5058.28 2145 2.36
Total 7022.00 2149
Cohen’s d .079
Scheffe Tests Significance
501 to 1000 vs. >1500 .022*

*p < .05.

Predictor Variable: College Degree

The independent variable, College Degree, was defined as, “COLLEGE DE-
GREE: Did this pilot have a college degree (any discipline) at the beginning of 
training with your airline? NOTE: Consider completed undergraduate degrees 
only.” The only data entry options for College Degree were: Associate Degree, 
Bachelor’s Degree, or No Degree. Of the 2,156 pilots, 245 (11%) had an Associate 
Degree; 1,563 (73%) had a Bachelor’s Degree; and 348 (16%) had no degree.

A Chi-Square test of significance compared Completions among the three op-
tions for College Degree. The results, χ2 (2,2) = 2.41; p = .300, showed that no 
relationship existed between the number of non-completions and the Types of Col-
lege Degrees.

 A one-way Analysis of Variance (ANOVA) tested for differences in Extra 
Training Events among the three entries for College Degree (Associate, Bach-
elor’s, None). The results, F(2, 2153) = 1.16, p = .315, show no difference in the 
number of Extra Training Events based on having an Associate, Bachelor’s (any 
discipline) or no college degree.

Predictor Variable: Military

The independent variable, Military, was defined as, “MILITARY: What prior 
military experience did this pilot have?” The tallied results for Military were: None 
- 1941 (90%); Military Aviator, Pilot (Fixed Wing) – 61 (2.8%); Military Aviator, Pilot 
(Rotary Wing) – 7 (.3%); Military Aviator, Non-Pilot (e.g., NFO, WSO, Bomb-Nav) 
– 18 (.8%); and Military, Non-Aviator – 129 (6%). Of the 2,156 pilots, only 68 were 
former military pilots. Of note, the small number of military pilots (N = 68, 3% of 
the dataset) in this group corroborates the belief that military pilots usually seek 
employment with the major airlines rather than with the regional airlines.

Pilot Source Study
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A Chi-Square test of significance compared Completions among pilots with 
prior military experience and all other pilots in the dataset. The results, χ2 (1,1) = 
0.839; p = .360, show no difference in completions between pilots with or without 
military experience.

A two-sample one-tailed t-Test (assuming unequal variances) tested whether 
there was a difference in Extra Training Events between pilots with previous mili-
tary experience (M = 1.04, SD = 1.56), and all other pilots in the dataset (M = 0.94, 
SD = 1.53). The results, t(262) = 0.42, p = 0.34, show that pilots with prior military 
experience had the same number of Extra Training Events as other pilots in the 
dataset. 

Predictor Variable: Previous Experience as a Corporate or Airline Pilot 

The independent variable, Previous Experience, was defined as, “PREVIOUS 
EXPERIENCE: What previous corporate or airline pilot experience did this pilot 
have?” The selections for Previous Experience were: None, Previous Corporate 
Pilot, or Previous Airline Pilot. If the pilot had previous airline experience, a follow-
up question asked, “If Previous Airline Pilot, what airline?” The qualitative data 
from this follow-on question was deleted from the dataset because the answers 
were indiscriminate and because the data held potential identification information. 
The tallied results for Previous Experience were: None:1658 (77%); Previous Cor-
porate Pilot:148 (7%); and Previous Airline Pilot: 350 (16%).

A Chi-Square test of significance compared Completions among the three cat-
egories of previous experience. The results, χ2 (2,1) = 4.76; p = .092, show that 
pilots with previous airline or corporate experience had the same proportion of 
non-completions as pilots with no previous experience.

A one-way Analysis of Variance (ANOVA) tested whether there was a differ-
ence in Extra Training Events among the three categories of Previous Experience. 
The results, F(2, 2153) = 2.51, p = .081, show that pilots with previous airline or 
corporate experience had the same number of Extra Training Events as pilots with 
no previous experience.

Summary and Discussion
The 2010 Pilot Source Study began with the following research questions: 

(a) “What were the characteristics of pilots who were hired by the US regional 
airlines between 2005-2009?” and (b) “How did these characteristics relate to their 
success in regional airline training programs?”

Characteristics of New-hire Pilots

The data that described the characteristics of pilots, who were hired by the US 
regional airlines, resides in the individual airline’s human resources department in 
the form of pilot applications; interviews; and, in some cases, simulator evaluation 
reports; psychological test results; medical evaluations; etc. Because of the as-
sortment of the data sources, the sensitivity of the data, and the need for uniformity 
of data; the pilot characteristics examined in this study are a small sample of the 
abundant data that may be available.
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Using the data from the 2,156 pilots at the six contributing airlines, the char-
acteristics of pilots who were hired between 2005 and 2009 by the US regional 
airlines were:

1,563 (72.5%) received a bachelor’s degree, while 245 (11.36%) received  ●
an associate degree, and 348 (16.14%) had no degree at all.

1,144 (53.1%) had a degree in an aviation discipline. ●

616 (28.6%) were determined to have a degree from a collegiate flight  ●
program that was accredited under the Aviation Accreditation Board Inter-
national (AABI) Program Criteria for Flight Education (AABI, 2008).

215 had a military background of which 68 (3.2%) were military pilots. ●

994 (46.1%) received their advanced pilot training (beyond Private Pilot)  ●
in a collegiate flight program (conducted under Part 61, 141 or 142); 670 
(31.1%) received their advanced pilot training in non-college flight pro-
grams (conducted under Part 141 or 142); 437 (20.3%) received their ad-
vanced pilot training in non-college flight programs (conducted under Part 
61); and 55 (2.6%) received their advanced pilot training in the military.

1,583 (73.4%) were flight instructors. ●

All had records of accumulated flight hours that ranged from 178 to 21,676  ●
hours, broken into four categories with the following distributions:

 0 to 500 hours: 405 (18.8%)1) 

 501 to 1,000 hours: 780 (36.3%)2) 

 1,001 to 1,500 hours: 459 (21.3%)3) 

Above 1,500 hours: 506 (23.5%)4) 

1,658 (76.9 %) had no prior corporate pilot or airline pilot experience, 350  ●
(16.2%) had prior airline pilot experience, and 148 (6.9 %) had prior corpo-
rate pilot experience.

Another way to describe the characteristics of the 2,156 pilots in this study is 
that more than half of them had a baccalaureate degree, had an aviation degree, 
were flight instructors, had 1,000 or fewer hours of flight time, and had no prior 
airline pilot or corporate pilot experience.

Success in Regional Airline Training Programs

Because of the assortment of the data in training departments, the sensitivity of 
training data, and the need for uniformity of data; only two success variables were 
mined from all of the airlines. These key outcomes were: (a) the number of extra 
training events (repeats) that the pilots experienced in initial airline training before 
their Initial Operating Experience (IOE) and (b) whether the pilots succeeded in 
completing their initial pilot training (including IOE). The study found the following:

The number of extra training events experienced by the pilots were: ●

Zero = 1,310 (60.8%)1) 
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One = 257 (11.9 %)2) 

Two = 298 (13.8 %)3) 

Three = 136 (6.3 %)4) 

Four = 75 (3.5%)5) 

Greater than four = 80 (3.7 %)6) 

A total of 2,035 (94 %) of the new-hire pilots completed initial training with  ●
a regional airline, while 121 (6 %) did not.

Relationships Between Pilot Characteristics and Training Success

Appendix A is a statistical summary of the 2010 Pilot Source Study. Through 
the application of ANOVA, Chi-Square, and t-Test statistics, the following conclu-
sions were drawn about the relationship between the characteristics of pilots hired 
by US regional airlines between 2005 and 2009 and their success in regional 
airline training (as defined in the outcome variables, Extra Training Events and 
Completions):

Having a college degree (Associate or Bachelor’s) did not produce a differ-
ence in the number of extra training events during initial training with a regional 
airline; nor did it produce a significant relationship with the number of non-com-
pletions in initial training. However, if the college degree was an aviation degree 
(any aviation discipline), then the relationship changed. Having an aviation degree 
produced fewer extra training events and comparatively fewer non-completions in 
initial training. More significantly, if pilots earned their college degree in an AABI 
Accredited Flight Program, they had fewer extra training events and fewer non-
completions in initial training.

The source of advanced pilot training was defined in the online data collection 
device as “where the pilot earned his/her advanced training (beyond the Private 
Pilot Certificate).” Pilots, who received their advanced training in college, subse-
quently had fewer extra training events and comparatively fewer non-completions 
in regional airline training programs. Pilots with a military background did not have 
the same result; however, the small number of military pilots in the data set pre-
cludes any meaningful conclusions about military-trained pilots. Pilots in this data-
set who received their advanced training in non-college Part 141/142 programs or 
in non-college Part 61 programs did not perform as well as their collegiate coun-
terparts.

Previous flying experience, beyond advanced pilot training, produced interest-
ing results. Pilots who attained their flight instructor certification had fewer extra 
training events and comparatively fewer non-completions in their initial training at 
the regional airline. On the other hand, having previous experience as a corpo-
rate pilot or as an airline pilot did not produce a difference in the number of extra 
training events nor did it produce a significant relationship with the number of non-
completions in initial training.
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Total flight hours was treated as a categorical variable rather than a continu-
ous variable to negate the effects of large numbers for relatively few pilots at the 
top of the scale and because this study was mostly interested in the success of 
new-hire pilots with fewer than 1,500 hours. One category of pilots, those with 501 
to 1,000 hours, had comparatively fewer extra training events than pilots in any 
other total flight hour category. This same category had comparatively fewer non-
completions. The effect of Total Flight Hours, in order of performance was: Group 
1 (501-1000 hours), Group 2 (178-500 hours), Group 3 (1001-1500 hours) and 
Group 4 (greater than 1500 hours). The most significant difference was between 
Group 1 and Group 4 for both Extra Training Events and Completions. This result 
is counter-intuitive; it is generally expected that more flight hours will yield better 
performance. Extraneous variables may be confounding the results for this cohort 
of new-hire regional airline pilots with more than 1,500 hours; however, no data 
collected for this study was able to explain the result.

Recommendations for Further Study
For further research on this subject, it may be advantageous to pursue a larg-

er, more comprehensive study of pilots hired at regional airlines that includes more 
regional airlines and more pilot subjects. Expanding the current study will provide 
a more complete examination of the characteristics of new-hire pilots and the rela-
tionships of these characteristics to their success in initial training.

One limitation of this study was the wide array of data and the varied data 
storage methods among the regional airlines. Before conducting a follow-on study, 
it would be advantageous for researchers to conduct preliminary work with addi-
tional cooperating airlines to develop an understanding of the strengths and limita-
tions of the data available in human resource records and pilot training records that 
are routinely kept by the airlines.

The 2010 Pilot Source Study was intentionally unbranded, unsponsored, and 
unfunded to make the study resistive to special interest criticism. As a result, the 
regional airlines and the cooperating universities absorbed the financial burden of 
collecting and analyzing the data. Researchers should pursue funding sources for 
further studies; otherwise, the cost of data mining at an even larger sampling of 
airlines could be prohibitive.

This study was limited to examining the effects of single variables on the two 
outcome variables. A future study that includes multivariate analysis of the rela-
tionships of pilot characteristics to success might provide deeper insight into the 
subject matter.

The data suggests that there might be value added to the development of pilot 
skills by a comprehensive education over a 2-year or 4-year college career. This 
appears to be a subject ripe for further study.

The subject of pilot characteristics and their relationship to regional airline 
training success seems to be a fitting subject for the application of Data Envelop-
ment Analysis (DEA) and other business models, which would assess the ability to 
produce a student training output with a minimum resource level, required (Coo-
per, Seiford, & Tone, 2007).

Pilot Source Study
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Because there were areas where significant positive relationships were found 
between a particular pilot characteristic and success in initial regional airline pilot 
training, it is recommended that the components of any one of those characteris-
tics (an AABI Accredited Flight Program or advanced flight training in college) be 
studied for additional depth of understanding of these relationships.
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Appendix A

2010 Pilot Source Study – Summary Results

INDEPENDENT 
(Predictor) 
VARIABLE

DEPENDENT 
(Outcome) 
VARIABLE

Statistical 
Tests Test Statistic Statistically

Significant? Conclusions

FLIGHT 
INSTRUCTOR
(Yes, No)
N = 2156

EXTRA 
TRAINING 
EVENTS
(Range 0-12)

t-Test t(955) = 3.987, 
p < .001 YES ***

Pilots who were 
flight instructors 
had fewer extra 
training events 
than pilots who 
were not flight 
instructors.

FLIGHT 
INSTRUCTOR
(Yes, No)
N = 2156

COMPLETION
(Yes, No)

Chi-
Square

χ2(1,1) = 9.884,
p < .01 YES **

Pilots who were 
flight instructors 
had comparatively 
fewer non-
completions.

AABI 
ACCREDITED 
FLIGHT 
PROGRAM
(Yes, No, or No 
Degree)
N = 2156

EXTRA 
TRAINING 
EVENTS
(Range 0-12)

t-Test t(1545) = 6.09, 
p < .001 YES ***

AABI Accredited 
Flight Programs 
produced fewer 
extra training 
events

AABI 
ACCREDITED 
FLIGHT 
PROGRAM
(Yes, No, or No 
Degree)
N = 2156

COMPLETION 
(Yes, No)

Chi-
Square

χ2(1,1) = 16.43,
p < .001 YES ***

AABI Accredited 
Flight Programs 
produced 
comparatively 
fewer non-
completions

SOURCE OF 
PILOT TRAINING
(Military, College 
Degree, Non-
College - Part 141 
or Part 142, Non-
College - Part 61)
N = 2156

EXTRA 
TRAINING 
EVENTS
(Range 0-12)

ANOVA
F(3,2152) = 
10.39,
 p < .001

YES ***

Pilots trained in 
college had fewer 
extra training 
events than non-
college pilots.

SOURCE OF 
PILOT TRAINING
(Military, College 
Degree, Non-
College - Part 141 
or Part 142, Non-
College - Part 61)
N = 2156

COMPLETION
(Yes, No)

Chi-
Square

χ2(3,1) = 30.16, 
p < .001 YES ***

Pilots trained 
in college had 
comparatively 
fewer non-
completions.

AVIATION 
DEGREE (Yes, 
No, or No Degree)
N = 2156

EXTRA 
TRAINING 
EVENTS
(Range 0-12)

t-Test t(2047) = 1.71, 
p < .05 YES *

Aviation Degrees 
produced fewer 
Extra Training 
Events

AVIATION 
DEGREE
(Yes, No, or No 
Degree)
N = 2156

COMPLETION
(Yes, No)

Chi-
Square

χ2(1,1) = 8.13, 
p < .01 YES **

Aviation degrees 
produced 
comparatively 
fewer non-
completions.

Pilot Source Study



95The International Journal of Applied Aviation Studies

INDEPENDENT 
(Predictor) 
VARIABLE

DEPENDENT 
(Outcome) 
VARIABLE

Statistical 
Tests Test Statistic Statistically

Significant? Conclusions

TOTAL FLIGHT 
HOURS
(0-500 Hours,
501-1000 Hours, 
1001-1500 Hours, 
>1500)
N = 2150

EXTRA 
TRAINING 
EVENTS
(Range 0-12)

ANOVA
F(3,2145) = 
3.31,
p < .05

YES *

Pilots with 501 to 
1000 hours had 
the fewest extra 
training events.

TOTAL FLIGHT 
HOURS
(0-500 Hours,
501-1000 Hours, 
1001-1500 Hours, 
>1500)
N = 2150

COMPLETION
(Yes, No)

Chi-
Square

χ2(3,1) = 17.24, 
p < .01 YES **

Pilots with 501 to 
1000 hours had 
comparatively 
fewer non-
completions.

COLLEGE 
DEGREE
(Associate, 
Bachelor’s, or 
None)
N = 2156

EXTRA 
TRAINING 
EVENTS
(Range 0-12)

ANOVA F(2,2153) = 
1.16 NO

Having a college 
degree did 
not produce a 
difference in 
number of extra 
training events.

COLLEGE 
DEGREE
(Associate, 
Bachelor’s, or 
None)
N = 2156

COMPLETION
(Yes, No)

Chi-
Square χ2(2,2) = 2.41 NO

There was no 
relationship 
between the 
number of non-
completions and 
whether pilots had 
a college degree.

MILITARY
(None, Military 
Pilot [FW], Military 
Pilot [RW], Military 
Aviator [Non-Pilot], 
Military [Non-
Aviator])
N = 2156

EXTRA 
TRAINING 
EVENTS
(Range 0-12)

t-Test t(262) = 0.42 NO

Prior military 
experience had 
no effect on extra 
training events 
Note: The small 
# of military pilots 
(68) suggests that 
most military pilots 
go directly to the 
major airlines.

MILITARY
(None, Military 
Pilot [FW], Military 
Pilot [RW], Military 
Aviator [Non-Pilot], 
Military [Non-
Aviator])
N = 2156

COMPLETION 
(Yes, No)

Chi-
Square χ2(1,1) = 0.84 NO

There was no 
relationship 
between the 
number of non-
completions and 
prior military 
experience.
Note: The small 
# of military pilots 
(68) suggests that 
most military pilots 
go directly to the 
major airlines.
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INDEPENDENT 
(Predictor) 
VARIABLE

DEPENDENT 
(Outcome) 
VARIABLE

Statistical 
Tests Test Statistic Statistically

Significant? Conclusions

PREVIOUS 
EXPERIENCE
(None, Previous 
corporate pilot, 
Previous airline 
pilot)
N = 2156

EXTRA 
TRAINING 
EVENTS
(Range 0-12)

ANOVA F(2,2153) = 
2.51 NO

Pilots with 
previous airline 
or corporate 
experience had 
the same number 
of extra training 
events as pilots 
with no previous 
experience.

PREVIOUS 
EXPERIENCE
(None, Previous 
corporate pilot, 
Previous airline 
pilot)
N = 2156

COMPLETION
(Yes, No)

Chi-
Square χ2(2,1) = 4.76 NO

Pilots with 
previous airline 
or corporate 
experience 
had the same 
proportion of 
non-completions 
as pilots with 
no previous 
experience.

* = Significant
** = Very Significant
*** = Exceptionally Significant

Pilot Source Study
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Abstract
The authors discuss the need for a comprehensive, integrative, systematic, 

and multi-component peer support program for aviation personnel.  They also 
provide an overview of the basic principles and practices of one such program 
known as Critical Incident Stress Management (CISM).  Successful peer support 
programs, modeled on the principles of CISM, have been instituted in employee 
classifications within the high-risk aviation field.  Aviation is a high-risk organization 
because employees experience considerable physical and psychological threats 
in their work.  A CISM program now serves air traffic controllers, pilots, flight at-
tendants, and ground personnel.  The article presents the basic elements of peer 
support teams serving high-risk organizations.  Aviation is also a High Reliability 
Organization (HRO); an organization expected to function consistently and safely.  
Organized and well-trained CISM teams can help a high risk/high reliability organi-
zation become a high resiliency organization.  The article details the core services 
provided by such teams and suggests the types and level of training necessary 
for the peer support personnel who serve on CISM teams within the aviation in-
dustries. 
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Critical Incident Stress Management (CISM):

An Effective Peer Support Program for Aviation Industries
High-risk organizations are those in which the employees face potential expo-

sures to extreme stress or significant threats to their physical and emotional well-
being.  Highly stressful or threatening circumstances are viewed as a probable 
hazard associated with employment in these professions.  Military and emergency 
services personnel such as law enforcement officers, fire fighters, search and 
rescue personnel, disaster workers, nurses, doctors, and other medical staff are 
among the most well known psychologically high-risk professions.  They are not, 
however, the only professions in which there are considerable physical and emo-
tional risks.  The physical and psychological risks that are associated with mining, 
logging, transportation, and commercial fishing operations are well documented 
(Staff, Air Safety Week, 2001; Parker, 2006; US Department of Labor, 2008 a, b; 
2009; Inglish, 2010). 

Aviation related industries, as important sub-groups of the overall transporta-
tion industry, are well within the definition of high-risk organizations.  The respon-
sibilities and pressures within the aviation industries are elevated and the physical 
and psychological risks associated with substandard performances or accidents 
are great.  Being on a list of high-risk organizations should not a badge of honor for 
any industry.  Risks must be managed and reduced wherever possible.  Aviation 
industries must constantly strive to be high reliability organizations (HRO).  These 
organizations must function reliably, consistently, effectively, and, above all else, 
safely.  To their credit, aviation industries have been very successful in becoming 
High Reliability Organizations.  Fortunately, the current overall safety record of the 
aviation industries depicts a low volume of significant critical incidents or accident 
rates compared to the number of flights handled on a daily basis. 

Critical Incidents in Aviation
Critical incidents are events that are so unusual or powerful that they can 

overwhelm the coping capacity of those who are exposed to them.  A critical inci-
dent generates a strong sometimes tumultuous emotional reaction, which is called 
a crisis or occasionally a crisis reaction.  Aviation industries are justified in their 
concern about crisis reactions.  They are typically accompanied by cognitive, emo-
tional, physical, and behavioral manifestations of stress.  When people reach a 
state of intense emotional disturbance, their thinking may become disorganized 
and unclear.  Exaggerated feelings can dominate one’s reactions.  When stress 
levels are high, mistakes may occur more frequently, and accident rates and per-
sonal injuries tend to climb.  Psychological disequilibrium may appear, that is, a 
person’s thinking ability is suppressed, and one’s feelings intensify to a point of 
being nearly out of control.  In those circumstances, crisis intervention may be 
required to rebalance the person and assist him or her in resolving the situation.  
Crisis intervention is the active, supportive, and temporary assistance given by 
family members, friends, colleagues, and trained peer support personnel to others 
who are experiencing a period of acute distress (Neil, Oney, DiFonso, Thacker, 
and Reichart, 1974; Slaikeu, 1984).

Violent passengers, serious injuries to ground crew members, severe turbu-
lence, injured or ill passengers (particularly children), deaths of passengers, hos-
tage takings, loss of separation between aircraft, and serious equipment failures 

CISM Peer Support Program for Aviation
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are just some of the critical incidents that may impact the emotional lives of people 
within the aviation industries.  Despite the fact that airlines and related aviation 
industries have been quite successful in becoming high reliability organizations, 
such stressful events are still a relatively common occurrence.  The ultimate criti-
cal incident for the aviation industry would, of course, be a major air disaster, but, 
thankfully, such horrific events are infrequent.  Although they are high reliability 
organizations, aviation industries remain high-risk organizations for their employ-
ees.  Crisis support programs like the Critical Incident Stress Management pro-
gram have been designed to enhance the resiliency of employees in high-risk 
organizations. 

Critical Incidents in Aviation:

Work related deaths of colleagues•	

Serious work related injuries to colleague•	

Suicide of a colleague•	

Accidental killing or wounding an aviation employee or a •	

passenger

Events involving a high degree of personnel threat•	

Aircraft “Close calls” in the sky or on the ground•	

Severe turbulence•	

Seriously ill or injured child on board•	

Major medical emergency while airborne•	

Threatening passenger•	

Violence from any source while in flight•	

Aircraft damaged or impaired while in flight•	

Fire on board an aircraft•	

Hazardous materials leak on an aircraft•	

Bomb threat•	

Disasters involving aircraft•	

Aircraft crashes•	

Other distressing experiences•	
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CISM: Definitions, Models, And Tools
Critical Incident Stress Management (CISM) is a comprehensive, integrated, 

systematic, and multi-component crisis intervention program.  It is interesting to 
note that the initials, CISM, can be used in two ways as it is in the previous sen-
tence.  First, CISM represents the title of the program, Critical Incident Stress 
Management.  Second, the same initials, CISM, can be viewed as a description 
of the program - comprehensive, integrated, systematic, and multi-component.  
CISM is versatile, practical, and effective.  It is a common sense stress manage-
ment system.  It can do much to alleviate distress and to maintain healthy levels 
of function for aviation staff members.  Since its development in the 1970’s, it has 
spread rapidly into many different types of agencies, organizations, and services 
in over a thousand communities around the world.  The United Nations has re-
cently developed its own internal CISM program to assist UN workers throughout 
its multi-national community (United Nations Department of Safety and Security, 
2007 a, b, c). 

CISM is best described as a “package” of crisis intervention tactics that are 
strategically woven together.  These are the main objectives of a CISM program:

Mitigate•	  the impact of a traumatic event;

Facilitate•	  normal recovery processes in normal people, who are 

having normal reactions to traumatic events; 

Restore•	  individuals, groups and organizations to adaptive 

function; and

Identify•	  people within an organization or a community who would 

benefit from additional support services or a referral for further 

evaluation and, possibly, psychological treatment.  

CISM is a broad collection of support services and it is not considered a form 
of psychotherapy, nor is it a substitute for psychotherapy.   A basic model of a CISM 
program includes several key components:  

Planning, education, resiliency building, policy development, and •	

peer support team preparation.

Assessment of the magnitude or severity of a critical incident as •	

well as its impact on the personnel.

Strategic planning so that the proper •	 targets of an intervention 

are identified and the correct types of interventions are selected 

CISM Peer Support Program for Aviation
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for application at the most advantageous time.  In developing a 

strategic action plan, the themes that might influence decision 

making must be considered.  Finally, the most appropriate team 

must be selected to provide the best services.

A flexible, multi-tactic approach utilizing specific models for •	

individual or group interventions (See table 2).

Follow-up services including phone calls, visits to work sites •	

or homes, and advice to supervisors or administration when 

necessary.

Links to professional referrals when personnel would benefit from •	

such contacts. 

As noted above, a CISM program encompasses a package of many tactics or 
tools that may be necessary under different circumstances.  Table 2 lists the types 
of interventions, the targets, and timing of the interventions, as well as the potential 
goals of the interventions.  

Table 2

Multi-Component Elements of CISM

Intervention Timing Target population Potential goals
I.
Pre-event Planning/ 
Preparation

Pre-event Anticipated target/ 
victim population

Anticipatory 
guidance,
foster resistance,
resilience.

II.
Surveillance & 
Assessment

Pre-event &
during event

III.
Strategic Planning Pre-event &

during event
IV.
Individual Crisis 
Intervention
ncluding “psychological 
first aid” (PFA) & 
SAFER-R

As needed Individuals as 
needed  
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V.
Large Group Crisis 
Intervention 

 A. “RIT”- Rest,  
 Information and  
 Transition   
 (also known as  
 “demobilization”)

 B. Respite center 

 C. Crisis Mgmt.  
 Briefing (CMB) / 
 large group
 “psychological
 first aid” 

Shift  
disengagement 
end of initial
deployment

Ongoing,  
large-scale 
events 

As needed

Disaster response
personnel  

Emergency 
personnel, large 
groups   

Heterogeneous
large groups 

Decompression, 
ease transition, 
screening, triage, 
education and 
meet basic needs. 
 
Respite, refresh-
ment, screening, 
triage and support.

Inform, control 
rumors,
increase cohesion.

VI. 
Small Group Crisis 
Intervention   

 A. Small Group Crisis  
 Mgmt. Briefing (sCMB).

 B. Defusing (Also 
 known as Immed- 
 iate Small Group  
 Support ISGS )  
 Small group “psycho- 
 logical first aid” 
    

 C. CISD (also known  
 as “Powerful Event  
 Group Support” 
 [PEGS]) 
 

On-going & 
post-event; 
may be 
repeated 
as needed  
 

within 12 hours
post events  

    

  

  

Post-event: 
 ~1-10 days 
for acute 
incidents; 
~3-4 wks. 
post-disaster 
recovery phase

Small groups 
seeking infor-
mation and/or 
resources   

  

Small homo-
geneous, primary 
groups  

  

  

Small homo-
geneous, primary 
groups with equal 
trauma exposure 
(e.g., workgroups, 
emergency 
services, and 
military)  

Information, 
control rumors, 
reduce acute
distress, increase 
cohesion, facilitate 
resilience, 
screening and 
triage.

Stabilization, 
Ventilation, reduce 
acute distress, 
screening, 
information, 
increase cohesion, 
and facilitate 
resilience

Increase cohesion,
ventilation, 
information, 
normalization, 
reduce acute 
distress, facilitate 
resilience, 
screening, and 
triage.  Follow-up 
essential.
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VII. 
Family Crisis 
Intervention

Pre-event or
post event 
as needed

Families Wide range of 
Interventions (e.g., 
pre-event pre-
paration, individual 
crisis intervention,
sCMB, PEGS 
or other group 
processes.)

VIII. 
Organizational/ 
Community Intervention

As needed Organizations/ 
communities  
affected by  
trauma or disaster 
response.

Improve 
organizational,
community 
preparedness.
Leadership 
consultation.

IX. 
Pastoral Crisis 
Intervention

As needed Individuals, small 
groups, large 
groups, congre-
gations, & com-
munities who
desire faith-based
presence/crisis
intervention

Faith-based 
support

X.
Follow-up and/or 
Referral Facilitating 
access

As needed Intervention  
recipients and  
exposed 
individuals

Assure continuity

of care

(Everly, G.S., Jr. &  Mitchell, J.T., (2008). Integrative Crisis Intervention and Disaster Mental 
Health. Ellicott City, MD: Chevron Publishing Corporation. Used with permission.) 

The Primary Principles of Crisis Intervention
It is important that members of a CISM or aviation-based Critical Incident Re-

sponse Program (CIRP) team adhere closely to a basic set of seven operational 
principles when providing crisis intervention services of any type.  

 Proximity is the first principle of crisis intervention.  Crisis work is often provid-
ed in surroundings familiar to the people who need support.  In the aviation world, 
many crisis intervention tactics are applied at airports or, in some cases, on board 
a parked aircraft or in an airport conference room. 

The second principle is immediacy.  People in a crisis appreciate help as soon 
as possible after being exposed to a traumatic experience.  The longer they wait, 
the less likely crisis intervention will be effective (Lindy, 1985).  The third principle 
is that of expectancy.  Early in the intervention, the provider of crisis intervention 
should instill some hope that it is possible to manage and resolve the situation 
(Salmon, 1919; Kardiner and Spiegel, 1947; Solomon and Benbenishty, 1986).  
The fourth principle is brevity.  The luxury of abundant time is usually absent in a 
crisis.  Actions to assist people in crisis are generally brief (Parad & Parad, 1968). 

The fifth principle is simplicity.  People do not handle complexity very well in 
the midst of a crisis.  Therefore, crisis support personnel should focus on selecting 
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solutions that are easy for a distressed person to apply.  Simple, well thought out 
interventions will be the most effective in the majority of cases.

It is usually helpful if crisis workers have some creativity when they are work-
ing in extraordinary and challenging circumstances.  The ability to be innovative in 
the face of unusual, threatening, and disturbing situations is a key to good crisis 
intervention and the sixth major principle of crisis intervention.  Appropriate helpful 
interventions may have to be developed on the spot.

  Finally, the seventh principle is that whatever crisis interventions are chosen 
in a crisis should be practical.  Impractical solutions are no solutions at all.  People 
struggling through a painful experience may view those who make impractical sug-
gestions as insensitive and uncaring. 

Peer support team members are encouraged to keep the seven primary prin-
ciples of crisis intervention in mind.  Crisis intervention is helpful when it is applied 
in accordance with those principles.  Crisis support personnel should avoid estab-
lishing outcome expectations that are far beyond its capabilities.  I other words, 
crisis intervention cannot cure disease or significant mental disturbance.  It is not 
a cure for Post Traumatic Stress Disorder, a condition that is among the most seri-
ous reactions to a critical incident.

Aviation Staff Support Programs
The management of the potential physical and psychological risks to avia-

tion employees involves the establishment of well-organized and efficient crisis 
support programs.  The aim of such programs should be to build a high resiliency 
organization that can resist overwhelming stress, bounce back from a traumatic 
event, and recover its personnel to healthy, functional levels.  Fortunately, when it 
comes to support services for an organization’s employees, aviation is not facing 
an unchartered course.  The age of pioneering efforts in aviation crisis support is 
over.  Crisis intervention in the aviation industries has a history that is now over 
two decades old and these programs have taken on great importance as they have 
consistently demonstrated their value.  Experience clearly indicates the positive 
effects when crisis intervention services are applied in aviation’s daily critical inci-
dents as well as in major accidents (Vogt & Leonhardt, 2006).

This remainder of this article briefly reviews the history of crisis support ser-
vices in aviation and then provides practical insights into the development of peer 
support programs, the training requirements for crisis support personnel, and the 
strategies and techniques of effective CISM programs.  Additionally, by referring to 
studies such as the cost benefit analysis of a European air navigation service pro-
vider (Vogt, Leonhardt, Köper & Pennig, 2004), this article will outline the benefits 
of providing CISM services to aviation employees. 

History of Critical Incident Stress Management in Aviation
The history of crisis support services in aviation must be viewed in the context 

of crisis intervention in general.  There is a rich history of crisis intervention that 
dates back to the wars and disasters of the past century and a half (APA, 1964; 
Artiss, 1963; Caplan, 1961, 1964; Crocq et al., 2007; Frederick, 1981; Freeman, 
1979; Lindemann, 1944; Roberts, 2005; Salmon, 1919; Stierlin, 1909).  It was not 
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until the Franco-Prussian war in 1870-71 that the approach to helping people in a 
state of crisis became somewhat organized and structured (Crocq, 1999).  From 
that time forward, crisis intervention increasingly became a more well-thought-out 
active, temporary, and supportive process to assist people who are experiencing 
acute emotional distress (crisis) caused by a critical incident.  “Crisis Intervention,” 
“psychological first aid,” “emotional first aid,”  and “early psychological interven-
tion” are a few of the terms that evolved during the last century that are currently 
used synonymously to describe the  supportive assistance provided by trained 
people to their colleagues and friends in times of acute distress (Neil, et al., 1974).  
Beginning in the mid-1970’s a Comprehensive, Integrated, Systematic and Multi-
component (CISM) crisis support program emerged (Mitchell and Everly, 2001; 
Mitchell, 2004; Mitchell & Mitchell, 2006). Today, Critical Incident Stress Manage-
ment is the most well known and most widely utilized crisis intervention program in 
the world (Raphael & Wilson, 2000). 

Modern theoretical foundations and core principles of contemporary crisis in-
tervention theory were developed by Lindemann (1944) and elaborated upon by 
Gerald Caplan during the 1960s (Caplan, 1961, 1964, 1969).  Caplan suggested 
that “Emotional first aid” or psychological first aid could be learned and applied by 
people who do not have formal training in psychology, social work, or psychiatry.  
He believed that excellent help in a crisis could come from paraprofessionals or 
from friends helping friends, family members reaching out to other family members 
and communities supporting their own members.  Caplan laid the groundwork for 
the supportive crisis intervention services that are currently provided by members 
of the clergy, by emergency services, and by aviation personnel (Caplan, 1961, 
1964, 1969). 

Many aviation services including airlines, air traffic control systems, ancillary 
aviation services, and airports around the world have organized crisis support 
teams during the last two decades.  Each airline, airport, air traffic control system, 
or ancillary service initiated their programs under vastly different circumstances 
and each has its own history of support services for its personnel.

 Aviation Psychological Services
Psychological services within the airline industry appear to have followed three 

general patterns and focused on three different issues within those patterns.  The 
first pattern was the screening of personnel.  Psychological testing of potential 
service members was important to assure the selection of the best people.  Im-
proper screening could contribute to accidents and, potentially, the loss of lives 
(McCarthy, 2002).  By the 1960s, the National Aeronautical and Space Adminis-
tration (NASA) developed sophisticated psychological screening methods for the 
assessment of potential astronauts (Miller, 2002).  The field of aviation psychology 
mirrored NASA’s approach.  Psychological screening became an integral part of 
the medical screening of most potential commercial pilots.  

The second pattern in aviation psychology, and a much resented one, was the 
pattern of on-the-job evaluations  This pattern included the use of aviation psycho-
logical services to protect the airline and the public and, although not stated, to en-
force discipline and control.  If a pilot’s behavior was challenging to administration 
or if supervisors perceived it to be unusual or even remotely potentially dangerous, 
a pilot received a psychological evaluation.  The results of the evaluation were 
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sometimes used by aviation administrators to bar a pilot from flying or to fire the 
person altogether.  The process is seen as less threatening today in comparison 
to its earlier development.

The third pattern of aviation psychology, psychological assistance in difficult 
times, emerged in the mid 1980s and was positively viewed by aviation personnel.  
Crew resource-management programs, for example, improved cockpit communi-
cations and decreased safety risks.  Other psychological support services included 
alcohol and drug rehabilitation programs that allow pilots to fly again once they 
successfully complete treatment.  Some airlines also developed family support 
programs for their employees (O’Flaherty, 1995).

Prior to 1980, mental health professionals outside of the aviation industry pre-
dominantly expressed most of their interest in aviation by a rather myopic focus 
on the needs of disaster survivors or grieving loved ones of the deceased (Duffy, 
1979; Freeman, 1979, Frederick, 1981).  This particular focus allowed only limited 
resources to be applied to the establishment of support programs for employees.  
Despite this lack of attention to the needs of employees, by the end of the 1980’s, 
most air carriers did have Employee Assistance Programs to help employees with 
issues requiring general counseling and substance abuse intervention, but  peer-
based crisis intervention services were still virtually unknown.  One notable excep-
tion to the description of the mediocre atmosphere surrounding employee crisis 
support services was the attention that was beginning to be paid to aircraft crash, 
rescue, and firefighting crews and to law enforcement personnel working at air 
crash scenes (Forstenzer, 1980, Mitchell, 1982).

Airline Training in Critical Incident Stress Management
Alaska Airlines and Wien Air Alaska were the first airlines to send key pilots 

and human resource personnel for training in Crisis Intervention and stress man-
agement at a conference in Anchorage, Alaska in 1982.  American Airlines ar-
ranged for similar training for twenty-five pilots and other selected employees in 
1987.  The American Airlines program was the first formal, aviation specific, crisis 
and stress management program on record (LiBassi, 1987).  Other airlines and 
military aviation units quickly followed suit and developed Critical Incident Stress 
Management teams to support their personnel.  The very first military aviation fo-
cused CISM team was established by the United States Air Force at Rhine-Main 
US Air Force Base near Frankfurt, Germany in 1988 (Mitchell, 2006).  

The Air Line Pilots Association (ALPA) became involved in developing crisis 
support programs for its members in the early 1990s.  ALPA strongly supported the 
development of Critical Incident Response Programs (CIRP) within airlines.  By 
May of 1994, ALPA’s Executive Board unanimously passed a resolution formally 
recognizing and funding the program (Tompkins et al., 1996).  Today, most ma-
jor airlines around the globe, including many cargo carriers have Critical Incident 
Stress Management teams which they have renamed “Critical Incident Response 
Programs.”  Positive reports from aviation industry personnel have been consis-
tent over the nearly twenty-year history of these crisis programs.  (Dillenbeck, 
1996; Bailey & Hightower, 1996).

ALPA’s endorsement of CISM programs was a major step forward in the 
development of standardized comprehensive, integrated, systematic, and multi-
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component crisis intervention and stress management programs for air carriers 
around the world.  ALPA leadership contributed enormously to the expansion of 
crisis intervention programs to all employees within the airline industry.  By keep-
ing The National Transportation Safety Board (NTSB) and the Federal Aviation 
Administration informed of the uses and positive effects of CISM services, ALPA 
also influenced a more positive atmosphere toward stress management services 
for stressed pilots and other employees in the view of the accident investigators 
and the flight regulations personnel (ALPA, 1997).

Flight attendant associations and unions as well as those of mechanics, bag-
gage handlers, and other aviation workers have also endorsed the CISM program.  
In a somewhat unusual program, Frankfurt International Airport and DFS (Deutsche 
Flugsicherung1), the German air traffic control system, work together in a mutual 
aid arrangement.  They share CISM training opportunities, meet together regularly, 
and mutually support each other.  In the unfortunate event of a major emergency 
both the Frankfurt Airport and DFS will share resources to provide CISM services 
to employees and to the traveling public.

Air Traffic Controller Systems Initiate CISM Programs
Tragedy was the backdrop for the development of Critical Incident Stress Man-

agement programs for air traffic controllers.  Transport Canada initiated a well-
received air traffic controller CISM program in 1988.  The program provided stress 
education and individual crisis intervention services to distressed air traffic control-
lers.  In 1989, United Airlines experienced the Sioux City, Iowa crash.  Canadian air 
traffic controllers mobilized and crossed the border into the United States to assist 
their American colleagues by means of CISM support services (Dooling, 2003).

The Sioux City disaster was among several factors that stimulated the devel-
opment of the US Federal Aviation Administration’s air traffic control CISM team.  
The CISM team is unique and serves as a model program in that the National Air 
Traffic Controllers Association, the air traffic controllers union, and the Federal 
Aviation Administration jointly sponsors it.  In fact, both management and union 
jointly developed a 20-minute videotaped program on Critical Incident Stress Man-
agement for air traffic controllers (NATCA / FAA, 2003).

 Of particular note is the endorsement of CISM services by the International 
Federation of Air Traffic Controllers’ Associations (IFATCA).  Standardized CISM 
services became a priority for this organization’s constituents during the last de-
cade.  IFATCA has been a driving force in the establishment of CISM programs 
in many air navigation services throughout Europe and elsewhere.  Most air navi-
gation services credit IFATCA with convincing their management that CISM is a 
benefit for air traffic controllers.

Eurocontrol, the air traffic control organization for European nations, has for a 
decade, sponsored several important studies and conferences on Critical Incident 
Stress Management.  It encourages its member nations to develop support pro-
grams for air traffic control personnel.  A prominent example of one system that did 
so is the Deutsche Flugsicherung (DFS), the German air navigation system.  Its 
CISM program was developed in 1998.  The team has responded to many smaller 

1 DFS is the German Air Navigation Service Provider 
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events, but also experienced a trial by fire in two major incidents.  One was an 
airplane crash into terrain and the other was the collision of two aircraft over Lake 
Constance near Ueberlingen in Switzerland in 2001 (Leonhardt, 2006). 

The Peer Support Concept
Many of the crisis intervention tools within the CISM field are applied by trained 

peer support personnel.  The use of peer support personnel is one feature that 
makes CISM programs unique.  Peers enjoy immediate credibility among their fel-
low workers.  They share professional understanding of the work processes that 
exist within specialized groups such as, pilots, air traffic controllers, flight atten-
dants, aircraft crash and rescue firefighters, and law enforcement personnel.  Peer 
support personnel understand the post incident stress reactions of their colleagues.  
They can support personnel in the same profession and they can normalize their 
reactions to the event.  Peers are readily available and have relevant insights into 
the organization and the profession (Leonhardt, 2006; Mitchell, 1983).  

To enable peers to provide the best support services, there must be clear 
procedures and guidelines.  The various structured crisis intervention tools within 
CISM, therefore, serve useful purposes for peer support personnel who do not 
have university degrees and certifications in mental health.  Peers are highly mo-
tivated to assist distressed colleagues and they are very serious about their crisis 
work.  Specially trained peer support personnel have proven to be extremely ef-
fective in delivering excellent support service to their colleagues (Hassling, 2000; 
Jenkins, 1996; North et al., 2002; Nurmi, 1999; Robinson & Mitchell, 1993; Vogt 
et al., 2004; Vogt, Pennig & Leonhardt, 2007; Western Management Consultants, 
1996).  

Training and Standards for Aviation Peer Support Personnel
 A typical CISM training program for peer support personnel is multi-layered 

and provides adequate opportunities for peers to practice the skills presented in 
the various levels.  The primary training for peer support personnel is a course de-
tailing the skills for supporting individuals in crisis.  This course not only provides 
the information necessary to assist individuals in a crisis, it also encompasses suf-
ficient practice sessions to build practical skills.  Peer support personnel become 
more skillful with additional training.  A ten-day training program can be presented 
in two-day modules over a one to two year time frame.  The modules in a CISM 
peer support training program include, but are not limited to,

Skills for supporting individuals in crisis•	

Group crisis support skills•	

Skills for suicide prevention, intervention, and recovery•	

Advanced group processes and procedures•	

Strategic management of crises•	

CISM Peer Support Program for Aviation
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Aviation peer support personnel should be encouraged to participate in a 
broad spectrum of crisis and stress management programs.  Additional crisis sup-
port responsibilities are added as individuals become knowledgeable and skillful 
regarding CISM.

Practical Guidelines for Effective Aviation Peer Support Programs

Every successful crisis-oriented aviation staff support program is 1. 
comprehensive.  That is, it has elements in place before, during, 
and after traumatic events.  Additionally, it is programmatic.  That 
is, it is endorsed by the administration and built into the fabric of the 
organization.  Administration and union “buy-in” or acceptance of a 
support program is essential to the program’s survival.  Although they 
remain independent units, peer support programs must communicate, 
coordinate, and link their efforts with the organization’s leaders 
and with human services, employee assistance, and psychological 
resources within an organization. 

A key to effective peer support programs is the presence of dedicated 2. 
enthusiastic leaders who actively work toward enhancing the peer 
support team at every opportunity.

Well-developed aviation peer support programs are 3. integrated.  That 
is, all of the elements of a program are interrelated and blended with 
one another.  The combined effects of an integrated program are far 
more powerful than any single element.

Aviation personnel are best sustained by a 4. systematic program or 
“support package,” which has phases, segments, or logical steps.  
Therefore, peer support programs should take a few simple steps such 
as, resting personnel and talking with them on an individual basis, 
before increasing the complexity, number, and duration of the available 
crisis interventions after a distressing event.

Effective aviation peer support programs must be 5. multi-tactic in 
approach.  Many different types of support services must be available 
since every person will have a somewhat different response to a 
highly stressful event.  Each person will have different needs after a 
traumatizing experience.

Although it is part of a Comprehensive, Integrated, Systematic, and 6. 
Multi-tactic (CISM) approach, linkages to a wide range of resources 
is an important enough element of an aviation crisis support program.  
Additional assistance, beyond the capabilities of the peer support 
team, may be necessary.
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Crisis support teams are most effective when they are run and 7. 
staffed by peer support personnel and backed up by mental health 
professionals who are trained in Critical Incident Stress Management 
(CISM) (Mitchell, 2004).

Effectiveness of CISM
The literature to date suggests that crisis intervention, in the form of a Criti-

cal Incident Stress Management program, has positive effects on the reduction 
of stress symptoms.  When applied by properly trained personnel, who adhere to 
the standards of practice, CISM programs may play a preventative role against 
the development of long-range psychological problems (Bohl, 1991, 1995; Bosca-
rino, Adams, & Figley, 2005; Campfield and Hills, 2001; Chemtob, Tomas, Law, &  
Cremniter, 1997; Deahl et al., 2000; Dyregrov, 1998; Eid, Johnsen, & Weisaeth, 
2001; Everly, Flannery & Mitchell, 2000; Everly, Flannery, Eyler, & Mitchell, 2001; 
Flannery, 2005; Jenkins, 1996; Nurmi, 1999; Richards, 2001; Robinson and Mitch-
ell, 1993; Vogt et al., 2004; Vogt & Leonhardt, 2006; Vogt et al., 2007; Wee, 
Mills, & Koelher, 1999; Western Management Consultants, 1996).

In one particularly interesting series of studies directly related to the aviation 
industry, Vogt and Leonhardt (2006) and Vogt et al. (2004, 2007) performed a 
cost-benefit analysis of the German Air Traffic Control Services’ (Deutsche Flugsi-
cherung, DFS) CISM program. The authors describe the applications of the CISM 
program within air-traffic control systems after “loss of separation” incidents (when 
two radar blips merge into one on the screen).  An unforeseen loss of separation 
between aircraft is a major threat to the professional self-image of an air traffic 
controller officer.  Such incidents are generally distressing reminders to the con-
trollers of the ever-present risk of life-threatening aviation accidents.  Prior to the 
development of a CISM support program, German Air Traffic Control Officers lost 
an average of three days from work per incident because of distress.  About 30 of 
these lost of separation events occur per month in the crowded skies above Eu-
rope (Vogt & Leonhardt, 2006; and Vogt et al., 2004, 2007).  

An analysis by Vogt and Leonhardt (2006) and Vogt et al. (2004, 2007) in-
dicates that, since the introduction of the CISM program in 1997, no air traffic 
controller reported a single lost day for stress related to a loss of separation criti-
cal incident. The estimated fiscal benefits associated with the prevention of ab-
senteeism or reported stress-related illness while at work actually exceeded the 
program’s costs several times.  The study concludes that a combination of factors 
assures the effectiveness of peer provided crisis intervention.  They include a clear 
model, well-trained providers, and adherence to the standards and protocols of 
good practice (Vogt & Leonhardt, 2006; and Vogt et al., 2004, 2007).

Conclusion
This article began with a discussion of high-risk organizations in which the em-

ployees are subjected to high levels of stress and circumstances that threaten their 
physical and mental health.  It then noted that aviation’s high-risk organizations are 
also High Reliability Organizations (HRO).  Consistency in performance, efficiency, 
and a safety consciousness are the hallmarks of HROs.  The authors review evi-
dence that when well-designed Critical Incident Stress Management programs are 
in place and properly trained aviation peer support personnel adhere to the stan-
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dards of CISM practice, that a new meaning for “HRO” may be applicable.  That 
is, aviation personnel will function effectively within high resiliency organizations 
that can resist stress, manage it when it arises, and restore personnel to maximal 
levels of performance and unit cohesion. 

From the airport facility to the airlines and from the ground staff to the pilots, 
air traffic controllers, and flight attendants, the studies and reports from within the 
aviation industry suggest that excellent help in a crisis could come from para-
professionals or from friends helping friends.  Whether it is a situation involving 
personal grief, a family crisis, or an air disaster, aviation CISM team members re-
spond with skill, care, and concern.  Crisis support personnel have demonstrated 
the enormous value of crisis intervention teams.  It is likely that the number of 
support programs will expand in the coming years.  Peer support personnel make 
a difference in the lives of others.   
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Abstract
In an effort to reduce the accident rate in General Aviation, the Federal Aviation 

Administration (FAA) has developed a new training program called FAA/Industry 
Training Standards (FITS).  The FITS program began in 2001 and represented the 
aviation industry, academia, and the FAA.  FITS philosophy is based on the idea 
that most general aviation accidents can be attributed to deficiencies in three key 
areas; aeronautical decision-making, risk management, and situational awareness.  
The FITS program is leading an effort to change current flight training processes to 
embrace technology and target the pilot’s decision-making skills with each training 
curriculum.  It is centered on three key elements: scenario-based training, single 
pilot resource management, and learner-centered grading.  FITS emphasizes the 
ultimate goal of increasing safety on all levels of performance and teaches the pilot 
much earlier in training to develop decision making skills.  This paper examines the 
development, components, application, and outcomes of the FITS program. 
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Changing General Aviation Flight Training by Implementing

FAA Industry Training Standards

Background

The end of the 20th Century saw the genesis of a new era in general aviation.  A 
new generation of small aircraft with computerized cockpits, complete with new pri-
mary flight displays, multifunction displays, autoflight systems, and digital datalink 
technologies to take full advantage of global positioning system (GPS) navigation 
capabilities was just around the corner.  Very light jets were looming on the horizon 
promising private pilots the opportunity to fly at altitudes and speeds only known 
to commercial and corporate aviation at the time.  Capabilities and technologies 
found only in commercial airliners and sophisticated corporate aircraft would soon 
find their way into general aviation.  It was clear to some in the leadership of the 
Federal Aviation Administration’s (FAA) General Aviation and Commercial Division 
that changes to pilot training would be necessary to meet the challenges these 
new aircraft and avionics would bring (Wright, 2002). 

The change from “round-dial” cockpits to new “glass” cockpits has brought a 
new set of challenges and skills needed to properly manage a flight in technically 
advanced aircraft (TAA).  This is the same challenge the airline industry faced 
in the 1980s and 1990s when “glass” cockpits and flight management systems 
were introduced into commercial aviation.  In addition to traditional skills of flying, 
navigating, and communicating, pilots in the newer aircraft now have to manage 
automation, information displays, and other new technologies (FAA, 2009a).  As 
airspace complexity and air traffic density increase, pilots must be situationally 
aware at all times, understand risk assessment, and have a complete understand-
ing of automation management.  Traditional maneuvers-based flight training and 
testing does not focus on the proper development of these skills, a fact noted by 
the airline industry in the late 20th Century, which caused the airlines to adopt their 
current training methods (FAA, 2009a).

In an effort to reduce the accident rate in general aviation and meet the chal-
lenges brought forth by these TAA, the FAA has developed a new style of training 
program called FAA/Industry Training Standards (FITS). The FITS program began 
in late 2001 by developing the FITS team; a group representing the aviation indus-
try, academia, and the FAA.  Just to illustrate that how serious the FAA was about 
this initiative, the FAA awarded a grant worth $900,000 USD in June 2002 (total 
grant as of 9/1/09 $2.3 million USD) to The Center of Excellence for General Avia-
tion Research (CGAR).  The CGAR is a consortium of universities to develop pilot 
training methods to change general aviation flight training in the United States.  In 
total, over 16 industry partners, including manufacturers, insurers, training pro-
viders, and trade associations along with six academic institutions, including the 
CGAR, collaborated with the FAA to create FITS. 

One key aspect of FITS was that it was not to be  regulatory but voluntary in 
nature. No regulations were changed or mandated in the creation of FITS.  A train-
ing program will not be “approved” by the FAA as a program submitted under 14 
CFR part 141 or 14 CFR part 142 but will be “accepted” as meeting FITS require-
ments. Guidance documents have been given to both industry and to FAA avia-
tion safety inspectors regarding seeking and gaining FITS acceptance. A program 
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seeking FITS acceptance will have to meet existing regulatory requirements but 
poses no additionally mandated burden on training providers. 

FAA/Industry Training Standards Training Philosophy

A study of accidents involving TAAs conducted in 2003 (FAA) found that in 
some cases the increased complexity of the new technologies can create distrac-
tions for pilots, that pilots need specific and focused training to better utilize the 
capabilities of TAAs, and that current training requirements and methods do not 
provide that needed training.  This study made several recommendations that help 
frame the tenets of FITS.  These recommendations included: 1) provide realistic 
training in realistic scenarios that focus on the “physical” airplane and the “mental” 
airplane, 2) assessing and managing risks, 3) understanding limitations of TAA 
systems and system management. 

Previous training philosophies assumed that newly certified pilots generally 
remain in the local area until their aviation skills are refined.  This is no longer true 
with the advent of technically advanced aircraft.  Offering superior avionics and 
performance capabilities, many of these new aircraft travel faster and further than 
their predecessors.  As a result, a growing number of entry-level pilots are sudden-
ly capable of long distance/high speed travel and its inherent challenges.  Flights 
of this nature routinely span diverse weather systems and topography requiring 
advanced flight planning and operational skills.  Advanced cockpits and avionics, 
while generally considered enhancements, require increased technical knowledge 
of newer systems and avionics and new skills managing automation and com-
puterized navigation systems.  Without these skills, the potential for an increased 
number of pilot-induced accidents is daunting.  A different method of training is 
required to accelerate the acquisition of these skills during the training process. 

Research has proven that learning is enhanced when training is realistic.  In 
addition, the underlying skills needed to make good judgments and decisions are 
teachable (Schuetz, 2003, Funk, 1998).  Both the military and commercial airlines 
have embraced these principles through the integration of Line Oriented Flight 
Training (LOFT) and Crew Resource Management (CRM) training into their quali-
fication programs.  Both LOFT and CRM lessons mimic real-life scenarios as a 
means to expose pilots to realistic operations and critical decision-making oppor-
tunities.  The most significant shift in these programs has been the movement from 
traditional maneuver-based training to incorporate scenario-based training. 

FITS incorporates CRM, which we call Single-pilot Resource Management 
(SRM), and LOFT-type scenarios, called Scenario-Based Training (SBT) from the 
very first training flight. The FITS programs incorporate SRM and SBT in training 
programs for all levels of pilots, from pre-solo through CFI.  The difference between 
airline CRM training and FITS SRM training is that SRM is taught throughout all 
levels and is not just taught to advanced pilots. 

General aviation pilots are often the only pilot on board when flying.  How-
ever, the number of resources they have to manage in TAAs can rival those of the 
most sophisticated airliner.  Taking a lesson from the airline industry’s approach to 
CRM training, FITS is focusing on single-pilot resource management (SRM).  SRM 
is defined as the art and science of managing all the resources (both on-board 
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the aircraft and from outside sources) available to a single-pilot (prior and during 
flight) to ensure that the successful outcome of the flight is never in doubt (FAA, 
2009a). 

Maneuver-based training emphasizes the mastery of individual tasks or ele-
ments.  Regulations, as well as Practical Test Standards (PTS), drive completion 
standards.  Flight hours and the ability to fly within specified tolerances determine 
competence.  The emphasis is on development of motor skills to satisfactorily 
accomplish individual maneuvers.  Only limited emphasis is placed on decision-
making.  As a result, when the maneuver-based trained pilot flies in the real world 
environment, he or she has had limited training in real world flying and decision-
making. In the traditional private, commercial, and instrument training programs, 
students are required to fly a very limited number of cross-country flights. 

SBT and SRM are similar to LOFT and CRM training.  However, each is tailored 
to the pilot’s training needs.  These techniques use the same individual tasks that 
are found in maneuver-based training, but script them into scenarios that mimic 
real life cross-country travel.  Guidance regarding the development of scenarios is 
available on the FITS website along with many sample syllabi and lesson plans. 

One key concept that was blended into the development of the FITS model 
was the idea of developing the pilot’s self-assessment skills thereby promoting 
life-long learning skills.  The method chosen to accomplish this is called learner-
centered grading (LCG).  Taking note of trends in traditional classroom education 
and other areas of skill-based training, LCG is a method by which both the student 
and instructor independently grade the lesson, then compare, and discuss each 
assessment (FAA, 2009a).  The idea is to train students so that they can accurate-
ly assess their own performance on each flight and continually learn after formal 
training has long ceased. 

The concepts of SBT, SRM, and LCG are the foundation for the FITS approach 
to training pilots.  By emphasizing the goal of flying safely, the pilot in training cor-
relates the importance of individual training maneuvers to safe mission accom-
plishment.  The concepts for FITS also include important findings from research 
in the FAA’s Alaska Capstone Program and the Safer Skies program, and NASA’s 
Advanced General Aviation Transport Experiment (AGATE) and Small Aircraft 
Transport Systems (SATS) programs (Wright, 2002).   

Teaching Methods

Scenario-Based Training 

For SBT to be effective there must be a purpose for the flight and conse-
quences if it is not completed as planned (FAA, 2009a).  Again, each training flight 
should have a realistic purpose.  There should be realistic consequences if it is 
not completed as planned.  The student and the instructor discuss the follow-
ing information well in advance of every training flight: purpose of flight, scenario 
destination(s), desired pilot in training learning outcomes, desired level of pilot in 
training performance, desired level of automation assistance, and possible in-flight 
scenario changes (Summers, Ayers, Connolly, & Robertson, 2007). 

Implementing FITS into GA Flight Training
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Developing Scenario-Based Training 

Prior to the flight, a Certified Flight Instructor (CFI) will brief the scenario to be 
planned by the pilot in training (PT).  The CFI will review the plan and offer guid-
ance on how to make the lesson more effective relative to the goals and objectives 
for the lesson.  Discussion, in part, will reflect ways in which the CFI can most 
effectively draw out a pilot in training’s knowledge and decision processes.  This 
enables the CFI to analyze and evaluate the PTs level of understanding.  With the 
guidance of the flight instructor, the pilot in training should make the flight scenario 
as realistic as possible.  This means the pilot in training will know where they are 
going and what will transpire during the flight.  While the actual flight may devi-
ate from the original plan, it allows the pilot in training to be placed in a realistic 
scenario.  After discussion with the instructor, the pilot in training will plan the flight 
to include: reason to go flying, route, destination(s), weather, Notices to Airmen 
(Notams), desired pilot in training learning outcomes, and possible alternate sce-
narios and/or emergency procedures.

 A typical training flight for a private pilot student might consist of doing a 
soft-field takeoff and departure, flying out to the practice area where a few stall ma-
neuvers are practiced.  After the stalls are completed, the student is then directed to 
descend to a lower altitude to practice a few ground reference maneuvers followed 
by a simulated engine failure.  Finally, the flight returns to the airport so the student 
can practice a few short and soft-field takeoffs and landings.  The flight is planned, 
guided, and sequenced by the instructor.  This is not what the pilot who is training 
can expect when they are certified and will be flying on their own.  The same can 
be said for instrument training.  Not many real Instrument Flight Rules (IFR) flights 
depart and head directly to a holding pattern somewhere and intentionally execute 
instrument approaches with the intent of missing the approach and not landing.  
The regulations require that only one actual IFR cross-country flight be conducted 
for certification as an instrument pilot (14 CFR Part 61.65.).  For a private pilot, only 
3 hours of cross country training with an instructor are required plus one night dual 
cross country (14 CFR 61.109) (FAA, 2010). 

The problem with the aforementioned maneuvers-based training approach is 
that realistic decisions are not utilized nor are even necessary.  When the student 
pilot is “turned loose” after training, a new and different set of mental skills are 
needed, yet are often not practiced or even fully understood by the pilot.  To be 
good at making sound decisions and practicing good resource management, pilots 
in training need to use those skills each and every flight in as realistic setting as 
possible.  Hence, SBT is utilized in FITS curricula to develop and practice these 
skills. 

Students should be involved in the development and planning of the scenarios 
as much as possible, as if they were planning a real flight.  The instructor moves 
from a role of directing the flight to one of assisting and guiding the student through 
the scenario.  The student should make all of the decisions pertaining to the flight, 
including continuing or diverting to the fullest extent possible.  Yes, a student on 
their first few flights may not be able to make all of the decisions, but they should be 
making as many as they possibly can.  This is one reason the method of debriefing 
is used in learner-centered grading.  The instructor and student can discuss the 
student’s decisions and processes and the tools used to make those decisions. 
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Example of Scenario Based Training

A scenario provides a purpose of the flight and suggests a consequence if the 
flight does not go.  It is designed to put the flight into a realistic context and provide 
a basis for realistic decision-making.  A well-crafted scenario will contain many op-
portunities for the student to exercise good SRM skills as well as flying and practic-
ing maneuvers.  The following is an example of a scenario from the generic FITS 
private-instrument syllabus, lesson 8.  This is a pre-solo lesson. 

Scenario: A friend of yours is a contractor and needs to pick up some 
architectural prints in a city 60 miles from your location.  They need these 
prints today or they will lose a large client and traffic going into the city 
will prohibit travel by car before the close of business.  You were plan-
ning to fly that way to gain some additional IFR experience.  You offer to 
fly your friend to the airport nearest the architectural firm and drop your 
friend off.  You will then fly to another airport 40 miles away as intended 
earlier and practice flying approaches.  You will then return to the city and 
pick up your friend and both of you will fly home together. The weather is 
marginal VFR along the entire route of flight (FAA, 2009a, p. 94).  

The ultimate learning situation is real life and SBT tries to create as realistic 
setting for the lesson as possible.  Simply, SBT puts learning in context. In other 
words, the more realistic the situation and scenario, the more learning is enhanced 
(Summers et al., 2007).

Single Pilot Resource Management

Single Pilot Resource Management (SRM) is defined as “the art and science 
of managing all the resources (both on-board the aircraft and from outside sourc-
es) available to a single-pilot (prior and during flight) to ensure that the success-
ful outcome of the flight is never in doubt.”  (Summers et al., 2007, p. 13).  SRM 
includes the concepts:

Aeronautical Decision Making (ADM) •	

Risk Management (RM) •	

Task Management (TM) •	

Automation Management (AM) •	

Controlled Flight Into Terrain (CFIT) Awareness•	

Situational Awareness (SA) •	

A carefully crafted scenario will require the pilot being trained to exercise all six 
elements of SRM before and/or during the lesson.  Pilots will be expected to start 
assessing all of the risks that might be encountered during the flight during the 
planning process and continue to assess risks as the flight progresses.  Pilots are 
expected to utilize the technology available, including traffic and terrain awareness 
displays, datalinked information, and autoflight systems to enhance situational 
awareness, manage workload, and make proper decisions.

Implementing FITS into GA Flight Training
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The SRM Decision Process

Pilots in training may have a wide range of experience and certifications.  
Therefore, there is no one “best” scenario.  In FITS scenarios, there is not one 
right answer, rather each pilot is expected to analyze each situation in light of their 
experience level, personal minimums, and current physical and mental readiness 
level and make their own decisions.  The result is there can be multiple successful 
outcomes to a lesson.  This is one aspect that instructors need to consider and not 
insist on only one possible course of action by the student.

The SRM scenarios developed by the FITS team incorporate several maneu-
vers and flight situations into realistic flight scenarios.  The scenarios are much 
like the Line Oriented Flight Training employed by the major corporate and airline 
training organizations for years.  Table 1 gives an example of the performance, 
standards, and conditions for using SRM.

Table 1

Single Pilot Resource Management 

Performance Standards Conditions

The training task is: The pilot in training will: The training is 
conducted during:

1. Task Management 
(TM) 

Prioritize and select 
the most appropriate 
tasks (or series of tasks) 
to ensure successful 
completion of the training 
scenario. 

Note: All tasks under 
SRM will be embedded 
into the curriculum and 
the training will occur 
selectively during all 
phases of training. 
SRM will be graded 
as it occurs during 
the training scenario 
syllabus.

2. Automation 
Management (AM) 

Program and utilize the 
most appropriate and 
useful modes of cockpit 
automation to ensure 
successful completion of 
the training scenario.

Note: All tasks under 
SRM will be embedded 
into the curriculum and 
the training will occur 
selectively during all 
phases of training. 
SRM will be graded 
as it occurs during 
the training scenario 
syllabus.
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3. Risk Management 
(RM) and Aeronautical 
Decision-Making 
(ADM) 

Consistently make 
informed decisions in 
a timely manner based 
on the task at hand and 
a thorough knowledge 
and use of all available 
resources.

Note: All tasks under 
SRM will be embedded 
into the curriculum and 
the training will occur 
selectively during all 
phases of training. 
SRM will be graded 
as it occurs during 
the training scenario 
syllabus.

4. Situational 
Awareness (SA) 

Be aware of all factors 
such as traffic, weather, 
fuel state, aircraft 
mechanical condition, 
and pilot fatigue level 
that may have an impact 
on the successful 
completion of the training 
scenario.

Note: All tasks under 
SRM will be embedded 
into the curriculum and 
the training will occur 
selectively during all 
phases of training. 
SRM will be graded 
as it occurs during 
the training scenario 
syllabus.

5. Controlled Flight 
Into Terrain (CFIT) 
Awareness 

Understand, describe, 
and apply techniques to 
avoid CFIT en-counters:
a. During inadvertent 
encounters 
with Instrument 
Meteorological 
Conditions (IMC) during 
VFR flight.
b. During system and 
navigation failures and 
physiological incidents 
during IMC flight.

Note: All tasks under 
SRM will be embedded 
into the curriculum and 
the training will occur 
selectively during all 
phases of training. 
SRM will be graded 
as it occurs during 
the training scenario 
syllabus.

Note: Reprinted with permission of the author from “Managing Risks through Scenario 
Based Training, Single Pilot Resource Management, and Learner Centered Grading,” by 
M. Summers, F. Ayers, T. Connolly, and C. Robertson, 2007. 

The 5 P Check

In order to be effective, pilots must understand and use SRM in their daily 
flights.  The FITS team developed a recurring SRM check referred to as the “5 Ps”: 
the Plan, the Plane, the Pilot, the Passengers, and the Programming (Summers 
et al., 2007).  The “Plan” involves assessing how the plan is progressing and how 
the plan is being affected by factors such as weather and traffic delays as the flight 
progresses.  The “Plane” is assessing the condition of the plane and its systems, 
fuel state and capabilities affecting the progress of the flight.  Factors such as a 
degraded or inoperative system or the lack of a system, such as de-icing capabil-
ity, can have an influence on the risks facing the flight and influence the pilot’s 
decisions.  The “Pilot” is a self-assessment that considers such factors as fatigue, 
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ratings, currency, and experience affecting the flight.  The “Passengers” is where 
the pilot assesses the passengers and determines how they may affect a flight.  
A passenger recovering from a cold may have ear problems during the flight.  A 
passenger who is a pilot may be able to assist during periods of high workload or 
during an emergency situation.  Finally, the “Programming” assesses the state of 
the navigation and automation systems during the flight to insure that it is current, 
in the proper mode, and is properly programmed for the current and subsequent 
stage of the flight. 

Each of these areas can present areas of risk or opportunity for the pilot dur-
ing the planning and execution of a flight.  Assessing and managing risk thought 
good ADM requires the pilot to diligently practice situational awareness.  Assess-
ing each of these five areas on a continual basis throughout a flight helps maintain 
that situational awareness and ultimately enhance good ADM.  The “5 Ps” should 
be evaluated at key points during the flight, when the situation requires a change 
to the flight, or when an emergency arises.  These decision points include, pre-
flight, pre-takeoff, hourly or at the midpoint of the flight, pre-descent, and just prior 
to the final approach fix or for VFR operations, just prior to entering the traffic pat-
tern (Summers et al., 2007).  The “5 Ps” have been used successfully in group 
seminars as well as during flight and simulator training to show how to continually 
assess risk and promote good decision-making. 

Learner Centered Grading

The third component of the FITS training method is debriefing the flight using 
learner-centered grading.  One of the goals of using this debriefing method is to 
promote self-assessment skills to enhance life-long learning and as a process of 
continuous self-improvement.  Actively engaging the student in the assessment 
process fosters greater retention and understanding (FAA, 2009a). 

A debriefing using LCG is a bit different from the traditional instructor-led de-
briefing.  In LCG, the student is given a copy of the grading sheet and asked to 
grade his or her performance.  The instructor will also grade the student’s perfor-
mance.  When each is done, the student and instructor compare their grades and 
discuss the differences.  It is during this discussion that active learning takes place 
as well as the student gaining better self-assessment skills (FAA, 2009a).  Instruc-
tors are encouraged to use open-ended questions during the debriefing to help 
stimulate the discussion.  This method of debriefing is more along the lines of a 
facilitated debrief found in LOFT-type training. 

Desired Outcomes

A key component of LCG is the grading scale that is utilized. Traditional grad-
ing schemes, such as “excellent,” “good,” “satisfactory,” “marginal,” and “unsat-
isfactory,” are not used.  These grading schemes are often based on empirical 
measurements and can be somewhat subjective.  What may be “excellent” to one 
instructor might be only “satisfactory” to another.  Also, these methods often do not 
take into account student progress and what might be excellent early in training 
might be marginal later in the course.  The LCG method attempts to bring more 
realism into the evaluation process and focuses more on achieving desired out-
comes in readily identifiable and measurable terms. 
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 Because one of the goals of FITS training is to enhance risk management and 
decision-making, traditional grading methods would not work very well. How does 
one empirically differentiate between a good and very good grade for a student 
learning how to do a maneuver?  How does one differentiate between a very good 
and excellent, or a 4 and a 5 or a B and an A, when it comes to making a decision?  
These grading methods, while seemingly empirical, are really very subjective and 
dependent on an instructor’s opinion. 

With LCG, grades are divided into two categories, Maneuver, or task grades, 
and SRM grades.  The two grading methods are described below.  In this grading 
description, the student is referred to as the PT or pilot-in-training.  The instructor 
is referred to as the CFI for Certificated Flight Instructor.  Notice that a key indicator 
of the differences between the grade levels is the degree of instructor intervention 
that is required to accomplish the task. 

Maneuver Grades (Tasks)

Describe – at the completion of the scenario, the PT will be able 
to describe the physical characteristics and cognitive 
elements of the scenario activities.  Instructor 
assistance is required to successfully execute the 
maneuver. 

Explain – at the completion of the scenario, the PT will be able 
to describe the scenario activity and understand the 
underlying concepts, principles, and procedures that 
comprise the activity.  Significant instructor effort will 
be required to successfully execute the maneuver. 

Practice – at the completion of the scenario, the pilot in training 
will be able to plan and execute the scenario.  
Coaching, instruction, and/or assistance from the 
CFI will correct deviations and errors identified by 
the CFI.

Perform – at the completion of the scenario, the PT will be able 
to perform the activity without assistance from the 
CFI.  Errors and deviations will be identified and 
corrected by the PT in an expeditious manner.  At 
no time will the successful completion of the activity 
be in doubt.  (“Perform” will be used to signify that 
the PT is satisfactorily demonstrating proficiency in 
traditional piloting and systems operation skills)

Not Observed – Any event not accomplished or required

 Single Pilot Resource Management (SRM) Grades

Explain – the pilot in training can verbally identify, describe, and 
understand the risks inherent in the flight scenario.  
The pilot in training will need to be prompted to 
identify risks and make decisions. 

Implementing FITS into GA Flight Training
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Practice – the pilot in training is able to identify, understand, and 
apply SRM principles to the actual flight situation.  
Coaching, instruction, and/or assistance from the 
CFI will quickly correct minor deviations and errors 
identified by the CFI.  The pilot in training will be an 
active decision maker. 

Manage/Decide – the pilot in training can correctly gather 
the most important data available both within and 
outside the cockpit, identify possible courses of 
action, evaluate the risk inherent in each course of 
action, and make the appropriate decision.  Instructor 
intervention is not required for the safe completion of 
the flight. 

Not Observed – Any event not accomplished or required.  
(Summers et al., 2007, p23-24)

These grades are consistent throughout the course and do not change as les-
sons progress. These grades are based on the overall desired outcome for each 
course.  Early lessons may have the desired outcome for particular items shown 
as Explain or Practice whereas the later lesson will have the desired outcomes 
for those same items as Perform or Manage/Decide.  Figure 1 shows the Desired 
Outcome Grade Sheet for Lesson 2 of the FITS Generic FIS-B, TIS-B, and ADS-B 
syllabus (FAA, 2009b, p39).  The Desired Performance column listed the comple-
tion standards for the lesson and the Task Grades and SRM Grades columns are 
where the demonstrated performance is recorded. 

Discussion

Validation 

The FITS training concepts were validated in at least 15 studies conducted 
by CGAR member universities and by training providers in various parts of the 
United States. Research studies, presentations, guidance, curricula, and generic 
training syllabi can be found on the FITS website at http://www.faa.gov/educa-
tion_research/training/fits. 

Initial research results from those studies indicate that the pilots completing 
these FITS courses have the same or better level of aeronautical competency over 
traditionally trained pilots and a higher level of skills in the key areas of single pilot 
resource management without sacrificing the piloting skills developed in traditional 
maneuvers-based training and testing (Federal Aviation Administration, 2009a).  
Also, the time required to achieve these skills is no more, and sometimes less, 
than in traditional maneuvers-based training programs (Federal Aviation Adminis-
tration, 2009a).
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Task Grades SRM Grades

Lesson 02
                          Desired Outcome Grade Sheet

N
ot O

bs

E
xplain

P
ractice

P
erform

E
xplain

P
ractice

M
anageScenario 

Activity Task Desired 
Performance

Preflight 
Preparation

Weather Information Perform
Flight Planning Perform
SRM Manage/Decide

Preflight 
Procedures

Aircraft Preflight Perform
ADS-B Equipment Check and 
Certification Perform
Cockpit Check and Organization Perform
SRM Manage/Decide
Use of ADS-B for Taxi Awareness/
Runway Incursion Prevention Manage/Decide

Takeoff and 
Departure 
Operations

Pre-Takeoff Procedures Perform
Normal Takeoff and VFR/IFR 
Departure Procedures and  
Navigation

Perform

Operation of ADS-B Avionics Perform
SRM Manage/Decide

En route 
Operations

VFR/IFR Navigation Perform
Operation of ADS-B 
Avionics/|ADS-B Malfunctions Perform
Use of Automation Manage/Decide
Collision Avoidance using ADS-B/
TIS-B Perform
Display FIS-B Products Perform
SRM Manage/Decide

Arrival 
Operations

Pre-Arrival Procedures Perform
VFR/IFR Navigation and Arrival 
Procedures Perform
Operation of ADS-B Avionics Perform
Use of ADS-B for Spacing, 
Sequencing and Merging into 
Traffic Patterns and Approaches

Manage/Decide

Display of FIS-B Products Perform
SRM Manage/Decide

Approach 
and Landing 
Operations

VFR Traffic Pattern/ Instrument 
Approach Perform
Operation of ADS-B Avionics Perform
Display of FIS-B Products Manage/Decide
Normal Landing Perform
SRM Manage/Decide

Note: Reprinted with permission from “FITS generic scenario based private/instrument 
certification syllabus for piston aircraft,” by FAA, 2009.

Figure 1.  Desired Outcome Grade Sheet.

 Implementation

The FAA is moving to establish FITS as the standard in general aviation flight 
training.  Consequently, the entire training system (training and checking) needs 
to be available to the general aviation community.  This includes training tools (syl-
labi) and Practical Test Standards changes that support FITS training.  In addition, 
more guidance has been developed to help Certified Flight Instructors, Designat-
ed Pilot Examiners, and FAA Aviation Safety Inspectors train and evaluate pilots 
trained under a FITS program.  The FITS team has produced over 20 documents, 
including sample syllabi, to provide guidance for instructors and training providers 
to understand and implement FITS.  The FAA is beginning the process of updating 
the Practical Test Standards beginning this year.  Sample FITS lesson plans are 
being developed for posting on the FAA’s website for instructors and designated 
examiners to access. 

Implementing FITS into GA Flight Training
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The are four levels of FITS acceptance depending upon the type of training 
being conducted (FAA, 2007).  Detail guidance for FITS acceptance is provided on 
the FITS website and in the FAA orders provided to aviation safety inspectors. 

These four levels are:
Accepted FITS Flight Syllabus- required training in an airplane, •	
simulator, or advanced aviation-training device.
Accepted FITS Syllabus (Non-Flight)- used to enhance a certain •	
set of skills such as the use of a new glass cockpit display or to 
better develop SRM skills without actually flying, but uses a live 
instructor to conduct the training.
Accepted FITS Self-Learning Program- a computer based •	
program using a CD, DVD, or online program to conduct training 
for a specific application or purpose.
Accepted FITS Supporting Material- materials that do not meet •	
all of the requirements for any of the other three levels but can 
be used as part of a FITS curriculum or lesson (FAA, 2007).

Over the past seven years, the FAA/Industry Training Standards (FITS) pro-
gram has grown exponentially.  This growth has been driven by the general avia-
tion industry desire to participate rather than FAA mandates.  Not only is the avia-
tion industry integrating FITS tenets into its training programs, but the rapid growth 
of glass cockpits in smaller general aviation airplanes has created a demand to 
expand FITS training concepts into more industry training programs.  The FITS 
team worked directly with many aircraft manufacturers (or their chosen training 
providers) to develop appropriate training programs.  Today, all of the major gen-
eral aviation aircraft manufacturers, including Cessna Aircraft, Diamond Aircraft, 
and Cirrus Designs, offer a single engine and/or twin-engine aircraft with an ac-
cepted FITS training program (Glista, 2005).  The FITS research team also worked 
with numerous universities to establish an accepted FITS training program.  More 
than a dozen universities have implemented the FITS methodology into their flight-
training curriculum.  To date, there are approximately 150 FITS accepted training 
programs being used in the United States by over 30 training providers and manu-
facturers.  

Conclusion
The FITS program is not a regulatory or government mandated program.  It 

was created with a unique partnership between industry, academia, and the FAA.  
Utilizing the lessons learned by the airline industry during the development of CRM 
and LOFT, academic studies about learning, the Alaska Capstone program, and 
NASA’s AGATE and SATS programs, the FITS team developed a program de-
signed to help general aviation pilots meet the challenges of the new technologies 
being introduced into the cockpit and National Airspace System. 

The FITS program is centered on three key elements; SBT, SRM, and learner-
centered grading (LCG).  The FITS program emphasizes SRM with the ultimate 
goal of increasing safety on all levels of performance.  FITS teaches the pilot much 
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earlier in training to develop decision making skills that are practiced with every 
flight lesson. 

The fact that so many organizations have voluntarily decided to incorporate 
FITS methods into their training and seek FITS acceptance is testament to its suc-
cess.  The FITS program stands out as an example of how industry, academia, 
and the regulating body can work together to create workable and useful solutions 
that make sense and can be another part of the effort to increase safety in general 
aviation. 
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Abstract
Learning in the high reliability domain has vital importance where public safety 

is dependant on the expertise and proficiency of practitioners. Air traffic control is 
one example of work that may be characterized as a technologically complex, high 
stress, real-time environment with little margin for error. This study investigates 
learning in the air traffic control workplace in the context of workplace changes, 
which required all experienced controllers to act as instructors of trainee control-
lers. Initially prescribed as a strategy to enhance organizational flexibility and to 
increase workplace efficiency, the initiative was shown to have unintended effects. 
The results reported show how an incidental and unintended reciprocal learning 
opportunity (through engaging in on-the-job-training) enriches the reflective 
learning process for instructors. Organizational strategies, which serve to refresh 
the expertise of practitioners while addressing the needs of workplace training, 
offer wide-ranging benefits in the high reliability domain where reflective practices 
are necessarily limited by the intensity and immediacy of the work.
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The Reciprocal Development of Expertise in Air Traffic Control
In the past few decades, a range of studies have served to highlight the impor-

tance of learning in the workplace, which has been shown to occur in a myriad of 
ways (Engestrom, 2001; Eraut, Alderton, Gerald, & Senker, 1998) including formal 
on-the-job training programs, as well as through informal and incidental learning 
(Collin, 2006). Given the dynamic changes in work, work organization, and the 
increasing attention directed at workplace learning in all its forms, an understand-
ing of the role of the development of expertise and its place in formal and informal 
workplace learning becomes critical. This is especially so in the high reliability 
domain, where, though disturbances may be regarded as “opportunities for use 
and expansion of individual competencies and for organizational innovation and 
change” (Grote, Weichbrodt, Gunter, Zala-Mezo, & Kunzle, 2008, p.19), the lati-
tude given to local actors to handle uncertainties in a flexible manner is necessarily 
constrained by the need for standardization and centralization to prevent system 
failure. 

Since high reliability organizations, such as air traffic control, “are unforgiv-
ing environments where errors can have devastating consequences,” (Fogarty & 
Buikstra, 2008, p.199). They propose that, in order to maximize the safety climate, 
organizational processes and practices should be more closely examined. Further, 
Hudson (2007) warns of the danger of increasing academic engagement in the 
measurement instruments of safety, without undertaking a more comprehensive 
engagement with the industry itself. 

While Hubbard (2008) maintains that air traffic control is a field that is par-
ticularly resistant to observation by outsiders, Hudson (2007) notes that, “failures 
arising from the culture of an organization have become seen as the reason why 
major accidents happen” (p.698). 

Safety will continue to be critical as high reliability industries, such as air traf-
fic control, become more complex and technologically driven (Fogarty & Buikstra, 
2008). It is imperative that strategies to enhance expertise are supported in high 
reliability domains such as air traffic control, where the organization of work is 
such that its intensity and immediacy limit reflection, thus constraining learning. 
Nor is it possible to learn by experimentation. It follows that a consideration of the 
enhancement of expertise in the context of workplace learning and culture in air 
traffic control is compelling. 

Maintaining and enhancing expertise

It is now generally accepted that, in the future, almost everyone will be required 
to both continue their learning and even intermittently relearn aspects of their pro-
fessional skills. Therefore, understanding how expertise is acquired, maintained, 
and extended within the workplace becomes of particular importance. 

In the Cambridge Handbook of Expertise and Expert Performance, an expert 
is defined as “one who is very skillful and well-informed in some special field” (Er-
icsson, Charness, Feltovich, & Hoffman, 2006, p.3). According to this perspective, 
expertise refers to the attributes (including knowledge and skills) that distinguish 
experts from novices. However, the changing contexts of work and workplace 
learning, the assumptions underpinning traditional theories of skills, and the de-
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velopment of expertise are being challenged in three ways. First, much theory 
of expertise is based on the assumption that the knowledge base is stable, even 
static (e.g., Chi, Glaser, & Farr, 1988; Ericsson et al., 2006). Second, there is the 
assumption that expertise is acquired individually when cognition becomes under-
standing, which is then internalized (e.g., Chi, Glaser, & Farr 1988). Third, there is 
the assumption that expertise is extended unidirectionally—as a transmission from 
more knowledgeable others to the less knowledgeable. That is, novices learn from 
those more proficient and proficient people become expert by seeking out more 
knowledgeable others and engaging in mentoring, deliberate practice, and reflec-
tion (e.g., Zimmerman, 2006).

This paper will demonstrate that each of these assumptions needs to be chal-
lenged, in order to provide a better account of how expertise may be acquired, 
maintained and developed in contemporary and dynamic workplaces like that of 
air traffic control.

For the purposes of this paper, we adopt Pillay and McCrindle’s (2005) defini-
tion of expertise. They argue that professional expertise develops within a given 
domain of knowledge only as a result of contextualized training and practice. They 
define expertise as the “ability to combine domain knowledge with appropriate pro-
fessional tools and strategies to solve problems within the socio-cultural context of 
the profession” (Pillay & McCrindle, 2005, p.67). The challenge for contemporary 
organizations undergoing changes to the nature of work and its organization, then, 
is to understand how expertise is acquired, maintained, and developed in the con-
text of everyday practice.

Essentially the paper proceeds as follows: First it will provide a brief review of 
theories of expertise and why they need to be challenged. Then it will provide an 
outline of the type of work undertaken in the domain of air traffic control. Next the 
methods used in collecting the data and conducting the qualitative analysis will be 
outlined. A number of key themes pertaining to expertise will then be discussed 
which will include implications for the future of work and learning.

Expert cognition and the role of experiential learning

Most theories of expertise contend that expertise is predicated on a highly 
evolved knowledge base, as well as highly automated skills that are developed 
over years of practice. This highlights the importance of the developmental nature 
of skill acquisition and the role of experience.

In studying the development of expertise in nursing, for example Benner, Tan-
ner, and Chesla (1996) identified five stages of skill acquisition: 

The 1. novice or beginner, for whom performance is typically rule 
governed.

 The 2. advanced beginner, who can identify recurring meaningful 
situational components.

 The 3. competent, who can begin to see their actions as part of a long-
range goal or plan to address the problem.
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 The 4. proficient, who perceives situations as wholes.

 The 5. expert nurse, who typically is said to operate from a deep 
understanding of the total situation and whose responses become 
automatic. 

The strength of this research is that it shows the various stages of growth 
within the developmental stages of expertise, between being a novice and becom-
ing an expert. It also highlights the difficulty of capturing descriptions of expert per-
formance because the expert is no longer aware of the rules, maxims, strategies 
he or she is calling upon to guide expert performance (Benner et al. 1996; Benner, 
2001, 2004, 2005) because they perform automatically. Thus, the expert may not 
be able to articulate the elements of their practice. In these cases, individuals who 
have been performing the task for a long time forget which maxims and rules they 
are invoking in undertaking the work, making the skills learned opaque, even to 
themselves.

However, these static approaches to expertise have recently been challenged. 
One of the strongest criticisms of cognitive or information-processing approaches 
to expertise  (e.g., Engestrom, 2004) is that proponents of these models assume 
a knowledge base that is stable, even static, perceiving expert performance to be 
domain specific and surprisingly limited (see for example, Ericsson et al., 2006). 
This gap has led to an increasing call to develop strategies to investigate “the way 
human practices emerge at work: as societally located and socially intelligible ac-
tions of reasoning and communication” (Engestrom & Middleton, 1996, p.3). 

The second assumption, that expertise is acquired individually has also been 
challenged because it ignores the role of social context in the development of 
expertise. These issues have been discussed recently in the aviation industry. 
Hoover (2008), for example, calls for a consideration of social learning theory in 
flight instruction as “social learning is affected by the culture in which the individual 
is enmeshed and cognitive development results from shared experiences and in-
teractions with individuals or groups that include both instructors and more compe-
tent peers”(p.364). Hoover cites the concept of reciprocal teaching, based on Vy-
gotsky’s (1978) theory of social cultural learning, as offering a richness and depth 
currently absent from flight training curricula. It is from this perspective, which we 
have sought to examine the role of expertise and the enhancement of workplace 
learning, both formal and informal, in the setting of air traffic control.

Situating expertise in practice and the role of culture

It is well established within socio-cultural theories of learning that all individu-
als, groups, and organizations operate in dynamic environments influenced by 
contexts. Socio-cultural theories of learning emphasize both the situated nature of 
the context as well as the importance of the collective and culture to learning. Ac-
cording to socio-cultural theories, knowledge is not only mentally structured but is 
practice-based, embedded in the everyday experiences of acting, negotiating and 
problem solving within the participatory process of working (Lave, 1993).  Such 
learning is seen further as intertwined with the technical performance of work. 
Social networks are, thus, conceived as a shared social practice (Collin, 2006; 
Gherardi, 2001; Schulz, 2005), the concept of “legitimate peripheral participation” 
(Lave & Wenger, 2005) being used to characterize the ways in which novices 
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become competent members of the community of professional practice as a col-
laborative enterprise. 

The distinction is drawn between cognitive information processing approaches 
to expertise and socio-cultural approaches in that the focus of attention switches 
from the individual to a community of practice. In this way, Konkola, Toumi-Grohn, 
Lambert, and Ludvigsen (2007) argue that expertise is not just developed inside 
the practitioner’s head but also “expands the structures of knowledge to include 
not just mental and symbolic representations but also physical artifacts and recur-
ring patterns of social practice” (p. 213-214).

While these approaches provide a more satisfactory account of learning and 
transfer in the development of expertise, they are still problematic. As Konkola, et 
al. (2007) notes, there remains an assumption that the community of practice is 
stable. It is also important to observe that the community of practice is depicted 
as benign; meaning that expert others are willing and able to support less knowl-
edgeable others. However, in workplaces this is frequently not the case (see for 
example Collinson, 1992; Owen, 2009). Communities of practice sometimes en-
compass cultures that can work against valuing learning-oriented work practices 
and, thus, the development of particular forms of expertise. Moreover, both infor-
mation processing and socio-cultural views still assume a unidirectional flow in the 
development of expertise from novice to expert. If it is accepted that knowledge 
is embedded in artifacts and cultures that are reciprocally determined (Pillay & 
McCrindle, 2005) then why insist on a one-way flow when it comes to developing 
expertise?

Engestrom (2004) suggests that, because of the increasing complexity and 
abstraction found within contemporary workplaces, a new interpretation of exper-
tise in work organizations is required. He is particularly concerned with organiza-
tions undergoing transformational change where little may be known about the 
problem at hand and in need of resolution. 

For Engestrom (2004, p.163) there is a need to develop a new generation of 
“collaborative and transformative expertise” that is based on the capacity of work-
ing communities to cross boundaries, negotiate, and improvise in order to reshape 
their activities. Its rules include “transparency and reciprocity” (p.163). Improvisa-
tion and reshaping activity is needed to address disturbances or breakdowns that 
result in tasks that are impossible to resolve. “Experts must face, diagnose, and 
resolve novel situations for which they have little or no directly applicable practice” 
(Engestrom, 2004, p.146). The conditions outlined by Engestrom are important and 
are likely, as he contends, to become increasingly frequent as dynamic change in-
creasingly affects workplace practices. Thus, it is contended that the skills of trans-
formative expertise as a new idiom are likely to be increasingly required.

Nevertheless, it is also critical to note that not all tasks will be impossible to 
achieve and, thus, require organizational transformation. Institutions and organiza-
tions will still face problems that are mundane, requiring attention to the develop-
mental acquisition of learning through experiences in everyday practice. 

A discussion of the type of undertaken in the air traffic control workplace will 
outline both the type of learning and the kinds of expertise required, as well as 
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summarizing some of the challenges of change which occurred in this workplace 
at the time of the study. 

Air Traffic Control Work
The goal of air traffic control work and the tasks of air traffic controllers are to 

maintain separation between aircraft in a way that is safe and allows for expedi-
tious flow of air traffic. Air traffic controllers both direct the flow of traffic and provide 
in-flight information to assist aircrew in the operation of their aircraft.

Even though air traffic control practice involves applying just three standards 
or rules of separation (i.e., keeping aircraft separated vertically, laterally, and longi-
tudinally), the work is complex because of a range of other factors.  For example, 
aircraft may be required to divert from an original flight plan due to poor weather 
or, in a desire to get above or below poor weather conditions, aircraft may request 
flight level changes. Crosswinds or tailwinds may alter an aircraft’s performance, 
resulting in the aircraft not performing as anticipated.  Other environmental condi-
tions (e.g., bushfires, fog) can also alter the flight plan. The performance of each 
aircraft can also vary and this may be due to the aircraft profile, its payload, com-
pany policy, and even how a pilot “drives” the aircraft.

The organization of air traffic control work is divided into the phases of the 
flight and is shared between:

Tower• , which provides airport control and surface movement control, and

Control Centre• , which provides 

Approach control (responsible for aircraft approaching and departing • 
the airport- approx 30 miles from the airport);

Area or “Enroute” control (aircraft travelling to and from their desti-• 
nation in what is typically describes as the cruise component of the 
flight), and 

Arrivals control•  (preparing for landing which commences approx 120 
miles from the airport).

In Australia, technological developments had led to the centralisation of work 
activity to two Centres (one for Northern and Southern Australia) at Brisbane and 
Melbourne.  This decision led to a reduction of air traffic control presence at other 
major airports.  National industrial relations policies were also being introduced at 
the time that aimed at reducing job role specialisation and increasing labour flex-
ibility.  These were sometimes referred to as “multi-skilling” initiatives and at other 
times “multi-tasking” arguably because the changes were not enhancing the skill 
levels of workers, just getting them to do different jobs (Marginson, 2005). Given 
that in some communities the term “multi-tasking” can mean personnel undertak-
ing several jobs at once, the term “multi-skilling” will be used here.  In Air Services 
Australia, for example, this was evident in the implementation of industrial rela-
tions changes that resulted in the restructuring of work practices by combining all 
operational staff into the one industrial agreement and in requiring that every rated 
controller was required to become a “Full Performance Controller” (FPC) gener-
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ally within three to five years of achieving an initial rating.  To do this the controller 
must achieve a rating on three airspace sectors and maintain “currency” (i.e., be 
up to date and therefore able to operate) on these sectors. In addition, it was also a 
requirement that every Full Performance Controller become a workplace instructor 
of others within six months of achieving their FPC rating. Other industrial changes 
included flattening the organizational hierarchy from seven levels of Air Traffic Con-
troller pay-scales to two (Journeyman Controller and Full Performance Controller), 
putting all controllers in essence on the same scale.  Prior to this controllers would 
commence on an en-route sector to gain experience of controlling aircraft in flight 
and then progress as their experience grew to other sectors closer to the air-
port that arguably required faster decision-making skills and had greater demands 
(which had in turn been represented in a higher pay scale for Approach).

In summary, air traffic control work is mediated by technologies and involves a 
high level of responsibility and reliability.  It involves multiple agents, higher order 
thinking (where the path of action is not fully specified in advance and yields mul-
tiple solutions), in a context of imperfect information, uncertainty, and constantly 
changing conditions, time pressure which at times can create a strong sense of 
urgency. In this type of workplace, there is little capacity when engaged in the 
work to stop it in order to enable reflection and debriefing – something that can be 
done in other work domains – because in this context the work cannot be stopped.  
Thus, enabling resilience through flexibility is necessarily constrained by safety 
considerations. Since reflection in action is impossible, new and innovative ways 
to enhance expertise offer coherence and efficiency within the context of organiza-
tional transformation, without compromising safety systems. 

Research Design
This study of learning in the air traffic control workplace was conducted over 

a five year period and utilized an ethno-methodological (e.g., Garfinkel, 2007) 
qualitative research design, where a stratified sample of one hundred air traffic 
controllers were interviewed, in some cases on multiple occasions, across three 
air traffic control Centers in Australia. The basic premise of the research was that 
the lived experience of people at work is significantly influenced by their contexts 
(in organizations, most commonly conceptualized as structures and cultures), that 
these changing contexts have implications for learning, and are in turn reproduced 
or transformed by people. The research questions examined are included in Ap-
pendix A. Two that are pertinent in this paper are “How does learning occur in the 
air traffic control workplace?” and “In what ways do organizational structures and 
cultures enable and constrain learning in the workplace?” For space limitations, in 
this paper only incidental instructor learning is discussed.

Considerable debate exists about the kinds of strategies that are appropriate 
to rigor in qualitative research. At the heart of these debates are issues of which 
epistemological position the debater comes from: a more subjectivist (Hassard, 
1990; Van Maanen, 1988) epistemological position or an objectivist one (Burrell 
& Morgan, 1979). Given the goal of this research was to uncover the lived experi-
ence of participants the approach taken here is one of attending to the participants’ 
perspectives. As Gillett (1995) concluded “once one sees the tasks of understand-
ing human behaviour as involving interpretation and empathy rather than predic-
tion or control, the self-reports of the subject become very important” (p. 111).  
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Nevertheless, it is still important to adopt a conscious interpretative stance, and to 
have verifiable ways of establishing the credibility of the data. 

The standards typically applied within professional communities of qualitative 
researchers relate to the degree to which the “trustworthiness,” “credibility,” “trans-
ferability,” “dependability,” and “confirmability,” are empirically verifiable. These are 
argued to be the qualitative equivalents of “internal validity,” “external validity,” “reli-
ability,” and “objectivity” (Denzin and Lincoln, 2000).  In this research these stan-
dards were applied in the following ways.

To ensure “trustworthiness” of data, researchers need to make use of mul-
tiple and different sources, methods and theories (Patton, 2002) and to interview 
an extensive number of informants to provide supporting evidence. In this study 
interviews were conducted with a stratified sample of the main roles of air traffic 
control work, within three different geographical locations, attending also to ensure 
controllers with differing demographic characteristics (e.g., experience) were in-
cluded. “Credibility” of the findings was strengthened by prolonged engagement in 
the field and building trust with participants (Yin, 2003). In this study, this occurred 
over a five year period.

The strength of the theoretical argument is also a key feature of demonstrat-
ing “transferability” as well as credibility (Strauss & Corbin, 1994). Transferability 
of data occurs at two levels: the degree to which the findings are transferable 
within the population studied and the degree to which the results are transferable 
to other populations. Thick, rich description adds to verification according to Den-
zin and Lincoln (2000) because it allows the reader to make decisions regarding 
transferability to other settings because of the degree of detail in the information 
provided. “Dependability” of results relates to the issue of ensuring data collected 
is stable and consistent over time. Dependability is enhanced by strategies such 
as involvement in the field for extensive periods of time and extensive interviewing. 
Dependability is also enhanced by collecting data as part of an iterative process 
(Yin 2003).  Dependability and confirmability are enhanced if threats to inaccuracy 
in data collection are reduced.  These strategies can include, for example, use of 
audio- or video-tape and verbatim transcripts. “Confirmability” relates to the issue 
of whether there is a correspondence between what the study’s participants meant 
and what the researcher inferred. One way of ensuring confirmability is through 
member checks of the data (Denzin & Lincoln, 2000).  Eight air traffic control-
lers involved in different parts of the organization research the manuscript of the 
full study. An indication of the veracity of the findings for the Australian Air Traffic 
Control population emerged some time after the completion of the study when the 
Air Services Australia library contacted the author to request six copies of the full 
study; such was the interest and demand in reading the findings.

Research Methods Employed

Of the 100 interviews conducted, 25 were conducted with controllers acting 
in the role of instructor; 27 occurred with controllers who were reporting on their 
experiences of being both controllers as well as instructors; 36 were trainees (16 
abinitio i.e., with no previous experience) and 12 in roles of human resource man-
agement.  This paper draws on the 52 interviewees who were able to report on the 
experience of instructing.  These interviews were conducted in Approach (n=13), 
Arrivals (n=12, Enroute (n=17) and Tower (n=10).

Reciprocal Development of Expertise in ATC
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In collecting the data, three geographical sites were chosen – Brisbane, Mel-
bourne, and a major airport in another capital city (Perth).  At each of these facili-
ties, interviews were conducted with personnel involved in all sectors of air traffic 
control work as well as with others involved in off-the job training and in positions 
of human resources and management. 

The approach taken was an inductive theory-building one based on a semi-
structured interview process. This is, a series of prepared questions guided the 
initial interview (see Appendix B), though not all questions were asked of all par-
ticipants. This is typical in grounded theory and theory building iterative research 
processes (see Charmas, 2006; Denzin & Lincoln, 2000; Patton, 2002; Corbin & 
Strauss, 2008). At times interview topics diverged to follow a particular point made 
by the participant (which, if they proved pertinent in the subsequent coding and 
analysis process were then followed up and tested with other interviewees.  Fol-
low-up interviews, where they occurred, addressed questions that may not have 
been asked initially or were used to check out the respondent’s views on a particu-
lar theme that had emerged in another interview and needed to be further inves-
tigated.  These strategies of triangulation of themes across multiple data sources 
enhance the veracity of the research method process

Interviews conducted were between thirty minutes and three hours in dura-
tion. Interviews were undertaken in the geographical locations typically in batches 
of 3-5 day periods.  The audio taped interviews were then transcribed and coded 
before going back out into the field.  When the interviews were transcribed, the 
data were entered into a software program for qualitative data analysis.  When all 
the data had been collected, a process described by Tesch (1990) as de-contex-
tualising was used which involved segmenting the data into meaningful units (i.e. 
a segment of text that is comprehensible by itself and contains one idea, episode, 
or piece of information).  These segments become the beginning of an organising 
system or pool of meanings to which the data belong. This assembling is termed 
re-contextualisation and results in categories which are further refined to concepts 
or themes. The themes discussed in this paper, and their proportional representa-
tion across the interview sample are included in Table 1. 

Table 1

Themes of instructor learning and developing expertise

Theme Sub-theme

Number of participants 
who discussed

N %

Developing 
controller expertise

Developing autonomy 35 68

Developing automaticity 36 69
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Instructor Learning

Unlearning automaticity 22 42

Shifting gears- re-learning 
how to learn 

Developing  instructional 
metacognition

46

20

88

38

Instructor 
learning 
processes

Reciprocal 
learning 41 79
Developing 
expertise 33 63

Socio-cultural 
enablers 

Organizational structures 25 48

Organizational cultures 31 60

Socio-cultural 
constraints

Organizational structures 37 71
Organisational cultures 43 83

It should be note that each interviewee had the opportunity to discuss a range 
of themes.

Results and Discussion
Given the space limitations in this paper, each of the themes relevant to in-

structor learning will be discussed and an example of the kind of comment made 
within that theme will be provided as an exemplar.  The ways in which controllers 
first learn to develop their expertise is outlined first, followed by the strategies in-
structors engage in to redevelop their learning.  Finally, the sociol cultural aspects 
that were identified to enable or constrain reciprocal learning and instructor devel-
opment of expertise will then be outlined. 

Developing expertise as a controller

According to those interviewed, job content knowledge in air traffic control is 
built up through experience over a considerable number of shifts as controllers 
build up a reservoir of handling air traffic control situations or what (Suchman, 
1996) referred to as learning “routine trouble”. 

Developing autonomy. Indeed, for many controllers, once they are licensed 
and able to operate on their own and to develop their own autonomy is when de-
velopment of their own expertise begins. 

Interviewer: “Someone has said to me that you don’t develop technique 
until you have got your rating because they are not your techniques - you 
are just using somebody else’s.”

Respondent: “That’s true. When you are finally rated and you waddle 
off with a rating in your pocket [that] is when you really start the learning 
session. All that has happened up until that point is somebody has sat 
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with you and beaten you across your head enough times to keep you out 
of trouble. Someone to say, “yes, they are safe to leave on their own, they 
shouldn’t bang two together.”  And from then on, when you sit on your 
own, as you do when you go solo flying, and then you really start to figure 
out what is going on.” (Int. 83, Instructor).

Developing automaticity. Incidental learning, as the controller above ex-, as the controller above ex- as the controller above ex-
plains, allows the controller to build up his or her own techniques and “style” of 
controlling — of working out what best works for them in solving the problems 
presented. In time, these experiences become automatic, allowing the control-
ler to become efficient. In work environments that occur in real-time where the 
work at the console cannot be stopped, active reflection can indeed even slow the 
work process down. Direct experience and automaticity are needed to achieve 
efficiency. However, such automaticity can also become a problem, as the next 
controller explains. 

“There was one person that we had, their skills had actually gone back-
wards when we moved them onto the next sector because they’d been 
there [on the old sector] for too long. Their thought processes and all [the 
skills] they had, had just gone into, how can I put it, autopilot, and they 
were just doing it by autopilot. But when they were moved onto the new 
sector, they had to learn again and it was like starting from scratch again 
because their ability to learn new skills was much lower than it would be 
if they were still in that learning process.” (Int. 53, Team Leader).

Unlearning automaticity. This change in sector requires the controller to stop 
working automatically and to re-attend consciously to the task at hand. When the 
controller becomes a trainee again, he or she needs to “shift gears” from acting 
automatically to acting with a deliberate conscious intention toward learning. Sys-
tematically moving from one sector to another and becoming a trainee again is 
also important for the maintenance of certain generic controller skills.

As the above extracts illustrate reflection is enhanced as a controller is delib-
erately placed outside his comfort zone into what Vygotsky (1978) called the “zone 
of proximal development,” thus, producing dissonance for the controller. In this re-
spect, the multi-skilling introduced as part of the changes in organizational policies 
enhanced reflection and learning. By forcing the controller to become conscious 
of their practice, they have to reacquire the ability to learn and this supports the 
development of expertise.

Shifting gears: (re)learning how to learn. As discussed, structural changes 
in the organization of work included another initiative aimed at enhancing work-
force flexibility through multi-skilling: that of requiring all controllers to become in-
structors. Once again, an unintended effect of doing so is to enhance the reflective 
strategies of the controller-instructor. Being able to reflect and think rather than 
act and (automatically) do is also one of the first things a new instructor needs to 
learn, in order to be able to monitor the emerging traffic scenario, as the following 
instructor explains. 

“The hardest thing at first (when being an instructor) is to be able to con-
centrate on what is going on. You literally have to teach yourself to actu-
ally keep a full picture of what is happening. ‘This has to be done now, 
he didn’t do it. I have got to remember that he didn’t do it.’ That is the first 
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thing that you have got to teach yourself. That is very hard - being able to 
keep [a handle on] what is going on” (Int. 78, Instructor).

Reciprocal learning. The process of instructing sets up opportunities for con-
trollers-as-instructors to observe and reflect on the job of controlling — something 
that is difficult to do when engaged in the temporally and cognitively demand-
ing work that occurs as air traffic control undertaken in real-time that cannot be 
stopped. When a controller is instructing another, he or she sits or stands behind 
the person working at the console and watches the trainee controller undertaking 
the work. The practice of watching another do the work of controlling enables the 
controller to view the work activity from a different perspective. Controllers com-
mented that having to become an instructor forced them to re-examine their own 
knowledge base. Stepping back from the job at the console had the advantage of 
giving the controller a different (wider) perspective.

“I think it helps because you are going back to basics for yourself. You 
probably even, in fact, improve your own performance greatly on training 
because you start calculating things again and find a lot of things that you 
would perhaps put in your little judgment block in the back of the mind, 
that you use all the time weren’t quite right. Maybe when you put them in 
they weren’t quite right. So with the trainee you are watching all the time 
and thinking, ‘What would I do here? What would I do here?’ so that you 
can come in if he is going to ask, ‘What do I do now.’ You say ‘Do this’ 
instead of having to think ‘Oh God what do you do now?’ - having it all 
worked out in your mind” (Int. 93, Instructor).

Thus by potentially setting the expert adrift from their accustomed sense of 
work practice, a “mundane accomplishment of directionality can be made explicit” 
(Engestrom, 2004, p.156). The expert is thrust beyond their automatic practice 
toward an explicitly conscious awareness of their practice. 

Respondent: “The ‘conscious competence’ and ‘unconscious compe-
tence.’ I think that we really needed to know that. I thought that was really 
the first thing - what a good idea it was and then I realized that it is so 
much that when you are doing the job for years and you get a trainee 
[you realize that], not only do you know what you are doing but you do it 
automatically.” (Int. 79, Instructor).

Reflection-in-action is possible partly because of the overt distance from intui-
tive practice which instruction requires, thereby facilitating an aspect of conscious 
enquiry, which real time urgency and immediacy obscured in the practice of air 
traffic control work (Westrum, 1997).

In the context of work that has the characteristics of real-time intensity and 
complexity, the requirement to take on the role of instructing sets up the controller 
to engage in the process of observing a job and, in doing so, enhances the con-
troller’s own opportunities for learning. Although this was not the intention of the 
organizational change, some instructors and team leaders commented that the 
instructional role is sometimes used as a strategy to enhance the performance of 
the instructor.

Interviewer: “What impact does having a trainee have on you and the 
way you do the job in terms of your currency?”

Reciprocal Development of Expertise in ATC
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Respondent: “In some ways it improves you because you become more 
aware of what is going on around you and you look at other ways of doing 
things and being forced to sit back and watch it in detail - you analyse it 
a lot more.  There is an old saying on Approach ‘he’s been doing the job 
for a year now; it is time for a trainee so he can really look at the whole 
thing.’ Quite often, training officers are selected from the point of view to 
improve the training officer not for the trainee’s benefit. There is quite a 
bit of that going on and there’s a lot of truth in it” (Int. 65, Instructor).

In considering the response above, a possible first reaction to this would be 
to suggest that the main purpose of becoming an instructor should be to enhance 
the trainee’s performance not the instructors. However, from the perspective of 
the whole system of work activity it is argued that this would be an unduly limited 
view. 

The Development of Reciprocal Expertise

It is acknowledged that “explaining one’s thinking to another leads to deeper 
cognitive processing” (Bereiter & Scardamalia, 1989), with reflection seen as an 
essential ingredient for learning (Brookfield, 1995; Schon, 1991). Historically, the 
term “reciprocal teaching” has been associated with peer learning in schools (Pal-
inscar & Brown, 1984). However, this paper extends the concept to include a con-
sideration of workplace learning.  In applying it to a high reliability domain where 
learning from experimentation is necessarily limited due to safety considerations, 
such a suggestion has broad-ranging possibilities. In this context, the notion of re-
ciprocal learning is important, because it enables the expert to step outside of their 
accepted codes of reference to refresh expertise and reframe their awareness for 
the purpose of teaching. 

Embedding the role of instruction within the job descriptions of all controllers 
has had, in this organization, considerable benefits. Data collected from the inter-
views conducted in all three centres and in all air traffic control sectors revealed 
that undertaking the role of instructor is a structured task which improves the con-
troller’s own performance because it forces the controller instructor to think about, 
justify and articulate the bases for the decisions he or she would be making if doing 
the work. Performance enhancement aspects of the instructional role of controllers 
should be acknowledged within structures of work organization, thus institutional-
izing a potential reciprocal learning opportunity.

Indeed, there is a paucity of relevant research on the question of instructor 
learning, with few studies investigating the potential benefits to instructors of the 
teaching role to enhance and refresh expertise. The novice/expert relationship has 
largely been seen as a unilateral one (Carrington, 2004), in which the primary ben-
efit resides in the novice, while little consideration has been given to the possible 
reconfiguration/ transformation of existing knowledge that is afforded by taking on 
a teaching role. 

It is imperative that strategies to enhance expertise are supported in high reli-
ability domains, where the organization of work is such that its temporal dimension 
(intensity and immediacy) limit reflection, thus constraining learning.  It is sug-
gested that the expert may become less flexible “as practice becomes increasingly 
tacit and spontaneous, the practitioner may miss important opportunities to think 
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about what he is doing” (Schon, 1991, p.61), thus, potentially relying on flawed and 
error-prone decision-making processes.  Similarly, Mitchell (2009) relates how a 
pilot’s flying skills may diminish with the rise of automation in cockpits.  “A short-
coming of present automation systems is that they are not yet intelligent enough 
to cope with extraordinary situations. These situations are still left to the skills of 
experienced or talented pilots” (p.23).  Complacency and over –reliance on auto-
mation may, thus, serve to reduce the flexible response required by expert practi-
tioners in unexpected situations.   

Socio-Cultural Contextual Influences on the Development of Expertise

Nevertheless, there is still a needed relationship between developing exper-
tise and experience, which can become problematic in workplaces undergoing 
structural and cultural change. In air traffic control, for example, the reciprocal de-
velopment of expertise is also constrained by other changes in organizational and 
recruitment practices, which have led to a concentration of inexperienced control-
lers on particular en-route sectors. 

Structural impediments. However, reciprocal development of expertise is not 
going to be a solution if the locus remains in the interactions between inexperienced 
instructors and their trainees, as the following instructor explains:

“I think, people training after six months... I mean it’s okay because we 
are pretty fresh out, we still know our theory but you can teach people 
all the theory in the world and you can tell them how to do the job, but if 
you haven’t got that experience base to hand on to them, they are really 
missing out I think.  Then they haven’t got that experience base.  So then 
when their six months is up, they train and they have got no experience 
/ [and] the level of what people can teach gets narrower and narrower.  
Whereas if you have got someone who has got years of experience they 
can pass on that knowledge and then they can pass on ...I think the nice-
to-know stuff is getting less and less because all we know is the facts and 
so that is all we can teach. We can’t pass on our years of knowledge.” 
(Int. 49, Instructor).

For some instructors, particularly those in the Enroute sectors, the “dilution” 
of experience is a concern because it limits the alternatives that can be passed 
on to the trainee. Simply put, controllers-as-instructors “fresh out” do not have the 
job content knowledge to draw on. Therefore, controllers need opportunities to 
develop working alternatives in a range of situations before they feel comfortable 
taking on a trainee because their own experience level and lack of options is likely 
to limit the experiences they can provide to their trainees. 

Structural enablers. This raises the question of how, under these circum-
stances organizations can make available the requisite variety (Weick, 2001) 
needed for trainees to access when engaging in on-the-job learning and after com-
pleting their certification. One means of facilitating the access to depth of job con-
tent knowledge for trainees is to make the process of facilitating trainee accredited 
learning the responsibility of the whole team, so that the depth of experience avail-
able within the team can be used as a resource. 

Reciprocal Development of Expertise in ATC
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There are ranges of ways in which this could be achieved that are not limited 
to simply sharing the instructional duties around within the team. In appropriate 
team cultures (one where inquiry-related behaviors are a norm of practice), team 
meetings could set aside time for trainees to share their experiences to date and 
seek input from other members. Such communicative practices could benefit the 
whole team because they may also provide new insights for team members, thus 
enhancing collective memory, or drawing attention to divergent practices that may 
need to be discussed and addressed. 

Ensuring within an organizational structure that teams comprised members 
with a range of background experiences also would enhance the job content 
knowledge that would be available in the team. 

Cultural impediments and enablers. However, in addition to being difficult if 
teams comprise only inexperienced controllers, it will also be problematic in cultures 
where openness and inquiry are inhibited. In masculinist cultures, for example, 
where learning is not part of work identity (Owen, 2009), simply changing policies 
to introduce multi-skilling in the way discussed above will not ensure collective 
development of expertise or the culture of conscious inquiry important in high-
reliability work. This requires an open communicative climate where observations 
and reflections are shared.  As discussed earlier, sometimes in can-do masculinist 
cultures such as that found in aviation, openness to inquiry can be limited.  In the 
following transcript, for example, the controller inhibits the possibilities of increas-
ing his own options for handling a problem, through refraining from asking a team 
member for help, because the norm of practice within his team does not support 
inquiry.

Interviewer: “Under what conditions would you ask?”

Respondent: “There have been times in the past when I’ve been train-
ing or I’ve had a question or something I couldn’t quite understand and I 
think, ‘Would he know?  I’ll ask.’  But ‘No, I’ll pick it up.’  And sometimes 
you do [pick it up] and sometimes you don’t, until later [and] you think, 
‘oh God!  Is that what they meant?’ And it can be little things…  [But] ‘I 
don’t want to look stupid, I should know that…  Oh well, I’ll pick it up.’  I’d 
hoped!  (Int. 40, Controller).

For this controller the process of intentional inquiry is hindered because the 
controller does not wish to reveal his lack of knowledge to another. In this case 
generating alternative courses of action was constrained because of a belief the 
controller held that “he should know.” Moreover, in the workplace under study, the 
divisions of labour of experienced controllers being concentrated in the Approach 
sectors and the inexperienced controllers concentrated in the en-route sectors 
also led to contested cultures, as the following controller explains in discussion 
about team working within a new flatter organizational hierarchy:

Interviewer: “So you don’t like teams then?”

Respondent: “We’re all supposed to be part of the same team, but if you’ve 
noticed, there’s a huge division between the Tower and these guys over 
here on Approach and there’s a huge division between Approach and the 
rest of the room. We are the prima donnas and we carry on like prima 
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donnas. A lot do, and now, everyone used to aspire to go onto Approach 
and that doesn’t happen any more because of the salary compression 
(flatter hierarchy). So now, they find it difficult to get Approach controllers 
and now there’s resentment from the Approach controllers to the people 
on the other side of The Room. Not the people individually but to the fact 
that they are getting paid as much as we are in some cases more and 
they’re just out of nappies and it really has got up a lot of guy’s noses. 
So people on the other side of The Room often get the cold shoulder and 
they [get] ‘Go and ask your team leader’ when they’re asked a question 
or something like that. ‘You’re getting paid as much as I am, go find out 
for yourself’” (Int. 43, Controller).

The quote above highlights some of the impacts of organizational change on 
opportunities for informal learning because such changes have disrupted certain 
organizational cultures. This has led to resentment on the part of some group 
members, with negative impacts for informal learning. 

Transparency and reciprocity: Enabling collective expertise

The argument presented here supports Engestrom’s (2004) contention that we 
need to rethink how expertise develops. In this paper, this is held to be important 
and interwoven within everyday work practice.  The skills of collaborative expertise 
postulated by Engestrom need to be further developed so that networks of rela-
tions within organizations and their divisions of labour can support collaborative 
problem solving and in so doing, can raise the collective level of expertise within 
the professional community. Those skills include transparency and reciprocity. As 
this paper shows workplace learning facilitators and organizational designers need 
to scrutinize organizational cultures and structures to evaluate the ways in which 
these mediate the capacity for communicative practices to be transparent and re-
ciprocal and thus to support continuous learning and conscious inquiry.

Conclusion
At the commencement of this paper, we argued that understanding expertise 

needed to be revised to provide a more satisfactory account of how expertise is 
developed in dynamic and changing work contexts. On the one hand, traditional 
views of expertise have been built around three assumptions: First, that expertise 
is developed from a stable knowledge base; second, that it is acquired individu-
ally and internalized; and third, that it is extended unidirectionally from expert to 
novice. 

In contemporary workplaces, each of these assumptions needs to be revised 
and expanded. Expertise does require building a depth of knowledge that needs 
to be undertaken collectively if it is to be sustained. Job content knowledge will be 
gained and shared through the process of learning for both the experienced other 
as well as the newcomer and developed dialogical inquiry. However, this will be 
impeded if workplace cultures do not value openness and inquiry.

New forms of expertise and of the collective production of knowledge are par-
ticularly important in high reliability workplaces as well as ones undergoing change. 
“They have to invent a system of reciprocal learning without which there can be no 
collective production of knowledge in an innovation-intensive context” (Hatchuel, 
Le Masson, & Weil, 2002, p.26). 

Reciprocal Development of Expertise in ATC
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Developing and improving the community of practice by “creating active and 
supportive climates for experiential learning ensures that experiential learning will 
be shared among team members that the practice community will be self improv-
ing, and that system redesign will be ongoing” (Benner, 2004, p.293). However, 
this will only occur in cultures that already support inquiry and learning.

If we are to enhance expertise as a continuous process, which is embedded 
in and supported by such communities, we need to deconstruct the value laden 
cultural understandings that may impede collective learning.  Teasing out the tacit 
and implied understandings that enable or constrain learning contributes to the en-
hancement of learning as a continuous and iterative process, which is intertwined 
with and supported by organizational structures.

Moreover, individualistic approaches cannot fully account for enhanced learn-
ing in workplaces. A gap in theory exists, which fails to fully consider the context 
where such individuals learn and act and the reciprocal nature of the collective 
experiences afforded by this context, both formal and informal.

Increasing importance should be given to the high levels of skill needed in 
occupations of the future (Engestrom, 2004).  The development of technologies 
which automate less complex jobs leads to the “rapidly increasing need to train 
students to even higher levels of expertise to continue the development of our 
modern society” (Ericsson 2006, p.14). The instructor role for controllers might 
be seen as an unintentional “innovative deviation” of the expected course of work 
action, enriching learning proximally, reconfiguring old knowledge by reflection on 
practice, and re-embedding the expert practitioner in the historical context of his 
own journey as learner.

Organizations of the future need to evaluate all aspects of work practice and 
identify strategies to systemize and enhance learning. While it is acknowledged 
that organizational flexibility has benefits in enabling competent handling of uncer-
tainty and thus enhancing resilience (Hollnagel, Woods and Leveson, 2006), there 
remains a current belief that flexibility and change also carry risks of system failure 
(Grote et al., 2008; Amalberti 1999). A high level of standardization in the design of 
high-risk organizations such as air traffic control can be the result. How then do we 
attain a balance between the formal control needed to ensure safety in high-risk 
organizations and the flexibility, which allows the growth of expertise in order to 
safely engage with such uncertainty and dynamic change? 

The challenges of enhancing safety outcomes in high reliability organizations 
have never been greater. In the context of dynamic change, systems, which do not 
support flexible responses, may be inherently flawed. The interrogation of orga-
nizational culture offers the key to determining how dynamic responses might be 
encoded in organizational standards and routines as an implicit affordance, with-
out compromising, but rather enhancing safety culture. The results of this study 
suggest that opportunities for enabling the development of expertise need to be 
reexamined in contemporary work contexts as they may emerge from a variety of 
unintended sources. Better understanding these sources as well as how they are 
mediated by socio-cultural contexts will enable new opportunities for learning and 
the development of expertise to be encoded into organizational structures and 
cultures. 
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APPENDIX A

The Research Questions Guiding the Study
The overall research question was “in what ways do structures and cultures 

enhance and inhibit learning in the workplace?” The following research sub-ques-
tions were also addressed in this study.

What structures and cultures can be identified within the workplace stud- ●
ied?

In what ways do organizational structures and cultures enhance and inhibit  ●
learning in the workplace?

In what ways do organizational changes, such as the introduction of com- ●
plex technology, influence workplace learning?

How might workplaces be designed to create possibilities for practices  ●
of continuous learning and the development of educative work environ-
ments?
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APPENDIX B

Examination of Work-Based Learning and Instruction

How long have you been in your existing position (e.g., OJTI)?1. 

If Instructor - Why did you become one?2. 

How many trainees have you had?  Over what time?3. 

I am trying to develop an understanding of how on-the-job training 4. 
occurs in air traffic control. Think back to your last trainee (or current 
one). Can you describe what happened: For example, 

(a)  When did you “take on” this person? Did you have a choice?  
How did you find out you were getting a trainee? Was there any   
contact (between you and the trainee) beforehand? What did 
you know about this person before they arrived?

(b)  How did their training progress? Were there any times when they 
progressed quickly or slowly? Why do you think that was the   
case?

(c)  What indicators did you use to know that the trainee was 
progressing? (i.e, What did you look for?). What kind of written 
documentation was kept? Where might I find it?

(d)  Was the trainee or any aspect of their learning difficult? Why do   
you think this was?

(e)  Throughout the trainee’s learning period, what contact did 
you have with - your team leader; the training annexe; others 
regarding the trainee? Can you describe examples of such 
contact/discussions? (Probe purpose, who initiated, resolutions).

(f)  Is what you have described a typical OJTI experience or is this 
one unusual? Why?

Reciprocal Development of Expertise in ATC
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Abstract
Although air transport upset recovery training is typically simulator-based, there 

is little evidence to suggest that such training actually improves a pilot’s ability to 
recovery an actual airplane from a serious upset.  We report on a research ex-
periment to evaluate simulator-based upset recovery training transfer.  Participants 
were trained in upset recovery maneuvering using low-cost desktop flight simula-
tion, and then subjected to serious in-flight upsets in a general aviation aerobatic 
airplane.  Their performance in upset-recovery maneuvering was compared with the 
performance of untrained pilots subjected to the same upsets. Statistical analysis of 
data collected during flight testing suggests that simulator-based training combined 
with classroom instruction improves a pilot’s ability to recover an airplane from an 
upset.  We summarize prior related research, describe the experiment, analyze and 
interpret flight-test data, and explain the implications of our research with respect to 
federally mandated upset recovery training requirements.
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A Two-group Experiment to Measure Simulator-based

Upset Recovery Training Transfer
An upset occurs when an airplane enters an unexpected attitude that threat-

ens loss of control (LOC) and subsequent ground impact.  It is well known that 
from 1991 onward LOC has been the major cause of air transport accidents world-
wide and of general aviation airplane accidents in the US and Australia (Rogers, 
Boquet, Howell, & DeJohn, 2009).  What follows describes an FAA funded re-
search experiment to evaluate transfer of upset-recovery training conducted using 
low-cost flight simulation.  We assessed training effectiveness by means of in-flight 
upset-recovery testing in a general aviation airplane.  In what follows, we

Summarize relevant prior research.1. 

Describe the experiment.2. 

Present and interpret the experimental results.3. 

Discuss the importance of good training.4. 

Explain what our research implies about federally mandated upset recov-5. 
ery training.

Prior Research1

We have found only a few research articles related to the transfer of simulator-
based upset-recovery training.  Several reports result from research at the Cal-
span In-Flight Upset Recovery Training Program in Roswell, N. M.  A second set of 
articles discusses human factors considerations in upset-recovery training.  A third 
group summarizes two articles related to training transfer when upset maneuver-
ing is taught using low-cost flight simulation.

Calspan Related Research

Calspan provides in-flight simulator-based upset-recovery training in a vari-
able stability Learjet 25 modified to simulate the control characteristics of an air 
transport airplane.  The Calspan Lear can simulate various accident scenarios that 
in the past have resulted in air transport upsets leading to uncontrolled crashes.

Gawron (2004) used Calspan’s Learjet to test five groups of airline pilots with 
varying degrees of upset-recovery training and/or aerobatics experience on a se-
ries of eight upsets, hypothesizing that pilots with more training and/or experience 
would outperform those with less.  However, she found no significant difference 
among the performances of the five groups.

Kochan (2005) used the Calspan Lear to examine the roles of domain knowl-
edge and judgment in upset-recovery proficiency.  Domain knowledge is specific 
knowledge about upset-recovery procedures.  Judgment is the ability to analyze 

1  Subsections 1.1 and 1.2 are reproduced verbatim from Rogers et al. (2009), 1-2. 
A more detailed description of the same articles may be found in Rogers, Boquet, Howell, 
and DeJohn (2007), 2-4.

Upset Recovery Training Transfer
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and learn from an in-flight upset-recovery experience.  She tested four groups of 
participants on a series of three in-flight upsets.  Statistical analyses revealed that 
judgment was a significant factor in successful upset recovery, especially when a 
pilot has low domain knowledge, i.e., when a pilot is not trained to proficiency in 
upset recovery.

Kochan and Priest (2005) studied the effect of upset-recovery training in the 
Lear.  They measured pre- and post-training pilot performance in recovering from 
a series of upsets.  Statistical analysis indicated “a strong positive influence of the 
[Calspan program] on a pilot’s ability to respond to an in-flight upset.”

Kochan, Breiter, Hilscher, and Priest (2005) surveyed retention of knowledge 
in Calspan trained pilots.  Although participant in retrospect “rated their ability to 
recover from loss-of-control situations as being greatly improved by the training,” 
most were unable to recall various specific details about upset-recovery maneu-
vering taught during their training.

Human Factors Considerations in Upset-Recovery Training

A number of papers examine the “surprise” or “startle” factor in aviation, an 
effect that can hinder a pilot’s ability to respond appropriately to an emergency 
situation such as an upset.  Kochan, Breiter, and Jentsch (2004), found pilots often 
miss cues that might lead to avoiding an emergency that later arrives as a surprise.  
In a follow-on paper (Kochan, Breiter, & Jentsch, 2005), the researchers develop 
“a conceptual framework for the study of unexpected events in aviation.  Kochan, 
Priest, and Moskal (2005a, 2005b) use a model for the “cognitive process of sur-
prise”  [Based on Kochan (2005)] to study “how an unexpected event can escalate 
to a loss-of-control situation.” They conclude that in-flight [as opposed to ground-
based] simulator training may be necessary to teach pilots to deal adequately with 
their perceptual biases in processing information during a surprise upset.  In a 
related paper, Kochan (2006) argues that a pilot’s response to unexpected events 
can be improved through cognitive flexibility training (to discourage formulaic and 
encourage flexible responses to surprise events), adaptive expertise training (to 
reinforce modified or new responses to surprise based on responses learned in 
previous expert training), and metacognitive training (to teach pilots how to evalu-
ate their mental processes in responding to surprise).

Low-Cost Simulation

Roessingh (2005) studied training transfer from low-fidelity ground-based flight 
simulators to control of an actual airplane during aerobatic flight.  Two experimental 
groups received ground-based instruction in aerobatic maneuvering using desktop 
flight simulators.  The simulator syllabus was the same for both groups, but one 
experimental group’s simulator training was enhanced with a more “realistic layout 
of stick, rudder pedals, and throttle.”  Then the two experimental groups and a con-
trol group received five hours of in-flight aerobatic training.  Data collected during 
subsequent testing revealed no significant difference in the aerobatic maneuvering 
of experimental and control group pilots.

In a predecessor to the experiment described herein, Rogers, Boquet, Howell, 
& DeJohn (2007) trained participants in upset recovery using low-cost desktop 
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simulation, and then subjected them to a series of serious upsets in an aerobatic 
Beech Bonanza airplane.  Trained participants outperformed untrained control 
group participants in a variety of dependent variable such as thrust manipulation, 
G force control, and roll responses; however, in the most important discriminator—
altitude loss—there was no significant difference between the two groups.  The 
authors argued that shortcomings in training and testing procedures negatively 
influenced the experimental results, conjecturing that increased training transfer 
would result if the experiment were repeated with improved approaches to training 
and testing.

The Research Experiment

Experiment Design

Our research hypothesized that upset-recovery training in low-cost desktop 
flight simulators develops flying skills that improve a pilot’s ability to recover a real 
airplane from a serious upset in a real airplane.  To test this hypothesis, we trained 
a group of participant pilots in upset-recovery maneuvering using Microsoft Flight 
Simulator (MFS).  Then we subjected them to a series of four upset situations in 
an aerobatic airplane and collected data on their performance in recovering the 
airplane to straight and level flight.  We also subjected a group of untrained par-
ticipants to the same series of four upsets.  Participants in our experiment were 
self-selected student pilots at Embry-Riddle Aeronautical University (ERAU) in 
Daytona Beach, Florida.  All held a current instrument rating (implying a private 
pilot certificate as a minimum) and completed an academic course in basic aerody-
namics for pilots.  None has prior aerobatic experience or upset-recovery training 
beyond that required for FAA flight certificates and ratings.

As reflected in Table 1, our experiment is a 2 x 4 repeated measures factorial.  
The first independent variable is degree of training and has two levels—trained 
and untrained.  Trained participants received ten hours of classroom and ten hours 
of MFS upset-recovery training.2 Untrained participants—control group pilots—re-
ceived no classroom or simulator training.  The second independent variable is 
upset attitude.  It has four levels corresponding to the four upsets each participant 
is subjected to during flight testing.3

Dependent Variables

We defined a good upset recovery as one where a pilot respects aircraft op-
erating limitations while returning the aircraft to straight and level flight with the 
minimum possible loss of altitude.  Minimum altitude loss will result from:

Prompt and correct control and throttle inputs in response to an upset • 
situation.

A high roll rate toward an upright attitude to orient the lift vector toward • 
the sky.

2  Training materials may be viewed at http://faculty.erau.edu/rogersr/as471.
3  The upsets were ordered from least to most difficult to present the same learn-

ing curve to each participant.  We had hoped to be able to demonstrate that trained pilots 
learned more quickly than untrained pilots, but the data did not support this conclusion.

Upset Recovery Training Transfer
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Use of appropriate G forces (unloaded during low-speed or inverted rolls; • 
high Gs in dive pullouts while avoiding accelerated stalls).

The dependent variables in our experiment—shown in Table 2—are designed 
to measure these factors.

Table 1

The 2 x 4 Factorial Design

2 x 4 Factorial

Upset Attitude (Repeated Measure)

Nose-high 
Upright

Nose-low 
Upright

Nose-high 
Inverted

Nose-low 
Inverted

Tr
ai

ni
ng

10 Hours Classroom/
Simulator (Trained Group) Trained Trained Trained Trained 

None (Control Group) Untrained Untrained Untrained Untrained 

Table 2

Dependent Variables

Dependent Measure

Altitude Loss in Feet: Negative Value = Altitude Gain

Maximum G Force in Dive Pullout

Minimum G Force Unloading during Rolls

Time to First Throttle Response in Seconds

Time to First Roll Response in Seconds

Time to Recover in Seconds

Upset Attitudes

We categorized upset attitudes as nose-high or nose-low and as upright or 
inverted.  An inverted attitude is one where the bank angle exceeds 90o.  Table 3 
specifies specific the attitude, thrust setting, and kinetic energy level for each of 
the four upsets.  Nose-high initial airspeeds were set 12 MPH above VS for the De-
cathlon, while nose lose airspeeds reflect a maximum safe value based on the De-
cathlon’s red line speed VNE of 200 mph.  The 180o roll attitude for inverted upsets 
was chosen because it simplified the demanding safety pilot task of positioning the 
aircraft accurately from the Decathlon back seat, which has no instrumentation.  
Accurate positioning was critical to the success of the experiment because other 
than small deviations from a prescribed upset attitude or energy level significantly 
affect the potential minimum altitude loss for an upset.
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Table 3

Levels of the Upset Attitude Independent Variable

Upset Pitch Bank Airspeed Thrust

Nose-high Upright 60o Nose-high 45o Left Wing Down 65 MPH Idle

Nose-low Upright 45o Nose-low 70o Right Wing Down 130 MPH Full

Nose-high Inverted 60o Nose-high 180o (Inverted, Wings 
Level) 65 MPH Idle

Nose-low Inverted 20o Nose-low 180o (Inverted, Wings 
Level) 110 KIAS Full

Data Collection

To collect data, we installed a battery-operated video camera focused on the 
Decathlon’s instrument panel.  A high-resolution palm-size video recorder cap-
tured the camera’s output and cockpit voice communications.  Two factors pre-
vented our installing a more sophisticated data recording system.  One was the 
significant cost.  The other is a prohibition against invasive instrumentation in an 
Embry-Riddle training aircraft.  Figure 1 presents a screen capture of a video re-
corded during flight testing.  We also installed an Appareo GAU-1000 AHARS data 
recorder, an inexpensive battery operated GPS-based system capable of record-
ing aircraft position, altitude, airspeed, attitude (pitch and bank), G forces (x, y, and 
z), yaw angles (β), and similar parameters.  However, only G force data from it 
proved reliable in aerobatic attitudes.

Figure 1.  Sample Decathlon Video Recorder Output

Upset Recovery Training Transfer
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Results
Data

We collected complete data sets for 25 trained participants and for 26 control 
group participants.  Average flight time for trained and control group participants 
respectively was 201.2 and 160.5 hours.  Six trained pilots and eight control group 
pilots experienced unsuccessful recoveries during the nose-low inverted upset.  
In every case, the safety pilot took control in dive pullout to avoid exceeding the 
Decathlon’s redline speed VNE.  We excluded data for these 14 upsets from our 
statistical analysis because they reflect safety pilot input to the airplane’s flight 
controls.  We also failed to obtain data for one trained participant for the nose-high 
inverted upset due to air sickness.

Figure 2.  Results in Graphical Format (* = Significant Effect)

For each of the four upsets, Table 4 presents usable-data averages and stan-
dard deviations for the six dependent variables.  Bold  indicates a significant dif-
ference between groups as reported in Subsection 3.2.  Figure 2 presents the data 
from Table 4 in graphical format.
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Table 4.

Dependent Measures Means and Standard Deviations (Bold = Significant 
Difference)

Upset

Nose-Low 
Upright

Nose-High 
Upright

Nose-Low 
Inverted

Nose-High 
Inverted

Trained Control Trained Control Trained Control Trained Control

Altitude 
Loss

In Feet

565.20
75.28

728.46
169.51

331.20
225.56

340.38
184.75

948.95
167.03

1069.41
139.08

382.08
200.65

464.62
169.59

Min 
Unload G 
in Rolls

Not Applicable † 0.00
0.12

-0.04
0.15

0.99
0.86

1.41
.63

-0.47
.28

-0.43
.26

Max G 
in Dive 
Pullout

3.70
0.64

2.90
0.49

2.41
0.90

1.82
0.30

4.74
0.62

3.98
0.50

2.90
0.84

2.34
0.45

Seconds 
to First 
Throttle

3.0
1.66

5.19
2.43

2.12
1.62

3.27
2.97

2.79
1.78

4.41
2.81

1.48
.68

3.31
3.21

Seconds 
to First 

Roll

1.28
.46

1.85
.68

2.28
.89

3.15
1.38

1.68
.67

4.88
3.30

3.04
1.30

6.15
2.98

Seconds 
to 

Recover

5.40
1.38

7.04
1.64

11.16
1.43

12.88
2.98

7.11
1.29

7.88
.99

13.33
1.74

15.23
2.27

† Not applicable because trained pilots were taught to use rolling pullouts from upright 
dives.

Analysis

To compare trained and control group pilot performance, we conducted one-
way MANOVAs for each of the four upsets using the dependent measures in Table 
4.  Two factors motivated our decisions to forego a more traditional 2 x 4 mixed-
model analysis.  First, because we eliminated data from unsuccessfully recoveries 
in the nose-low inverted upset, a mixed-model analysis would have substantially 
reduced the sample size.  Second, the nature of the upset data themselves argues 
against the direct comparisons that characterize repeated measures MANOVA.  
For example, a nose-high recovery may lead to an altitude gain whereas nose-low 
recoveries invariably result in significant altitude losses.  Rather than compare 
“apples to oranges,” we opted for a more direct and operationally more relevant 
approach to data analysis.  The Wilks’ Lambda values resulting from the MANO-
VAs are shown in Table 5; they reflect a significant difference between the two 
groups in each of the four upsets.4

4  While we understand that performing multiple one-way analyses increases the 
family-wise error rate, the low computed alphas together with the magnitude of effect for    
each of the analyses provides confidence in our results while maintaining acceptable type 
1 risks (below .05).

Upset Recovery Training Transfer
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Table 5

Multivariate Wilks’ Lambda Values and Group Sizes for Each Upset

Upset

Group Size Nose-Low 
Upright

Nose-High 
Upright

Nose-Low 
Inverted

Nose-High 
Inverted

Trained n=25 n=25 n=19 n=24

Control n=26 n=26 n=17 n=26

Combined n=51 n=51 n=36 n=50

Wilks’ Lambda 
Value

F (5,45) =9.59
p = .0001
η2 = .0.52

F(6,44) = 4.47
p = .001
η2 = .38

F (6,29) =9.11
p = .0001
η2 = .653

F (6,43) =10.26
p = .0001
η2 = .60

Since data for all four upsets indicated significant differences between trained 
and control group pilot performance, we then conducted ANOVAs for each of the 
paired dependent variables in Table 4.  Table 6 presents F values associated with 
significant effects indicated by Bold Text in Table 4.  Each entry in Table 6 reveals 
superior performance by trained pilots compared to control group pilots.

Statistical analysis confirms our hypothesis that low-cost simulator-based up-
set-recovery training improves pilot performance in recovering an airplane from a 
serious upset.  Trained pilots lost less altitude than control group pilots because 
they initiated rolls toward a wings level upright attitude sooner and applied more Gs 
in dive pullouts than untrained pilots, both critical factors in minimizing altitude loss.  
In addition, trained pilots also applied throttle more promptly than untrained pilots.  
These differences in turn resulted in a quicker return to straight and level flight.  
G unloading in rolls was the only dependent measure where trained and control 
group performance did not differ statistically.  Excluding altitude loss, trained pilots 
were statistically superior to control group pilots in 14 of 19 categories, or 73.7 % 
of the time.  Including altitude loss, trained pilot performance exceeded untrained 
pilot performance in 16 of 23 categories, or 69.6% of the time.
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Table 6

Significant Effect F Values as Determined by Univariate Analysis

Dependent
Measure

Upset

Nose-Low 
Upright

Nose-High 
Upright

Nose-Low 
Inverted

Nose-High 
Inverted

Altitude
Loss

F(1,49) = 19.48
p = .0001

F(1,34) = 5.45
p = .03

Minimum 
Unload

G in Rolls

Not
Applicable †

Maximum G 
Load

in Dive Pullout

F(1,49) = 25.52
p = .0001

F(1,49) = 10.11
p = .003

F(1,34) = 16.02
p = .0001

F (1, 48) = 
8.912

p = .004

Seconds to
First Throttle

F(1,49) = 14.02
p = .0001

F(1,34) = 4.38
p = .04

F(1,48) = 7.46
p = .009

Seconds to
First Roll

F(1,49) = 12.19
p = .001

F(1,49) = 7.18
p = .01

F(1,34) = 17.16
p = .0001

F(1,48) = 22.29
p = .0001

Seconds to
Recover

F(1,49) = 14.82
p = .0001

F(1,49) = 6.83
p = .012

F(1,48) = 10.90
p = .002

† Not applicable because trained pilots were taught to use rolling pullouts from upright 
dives.

An Unanswered Question

The training transfer we observed resulted from both classroom and simulator-
based training.  An open question is how much classroom training affected trained 
pilot upset maneuvering performance as opposed to simulator-based training.  It 
would be interesting to repeat our experiment with the simulator training omitted.  
We believe—non-intuitively, perhaps, but based on our experiences training two 
sets of participants—that pilots taught upset recovery in the classroom only might 
still outperform untrained pilots in upset maneuvering.  We currently are searching 
for money to fund such an expansion of our experiment.

Importance of Good Training Methodology
Our experiment significantly improves the results of an earlier iteration of the 

same experiment, reported in the article described at the end of Subsection 1.3.  
We attribute the improvement in large part to better training methods learned 
through hard experience during the earlier experiment.

Upset Recovery Training Transfer



163The International Journal of Applied Aviation Studies

For example, in the first experiment we trained participants to perform the 
“canonical” knife-edge high bank angle recovery from nose high upsets, only to 
learn in flight testing that this recovery does not result in minimum altitude loss in 
airplanes like the Decathlon or the aerobatic Beech Bonanza.  In high thrust-to-
weight ratio airplanes such as these, far less altitude loss results from unloading 
the airplane at full thrust while using full aileron and rudder to roll wings-level up-
right as the nose falls toward above the horizon.5  Done correctly, this Immelman-
like maneuver results in the airplane’s nose reaching the horizon wings-level at an 
airspeed still well below VS.  At that point, it remains merely to continue allowing 
the nose to fall at 0 G until flying airspeed is regained, at which point application of 
a low G force will bring the nose smoothly to the horizon with a small altitude loss.  
Occasionally, in fact, the maneuver results in an overall altitude gain, since the air-
craft is climbing—trading airspeed for altitude—as long as the nose remains above 
the horizon.  Trained pilot altitude loss improved considerably when we taught this 
recovery in the research described herein.

We also learned how—and how not— to teach aircraft attitude analysis to 
novice pilots.  In the initial experiment, we taught participants to use the Bonanza’s 
non-tumbling attitude indicator as the primary information source for categorizing 
upset attitudes.  While this ability is indispensible for air transport pilots in flight 
where weather or darkness may obscure the horizon, perfecting it proved very 
difficult for inexperienced student pilots using only a simulator.  For the research 
described in this paper, we taught participants to use VFR information only—front 
and side outside-the-cockpit views—to determine aircraft attitude.  The result was 
quicker attitude analysis and a decreased time to initial throttle and control input 
responses, with a resultant improvement in altitude loss.  Figure 3 depicts the MFS 
window configuration we used to teach pilots how to analyze aircraft attitude us-
ing out-the-window views.  The two small windows bottom left and right are views 
outside the left and right windows of the Decathlon.  (Figure 4 shows the window 
configuration we used to teach aerobatic maneuvering.)

MFS responses to control stick inputs are realistic near the middle of the De-
cathlon flight envelop (V-n diagram).Near the envelop’s available G line [αCRIT, (CL)
MAX], however, responses to control inputs tend to differ from the Decathlon’s be-
havior in actual flight situations.  For example, if a Decathlon pilot inadvertently 
stalls the airplane with an aileron down, a departure from controlled flight may 
results.  However, MFS does not simulate departures from controlled flight realisti-
cally.  MFS also responds inaccurately during accelerated stalls in low-speed dive 
pullouts.  To recover the actual airplane from such a stall, it suffices to momentarily 
relax back stick pressure a small amount, resulting in a slightly reduced G force.  
To recover the simulated Decathlon from the same accelerated stall situation, a 
pilot must unload completely to 0 Gs for a second or two before reapplying G to 
continue the dive pullout.  In such scenarios, the potential for negative training is 
significant and must be countered by effective classroom and flight-simulator in-
struction about the limitations of the simulator’s aerodynamic model.

While we are aware of no research to support the assertion, we believe excel-
lent upset recovery training given on a less sophisticated simulator is probably 
more effective then average training given on a more sophisticated simulator.

5  The Decathlon will of course roll with aileron alone in this situation, but the roll 
rate is substantially increased if both aileron and rudder are used.
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Figure 3.  MFS Window Configuration for VFR Simulated Upset Recovery 
Maneuvering

Figure 4.  MFS Window Configuration for Aerobatic Maneuvering

Upset Recovery Training Transfer
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Implications with Respect to Upset Recovery Training6

Our research establishes a statistical relationship between MFS-based up-
set-recovery training and improved all-attitude maneuvering skills in an actual 
airplane.  However, it also seems to imply the limitations of low-cost flight simula-
tion in teaching upset maneuvering.  Consider, for example, the fact that trained 
pilots lost significantly less altitude than untrained pilots in both nose-low upsets 
but in neither nose-high upset.  Why would recovery from nose-high upsets be 
more challenging to teach and more difficult to learn than recovery from nose-low?  
There are at least two answers.

First, MFS limitations may explain why trained pilots were less proficient in 
nose-high upset maneuvering than in nose-low.  Nose-high low-kinetic-energy 
maneuvering occurs in the extended flight envelop where—we have seen—MFS 
control responses tend to be inaccurate, whereas maneuvering during high energy 
nose-low upsets occurs near the middle of the Decathlon flight envelop where 
MFS control responses are reasonably accurate.  When training in a flight simula-
tor that responds inaccurately to control inputs in such situations, it is difficult to 
prepare pilots to handle them adequately in a real airplane.

Second—and far more important, we think—general aviation pilots are inex-
perienced in nose-high low-kinetic-energy maneuvering.  Required control inputs 
when maneuvering in high-airspeed nose-low dive recoveries differ in degree only 
from control inputs general aviation pilots routinely use in non-aerobatic upright 
flight.  By contrast, during nose-high low-airspeed upset maneuvering, the proper 
control inputs differ in kind from what general aviation pilots are typically accus-
tomed.  As an example, efficient rolling in nose-high upsets requires a pilot to use 
large aileron and rudder inputs at maximum thrust while maintaining zero G at 
airspeeds approaching 0 mph.  If significant positive or negative G is applied, a 
stall and departure from controlled flight is likely to result.  However, using elevator 
to maintain 0 G while applying large rudder and aileron inputs to roll at very low 
airspeeds is something general aviation pilots never experience.  Not surprisingly, 
then, imperfect participant pilot control inputs not infrequently resulted in a nose-
high upset progressing into low-speed, steep nose-low upset.  Whenever this oc-
curred, accelerated stalls and departures from controlled flight were common dur-
ing the low-speed dive pullout.  Pulling out of a low-kinetic-energy steep dive at the 
stall buffet is also an experience unknown to general aviation pilots.7

Perhaps pilot behaviors necessary to perform nose-high, low-airspeed preci-
sion aerobatic maneuvers can be rehearsed using MFS and similar low-cost flight 
simulators but can only be perfected in a real airplane.  More important, even when 
trained pilots significantly bettered control group pilots in altitude loss, their perfor-
mance was far from optimal.  For each of the four upsets, Table 7 presents Phase 
2 average altitude losses for trained and control group pilots.  The bottom row of 
Table 7 reflects the minimum altitude losses that we observed for each upset dur-
ing safety pilot training.  There is a large disparity between research participant 
altitude losses and the far smaller altitude losses achievable by experienced pilots.  

6  Adapted from Rogers et al. (2009), 11 and Rogers et al. (2007), 16.
7  As it was to the pilots of Colgan Air Flight 3407 which crashed near Buffalo, NY on 

March 25, 1009 after an unsuccessful attempt to recovery from a what would appear to be 
a recoverable nose-low, low-airspeed upset.
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Low-cost flight simulator training clearly improves a pilot’s ability to recover an air-
plane from a serious upset.  Just as clearly, however, it is prelude and complement 
to—not a substitute for—all-attitude maneuvering experience in a real airplane.

Table 7.

Altitude Losses to Nearest Foot for the Four Upsets (Bold  = Significant Effect)

Data Source

Altitude Loss in Feet

Nose-Low 
Upright

Nose-
High 

Upright

Nose-Low 
Inverted

Nose-High 
Inverted

Trained Pilot Average 565 331 949 382

Control Group Pilot 
Average 728 340 1069 465

Observed Minimums 
during Safety Pilot 

Training*
220 -50 465 -30

*   The values in the last row are not losses produced by optimal recoveries, a subject 
we have not pursued systematically. They merely reflect the minimum recorded altitude 
loss during safety pilot training with experienced pilots maneuvering the Decathlon out 
of an upset.

For altitude loss as well as other dependent variables, our data reflect only a 
modest difference in upset maneuvering performance between trained and un-
trained participants.  It may well be the case that pilots need all-attitude flight ex-
perience in a real airplane to hone simulator-taught upset-recovery skills to an 
acceptably high level.  It appears that during an initial upset-recovery experience, 
low-cost simulator training improves a pilot’s ability to recovery only to a very lim-
ited extent.  Simulator shortcomings—for example, unrealistic control feedback, 
inaccurate accelerated stall responses, and the inability to replicate the positive 
and negative G forces that characterize all-attitude flight—limit a trainer’s ability 
to prepare a pilot mentally and emotionally for a real world upset.  As a result, any 
subsequent initial experience in a real upsets may appear strange and disquieting.  
In such a circumstance, a pilot easily loses situational awareness and instinctively 
resorts to old control input habits.  Long reinforced patterns of behavior and the 
significant stress of a serious upset tend to inhibit the application of new and rela-
tively unfamiliar piloting skills developed during simulator-based training.

Our research findings seem to call in question the implicit assumption that 
airline simulator-based upset-recovery training programs impart flying skills suf-
ficient to make it probable that typical line pilots can recover an airliner from a 
serious upset.  It is true that airline pilots on average are considerably more expe-
rienced than our research participants, hence may benefit more from any kind of 
upset-recovery training.  However, air transport pilots experience consists of hours 
of flying straight and level punctuated by occasional excursions into very small 

Upset Recovery Training Transfer
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bank and pitch angles.8 Airline pilots typically receive only about four hours of 
classroom-based upset-recovery training and perhaps an hour of simulator train-
ing, in comparison to ten hours of each for our trained participants.  Moreover, the 
primary advantage of a Level-D simulator over low-cost desktop flight simulation 
is limited to cockpit verisimilitude and realistic control forces.  Typically, the motion 
of a Level-D simulator is disabled to avoid stressing the mechanism unnecessar-
ily in upset-recovery maneuver.  In any event, Level-D simulator motion is in no 
way realistic in all-attitude maneuvering, and neither Level-D nor low-cost desktop 
simulators can replicate the G forces that characterize upset-recovery maneuver-
ing in a real airplane.

Thirty years ago, U.S. airline pilots typically came from military flight back-
grounds where training afforded them extensive experience in all-attitude flight 
maneuvering.  For these pilots, there were no unusual attitudes, only unexpected 
attitudes.  By contrast, most air transport pilots flying today lack a military back-
ground and have never experienced the extreme pitch and bank angles and high 
G forces associated with severe airplane upsets.  Indeed, most have never even 
been upside-down in an airplane.  Informal conversations with current airline pilots 
suggest that while virtually all regard the upset training they receive as useful, a 
significant number also perceive it as a pro forma approach to a serious safety 
problem—better than nothing but far from what would be desirable if training costs 
were not a paramount consideration.  In short, it seems unlikely that airline upset 
training is a completely acceptable substitute for upset-recovery maneuvering ex-
perience in a real airplane.

Upsets are known to be a primary cause of commercial air transport accidents.  
Passenger and aircrew safety considerations mandate that air transport pilots be 
able to recover from the infrequent but potentially catastrophic upsets, which inevi-
tably will occur from time to time.  Our research implies that all-attitude maneuver-
ing experience in a real airplane may be required to make recovery probable with a 
reasonably small altitude loss.  Since aerobatic experience cannot be obtained le-
gally in transport type aircraft, perhaps the FAA should consider making aerobatic 
experience in a light airplane part of the requirement for a commercial pilot license.  
This requirement would ensure that air transport pilots would be better prepared to 
receive transport-type upset recovery maneuvering training in Level D simulators.

8  The captain of Colgan Air Flight 3407 had 3379 hours of flight time and the co-
pilot 2220 hours, but were still unable to recover their aircraft from a nose-down low-kinetic-
energy upset. 

.
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Aviation Pilot Weather Knowledge and Flight Behavior into 

Adverse Weather
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Abstract
This study examined whether brief video weather training products can sig-

nificantly affect pilot weather knowledge and flight behavior in the face of potential 
instrument meteorological conditions (IMC). Fifty general aviation (GA) pilots com-
prised three groups. In Phase 1, two groups received a 90-minute video weather 
training product while one served as control. Weather knowledge was tested pre- 
and post-video. All pilots then flew a flight simulator mission featuring rising terrain 
with descending cloud bases. Three months later, pilots returned for a Phase 2 
knowledge retest and to fly a similar mission. After Phase 1, a 3-variable logistic 
regression model significantly predicted 83.3% of flight completions. However, in 
Phase 2, this model was non-significant and little residual effect of video training 
was evident for weather knowledge, flight behavior, or flight safety. We conclude 
that weather training requires systematic lengthy study and practice.
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Effects of Video Weather Training Products on General Aviation Pilot 
Weather Knowledge and Flight Behavior into Adverse Weather

Background 

The term “adverse weather” involves multiple factors such as restricted vis-
ibility due to low cloud ceilings, fog, rain, snow, thunderstorms, or airframe icing. 
Adverse weather is a perennial concern to general aviation (GA). Analyses of GA 
accidents from the 1970s-2000s show that, despite a relatively low incidence rate 
for weather-related accidents (4-5%, depending on data source and classification 
scheme), their fatality rate is 3-4 times higher than for other GA accident causes 
(Bazargan, 2005; Bud, Mengert, Ransom, & Stearns, 1997; NTSB, 1989; NTSB, 
2005). This is largely because weather accidents often involve flight into terrain or 
loss of control, which typically results in a high percentage of fatalities. 

Training is classically cited as a way to minimize hazards of flying, including 
weather. Yet, the body of actual research concerning measured effectiveness of 
weather-related training in GA is small and often involves the difficult task of trying 
to correlate the implementation of training methods with subsequent reductions in 
accidents or accident rates (Adams & Ericsson, 1992). 

Formal logic asserts that correlation is necessary, but not sufficient, to dem-
onstrate causation. Hence, we are never sure that training increases pilot skill and 
results in safer behavior. We merely assume it. Yet, a large body of research in 
perceptual, behavioral, and educational psychology shows that acquisition and 
retention of learning is often anything but assumable (Ellis, Semb, & Cole, 1998; 
Goldstein, 1999; Mackintosh, 1974; Semb & Ellis, 1994). 

Characteristically, training is not permanent. New learning starts at some max-
imum level, after which it decays with time (assuming it is not refreshed). Thus, 
the amount of initial learning plus the rate of decay are two crucial parameters of 
knowledge retention. A third is how well knowledge is transferred from one domain 
to another: for example, from the classroom to the real world (Perkins, 1992). Fi-
nally, measuring “cognition in the wild” is often a very different set of circumstances 
from measuring in a carefully controlled laboratory setting (Hutchins, 1995). This 
makes real-world assessment of training a challenge for researchers.

In the real world, non-instrument rated pilots are supposed to fly by visual flight 
rules (VFR). VFR pilots learn they are supposed to avoid weather. However, they 
sometimes attempt a flight when weather is a factor along their route, either as 
forecast or unknown. Believing the weather is safely flyable, the VFR pilot is actu-
ally ill-prepared to deal with an encounter since practical weather skill training is 
usually minimal or absent from the private pilot syllabus. Similarly, a newly minted 
GA instrument pilot may know intellectually to avoid thunderstorms and icing when 
flying in clouds, but has little practical knowledge and skill to allow him or her to 
proceed safely. 

Video Weather Training Effects on Knowledge & Behavior into Adverse Weather
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Purpose of This Research

Civil Aerospace Medical Institute (CAMI) researchers were tasked by the FAA 
Flight Standards division (AFS-810) to explore the following issues:

Do video weather training products significantly affect pilot weather knowl-1. 
edge and flight behavior in the face of potential instrument meteorological 
conditions (IMC)? 

If so, what are the immediate effects?a. 

Do these effects persist over time?b. 

How are modern Web-based weather products used during preflight brief-2. 
ing?

Do local3. 1 pilots differ appreciably from non-local pilots in either weather 
knowledge or weather-related flight behavior?

The focus of the current report will be issue #1. Issues 2-3 addressed general 
issues of flight simulation methodology critical to both CAMI and the human factors 
flight simulation research community at large and are reported in Knecht, Ball, & 
Lenz (2010a, b).

Method
This research was conducted in two phases. Phase 1 examined data collected 

from January to July, 2008. Phase 2 was similar in approach, examined data col-
lected from August to September, 2008, and constituted the second half of a longi-
tudinal study designed to test retention of learning.

Participants

In Phase 1, 50 GA pilot volunteers participated with informed consent. The 
group mean age was 41.0 (median = 39, SD = 17.5), mean flight hours was 1314 
(median = 268, SD=2709). A few high-hour pilots elevated the flight hours mean, 
generating a statistical concern that will be addressed later.

We recruited local pilots from a list of pilots who had participated in previous 
studies and by advertising in local flight schools. Non-local pilots saw an adver-
tisement in Flying magazine, which resulted in more than 350 responses. Figure 
1 shows demographics for eventual participants’ states of residence and flying 
experience.

1  A “local” pilot was defined as one living in Oklahoma at the time of the study. 
For the most part, this meant long-term OK residents (n=18). However, there were four in-
stances of pilots living in OK whose state-of-legal residence was not OK because they were 
attending local flight schools.
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Figure 1. Pilot demographics.

Research design, assignment to groups, and order of treatments

In measuring how training can change a person, changes can occur in what 
we know (cognitive knowledge) and/or how we behave (here, flight behavior). 
Therefore, this experiment attempted to measure both.

Table 1 shows the 3x2x2 mixed design with its three primary independent vari-
ables of training product, instrument rating, and residence. These were analyzed 
as between-groups comparisons. Conversely, weather knowledge was analyzed 
as within-groups comparison in which each pilot served as his or her own statisti-
cal control over repeated administrations of different (but equivalent) test forms.

Two variants of weather direction were used as distractors to help divert atten-
tion from the fact that the flight scenario would be essentially repeated in Phase 
2 (“Flight scenario” column). Variant 45 had weather approaching from 45° (aero-
nautical coordinates, 0° = North, increasing clockwise), while Variant 135 had 
weather approaching from 135°. However, weather direction was only a distractor, 
not a variable of interest.

Apparatus 

Weather training products/control materials. We selected two well-known 
video weather training products from a list of candidate products. Given the impos-
sibility of knowing product quality a priori, two publicly prominent products were 
chosen. The authors of these products graciously provided them, at no cost, on 
condition of confidentiality; therefore, their wishes for confidentiality shall be re-
spected in this report. 

Training product 1 focused mainly on the aeronautical decision-making as-
pects of weather flight. It offered systematic, mnemonic risk factor checklists ap-
plicable to specific factors such as the weather in question, internal pilot factors 

Video Weather Training Effects on Knowledge & Behavior into Adverse Weather
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affecting performance (e.g., skill, health, fatigue), and factors external to the pilot 
that could affect risk-taking (e.g., passengers needing to arrive at their destination 
by a certain time). After each video lecture session, it presented hypothetical flight 
scenarios and asked the student to evaluate these based on the lecture content 
presented so far.

Table 1

Experimental design, Phases 1 and 2.

Independent variables Dependent 
variables

Primary Secondary
Weather 

training product Instrument rating Locality of 
residence

Age, flight 
hours, weather 

knowledge 
test form, 

and weather 
direction 
counter-

balanced across 
treatment cells

Weather
knowledge score

Video product
1

Instrument-rated (IR)
Local Web preflight data     

Non-local Pages viewed

Private (non-IR)
Local Pageview duration

Non-local Flight simulator 
data

Video product
2

Instrument-rated (IR)
Local   Flight duration

Non-local Minimum distance   
to ABQ

Private (non-IR)
Local Cloud clearance

Non-local Minutes in IMC

Control
(non-weather 

video)

Instrument-rated (IR)
Local Minutes < 500’ fr 

cloud base

Non-local Minutes < 500’ 
AGL

Private (non-IR)
Local Initial takeoff 

decision (Y/N)

Non-local

Training product 2 focused largely on the recognition of different cloud types, 
visibility conditions, horizon recognition, and terrain clearance. Still pictures of 
common weather types were shown, after which pilots were queried as to their ap-
propriateness for VFR flight. This technique has been used in research (Wiggins 
& O’Hare, 2003). Sample exercises showed still pictures of a weather situation as 
seen aloft, asking what recognition factors were problematic, and then asking for a 
go/no-go decision on VFR flight. A second section presented details of an accident 
scenario, asking pilots to decide the primary cause. A third section began by dis-
cussing factors involved in deciding whether or not to divert because of weather. 
It then presented a detailed weather flight scenario involving a number of possible 
alternate landing sites, asking which was most appropriate. Finally, it presented a 



174

list of several potential flights with preflight briefing details of each, next it asked for 
a go/divert decision after presentation of a still photo of in-flight weather, and finally 
it asked for a justified choice of alternate, if diversion was chosen.

The third video group—the Control group—received an FAA-produced video 
on aviation physiology, having nothing whatsoever to do with weather.

Timer. To examine whether time spent viewing the training product might be 
a useful statistical covariate, we wrote a timer utility. This was activated by each 
pilot at the beginning of training and turned off afterward to record elapsed viewing 
time.

Weather Knowledge Tests. We constructed three parallel forms of a 30-ques-
tion general weather knowledge test. These were matched on item difficulty, using 
questions and proportion-correct data provided by FAA’s Airman Testing Standards 
Branch (AFS-630). One-third of the questions on each test were taken from private 
pilot tests; two-thirds came from instrument rating tests (FAA, 2008). This was 
not expected to pose a problem since pre- minus post-treatment change scores 
were to be analyzed, which are immune from overall test difficulty as long as the 
tests are neither impossibly difficult nor trivially easy (i.e., do not suffer from either 
ceiling or floor effects). The administration order of the parallel forms was counter-
balanced across pilots to control for any unintended variations in difficulty across 
forms.

Tests were administered on a laptop computer using software we wrote in 
Microsoft Visual Studio 2005. The program recorded each question, each re-
sponse, response-correct or incorrect, time spent per response, overall percent 
correct, and total elapsed time. Figure 2a shows a screenshot of a sample ques-
tion.

Preflight weather-briefing materials. Briefing materials included a verbal 
description of the flight mission, plus standard DFW (Dallas-Fort Worth) and ABQ 
(Albuquerque) sectional charts. 

To simulate Internet weather briefing, we wrote a part-task emulation of the 
NOAA/NWS Web weather-briefing site http://aviationweather.gov, also in Micro-
soft Visual Studio 2005. This emulation automatically recorded which pages were 
viewed and the view duration of each page. Figure 2b illustrates a sample page. 
The Appendix shows screenshots of all pages. 

Advanced General Aviation Research Simulator (AGARS)

Figures 3a and 3b show the AGARS—a real-time, fixed-based flight simulator 
configured as a Piper Malibu for this experiment. Choice of the Malibu configura-
tion was intended to both “level the playing field” and increase overall task difficulty 
since none of the participants had ever flown this aircraft.

Video Weather Training Effects on Knowledge & Behavior into Adverse Weather
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a

b
Figure 2. Sample screenshots from a) the Weather Question Tester program, b) 

the http://aviationweather.gov emulation.

Equipped with a high-resolution visual system with a 150° field of view, AGARS 
allows precise control of meteorological conditions. It continuously captures up to 
150 variables at 30Hz for a 4-hour mission, including up to 85 programmable non-
routine events. It is equipped with an experimenter operating station (EOS) and 
an ATC workstation. During the course of a flight scenario, the EOS allows the 
experimenter to visually monitor the cockpit and simulation environment. In addi-
tion to digital recordings of the flight data, a digital camera records a global view of 
the cockpit and pilot.
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Figure 3. a & b) the CAMI Advanced General Aviation Research Simulator 
(AGARS), c) AWOS emulator. Photos used by permission of participant.

To emulate the Flight Service Station (FSS) providing air traffic control ser-
vices such as flight following, vectors-to-destination, and weather, one of us (Ball) 
served as a pseudo-FSS briefer during the flight phase.

Procedure 

Upon arriving at the simulator lab, we asked pilots to plan an east-to-west, 
VFR flight from Amarillo, TX (AMA) to Albuquerque, NM (ABQ). This route takes 
approximately 90 minutes to fly in the Malibu at high speed cruise. Pilots planned 
the route utilizing two VORs (VHF OmniRange Navigation System) and an ADF 
(Automatic Direction Finder). Pilots could access the Web-based weather emula-
tion ad lib on a stand-alone PC during preflight planning. Upon finishing their flight 

To enable in-flight AWOS weather updates, we wrote a control panel capable 
of triggering prerecorded METAR information (Figure 3c). Pilots could tune the 
cockpit radio to one of a set of frequencies, alerting the experimenter to activate 
the AWOS control panel, which triggered the corresponding pre-recorded METAR 
into the pilot’s headphones.

   
  a   b

c
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plan, pilots took the post-weather knowledge test. Next, we offered a 15-minute 
convenience break, after which each pilot had a 30 to 40-minute familiarization 
session with AGARS. Specific training was provided on the usage of the autopilot, 
horizontal situation indicator (HSI), and the flight parameters and characteristics 
of the Malibu aircraft (e.g., maximum/stall speeds, associated power settings). Fa-
miliarization typically took about 60 minutes. Due to unfamiliarity with the simulator 
and the complexity of the Piper Malibu, pilots were allowed to ask for assistance 
with flight settings at anytime during the course of the flight scenario.

The route consisted of gradually rising terrain during the first two-thirds of the 
flight, followed by a dramatic elevation change during the last one-third. During 
the flight, weather deteriorated. Initially, visibility was set at 8 nautical miles and 
gradually decreased to 5 miles by the time the pilots had flown approximately two-
thirds of the route. Concomitantly, cloud ceilings were lowered from 4500 feet AGL 
to 3500 AGL across the same stretch of terrain, gradually squeezing pilots closer 
to the ground. Figure 4 illustrates this with two sample flight profiles illustrating a) 
brief IMC penetration and prolonged scud running and b) violation of ground clear-
ance over the mountains near ABQ.

The terrain issues, coupled with marginal visual meteorological conditions 
(VMC) and potential rapidly changing barometric pressure, resulted in a potentially 
dangerous flying situation with hazardous encounters throughout the course of the 
flight.

Figure 4. Two pilots’ flight profiles. Since the flight was basically east-to-west, the 
x-axis is drawn as degrees longitude by feet altitude-above-mean sea level (MSL) 
on the y-axis.

Results (Phase 1)

Preliminary examination of data

Since this was a preliminary study, a decision was made to leave data uncor-
rected for multiple comparisons. The data distributions were, however, checked 
for statistical normality to determine the appropriate subsequent statistical tests. 
Weather knowledge pre- and post-test scores appeared normal (2-tailed Shapiro-
Wilk ppre-test =.297, ppost-test =.786, NS). However, flight hours showed serious non-
normalities due to the presence of a few very high-hour pilots. The Web-emulation 
data also appeared non-normal due to a considerable number of pilots forgetting 
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to close out the final page. Of the flight simulator data, only flight duration passed 
the Kolmogorov-Smirnov normality test. Finally, although we instructed pilots to 
use the timer utility to monitor how long they studied their training product, compli-
ance proved low. Therefore, study time was not used as a covariate in subsequent 
analysis.

First-order Data Relations

Table 2 shows correlations between key variables. Statistically significant cor-
relations are highlighted in gray. P-values approaching .05 significance are also 
included for the sake of interest. Spearman correlations (rs) are nonparametric, 
being based on rank order. Point-biserial correlations (rpb) are used when one vari-
able is dichotomous, the other continuous. However, rpb is still a mean-based sta-
tistic, therefore not purely nonparametric even though dichotomous variables are 
non-normal by definition. As such, rpb may be subject to higher Type I error when 
the continuous distribution is non-normal, hence, some caution is appropriate dur-
ing interpretation.

Table 2

Correlations between key variables.
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Instrument 
Rating 1.0

State of 
Residence 3 1.0

Pilot Age  .5231 
(.0001)

3 1.0

Pilot Flight 
Hours

 .4011 
(.004)

3
 .757 
(<.001)

1.0

Ave. Wx 
Knowledge

 .233 

(.057)
 .271 -.035  .086 1.0

Web Preflight 
Duration  .020

-.348 
(.013)

 .417 
(.003)

 .227  .204 1.0

Flight 
Duration -.039  .042

-.423 
(.002)

-.270 -.010 -.222 1.0

Minimum Dist 
to ABQ  .013  .013

 .422 
(.002)

 .303 
(.032)

 .029  .242
-.936 
(<.001)

1.0

Minutes scud 
running -.013 -.012  .051  .107 -.054  .027  .013 -.042 1.0
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Minutes in 
IMC -.020 -.005 -.089 -.084 -.123 -.124  .028 -.035

 .676 
(<.001) 1.0

Minutes < 
500’ AGL

-.281 
(.048)  .144 -.167 -.289 

(.041) -.229 -.039  .379 
(.007)

-.384 
(.006) -.095 -.174

1rpb = Point-biserial correlation; 2rs = Spearman rho correlation;  Low p-values are in 
parentheses (all others are non-significant (NS)); 3 No correlation run because sample 
had been partitioned for these factors.

Trivial and marginal relations. Five of the largest correlations are statisti-
cally significant but expected. These cells are marked in the lightest shade of gray. 
Additionally, given the 50 correlations computed, 2-3 can be expected to appear 
“significant” near p = .05 merely due to chance. Such marginal cells are highlighted 
in a darker gray, but the text is not boldfaced.

Non-trivial relations. Table 2 highlights non-trivial relations in a dark shade of 
gray with boldfaced text. They are:

 Locality of residence x Web preflight duration (rpb = -.348)1. 

 Pilot age x Web preflight duration (rs = .417)2. 

 Pilot age x Flight duration/ Minimum distance to ABQ (rs = -.423/.422)3. 

 Flight duration/minimum distance to ABQ x Minutes < 500’ AGL (rs = .379/-4. 
.384)

Correlation 1 (-.348) implies that local Oklahoma pilots tended to spend slight-
ly less time using the Web preflight briefing tool than non-Oklahoma pilots did (x̄ 
= 20.31 v. 13.66 min). The effect size was modest, accounting for r2pb = 12% of 
the variance. Correlation 2 (.417) implies that older pilots tended to spend some-
what more time using the Web tool than younger pilots did. Effect size was 18%. 
Correlations 3 (-.423/.422) imply that older pilots tended to have somewhat short-
er flights (and, hence, to end up farther away from ABQ). Effect size was about 
18%. Finally, Correlations 4 (.379/-.384) represent the flight scenario’s tendency to 
“squeeze” pilots between clouds and terrain near the destination ABQ. 

Specific Effects

Effect of the weather training products on GA pilot weather knowledge. 
Viewing a weather-training product did not seem to significantly improve pilots’ 
weather knowledge test scores. Repeated measures analysis of variance (ANO-
VA) for post-test-pre-test score gain x training product interaction yielded a non-
significant pF = .734.

Relation between pilot weather knowledge and subsequent flight safety. 
Pilots with higher weather knowledge did not appear to be safer pilots. As Table 2 
showed, average weather knowledge ((pre-+post-test score)/2) did not correlate 
significantly with any flight behavior variables. Spearman correlations between 
weather knowledge scores and flight duration, minimum distance to ABQ, minutes 
scud running, minutes in IMC, and minutes < 500’ AGL all ranged from -.229 ≤ rs 
≤ .029, all NS.
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Furthermore, weather knowledge did not seem strongly influenced by age, 
flight hours, or instrument rating (rs = -.035, .051, rpb =.233 [respectively], all NS). 
Although instrument rated pilots showed a slightly higher average knowledge score 
(67.6%) than did non-instrument rated pilots (60.8%), this just missed the statisti-
cal criterion for reliability (1-tailed pt = .057, NS).2

Effect of Web preflight briefing time on subsequent flight safety. Pilots 
who spent more time on their Web-based weather briefing did not seem to be 
safer pilots. Spearman correlations of Web preflight duration with flight duration, 
minimum distance to ABQ, minutes scud running, minutes in IMC, and minutes < 
500’ AGL ranged from -.222 ≤ rs ≤ .242 respectively, all NS.

Takeoff hesitancy. We told pilots that the best way to give good flight data 
was to treat this mission as if it were a real flight. Given those instructions, 12 of 
the 50 pilots initially stated that having to fly this mission VFR, they would choose 
not to even take off. This was perhaps predictable, given the weather and being 
scrutinized by FAA officials at an FAA facility. Therefore, to overcome any reserva-
tions they might understandably have about being scrutinized, all “hesitators” who 
declined to take off were explicitly asked to take off and fly at least briefly. All com-
plied. If this methodology troubles some readers, recall the Milgram experiments 
(1974) on obedience-to-authority.

Locality of residence had no apparent effect on takeoff hesitancy—18% of 
local (Oklahoma) pilots hesitated versus 32% of non-local (non-Oklahoma) pilots 
(2-tailed pΧ2 = .251, NS). Directionality of effect was consistent with intuition, since 
locals would be more likely to be familiar with the terrain. 

Instrument rating did not seem to matter (15% hesitancy for instrument rated v. 
33% for non-instrument rated, 2-tailed pΧ2 = .138, NS). Here, too, directionality of 
effect was in the anticipated direction, since one would expect somewhat greater 
confidence from instrument rated pilots.

Despite the confidence-building tendencies often associated with experience, 
neither age nor flight hours seemed to affect hesitancy (2-tailed Mann-Whitney 
U, pU  = .146, .625 respectively, NS). At first inspection, the cause of this takeoff 
hesitancy appeared mysterious.

Effect of takeoff hesitancy on subsequent flight safety. The 12 hesitators 
did not end up flying noticeably safer than the remaining 38 pilots. There were no 
significant differences between hesitators and non-hesitators for minutes spent in 
IMC, minutes scud running, or minutes < 500’ AGL (2-tailed Mann-Whitney pU = 
.102, .147, .498 respectively, all NS). However, hesitators did seem to continue 
their conservatism into their flight, making significantly briefer flights (pU = .002) 
with consequently less penetration into the marginal weather close to ABQ (pU < 
.001).

Effect of the weather training products on takeoff hesitancy. The weather 
training products appeared associated with takeoff hesitancy. Table 3 shows the 
number of pilots who initially hesitated versus the values expected by chance (in 

2  This was based on average combined pre-test and post-test scores ([pre-test 
score + post-test score]/2).
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parentheses). The Yates-corrected pΧ2 is .034, implying that the training groups 
differed. However, there was a statistical issue clouding the results: Half the cells 
had expected frequencies < 5, which violated the convention of ≤20% allowable.

Given that statistical caveat, if this was indeed a reliable effect, pairwise tests 
of odds-ratios implied that the unusual group was the Control, where 17 of 18 pilots 
showed no hesitancy to take off. 

Table 3

Takeoff hesitancy

Trg Prod 1 Trg Prod 2 Control

Initial takeoff decision
Yes 12 (12.2) 9 (12.2) 17 (13.7)
No 4 (3.8) 7 (3.8) 1 (4.3)

Pairwise odds-ratios, 1-tailed p
.152

.004
.037

In other words, studying a weather training product may have made pilots 
more hesitant to take off into deteriorating weather. However, cognitive priming is 
an alternate hypothesis that we will consider later in the Discussion section.

Effect of the weather training products on subsequent flight safety. Over-
all, the weather training products did not appear significantly associated with sub-
sequent flight safety. 

The Control group showed significantly less takeoff hesitancy, as we just saw. 
It also displayed greater flight duration and, consequently, lower minimum distance 
to ABQ (Kruskal-Wallis pKW = .007, .005 respectively). Follow-up pairwise Mann-
Whitney U tests implied that the Control group was significantly different from both 
weather training products (pU-TRG1 x CONTROL = .011, .004 respectively and pU-TRG2 x 

CONTROL = .004, .005 respectively), although the two weather products themselves 
did not differ significantly (pU = .867, 1.0 respectively, NS). Now—because the 
maximum hazard of this flight lay near the destination—we might be tempted to 
conclude that the longer flights of the Control group should predict greater risk 
exposure. As Table 2 showed, this was supported by a moderate correlation (.379, 
p=.007) between flight duration and minutes < 500’ AGL.

However, there were no significant overall differences between the three train-
ing groups for subsequent minutes spent in IMC, minutes scud running, or minutes 
< 500’ AGL (pKW = .245, .158, .812 [respectively], all NS). Even though the Control 
group showed less hesitancy and longer flight duration, and even though longer 
flight duration correlated significantly with minutes < 500’ AGL, the net effect of the 
weather training videos on subsequent flight safety seemed nonsignificant.

So, how can there be no significant differences in flight safety among the three 
training groups? If seeing the weather training video related to takeoff hesitancy, 
and takeoff hesitancy related to flight duration, and flight duration related to min-
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utes spent < 500’ AGL—how could weather video not relate to minutes spent < 
500’ AGL? 

The answer lies in the nature of causation versus correlation. If each factor 
perfectly caused the next factor in the chain, then the first factor would perfectly 
predict the final factor. But, if each factor only partially predicts the next factor, then 
the overall correlation between the first and last factors can theoretically be as low 
as 0.

Modeling flight behavior

Cluster analysis. One of the most interesting questions here is: “What differ-
entiated pilots who chose to complete the flight through deteriorating weather from 
pilots who chose not to complete the flight?” To investigate this we constructed 
models—simplifications that still hopefully captured essential relations.

Cluster analysis is one approach to modeling. It starts with a set of measure-
ments (“variables”) taken on individuals (“cases”—here, individual pilots). It then 
explores the relations between variables by combining individual cases into groups 
(“clusters”). The end goal is to group cases so that those within the same cluster 
are more similar to each other than they are to cases from different clusters. “Simi-
larity” is operationalized by calculating a “mathematical distance” between cases. 
Once complete, it becomes the analyst’s job to interpret what each cluster means 
in logical and practical terms.

Here, we used a “TwoStep” cluster analysis procedure (SPSS, 2001) to group 
pilots based on demographic characteristics as well as behavioral responses to 
the simulated flight scenario. Schwarz’s Bayesian Criterion (BIC) was the cluster-
ing criterion and log-likelihood the distance measure. In the first step, sequential 
clustering calculated the BIC for each cluster within a specified range and used 
that to estimate the initial number of clusters. In the second step, the estimate of 
clusters was reduced by finding the largest increase in “mathematical distance” 
between the two closest clusters using an agglomerative hierarchical clustering 
method (SPSS, 2001). 

 SPSS’s “TwoStep” cluster analysis works with both categorical and con-
tinuous variables when using the log-likelihood method. Assumptions of normality 
often tend to be relaxed in cluster analysis so nonparametric follow-up tests were 
used to examine individual relations (see below).

 We selected candidate variables based upon logic and prior results of cor-
relational analysis (e.g., Table 2). The initial categorical candidate variables were 
weather training product, pilot’s instrument rating, locality of residence, initial go/
no-go takeoff decision, whether or not a preflight weather call was made just prior 
to takeoff, whether or not penetration into IMC occurred during the flight, and final 
flight decision. Final flight decision was quantified by collapsing all possible cat-
egories into a binary (2-category) categorical variable To ABQ (“Did a given pilot 
complete the entire flight to ABQ, yes or no?”). Continuous candidate variables 
were pilot age, total flight hours, minimum final distance from the destination, time 
spent in IMC, time spent less than 500’ below cloud ceiling, time spent at less than 
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500’ AGL, and number of en route weather updates. Note that weather knowledge 
scores were excluded for prior non-significance (see Table 2).

Results of the cluster analysis. Compared to Cluster 1 pilots (n=32), Cluster 
2 pilots (n=16) tended to be

younger, with  (1. Age)

lower flight hours,  (2. FH)

closer final minimum distance to ABQ,  (3. MDABQ)

more minutes flying less than 500’ AGL,  (4. M<500AGL)

usually did 5. not receive a weather training product,  (Trg Product)

greater % “Go” responses for takeoff (100%),  (6. Takeoff [TO] Decision)

less likely to recheck weather just before takeoff, (7. Recheck, Y=Yes)

greater % flew all the way to ABQ (100%).  (8. To ABQ)

Interestingly, 100% of the Cluster 2 pilots flew direct to ABQ through the near-
by mountain pass, whereas only one pilot in Cluster 1 did so. In contrast, over 84% 
of Cluster 1 pilots decided to divert or return to the departure airport (AMA). Of the 
four Cluster 1s who did fly to ABQ, three flew completely around the troublesome 
mountain range. Together, these results support the notion of Cluster 2 pilots as 
greater risk-takers.

In contrast, there were no significant differences between Cluster 1 and Clus-
ter 2 for instrument rating, locality of residence, number of en route weather up-
dates, minutes spent in IMC, or minutes scud running. 

Binary logistic regression analysis. As a second modeling approach, we 
used stepwise forward likelihood-ratio binary logistic regression. Requiring no as-
sumptions about the frequency distributions of the predictor variables, logistic re-
gression takes a set of candidate variables, categorical or continuous, and selects 
only those demonstrating significant orthogonal (uncorrelated) ability to help pre-
dict a binary outcome (Tabachnick & Fidell, 2001). 

Specifically, we wanted to predict which pilots would risk flying completely 
through the deteriorating weather (To ABQ = Yes/No). Table 4 shows the smallest 
set of variables capable of doing that reliably. 

Note that TO Decision reflects “takeoff hesitancy” as discussed earlier and 
that training product is broken out into its three groups. Negative B-weights mean 
that a positive value for the independent variable subsequently related to a re-
duced groupwise tendency to fly all the way to ABQ3 For example, pilots hesitant 
to take off (TO Decision = 1) subsequently showed a reduced tendency to fly all 

3  B-weight functions similarly to a correlation coefficient, except that it is not restrict-
ed to -1≤r≤1. The Control group has no B-weight because SPSS essentially used it as an 
“invisible baseline,” in relation to which the B-weights Trg Prod1 and Trg Prod2 could then 
be compared. For example, BTP1 = -3.08, which is less than 0, means that TrgProd1 pilots 
were less likely to complete the flight to ABQ than were Control group pilots.
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the way to ABQ. Similarly, pilots receiving either weather training product sub-
sequently showed reduced tendency to fly all the way to ABQ compared to the 
Control group.

Table 4

Binary logistic regression for To ABQ

 B pif term removed

Age -  0.081 .002

TO decision - 21.20 .016

Control14

.006Trg Prod 1 -  3.08

Trg Prod 2 -  2.53

Constant 4.64

Nagelkerke R2 = .640

In practical terms, this is a moderate-strength model, accounting for 64.0% 
of the explainable (Nagelkerke) variance in the data. It implies that pilot age may 
work in combination with an instinctive reaction to a weather situation to affect 
ultimate continuation into adverse weather. Impulsivity may be further reduced by 
the presentation of a training product. This contrasts somewhat with the null con-
clusion reached earlier about training product, so we will revisit that theme in the 
Discussion section.

Table 5 compares the prediction success rate for completed flight to ABQ made 
by logistic regression (boldface) versus cluster analysis (italics, in parentheses). 
Grey cells represent successful predictions.

Table 5

Success rate for binary logistic regression versus (cluster analysis)

Observed To ABQ
Predicted To ABQ

Did not make it to 
ABQ Made it to ABQ % correct

Did not make it to ABQ 26 (27) 4 (4) 86.7 (87.1)

Made it to ABQ 4 (0) 14 (16) 77.8 (81.3)

Overall % correct Base logistic prediction rate = 62.5% 83.3 (91.5)
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This shows that a simplified logistic model containing only pilot age, initial 
takeoff decision, and training product correctly predicted 83.3% of these pilots’ 
overall decisions whether or not to fly through the deteriorating weather all the way 
to ABQ. The model was slightly better at predicting those who did not make it to 
ABQ (86.7% correct) than it was at those who did (77.8% correct). 

Overall, this 3-variable model produced a gain of about 21% from the base 
rate predicted by a constant only (62.5%, p=.000004). Compare this to the 8-vari-
able cluster model’s correct predictions of 91.5% versus a “complete” 15-variable 
logistic regression (not shown) where 100% of all cases were predicted correctly. 
However, note that the “complete” model was vastly overfitted, meaning it con-
tained too many predictors given the number of cases. A case/predictor ratio of 
≥10/1 is typically a rule of thumb in regression analysis, implying that our models 
should arguably be limited to 48/10 = 4-5 predictors. This shows that modeling 
involves a tradeoff. Simpler models, while offering somewhat less accurate predic-
tions, compensate with greater reliability.

Finally, recall our earlier statements that completing the entire flight to ABQ did 
not always reflect dangerous behavior (as measured, for example, by time spent < 
500’ AGL). In fact, we cross-checked the logistic regression model against regular 
linear regression4 by substituting the original binary outcome variable To ABQ with 
the continuous flight risk outcome variable Minutes < 500’ AGL. This showed no 
effect of the “FH+TO Decision+Training Product” model on actual flight risk (p = 
.612, NS). So, again, we need to consider the distinction between mere flying and 
the subsequent hazard of flying.

Summary of Phase 1 Results

Using simple univariate modeling, merely seeing a 90-minute weather video 
training product all by itself produced no significant changes in either weather 
knowledge or ultimate flight safety. The training did, however, affect some aspects 
of flight behavior, which might arguably have an indirect effect on flight safety. 
Compared to the Control group, both training products seemed to induce takeoff 
hesitancy. “Hesitators” flew into uncertain weather only after direct encouragement 
by the experimenter. In contrast, 17 of 18 Control group pilots took off without any 
encouragement.

Subsequently, hesitators continued their conservatism, tending to make signif-
icantly shorter flights than non-hesitators. Since the bulk of the scenario danger lay 
near the flight’s destination, we might be tempted to imagine a chain of events—
that the training product induced takeoff hesitancy, which induced shorter flights, 
which led to lower groupwise risk exposure. However, these separate events, 
though individually related, did not result in a statistically significant causal event 
chain from beginning to end.

In contrast, multivariate modeling showed that a combination of

higher pilot age,  ●

4  However, bear in mind that this was not technically a reliable analysis because 
flight hours and minutes < 500’ AGL were both severely non-normal distributions, which 
violates the assumptions of linear regression.
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receiving either weather training product, and  ●

takeoff hesitancy  ●

significantly predicted 26 of 30 diversions (86.7%) from deteriorating weather and 
14 of 18 successful flight completions (full penetration into the weather, 77.8%).

Results (Phase 2)

Participants and Attrition

Six Phase 1 pilots were unable to continue in Phase 2.  Fortunately, no statisti-
cally significant changes were found between training groups for key demographic 
factors of age, flight hours, or certificate type.

Because the flight situation was essentially the same from Phase 1 to 2, the 
issue of learning had to be addressed.5 Pilots might fly better in Phase 2 simply be-
cause they had learned the aircraft and the physical terrain. Therefore, two meth-
ods were used to distract pilots from the similarities between Phases 1 and 2. First, 
the approach direction for Phase 2 weather was made symmetrical to, and coun-
terbalanced with, whatever each pilot had experienced during Phase 1. Second, a 
primary flight display (PFD) was introduced (Figure 5). Each pilot received a 20-30 
minute PFD training session involving a short flight from an airport out to a VOR at 
a requested altitude followed by a return to the departure airport for landing.

Data Normality, Phase 2

Acceptable Shapiro-Wilk normality was found only for weather knowledge test 
scores and flight duration. Hence, most data were again analyzed non-paramet-
rically.

Specific Effects

Effect of the weather training products on GA pilot weather knowledge. 
As in Phase 1, there were no significant changes in weather knowledge over time. 
Repeated measures ANOVA showed neither significant weather knowledge ef-
fects (pF = .396) nor training product effect (p = .908). Adding instrument rating and 
pilot’s locality of residence failed to enhance the analysis (smallest p = .389). Table 
6 shows means (with 95% confidence interval in parentheses).

5  Two reasons dictated not using 2 different, counterbalanced routes. First, the 
AGARS scenery database did not encompass the entire continental U.S. Second, even if it 
had, pilots would have easily spotted the essential flight features (i.e., slowly rising terrain 
terminated by hills, with deteriorating visibility and ceiling along the way).
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Figure 5. AGARS primary flight display used in Phase 2.

Table 6

Weather knowledge means--% correct, N=42—and (.95 CI).

Pre-treatment Post-treatment Final

Trg Prod 1  66.7 (± 10.2)  68.1 (± 9.2)  63.3 (± 10.1)

Trg Prod 2  65.0 (± 7.8)  67.4 (± 6.3)  66.4 (± 6.3)

Control  66.2 (± 7.9)  66.9 (± 6.0)  63.6 (± 5.6)

Table 7 shows that, when the data were collapsed across training products, pi-
lots clearly spent significantly less average time taking their knowledge tests after 
their pre-test (pFriedman = .000005). 

Table 7

Elapsed time (ET) means (seconds, N=42).

Pre-treatment Post-treatment Final Row Ave.

Trg Prod 1 1486 1034 982 1167
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Trg Prod 2 1414 1021 924 1120

Control 1117 831 873 940

Column Ave. 1339 962 927 1076

Could this explain why we failed to see any significant knowledge gain for any 
of the treatment groups? Unfortunately, in Phase 1, we saw that ET did not predict 
weather knowledge score. On average, pilots who spent more time on the test 
actually got lower average scores (rSpearman = -.187). But, because it was not statisti-
cally significant, this explains why ET was useless as a covariate in ANOVA.

We speculate that the pre-post drop in ET probably occurred because 1) on 
first testing, all pilots were unfamiliar with the software and 2) over half took their 
first test in the undisturbed privacy of their hotel rooms or homes, with little time 
pressure. In contrast, all remaining tests occurred in the laboratory where pilots 
were under supervision often with a plane to catch that afternoon, and none could 
fly the simulator until after their knowledge test was finished. This does not neces-
sarily mean they were less attentive in the later sessions. It may merely mean they 
were highly motivated to get the test over with and get into the simulator and likely 
concentrated more intently on the last two tests.

Flight behavior. Figure 6 shows Phase 1 flight paths (left column) and Phase 
2 flight paths (right column), grouped by training product (rows 1-3). Non-instru-
ment-rated pilots’ paths are shown as black lines; instrument-rated pilots’ as white 
lines.

Figure 6 shows us mainly how similar the flight patterns manifested across 
training groups, instrument rating, and Phases 1 versus 2. Most pilots who did 
complete the flight picked their way relatively directly, straight through the moun-
tain passes east of ABQ, even though this required great care to simultaneously 
maintain adequate cloud and ground clearance. Interestingly, the one Phase 1 
Control group instrument-rated pilot (lower-left box, white path) seen to flank the 
weather by flying north and later south in Phase 2 was the same pilot. He reported 
that, after being successful the first time, he was simply trying the same strategy, 
just going the opposite direction.
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Figure 6. Top-down, flight-profile views for Phases 1 and 2, laid over the terrain 
map. Terrain slowly rose as pilots flew east to west, squeezing them between 
clouds and ground, especially near the north-south ridge just before ABQ. Digital 
elevation data were obtained from National Geophysical Data Center (2008) and 
drawn by Mathematica (2008).

We can analyze flight pattern consistency—if a pilot did or did not make it all 
the way to ABQ during Phase 1, did he or she do the same thing in Phase 2? Table 
8 shows the 2x2 consistency matrix for 42 pilots.6

Table 8

Consistency of flight decisions from Phase 1 to 2.

Phase 2

Phase 1 No Yes

Made it to ABQ
No 22 (16.7) 6 (11.3)

Yes 3 (8.3) 11 (5.7)

1st number is actual n (2nd is expected n). pFisher = .0007 (2-tailed)

6  44 completed both Phases 1 and 2, but 2 experienced controlled flight into terrain 
and so were excluded from this analysis
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Most pilots behaved more consistently than expected by chance (note the 
two gray-highlighted cells, 22+11=33 of 42 = 78.6%, pFisher’s Exact Test = .0007). Pilots 
tended to repeat whatever flight decision they made the first time (e.g., if they flew 
all the way to ABQ in Phase 1, they generally did so in Phase 2 as well).

AGARS intercorrelations. Table 9 is the Phase-2 equivalent of Table 2. 

Table 9

Correlations between key Phase 2 variables.
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Instrument 
Rating 1.0

State of
Residence 3 1.0

Pilot Age  .382
(.010) -.275 1.0

Pilot Flight Hours  .379
(.011)  .060  .736 

(<.001) 1.0

Ave. Wx 
Knowledge4  .247 -.255 -.066  .154 1.0

Web Preflight 
Duration -.058 -.421

(.004)
 .475 
(.001)

 .371
(.013)  .225 1.0

Flight Duration  .130 -.281 -.107  .043  .070  .109 1.0

Minimum Dist to 
ABQ -.083  .215  .231

 
 .030 -.064 -.023 -.908 

(<.001) 1.0

Minutes scud 
running  .077  .206 -.049 -.037 -.036  .038  .090 -.194 1.0
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Minutes in IMC  .088 -.202 -.148 -.235 -.260 -.076  .138 -.248  .234 1.0

Minutes < 500’ 
AGL -.147  .034 -.139 -.053 -.175  .049  .373 

(.013)
-.422 
(.004) -.033 .446 

(.002)

1rpb = Point-biserial correlation; 2rs = Spearman rho correlation;  Low p-values are in 
parentheses (all others are non-significant [NS]); 3 No correlation run because sample 
had been partitioned for these factors.

Trivial relations. As in Phase 1, five of the largest correlations are statistically 
significant, but trivial. These cells are marked in a light shade of gray.

Non-trivial relations. These are boldfaced and marked in a darker shade of 
gray.

Web preflight duration x Locality of resi-dence (rpb = -.421)1. 

Web preflight duration x Pilot age (rs = .475)2. 

Web preflight duration x Pilot flight hours (rs = .368)3. 

Minutes < 500’ AGL x Flight duration (rs = .373)4. 

Minutes < 500’ AGL x Minimum distance to ABQ (rs = -.422)5. 

Minutes < 500’ AGL x Minutes in IMC (rs = .446)6. 

Correlations 1-3 imply that non-Oklahoma pilots, older pilots, and higher flight-
hour pilots tended to spend slightly more time using the Web preflight briefing tool. 
Effect sizes were no more than modest, accounting for r2pb = 18, 23, and 14% of 
the variance, respectively. Correlations 4-6 imply that pilots who flew longer, got 
closer to ABQ, and those who spent more time in IMC tended to spend slightly 
more time < 500’ AGL. Effect sizes were also modest, accounting for r2pb = 14, 
18, and 20% of the variance, respectively.

Durability of non-trivial relations. A “durable” relation is one that remains 
statistically significant across both Phases 1 and 2. Table 10 shows these.

Table 10

Durable, non-trivial relations between Phases 1 and 2 variables.

Variable 2
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Web Preflight Duration -.348 (.013) Ph1
-.421 (.004) Ph2

 .417 (.003) Ph1
 .475 (.001) Ph2

1rpb = Point-biserial. 2rs = Spearman rho.  P-values are in parentheses.
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Here, both local pilots and younger pilots spent slightly less time on their Web 
weather preflight briefing. Arguably, local pilots were more familiar with local terrain 
and weather patterns. Speculatively, older pilots could have been either slightly 
more careful briefers or might have simply been a bit less familiar with Web-based 
briefing, especially aviationweather.gov.

Effect of pilot weather knowledge on subsequent flight safety. As in Phase 
1, weather knowledge (as measured by our questions) did not significantly predict 
flight safety. As Table 9 showed, average weather knowledge7 did not relate signifi-
cantly to any Phase 2 flight behavior variables.8 Also as in Phase 1, neither was it 
significantly related to age, flight hours, locality of residence, or instrument rating.

Effect of Web preflight briefing time on subsequent flight safety. As in 
Phase 1, spending more time on the Phase 2 Web-based weather briefing did not 
lead to significantly safer flight. Table 9 reveals non-significant Spearman correla-
tions of Web preflight duration with flight duration, minimum distance to ABQ, min-
utes scud running, minutes in IMC, and minutes < 500’ AGL, with values ranging 
from -.076 ≤ rs ≤ .109.

Phase 2 gave a more sophisticated sense of how pilots used the Web-em-
ulation for self-briefing. It might seem logical to explore relations between, say, 
individual page view durations and our flight safety variables. However, there was 
arguably too much variability in the data to be able to do this confidently at this 
time.9 

Effect of the weather training products on takeoff hesitancy. In Phase 1, 
the weather training products appeared to induce takeoff hesitancy. Twelve of 50 
pilots initially stated that having to fly this mission VFR, they would choose not to 
even take off. In Phase 2, seven of the 44 returning pilots made the same deci-
sion. 

Overall, this decrease was not significant (pΧ2 =.330, NS). Phase 1 and Phase 
2 decisions remained significantly correlated10 (rφ= .323, p =.032), meaning that 
most pilots repeated their Phase 1 initial takeoff decision. Table 11 shows that 

7  (pre-+post-test+final score)/3.
8  Spearman correlations with flight duration, minimum distance to ABQ, minutes 

scud running, minutes in IMC, and minutes < 500’ AGL ranged from -.260 ≤ rs ≤ .07, all 
NS.

9  First, the variation in numbers of page views-per-dependent variable (DV) was 
enormous (range 1-92,  mean 44.8, SD 28.0), meaning that correlations and models would 
either be based on wildly different numbers of cases or would be saddled with huge num-
bers of zero values. Second, the frequency distributions for the 18 Web pages’ durations 
were, without exception, unacceptably non-normal for parametric techniques. Even exclud-
ing non-zero values, all Shapiro-Wilk ps were ≤ .001 except Collaborative Convective Fore-
cast Product (CCFP) = .011 and Convective Outlook-Wind = .183 (but, which was based 
only on n=3). Currently, there is no widely accepted method of nonparametric multiple re-
gression. In short, we would mistrust the results.

10  The correlation used here was φ (phi), which measures the relation between two 
dichotomous variables (in this case, Phase 1 hesitancy yes/no vs. Phase 2 hesitancy yes/
no).
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4+30=34 pilots repeated their decision, while 3+7=10 (23%) reversed their deci-
sion. Notably, 7 of those 10 (70%) were pilots who formerly did not want to take 
off, who now did want to take off, even though the flight situation was essentially 
identical to Phase 1.

Table 12 compares numbers of Phase 1 and Phase 2 pilots who initially hesi-
tated versus the values expected by chance (in parentheses). In Phase 1, we saw 
lack of hesitancy significantly concentrated in the Control group. In Phase 2, it 
became more uniform across groups (pΧ2 =.554, NS).

Table 11

Takeoff decision across phase for 44 pilots who participated in both Phase 1 and 
2 (“Yes” means “Would take off.”)

Phase 2

No Yes

Phase 1
No 4 (1.8) 7 (9.3)

Yes 3 (5.3) 30 (27.8)

1st number is actual n (2nd is expected n)

Table 12

Takeoff hesitancy, Phase 1 vs. 2.

Phase 1 Phase 2
Trg Prod

1
Trg Prod

2 Control Trg Prod
1

Trg Prod
2 Control

Initial takeoff 
decision

Yes 12 (12.2) 9 (12.2) 17 (13.7) 12 (12.6) 12 (12.6) 13 (11.8)

No 4 (3.8) 7 (3.8) 1 (4.3) 3 (2.4) 3 (2.4) 1 (2.2)

Pairwise odds-
ratios, 1-tailed p

.152
NS.004

.037

All this implies that training product-induced takeoff hesitancy did not persist 
over time. This is important because Phase 1 evidence for effect of training prod-
ucts was sparse and rested on the effect of our 3-variable model (consisting of 
training product + pilot age + takeoff hesitancy) to predict whether or not pilots 
would complete the entire flight to ABQ. Were hesitancy to cease to exert an effect, 
that might obviate that model.
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Effect of takeoff hesitancy on subsequent flight safety. The seven Phase 
2 hesitators did not end up flying more safely than the remaining 37 pilots. No 
significant differences between hesitators and non-hesitators were seen for min-
utes spent in IMC, minutes scud running, or minutes < 500’ AGL (2-tailed Mann-
Whitney pU =.268, .089, .950 respectively, all NS). In Phase 1, hesitators seemed 
to continue their conservatism into their flight, making significantly briefer flights, 
with consequently less penetration into the marginal weather close to ABQ. This 
was not true in Phase 2 (pU =.550, .450, respectively, NS).

Effect of the weather training products on subsequent flight safety. When 
all was said and done, we wanted to know if viewing a weather training product 
would significantly affect flight safety. In Phase 1, there was indirect indication of 
this. Seeing a weather training video related to takeoff hesitancy, which related to 
flight duration, which related to minutes spent < 500’ AGL—although seeing the 
weather video did not significantly directly relate to minutes spent < 500’ AGL (nor 
to scud running or time spent in IMC).

However, in Phase 2, the same indirect correlational chain did not seem at 
work. Nor could any direct relation be seen between training product and sub-
sequent flight safety, as measured by flight duration, minimum distance to ABQ, 
minutes in IMC, minutes scud running, or minutes < 500’ AGL (.154 < pKruskal-Wallis 
< .768, NS). 

Modeling Flight Behavior 

To investigate why some pilots chose to complete the flight through deteriorat-
ing weather while others did not, we again constructed models. The bivariate cor-
relations in Table 9 represent the simplest possible kind of logical model. However, 
real-world events are rarely well-explained by a single factor. So, to try to get at 
multi-factor relations, we turned to multivariate modeling.

Cluster analysis. In Phase 1, a subset of the candidate variables formed two 
significant similarity clusters. Table 13 reiterates these. 

In Phase 2, however, a repeat cluster analysis failed to find any variables re-
lated sufficiently to sort the pilots into even two clusters. The logical significance of 
this will become apparent shortly.

Table 13

Phase 1 variables contributing significantly to clustering

Continuous Categorical
Age Training product
Flight hours Takeoff hesitancy
Final minimum distance to ABQ Wx recheck just before takeoff
Minutes flying < 500’ AGL Flew all the way to ABQ

Clustering
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Cluster 1 tendencies Cluster 2 tendencies
Younger Older
Lower flight hr Higher flight hr
Closer final minimum dist to ABQ Farther final minimum dist to ABQ
More minutes at < 500’ AGL Fewer minutes at < 500’ AGL
Control group (no wx trg product) Received a wx training product
Initial takeoff response was to fly Initial takeoff response was to not fly
No wx check just before takeoff Wx check just before takeoff
Flew all the way to ABQ Diverted before ABQ

Binary logistic regression analysis. We next retested the Phase 1 3-vari-
able logistic regression model for durability. In Phase 1, a model based on training 
product, age, and takeoff decision11 was able to predict 64% of the explainable 
(Nagelkerke) variance in ToABQ (p=.000004) and correctly predicted 83.3% of the 
cases (diversion vs. continuation on to ABQ), compared to a baseline prediction 
rate of 62.5%.12

In retesting this model with Phase 2 data, however, the identical model pre-
dicted only 19.9% of the Nagelkerke variance and 72.1% of the cases, compared 
to its baseline rate of 60.5%. This was not a significant improvement (p=.145, NS) 
over an educated guess (i.e., the baseline, “constant-only” model).

This performance degradation of the Phase 1 model was certainly not simply 
due to the raw number of pilots who actually made it all the way to ABQ (18 of 4813 
in Phase 1 vs. 17 of 43 in Phase 2). Nor was it due to pilot age (because pilots 
were only 3-4 months older than they were during Phase 1). 

We speculate that the Phase 1 model collapsed due to inconsistencies in take-
off decision from Phase 1 to Phase 2. Whatever coherent effect, or “signal,” the 
weather training products may have engendered in Phase 1 dissolved amongst 
the “noise” of individual variation in Phase 2. Table 9 showed the 2x2 consistency 
matrix. Ten pilots (3+7) reversed their Phase 1 takeoff decisions in Phase 2. While 
Fisher’s Exact Test gives this probability at p=.054—technically non-significant—
it is arguably close enough to suspect that we have the culprit that disabled the 
Phase 1 3-variable model.

11  Note that takeoff decision reflects “takeoff hesitancy” as discussed earlier.
12  The baseline rate is the model’s ability to predict an outcome by chance alone, 

given only knowledge of average group behavior. For instance, if 50% of Americans voted 
Democratic, that would be the baseline rate, assuming we had no other knowledge about 
individual voters.  However, if we knew individual voters’ incomes, educational levels, eth-
nicities, genders, religious preferences, and job categories, we might expect to predict in-
dividual votes at greater than a 50% success rate. The primary purpose of multivariate 
modeling is to maximize that kind of additional predictability.

13  The original Phase 1 N=50, with 1 missing data, 1 eliminated for CFIT → 48. The 
original Phase 2 N=44, with 1 eliminated for CFIT → 43.
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After this admittedly exhausting analysis of the details, we now turn to a sum-
mary discussion of the overall experiment.

Discussion
The primary purpose of this research was to investigate the effects of vid-

eo weather training products, namely a) their immediate effects on pilot weather 
knowledge and flight behavior in the face of potential instrument meteorological 
conditions, and b) whether these effects persist across time.

Fifty GA pilots participated in a study designed to examine both pilot weather 
knowledge and flight behavior. Pilots took a weather knowledge pre-test, followed 
by exposure either to one of two weather training videos (the Experimental groups), 
or to a video having nothing to do with weather (the Control group). They then took 
a knowledge post-test to measure knowledge gain induced by the training product. 
Next, they planned for, and flew, a simulated flight mission through deteriorating 
weather from Amarillo, TX, to Albuquerque, NM (ABQ). Numerical flight data were 
collected and flight behaviors noted.

Figures 7 and 8 graphically depict significant correlations between variables. 
Single-headed arrows imply directional causation (e.g. instrument rating could 
conceivably cause minutes < 500’ AGL to vary, but the reverse would not be true). 
Double-headed arrows make no assumption about what might cause what.

Figure 7. Phase 1 univariate and multivariate correlational structure.
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Figure 8. Phase 2 correlational structure.

In Phase 1, only a limited number of significant training effects were seen. For 
one, there was a tendency for pilots who viewed either of the two weather videos 
to hesitate taking off into the marginal weather. These “hesitators” flew only after 
encouragement. In contrast, 17 of 18 control group pilots took off without any en-
couragement. Subsequently, the hesitators continued their conservatism, making 
shorter average flights than non-hesitators. 

Since the bulk of the scenario’s danger lay near the flight’s destination, we 
might speculate that watching a weather training video induced takeoff hesitancy, 
which then induced shorter flights, which then led to lower groupwise risk expo-
sure. There was correlational evidence to support each individual link of this chain. 
However, the overall chain of logic was not simple. Ultimately, no beginning-state 
variables (e.g., pilot age, flight hours) ended up directly correlating with end-state 
flight-risk variables (scud running, time spent in IMC, or time spent at < 500’ AGL). 
Therefore, no simple model based on video training product alone could be ulti-
mately shown to modulate flight risk.

So, we turned to multivariate modeling. A binary logistic regression model se-
lected from multiple candidate variables (continuous and discrete) to find the best 
combination capable of explaining the variation in a single, discrete dependent 
variable—whether or not a pilot completed the entire flight to ABQ. This model 
assumed that the farther one flew into the deteriorating weather, the greater the 
overall risk.

In Phase 1, this led to a significant 3-variable model of weather-related risk 
taking based on

Video training product ●

Pilot age ●

Takeoff hesitancy ●
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This model implied that, while a brief video weather training product alone 
might not significantly affect risk taking, it might do so if combined with other fac-
tors. Specifically, relatively older pilots with more conservative behavioral (flying) 
tendencies may have been sensitized—but less by a specific training product than 
by the more general fact of being exposed to “something safety-related.” In tech-
nical terms, older, more cautious pilots in the two experimental groups might be 
more susceptible to cognitive priming than those in the control group. In lay terms, 
experimental-group pilots may have suspected that the FAA had an agenda about 
weather and that they had better act cautiously.

However interesting this model, it did not hold up in Phase 2. There, pilots 
were under less pressure: They had fewer tests to take; they were already familiar 
with equipment and procedure, and now fully understood that the FAA researchers 
were benign. They could relax and act naturally. They desensitized. And, when 
they did, it became hard to discern any significant differences between the weather 
training groups and the Control group.

Note that this does not mean that weather training products are ineffectual. It 
merely means we failed to demonstrate effect. The fact remains that weather is 
complex and we cannot expect one 90-minute training session to change much. 
Just as we cannot build an entire house from a single brick—no matter how good 
the brick—we probably cannot radically and permanently alter pilot behavior in a 
lasting way from a single brief training session.

Findings common to both studies

Durable relations. A few non-trivial durable relations persisted from Phase 1 
to 2. There was a slight tendency for older pilots, and for Oklahoma pilots, to spend 
a bit more time on their Web-based preflight briefing. We can speculate that older 
pilots were likely to be slightly less familiar with Web-based preflight briefing, and 
that local pilots tended to know the terrain better.

Consistency of flight behavior. Faced with a similar situation later in time, 
pilots tend to repeat what they did earlier. Table 8 showed that in Phase 2, more 
than 78% of pilots made the same ultimate choice about either diverting or continu-
ing on to the destination that they first made in Phase 1. Table 11 showed that 77% 
of initial yes/no takeoff decisions remained the same.
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Abstract
In 2009, a MD-11 crashed at Narita, Japan with the loss of two lives.  This 

was the third MD-11 rollover, a rare occurrence for a wide-bodied airplane.  It 
was also the latest in a line of landing events with similar characteristics. After 
the 1997 rollover of a MD-11, the 2000 rollover of a China Airlines MD-11, and 
other aircraft landing events, the NTSB asked FAA to sponsor a comparative study 
of stability and control characteristics of large transport category airplanes. This 
paper provides the results of a textual analysis of MD-11 incident/accident public 
reports from 1992-2009.  Three distinct types of landing events were discovered.  
The majority were type one with shared characteristics to the rollover accidents.  
Type two involved runway overruns with none of the defining variables found in 
type one. Type three involved the main landing gear and, as with type two, had 
no apparent relation to the variables found in type one.  The paper discusses 
the MD-11’s relaxed stability design and related pitch sensitivity.  The paper also 
reviews possible improvements in incident/accident reporting.  
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MD-11 Landing Incidents/Accidents 1992 – 2009:

A Textual Analysis of NTSB and FAA Reports
A wide-bodied airplane rollover on landing is a rare occurrence.  It has hap-

pened three times to the MD-11 in the midst of a series of MD-11 landing events.  
The first landing rollover occurred to a freighter landing at Newark, New Jersey in 
1997 (FedEx 14), and a passenger MD-11 rolled over in 1999 at Hong Kong with 
the loss of three lives (China Airlines 642).  While the number of MD-11 landing 
events slowed after 2000, they continued, and in 2009 an MD-11 rolled over on 
landing at Narita, Japan with the loss of two lives (FedEx 80).  In response to Fe-
dEx 14 and other landing events involving MD-11s, DC-10s, and B757/767s, the 
National Transportation Board (NTSB) in July 2000 recommended that the Federal 
Aviation Administration (FAA) sponsor a National Aeronautics and Space Admin-
istration (NASA) study of the “stability and control characteristics of widely used, 
large transport category airplanes.”  The report was to have two goals:

Identify undesirable characteristics that may develop during the landing 1. 
phase in the presence of adverse combinations of pilot control inputs, air-
plane center of gravity position, atmospheric conditions, and other fac-
tors.

Compare overall qualitative and quantitative stability and control charac-2. 
teristics on an objective basis (Safety Recommendation A-00-100. Nation-
al Transportation Safety Board [NTSB], 2000a; NTSB, 2000b). 

The study was never initiated.  Instead, the FAA cited two previous compre-
hensive landing studies that reviewed multiple variables but did not attempt any 
comparison between aircraft models (Approach and Landing Joint Safety Analy-
sis Team [JSAT], 1999; Khatwa, 1999).  “Based on the reports...the FAA does 
not believe that basic research based on past accident reports will identify any 
undesirable landing phase combinations that are directly related to stability and 
control characteristics.”  The NTSB classified the safety recommendation “Closed-
Acceptable Alternate Action” (NTSB, 2001b).

The MD-11 does have a high hull loss accident rate per million departures, 
2.57, when compared with other airplane types including its two direct competitors, 
the Airbus A340 at 1.05 and the Boeing B777 at 0.24 (Boeing, 2009).

However, no objective comparison of wide-bodied airplane landing events has 
ever been completed, and no objective comparisons can be made.  This paper 
attempts to partially address the NTSB recommendation by analyzing on an objec-
tive basis through the textual analysis of incident and accident reports the stabil-
ity and control characteristics of the MD-11 during the landing phase of publicly 
reported events since 1992.  The most significant MD-11 accident involving loss 
of life was not included in this analysis due to the unique nature of that accident 
(Swissair 111 with 229 fatalities).  According to the Transportation Safety Board of 
Canada, a fire started via a short involving the in-flight entertainment system wiring 
installed after the airplane was delivered to Swissair (Transportation Safety Board 
of Canada [TSB], 2003).

MD-11 Landing Incidents/Accidents 1992 – 2009
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Figure 1. Boeing (2009).

Methodology
By examining the publicly available incident/accident reports on MD-11 land-

ing events contained in NTSB and FAA databases, it was theorized that patterns 
would emerge.  The earliest incident contained in the databases was a Delta flight 
(number not recorded) from August 2, 1992.  The latest one analyzed for this 
paper was a Saudi Arabian flight (number not recorded) from June 9, 2009.  Two 
Lufthansa Cargo landing events (one a hull loss accident) occurred after this date 
and were not included in the analysis for this paper.

NTSB Aviation Incident/Accident Reports, Factual Reports, Probable Cause 
Reports, and FAA Reports were analyzed and compared with a list of variables 
(NTSB Aviation Accident Database and Synopses; FAA Accident/Incident Data 
System [AIDS]).  If the incident/accident report explicitly described that variable, 
for example a go-around, then the event received a score of one for that variable.  
If the variable was not explicitly described then the event received a score of zero 
for that variable.  The two exceptions of this scoring were firm or hard landings (1 
for firm, 2 for hard) and landing gear damage (1 for damaged, 2 for destroyed).  In 
some cases it was tempting to infer a conclusion based on the available informa-
tion.  For example, in the Eva Air flight from November 20, 2001, the NTSB report 
states “Hard landing...with nose gear hitting ground” (NTSB, 2001a).  Based on 
similar events, a researcher might be tempted to add high sink rate or pitch-up on 
spoiler deployment as possibilities for this event.  However, the report states only 
a hard landing, and that is what was counted.  High sink rate and pitch up were 
given 0’s for that event.
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Other sources, including the Aviation Safety Network database, and reports 
from the Hong Kong and Ireland investigation boards were used to provide more 
detailed information on certain events when that information was not available 
from either the FAA or the NTSB (Aviation Safety Network Database http://avia-
tion-safety.net/database/; Civil Aviation Department Hong Kong [CAD], 2004; Irish 
Air Accident Investigation Unit [AAIU], 2001).  FedEx 80 is still under investigation, 
but video and news reports from that event were used to provide information on 
the event when the information was clear and without question (Aviation Week & 
Space Technology, 2009; “FedEx Narita Japan,” 2009).

In addition to descriptive information such as date, time, damage, and weath-
er, categories based on the three MD-11 hull loss accidents were created.  The 
accident reports of the first two and the video of the third accident helped to inform 
these categories.  The following categories were initially used:

oscillation ●

bounce  ●

high sink rate ●

go-around ●

hard landing ●

landing gear damage ●

sheared wing ●

rollover  ●

pilot error ●

As anticipated, it became clear during the analysis that other categories need-
ed to be added. 

1 ● st or 2nd  landing = This variable helped determine if the landing event 
precipitated the go-around, if damage was partially or totally caused 
by the go-around maneuver, or if the damage was caused on the sec-
ond landing attempt.

tailstrike = Early on it became apparent that a large percentage of the  ●
landing events  involved tailstrikes.

firm landing = Initially only hard landings were noted.  However, some  ●
reports labeled the landings as firm (based usually on eyewitness ac-
counts) so this second variable was created.  

pitch up = The MD-11 has a tendency to pitch up on landing.  While the  ●
cause of this pitch up has never been clearly diagnosed, enough of the 
incident/accident reports mentioned pitch up to warrant the inclusion 
of this variable.

pilot reported wind shear = Specifically, this variable was created to  ●
indicate when a pilot reported wind shear but there was no indication 
of actual wind shear either from other pilots or from wind shear instru-
mentation.  

MD-11 Landing Incidents/Accidents 1992 – 2009
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Through the course of the analysis, three distinct types of landing events 
emerged.

Type one = Landings involving some combination of a firm/hard land- ●
ing, tailstrike, and/or high sink rate (21 events reported).

Type two = Landings involving runway overruns with no indication of  ●
the type one defining variables.  (7 events reported – three of them 
under wet or rainy conditions.)

Type three = A group of events involving the main landing gear with no  ●
indication of  the defining type one variables (4 events reported).

This paper focuses on type one events.  No explicit link was found between 
this first broad type and the other two.  

UPS 6971 suffered a nose gear collapse on landing.  A minor bounce of the 
nose gear occurred, but otherwise the flight encountered none of the other vari-
ables typical for a type one event.  It was included, however, because the charac-
teristics of the event otherwise fell into this type.  In addition, the aircraft had en-
countered a hard landing on its previous landing with a different flight crew making 
it of further interest to this study.

As one commonly discovers in textual analysis, terminology was used incon-
sistently among incident/accident reports.  Specifically, in some cases the terms 
firm and hard landing were used interchangeably.  The definition for each was un-
clear and was often determined by the perception of the airplane occupants.  That 
is why an explicit mention was required.   The explicit rule in some ways makes 
this analysis possible, and it is believed, leads to useful conclusions.  However, 
some nuances are lost.  As an example, this researcher’s opinion is that oscilla-
tions occurred in more events than listed, but it was only explicitly mentioned or 
seen in three events.

One major caveat has to be clearly outlined.  As the seeming severity of the 
event decreased, less of an investigation was completed and less information was 
given in the incident/accident report.  In addition, several of these events occurred 
outside the United States.  While the NTSB was made a party to or notified of some 
of the investigations, occasionally a fuller report was not issued by that country’s 
investigation body.  In one case where it was, an Eva Air flight from November 20, 
2001, the accident occurred in Taiwan, and the final accident report was written in 
Chinese (Taiwan Aviation Safety Council [ASC], 2001).  Translation of this report 
into English was beyond the resources available for this research project.

Of the twenty-one events falling into type one, the information for eight were 
deemed incomplete by the author.  This gave the researcher two options – drop 
the eight from the analysis or include them with this caveat.  The latter course was 
chosen.  After careful review, it was determined that enough information was avail-
able to include them in the analysis.  One of these is still under investigation (Fe-
dEx 80).  For the others, the major factors were outlined in preliminary reports. 
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Results

Figure 2. MD-11 type one landing incidents/accidents in chronological order 
(counter-clockwise starting from top).  1992 - 1999 on left; 2000 - 2009 on right.      

Table 1

Type one Landing Incidents/Accidents - Variables

MD-11 Type One 
Landing Incidents/Accidents - Variables

1992-2009

variables total 
(21)

hull loss 
(3)

visual conditions 15 2
pilot error 13 2
tailstrike 12 0
high sink rate 8 2
bounce 7 2
hard landing 7 2
fedex 6 2

MD-11 Landing Incidents/Accidents 1992 – 2009
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pitch up 6 0
go-around 5 0
wind gusts 30+ 3 2
oscillation 3 1
firm landing 3 1
sheared wing 3 3
rollover 3 3
reported wind shear by pilot 3 1

In the methodology section above it was noted that the landing events fell into 
three broad categories.

Type one = Landings involving some combination of a high sink rate, firm/ ●
hard landing, and/or tailstrike (21 events reported).

Type two = Runway overruns with no indication of the type one defining  ●
variables.  (7 events reported – three of them under wet or rainy condi-
tions.)

Type three = A small group of events involving the main landing gear but  ●
with no indication of the type one defining variables (4 events reported).  
Three involved the center main landing gear and failure of the drag brace.  
The first type three occurrence in the databases, from September, 16, 
1992, was actually a McDonnell Douglas test flight trying to determine a 
cause for two previous such incidents.  McDonnell Douglas did issue a 
Service Bulletin with modifications, but two of the three occurred after the 
Service Bulletin and with the modifications.  The latest one in the data-
bases was dated November 7, 2006.

The majority of MD-11 landing events between 1992 and 2009, including the 
three hull loss accidents, were type one.  The available information gave no read-
ily apparent connection between the events in Types Two and Three and those in 
type one.  For these reasons, type one is the focus of this paper and the following 
analysis.

The events primarily occurred in good weather conditions and fifteen were 
under visual conditions.  Three occurred with gusts of 30+ knots and two of these 
three were hull loss events.  The pilots in one of these were attempting a landing 
during Severe Tropical Storm Sam (China Airlines 642).

Thirteen involved some level of pilot error.  These thirteen exactly correlate 
with the thirteen deemed “complete” meaning that these events warranted fuller 
investigations from the NTSB, CAD, and AAIU and thus fuller reports.  

Tailstrikes played a role in twelve of the events.  In three tailstrikes, pilots 
reported experiencing wind shear, when no other pilots (either in the vicinity or 
landing previously) reported wind shear and no indication of it was reflected in 
the instrumentation.  Two of these reports explicitly stated excessive sink rates on 
landing (FedEx 71 and FedEx 14).  The MD-11’s propensity to pitch up at ground 
spoiler deployment (a trait inherited from the DC-10 from which it was derived) 
played a role in at least six tailstrikes.  However, the fundamental problem un-
derlying the tailstrikes was outlined in a June 1996 FedEx Tail Strike Awareness 
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Training Instructors Guide."One consistent factor in every landing tail strike to date 
[underlined in original]has been an excessive descent rate with an increasing at-
titude rate prior to the initial touchdown" (NTSB, 2000a, Appendix F, page 133).

This Guide was part of FedEx’s Tail Strike Awareness Training Program un-
veiled in response to the FedEx 71 incident of 1996.   The direct impact of this 
training program in its first four years was negligible – 8 of the 12 tailstrikes oc-
curred after 1996.  However, when combined with other developments discussed 
below the impact on tailstrikes after 1999 was clearer with only 4 of the 12 occur-
ring between 2000 and 2009.  

Ten of the type one landings were considered firm or hard landings (three 
firm, seven hard).  These led to six bounces and three oscillations.  FedEx 71 was 
unique in reporting a bounce without a firm or hard landing – all other instances 
of a bounce were tied to either a firm or hard landing.  FedEx 71 did, however, 
experience a high rate of descent.  Once the MD-11 started bouncing or oscillating 
on landing a potentially dangerous situation presented itself as when FedEx 14 
and China Airlines 642 rolled over.  The FedEx 14 accident report, with informa-
tion from the China Airlines investigation, was released July 25, 2000.  Among the 
NTSB recommendations were the following.

Improved pilot training that would include structural failure awareness, a  ●
syllabus for landing simulator training, and a pro-active emphasis on go-
arounds.

An upgrade to Flight Controller Computer software (FCC-908) software on  ●
all MD-11’s within one year (NTSB, 2000a; NTSB, 2000b).

These recommendations had an impact.  Between1992 and 1999, MD-11 type 
one landing events averaged 1.6 per year with a run of two in 1996, three in 1997, 
and two in 1998 and 1999.  After 1999 the number of type one landing events per 
year fell to an average of 0.8 and there were stretches when none were reported 
to the FAA or NTSB (2000, 2002-2003, and 2007-2008).   MD-11 Type One 

Landing Incidents/Accidents By Year
1992-2009
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Figure 2. MD-11 Type One Landing Incidents/Accidents by Year (1992-2009).
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Table 2

MD-11 Type One Landing Incidents/Accidents - Descriptions (1992 - 2009).

year month date carrier flight reg serial passenger/
freight

1992 8 2 delta N/A N803DE 48474 p

1993 4 30 delta 88 N803DE 48474 p

1994 8 19 alitalia 664 IDUPO 48429 p

1994 11 4 fedex 16 N611FE 48604 f

1996 5 16 fedex 71 N614FE 48528 f

1996 5 25 korean airlines 90 HL737 48409 f

1997 6 21 garuda 
indonesia 800 EICDK 48501 p

1997 7 31 fedex 14 N611FE 48604 f

1997 10 24 N/A N/A N275WA 48631 f

1998 11 11 delta N/A N801DE 48565 p

1998 12 25 china eastern N/A B2174 N/A p

1999 8 23 china airlines 642 N/A N/A p

1999 9 18 world airways N/A N272WA 48437 p

2001 11 20 eva N/A B16101 N/A p

2004 1 26 varig 8670 PPVTF N/A p

2004 9 19 fedex 859 N601FE 48401 f

2005 6 7 UPS 6971 N250UP 48745 f

2006 9 14 fedex N/A N623FE N/A f

2006 11 14 UPS N/A N282UP N/A f

2009 3 23 fedex 80 N526FE N/A f

2009 6 9 saudi arabian N/A HZ-ANB N/A f
Gray = Rollover.
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Table 3

MD-11Type Two Landing Incidents/Accidents - Descriptions (1992 - 2009).

Year Month Date Carrier Flight Reg Serial Passenger/
Freight

1996 11 6 world airways 201 N271W 48518 p

1998 6 14 japan air lines N/A JA8580 48571 p

1999 8 8 china eastern N/A N/A N/A p

1999 10 17 fedex N/A N582FE N/A f

2002 2 3 delta N/A N803DE N/A p

2003 5 30 gemini N/A N703GC 48411 f

2006 2 11 world airways N/A 272WA N/A p

Table 4

MD-11 Type three Landing Incidents/Accidents - Descriptions (1992 - 2009).

year month date carrier flight reg serial passenger/
freight

1992 9 16 McDonnell 
Douglas N/A N90187 48437 p

1993 2 14 “foreign air 
carrier” N/A N/A N/A p

1995 10 5 fedex 1700 N606FE 48602 f

2006 11 7 fedex N/A N584FE N/A f

Discussion - Relaxed Stability

In addition to providing information about the variables involved in each event, 
the incident/accident reports also provided information about the MD-11’s relaxed 
stability design and its impact on MD-11 pitch sensitivity.  In the early 1970’s Mc-
Donnell conducted research on the combination of fly-by-wire technology and re-
laxed stability to improve fighter performance for the Air Force Flight Dynamics 
Laboratory (Berger, 1973).  By 1987, engineers on the Douglas side of the com-
pany were incorporating relaxed stability into their MD-11 design.  To reduce both 
drag and weight they designed the MD-11 horizontal tail 30% smaller in area than 
the DC-10 tail from which it was derived.  One way they accomplished this was 
by relaxing the static longitudinal stability to increase the aft limit of the center of 
gravity (CG).  A 2,000 gallon fuel tank was also placed in the horizontal stabilizer 
to help maintain an aft CG.  To decrease pilot workload and enhance stability in 
manual flight at aft CG’s, a longitudinal stability augmentation system (LSAS) was 
integrated into the Flight Control Computer (FCC).  The 30% reduction in horizon-

MD-11 Landing Incidents/Accidents 1992 – 2009
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tal tail area resulted in a 2% reduction in total aircraft drag, 2,000 pounds of weight 
savings, and a net fuel-burn reduction of almost 3% (Field, 1987).

The NTSB first investigated MD-11 relaxed stability in connection with a series 
of high altitude oscillations.  The NTSB found, and Douglas test pilots confirmed, 
that the control column forces required for longitudinal control of the MD-11 in high 
altitude manual flight were lighter than those required for other “transport category” 
airplanes with which the pilots might have been familiar.  This pitch sensitivity led 
to pilot induced oscillations (PIO’s) in the cases of China Airlines 61-012 - 1992, 
China Eastern 583 - 1993, and eight similar events of which the NTSB was aware.  
The NTSB recommended a review of the MD-11’s longitudinal stability and related 
pilot training (NTSB, 1993, pp. 30-32 and 45-50; NTSB, 1994, pp. 19-23 and 26-
31).  In December 1995 McDonnell Douglas engineers responded by designing a 
software upgrade for the LSAS, FCC-907, which introduced a pitch rate damper 
(PRD) control law.  As they were addressing a high altitude, high speed problem 
they decided to leave low altitude flight characteristics unchanged and had the 
PRD phase in/phase out between 15,000 and 20,000 feet (NTSB, 2000a).

The continued frequency and increased severity of MD-11 tailstrikes led to 
larger NTSB investigations, and McDonnell Douglas/Boeing engineers turned their 
attention to MD-11 landings.  They developed software upgrade FCC-908 with 
a PRD that remained active at 30% strength from approximately 17,500 feet to 
ground level.  The NTSB felt this upgrade would “render the airplane less suscep-
tible to [pilot] overcontrol in pitch” as seen in such events as FedEx 14.  The soft-
ware also included features to help prevent the pitch-up that would occasionally 
occur when the spoilers deployed upon landing, a problem which dated back to 
the MD-11’s predecessor the DC-10.  FCC-908 became FAA certified in May 2000, 
and in July 2000 the NTSB recommended all carriers load their MD-11 fleets with 
the new software within one year (NTSB, 2000a; NTSB, 2000b).  After the FedEx 
71 landing event in 1996, FedEx had implemented a tailstrike training awareness 
program with emphasis on maintaining proper sink rates, recovering from bounced 
landings, and flying low level go-arounds.  In 2000 the NTSB expanded this to a 
recommendation for increased and improved landing training for pilots in general 
(NTSB, 2000a).  These improvements in training when combined with the flight 
control software upgrades had an impact.  Though MD-11 landing events with type 
one variables continued, their rate per year decreased after 2000 (see Results 
above).  

Conclusion
Textual analysis of MD-11 landing incident/accident reports between 1992 and 

2009 revealed three distinct types.  Type one, the most prevalent, involved some 
combination of a high sink rate, firm/hard landing, and/or tailstrike.  Of all the vari-
ables, the twelve tailstrikes garnered the most attention from investigators and the 
manufacturer.  However, a review of the reports clearly indicates that tailstrikes 
were the symptom of the MD-11’s propensity to incur an excessive sink rate on 
landing.  FedEx outlined this connection in their 1996 Tail Strike Awareness Train-
ing Instructors Guide (NTSB, 2000a, Appendix F, page 133).  Two design issues 
contributed to the flying and landing characteristics of the MD-11.

Relaxed stability from its comparatively aft center of gravity and small hori-1. 
zontal stabilizer (NTSB, 1993; NTSB, 2000a, pp.49-50 and 62-63).
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Pitch up on spoiler deployment, a problem carried over from its DC-10 2. 
predecessor (NTSB, 2000a).

Other airplanes, such as the MD-11’s direct competitor the B777, were also 
designed with relaxed stability.  However, pilots encountered higher pitch sensi-
tivity with the MD-11 than with other airplanes.  The NTSB first mentioned this in 
reports involving MD-11 upsets at higher altitudes but later extended this concern 
to pilot “overcontrol in pitch” which occurred during the FedEx 14  landing accident.  
The resulting NTSB recommendations to improve landing training programs and 
the MD-11 flight controller computer software (FCC-908) had an impact.  Though 
MD-11 landing events continued, their rate per year decreased after 1999.

FedEx accounted for two of the three rollovers and five of the twenty-one type 
one events, the largest of any single carrier.  This might simply be a statistical as-
sociation as FedEx has flown more MD-11s (58 as of March 2009) longer (since 
1991) than other carriers.  Further research is required.  A comparison of FedEx 
maintenance, operation, and training procedures with other MD-11 freighter fleets 
would be informative.  UPS’ fleet of MD-11’s had two type one events.  Lufthansa 
Cargo MD-11’s were involved in two landing events, one a hull loss accident, but 
these occurred after July 9, 2009 and were not included in the analysis for this pa-
per.  (NTSB and FAA databases; Bundesstelle für Flugunfalluntersuchung [BFU] 
http://www.bfu-web.de/). 

Textual analysis also revealed potential areas of improvement for the public 
reporting of aviation incidents/accidents.  

Standardized terminology.   There needs to be further standardization 1. 
of language among and between investigators and pilots.  For example, 
hard and firm were sometimes used interchangeably for the same land-
ing event.  In some cases a reported bounce was really an oscillation and 
vice versa.  Even the terms incident and accident, though defined by the 
FAA and NTSB, were used inconsistently in the field.  Common definitions 
combined with discipline in reporting would allow for improved discovery 
of patterns.

Minimum information requirements for each incident/accident.  What might 2. 
seem common or routine in one event could actually be a part of a larger 
and pattern.  Currently a bare amount of information is reported for some 
events, even those incurring substantial damage.  For example, the sig-
nificance of MD-11 tailstrikes is outlined in this paper.  Here is an example 
of an abbreviated FAA report on one such incident.    

We checked Captains certificate and medical for currency and 
presence.  (First Officer had left the airport prior to our checking 
certificate or medical...[person unnamed due to privacy concerns] 
called and asked one of the other inspectors what we were go-
ing to question the Captain about and said they had procedures 
and wanted to know if the company could get the information.  
We agreed.  We checked the aircraft logbook entries, and left 
the area.  This incident is closed (Federal Aviation Administration 
[FAA], 2006, Narrative)

MD-11 Landing Incidents/Accidents 1992 – 2009
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Not only does this abbreviated report fail to provide specifics on the 
structural damage to the airplane, the minimum found in other reports 
and one of the reasons for post-incident inspections.  It also fails to 
mention any possible causation for the incident.

Language requirements for major accident reports.  In 2001 Eva (flight 3. 
number not indicated) suffered a hard landing with structural damage in 
Taiwan.  The 97 page ASC of Taiwan report is only available in Chinese 
limiting its usefulness internationally.  Currently, the International Civil Avi-
ation Organization (ICAO) has six official languages.  One option would 
be to have major reports translated into all six languages.  However, this 
would be costly as evidenced by ICAO’s ongoing efforts to reduce transla-
tion costs for its own publications (ICAO, 2004a).  Another possibility would 
be to provide English versions of major accident reports to the public.  Of 
the 188 contracting ICAO nations, over 100 use English exclusively as 
their official language of correspondence (ICAO, 2004a).  ICAO requires 
English be made available when a flight crew is unable to communicate 
in the language of a station on the ground.  Officials at ICAO have written 
that these provisions “do not in any way limit the use of a national, region-
al, or local language but recognize the practical requirement for English to 
be available for the many pilots who do not speak the national language 
of a particular State” (ICAO, 2004b).  It would be reasonable for ICAO to 
study the extension of this policy to major accident reports by making them 
available in English for investigators, regulators, and manufacturers who 
do not read the national language of a particular State.



216

References

Approach and Landing Joint Safety Analysis Team (1999). Approach and landing: 
Results and analysis. Washington, DC: Author.

Berger, R.L., Hess, J.R., & Anderson, D.C. (1973). Compatibility of maneuver load 
control and relaxed static stability applied to military aircraft. Dayton, OH: Air 
Force Flight Dynamics Laboratory.

Boeing (2009). Statistical summary of commercial jet airplane accidents worldwide 
operations 1959-2008. Seattle, WA: Author.

Civil Aviation Department Hong Kong (CAD) (2004). Report on the accident to 
Boeing MD11 B-150 at Hong Kong International Airport on 22 August 1999 
(Aircraft Accident Report 1/2004). Hong Kong: Author.

Federal Aviation Administration (FAA) Accident/Incident Data System [AIDS]. 
http://www.asias.faa.gov/portal/page/portal/ASIAS_PAGES/ASIAS_HOME/
DATAINFO

Federal Aviation Administration (FAA) (2006).  ASIAS Brief Report [UPS MD-11 
282UP 14 November 2006] (Report No. 20061114025179C). Washington, 
DC: Author.

FedEx Narita Japan March 23 2009. Video posted to http://www.youtube.com/
watch?v=yWZyPp8SiPc

Field, G.C. (1987).  MD-11 design: Evolution, not revolution. In AIAA ’87.  AIAA/
AHS/ASEE Aircraft Design, Systems and Operations Meeting, September 
14-16, 1987, St. Louis, MO.

International Civil Aviation Organization (ICAO) (2004a) Increasing ICAO efficiency 
(Assembly – 35th Session – Working Paper A35-WP/208 EX/84 24/09/04). 
Montreal, Canada: Author.

International Civil Aviation Organization (ICAO) (2004b). Manual on the implemen-
tation of ICAO language proficiency requirements (Doc 9835 AN/453). Mon-
treal, Canada: Author.  

Irish Aviation Accident Investigation Unit (AAIU) (2001). Report [World Airways 
MD-11 18 September 1999] (AAIU Report No. 2001-006). Dublin, Ireland: 
Author.

Khatwa, R., Helmreich, R. (1999). Flight Safety Foundation Approach-and-Landing 
Accident Reduction Task Force. Analysis of critical factors during approach 
and landing in accidents and normal flight: Data acquisition and analysis 
working group final report. Society of Automotive Engineers (SAE) 1999 
Transactions Journal of Aerospace, 108, 1172-1276.

National Transportation Safety Board (NTSB) (1993). Inadvertent in-flight slat 
deployment China Eastern Airlines Flight 583 950 Nautical Miles South of 
Shemya, Alaska April 6, 1993 (Aircraft Accident Report NTSB/AAR-93/07). 
Washington, DC: Author. 

NTSB (1994). In-flight turbulence encounter and loss of portions of the elevators 
China Airlines Flight 61-012 McDonnell Douglas MD-11p Taiwan registration 
B-150 about 20 miles east of Japan December 7, 1992 (Aircraft Accident 
Report NTSB/AAR-94/02). Washington, DC: Author. 

MD-11 Landing Incidents/Accidents 1992 – 2009



217The International Journal of Applied Aviation Studies

NTSB (2000a). Crash During Landing Federal Express, Inc. McDonnell Douglas 
MD-11, N611FE, Newark International Airport, Newark, New Jersey, July 31, 
1997 (Aircraft Accident Report NTSB/AAR-00/02). Washington, DC:Author.

NTSB (2000b). [Safety Recommendations A-00-92 through -103. Letter to Federal 
Aviation Administration (FAA), August 25, 2000.] Washington, DC:Author.

NTSB (2001a). Factual Report [Eva Air BR316 MD-11 B-16101 November 20, 
2001]. Washington, DC: Author.

NTSB (2001b). [Safety recommendation history for A-00-100 FAA.] Washington, 
DC: Author.

NTSB (n.d.)Accident Database and Synopses. Retrieved from http://www.ntsb.
gov/ntsb/query.asp

Taiwan Aviation Safety Council (ASC) (2001).  [Final Aviation Accident Report. 
Eva Air BR316 MD-11 B-16101 November 20, 2001] (ASC-AAR-02-12-001). 
Taipei, Taiwan: Author.

Transportation Safety Board of Canada (TSB) (2003). In-Flight Fire Leading to 
Collision with Water Swissair Transport Limited McDonnell Douglas MD-11 
HB-IWF Peggy’s Cove, Nova Scotia 5 nm SW 2 September 1998 (Aviation 
Investigation Report number A98H0003). Quebec, Canada: Author.

Wind shear linked to FedEx’s Narita loss. (2009, March 30). Aviation Week & 
Space Technology 170(13).



218



International Journal of Applied Aviation Studies, Volume 10, Number 1
Copyright © 2010, FAA Academy, Oklahoma City, OK

Requests for reprints should be sent to Kay Chisholm, FAA Academy, AMA-800, P.O. Box 25082, 
Oklahoma City, OK 73125.  E-mail to kay.chisholm@faa.gov.

Return to Table of Contents

The International Journal of Applied Aviation Studies 219

Developing Next Generation Research Competencies 
Through Collaborative Student Design and Advanced 

Manufacturing Projects

Sergey Dubikovsky, Timothy D. Ropp, 

and

Thomas Lesczynski

Aviation Technology Department
Purdue University

1401 Aviation Drive
West Lafayette, IN, 47907-2015

U.S.A.

sdubikov[at]purdue.edu

tropp[at]purdue.edu

tlesczyn[at]purdue.edu

Abstract
Students can remain in passive learning states even during participative, 

active learning projects and risk missing deeper learning opportunities.  Faculty at 
Purdue University’s Department of Aviation Technology, Aeronautical Engineering 
Technology (AET) program incorporated additional outcomes of forward thinking 
design and innovative research considerations into a traditional design-test-build 
project involving two senior level courses.  Using a collaborative design approach, 
two AET classes were chartered to produce a component for actual use within 
aircraft maintenance laboratories.  Additionally, students were challenged to focus 
on extended research goals and utility beyond just production of the component 
itself.  As a result, student teams collaboratively produced a robust, real-use tool 
that is being used in other ‘Hangar of the Future’ research and development ac-
tivities within the department.  Some of those same students are now assisting in 
larger next generation research activities using this same component. 
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Developing Next Generation Research Competencies 
Through Collaborative Student Design and dvanced Manufacturing Projects

The Bureau of Labor Statistics (2008), US Department of Labor, predicts the 
anticipated rate of growth of employment of engineering technicians in the areas of 
aviation maintenance and aerospace engineering will be 10 percent between 2006 
and 2016, compared to 7 percent national average for all occupations.  Implications 
of this growth include a significant need to close an identified performance gap be-
tween aerospace engineering technicians and engineers.  Increased complexity of 
technologies and reliance on an adaptive learning organization has forced employ-
ers to seek a workforce with skills and abilities beyond individual technical com-
petency.  This implies better-prepared graduates who have exposure to complex 
design projects and a blended experience of working with multidisciplinary teams.  
This is often accomplished at the university level using team design projects.

Without an innovative vision or use case that looks beyond just a laboratory 
project’s desired design product, students easily fall back into passive learning 
roles even when participating in hands-on projects.  Students tend to take on de-
sign-test-build projects without much thought beyond meeting initial design sketch-
es or preset instructions.  Aside from less than optimal project results, of greater 
concern is the missed opportunity to practice critical skills like team communica-
tion, planning, and deep problem solving which are among the rigid requirements 
of industry (Samuel, 2005).  The result is often missed opportunity to learn how 
thoughtful design of components for innovative use or “an eye for the future” can 
be leveraged to help create a learning culture.  This ability can significantly impact 
an organization’s future success and viability.  

A more thorough understanding of engineering technology disciplines along 
with the ability to envision forward looking design parameters and component ca-
pabilities through use of assertive communication and collaborative team work are 
core skills that technology based industries like aviation now demand (Shull, 2005; 
Bouckley, 2006; Ropp & Stanley, 2006).  In the fall semester of 2008, faculty from 
two Aviation Engineering Technology courses that closely resemble real world in-
dustry environments experimented with an intra-course collaborative student de-
sign project, with the goal of challenging and stretching students’ visionary and 
innovative research design skills. 

Considerations for Course Selection
Two senior level courses (AT 402-Aircraft Airworthiness Assurance and AT 

408-Advanced Aircraft Manufacturing Processes) were used to successfully pro-
duce a usable aircraft equipment stand with the added design consideration of 
“forward fit” use in ongoing research and development activities for maintaining the 
next generation of modern aircraft.  AT 402 is an intensive senior level capstone 
course designed to challenge students’ ability to incorporate and practice leader-
ship and management competencies with their technical degree skill sets in a real-
istic large aircraft maintenance environment.  The laboratory portion of the course 
utilizes Purdue University’s two large transport category aircraft, a Boeing 737 and 
Boeing 727, to simulate a large scale aircraft maintenance operation.  Both aircraft 
have fully functional engines and systems.  The aircraft are excellent platforms for 
practicing industry standard maintenance procedures, performing aircraft systems 
operations, and as research test beds for advanced aircraft maintenance systems 
development.  Senior maintenance technology students function as operations 

Developing Research Competency in Student Projects
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managers tasked with researching, planning, and implementing a large aircraft 
production maintenance operation, while managing junior classmen who function 
as working technical crews on the aircraft. 

AT 408 students integrate baseline technical skills with larger problem solving 
skills and processes involved in design and manufacture of complex aircraft relat-
ed parts and assemblies, including structural joint design, and aircraft components 
which play a critical role in advanced manufacturing and flight safety in indus-
try (Vlasman, Dubikovsky, Schwartzkopf, & Vallade, 2008).  The course is almost 
entirely problem-based, challenging students to perform research and to design 
products to specific requirements.  Students must follow all stages of the design 
process, including project cost assessment, establishing timelines, and produc-
ing process sheet and work instructions.  This structure incorporates recognized 
benefit of making students active participants in their own learning (Massa, 2008).  
The course simulates an independent business enterprise technique, where the 
students are “hired” to perform tasks starting with design of a product to man-
ufacturing, to assembly of a final component (Dubikovsky, 2007).  Pre-requisite 
courses already teach students critical logic behind procedures, essential for ac-
tive learning (Shakirova, 2007), and through this preparation students are freed to 
take on creating and testing procedures themselves.

AT 402 and AT 408 were considered excellent candidates for pairing and in-
tegrating research and innovation concepts into a collaborative hands-on design 
project.  Several of the students in AT 408 would be transitioning into AT 402 in 
succeeding semesters, subsequently using the very component they would be cre-
ating in both aircraft maintenance laboratory work and in research applications. 

Method
Students from AT 402 represented a production maintenance operation, deliv-

ering a requirements presentation report to the AT408 class who acted as a design 
and manufacturing engineering team as shown in Figure 1.

AT 402 Aircraft Airworthiness 
Assurance

Lecture and laboratory course 
designed to replicate aviation 

maintenance production 
operations

 

AT 408 Advanced Aircraft 
Manufacturing Processes

Lecture and laboratory 
course intended to replicate 

aeronautical engineering 
design and advanced 

manufacturing

Figure 1. Course pairing for collaborative design project

Pairing AT 408 with AT 402 allowed realistic interactions similar to those found 
in the aviation and aerospace industries between maintenance and engineering 
design and support organizations.  The student teams were tasked with develop-
ing a mobile aircraft parts/equipment storage cart.  Capability requirements in-
cluded storing components from large transport category aircraft along with future 
adaptability for the addition of computerized electronic parts tracking and data 
transmission components incorporated onto the cart structure.  
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A project kickoff meeting between the AT 402 and AT 408 student teams was 
conducted discussing details of design, manufacture, cost, and delivery estimates.  
Through a needs assessment exercise, students produced one of three required 
prototype design sketches for a proposed “Smart Cart” aircraft maintenance stand 
shown in Figure 2.

Figure 2. “Smart Cart” prototype design sketch

Subsequent follow-up design meetings between AT 402 and AT 408 teams 
were held throughout the design and advanced manufacturing process including a 
detailed design and use case risk assessment conducted by the student team.  

Producing the “Smart Cart”
Incorporated into the basic design features was a forward-looking goal of in-

corporating the final designed product into the Aviation Technology department’s 
larger Hangar of the Future research initiatives.  As a research test bed compo-
nent, the cart would be assimilated into a network of smart tools and systems de-
velopment for streamlining maintenance and engineering work on modern aircraft.  
The project’s name was aptly titled “Smart Cart”.

Specifically, in addition the cart’s robust utility design requirements including 
indoor and outdoor all weather use and room for multiple large aircraft parts like 
engine cowlings, hydraulic pumps, and landing gear doors, faculty challenged the 
student teams to incorporate additional capabilities that included structural design 
consideration for accommodating Radio Frequency Identification (RFID) and com-
puter equipment attach points.  The resulting prototype cart in use with RFID test 
equipment attached is shown in Figure 3.

Developing Research Competency in Student Projects
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Figure 3. “Smart Cart” prototype aircraft maintenance stand

Transforming a routine design project into a research platform
Using the smart cart as their platform, faculty and students in AT 402 began 

constructing research hypothesis and test case scenarios for applying RFID tech-
nology directly to the cart. The cart could then recognize when new aircraft parts 
were placed on it, identify the part, and transmit enhanced data to the human 
technician in a useful format, improving speed and accuracy of repair, tracking, 
and reinstallation.

Students designed initial experiments and test case scenarios around these 
capability targets, beginning with the more basic tasks of parts recognition.  Equip-
ment used included a passive RFID button, a bat, a low profile waterproof disk, 
and simple I.D. cards, which were programmed with specific aircraft components 
that were tagged for the research testing purposes.

A basic 125 kHz RFID reader was attached to the Smart Cart.  The students 
learned to write and change messages and identification information to each 
tagged part.  Early testing included testing the distance the reader could detect 
tags, amount of data each tag could hold, as well as how different aircraft parts 
physically held tags.  Another difficulty encountered was a problem with RFID tag 
signals being limited or blocked through metal structures of aircraft parts.  While 
the RFID antenna could read tags through thin paper material (such as pages of a 
book) and clothing, testing revealed tags had limited capability with metal objects 
such as an engine cowl or the smart cart the reader could detect and read the tags 
on top of the object, but not through the object.

Some significant discoveries included limitations of distance.  The farthest dis-
tance reading capability of a part on the cart was 3 inches from the reader.  This 
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was problematic in that it required a part to be placed close to the scanning RFID 
antenna, or, a stronger RFID system.  Future testing is planned with a more com-
plex multiple antenna array system and ultimately create a cart mounted RFID 
inventory system that could be moved into the marketplace and used by industry. 

While the innovative use of RFID technology integration presented a long-term 
challenge to the student researchers, this multi-semester, multi-team student proj-
ect was considered a success precisely because of those challenges.  Students 
were forced to seek breakthrough answers or alternative solutions to issues such 
as RFID tag range limitations, impedance through aircraft metal structures, and 
transferring part data into an existing online laboratory database system.  

Instead of passively stopping to wait for the instructor’s direction, students had 
to address these additional issues, some of which they did not overcome due to 
time limitations of the semester.  As a result, students were able to identify next 
step research and design targets to be passed on to future designers.  Students 
began to quickly understand the complexity, time, and cost considerations related 
to design and implementation of automation and innovative design, two key com-
ponents for maintaining modern aircraft.

Conclusion
Problems students encountered in the combined design, production, research, 

and testing phases of this project served as valuable learning opportunities.  Exper-
imentation integrating technology directly onto their own designed product showed 
the nature and challenges of research, while forcing them to generate alternative 
testing strategies to overcome barriers in the technology as well as among team 
members.  Additional benefits include a solid student designed and manufactured 
departmental equipment base for future use in advancing technical research in 
aerospace and aviation fields.  Research and development partnerships between 
industry and universities achieve greater impact as students have the opportunity 
to acquire skills and experience by solving real world challenges. 

Developing Research Competency in Student Projects



225The International Journal of Applied Aviation Studies

References
Bouckley, S. (2006). Filling workforce skill gaps. Manufacturing Engineering, 

137(2), 18-19. Bureau of Labor Statistics, U.S. Department of Labor (2008). 
Occupational outlook handbook, 2008-09 edition, Engineering Technicians, 
Retrieved March 23, 2009 from http://www.bls.gov/oco/ocos112.htm, ac-
cessed on March 23, 2009.

Dubikovsky, S. (2007). AT408, Inc .trainee (student) orientation manual.  AT408 
Course syllabus.  Purdue University, West Lafayette, IN.

Massa, N. M. (Winter, 2008). Problem-Based Learning (PBL): A real-world antidote 
to the standards and testing regime.  New England Journal of Higher Educa-
tion, 22 (4), 19-20.

Ropp, T.D. & Stanley, D. (2006). Developing learning outcomes to fi t industry met-Developing learning outcomes to fit industry met-
rics.  Aviation Technician Education Council Journal (ATEC), 27(2), 37-39.

Samuel, L. (2005). Communication skills are keu (i.e. key) to career success. Wa-
ter, Environment & Technology, 17(2), 72.

Shakirova, D. M. (September 2007). Technology for the shaping of college stu-
dents’ and upper-grade students’ critical thinking, Russian Education and 
Society, 9 (9), 42–52.

Shull, P. J. (2005). Collaborative learning and peer assessment to enhance stu-
dent performance. Journal of Engineering Technology, 22(1), 10-15.

Vlasman B., Dubikovsky S., Schwartzkopf J. & Vallade D. (2008).  Proceedings 
from 2008 IAJC-IJME International Conference on Engineering and Technol-
ogy. Learning aerospace design and manufacturing processes to demon-
strate ABET program objectives. Nashville, Tennessee – November 17-19, 
2008



226



International Journal of Applied Aviation Studies, Volume 10, Number 1
Copyright © 2010, FAA Academy, Oklahoma City, OK

Requests for reprints should be sent to Kay Chisholm, FAA Academy, AMA-800, P.O. Box 25082, 
Oklahoma City, OK 73125.  E-mail to kay.chisholm@faa.gov.

Return to Table of Contents

The International Journal of Applied Aviation Studies 227

The Efficacy of Flight Attendant/Pilot Communication in 
a Post-9/11 Environment: Viewed from Both Sides of the 

Fortress Door  

Lori J. Brown and William G. Rantz 

Western Michigan University
College of Aviation

237 North Helmer Road
Battle Creek, Michigan

Lori.Brown[at]wmich.edu

Abstract
The diminutive amount of research on flight attendant/pilot communication has 

shown gaps that impede effective communication and coordination between crew-
members.  The process of information exchange between flight attendants and 
pilots has been further complicated due to physical and procedural changes since 
September 11, 2001.  Thus, the effectiveness of typical intra-crew communication 
and coordination has areas that need improvements and in many cases are cited 
as the causation factor in a review of accidents and incidents.  This study examines 
the effectiveness of current communication and coordination between flight atten-
dants and pilots as well as crew resource management (CRM) programs.  This 
study used a self-reporting survey to question 112 pilots and 230 flight attendants 
worldwide.  Results indicate the dire need for improved flight attendant/pilot com-
munication, coordination, and several recommendations for improvements are 
discussed.
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The Efficacy of Flight Attendant/Pilot Communication in a Post-
9/11 Environment: Viewed from Both Sides of the Fortress Door

Recent airline operational and institutional changes have been epic, particu-
larly as a response to 9/11.  According to the Honorable Jerry F. Costello testifying 
before the U.S. House of Representatives, Aviation Subcommittee, regarding the 
US Airways 1549 Congressional Hearing (2009a), “The current economy has the 
entire workforce being asked to do more with less, including work longer hours, 
this situation also highlights the association between training, workforce develop-
ment, and aviation safety” (p. 20).  Changes such as strengthening cockpit doors, 
specific procedures to enter and exit the flight deck, substantial pay cuts, increased 
duty days, and reduced rest periods have placed additional strain on the aviation 
industry.  US Airways pilot Chesley Sullenberger told the House of Aviation sub-
committee that his pay has been cut “40 percent in recent years and his pension 
has been terminated” (p. 26).  Sullenberger further stated,

Americans have been experiencing huge economic difficulties in recent 
months, but airline employees have been experiencing those challenges 
and more for eight years.  We have been hit by an economic tsunami, in-
cluding; September 11, airline bankruptcies, fluctuating fuel prices, merg-
ers, loss of pensions, and revolving-door management (p. 26).

These changes have evoked a significant human and social impact on flight 
attendants and pilots that have affected how crews work as a team onboard com-
mercial aircraft.  Traditionally crews are trained in Crew Resource Management 
(CRM) that is designed to enhance teamwork skills and communication. The 
Federal Aviation Administration (FAA) requires pilots and flight attendants to un-
dergo CRM training with the goal of preventing accidents and learning to cope 
with stressful situations by improving communication and performance through 
enhanced coordination (FAA, 2004). Although air carriers are required to provide 
CRM training, joint flight attendant and pilot CRM training is not required by regula-
tion.  Joint CRM training is useful for gaining mutual understanding of the issues 
that affect different groups and useful in reconciling incompatible training practices 
(FAA, 2004).

Helmreich and Foushee (1993) identified communication as a critical link for 
coordination and teamwork between cockpit and cabin crew and essential to “pre-
vent accidents through improved communication in air carrier operations, and keep 
safety at the highest possible level” (p. 14).  Past research cites communication as 
the causation factor in investigated accidents and incidents (e.g., Cushing, 1995; 
Faith, 1996; FAA, 2004; Foushee, 1986; Foushee & Helmreich, 1988; Kanki & 
Palmer, 1993; Kirvonos, 2005; Wiener & Nagel, 1988).  Chute and Weiner (1995) 
found that flight attendant/pilot communication is also impeded by physical and 
psychological barriers that have affected safety of the flight environment. 

 While studies have recommended communication training for pilots and flight 
attendants, they have also shown the need for joint CRM training (Baker & Frost, 
1994; Butler, 1993; Chidester & Vaughn, 1994; Chute & Wiener, 1996; Edwards, 
1992; FAA, 1988; Kirvonos 2007; Sexton & Helmreich, 2000; Young, 1994).  In 
spite of this research, gaps still exist that impede communications between the two 
groups (Chute & Weiner, 1995; Brown & Niehaus, 2009) and indicate few airlines 
have acted upon the recommendations from such research. 

Flight Attendant/Pilot Communication, Post-9/11
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Chute and Weiner completed a study in 1995 to investigate the status of crew 
interactions.  They conducted a survey at the NASA Ames Research Center of 
“302 crew members: 177 pilots and 125 flight attendants at two U.S. airlines.  The 
instrument utilized was a 30-item questionnaire composed of multiple choice, five 
point Likert-type scale responses, and open-ended questions” (p. 5).  Chute and 
Weiner identified barriers that “isolate and alienate the cabin and flightdeck” (p. 
16).  Some of the factors identified by Chute and Weiner were historical, psycho-
social, regulatory, and organizational.  As a result of the Chute and Weiner study, 
several recommendations were suggested such as the reorganization of pilots 
and flight attendants under the same administrative structure or the creation of a 
liaison between the flight operations and in-flight departments. Chute and Weiner 
(1995) also stated, “If zero accidents are truly the goal of the aviation community, 
we must encourage professional, mature, unambiguous, and open communica-
tion between pilots and flight attendants. Anything less is a compromise with flight 
safety” (p. 17).  The study completed by Chute and Weiner has made a significant 
scientific contribution to evaluate and understand intra-crew interactions; however, 
much has changed since 1995, particularly post- 9/11.  Therefore, a current global 
study of intra-crew relations is needed.  

Previous research (Helmreich & Foushee, 1993; Loftus, 1979; Wiener, Kanki, & 
Helmreich, 1993) addressed why communication breakdowns can occur between 
highly trained, technically skilled crew members; however, very little research ad-
dresses the level of communication between flight attendants and pilots.  Human 
factors literature and research continues to focus on pilot-to- pilot and pilot-to-air 
traffic control (ATC) communication, team-oriented research, (Kanki, & Palmer, 
1993; Morrow, Rodvold, & Lee, 1994; Orlady & Or lady, 1999; Salas, Bowers, & 
Edens, 2001; Salas, Stagl, & Burke, 2004) and air traffic controllers (Hartel, & Har-
tel, 1995; Smith-Jentsch, Baker, Salas, & Cannon-Bowers, 2001). 

Hackman (1993), Johnston (1993), and Diehl (1991) note that team skills and 
the principles of CRM should be introduced early in training, refreshed, and evalu-
ated.  Likewise, Johnston (1993) stresses that pilots and flight attendants should 
be trained as a crew from the beginning in order to perform as a team in an airline 
setting.  This was evident in the ditching followed by an evacuation of US Air Flight 
1549, on January 15, 2009.  The successful ditching of the A320 aircraft provides a 
poignant example that further delineates the importance that effective communica-
tion and crew coordination play in aircraft safety outcomes.  “The successful land-
ing of US Air Flight 1549 on the Hudson River without the loss of life was nothing 
short of a miracle and the performance of the flight and cabin crew was exemplary” 
(Brown & Niehaus, 2009, par. 1), which can be attributed to training and the high 
level of experience of the crew.  Captain Sullenberger repeatedly pointed out in his 
testimony to the Aviation Subcommittee (2009a), “the positive outcome of Flight 
1549 was a team effort” (p. 21).  Clearly, training played a central role and proves 
the importance of effective pilot and crew training, coordination, and communica-
tion.  Candace Kolander, Coordinator, Air Safety, Health, and Security Association 
of Flight Attendants-CWA, AFL-CIO stated, “When things start to fail in the cabin, 
we are left to rely solely on our training” in her testimony to the Aviation Subcom-
mittee (2009b, p. 58).

Evidence of poor intra-crew communications has been cited as a causation 
factor in several fatal accidents such as the 1989 Air Ontario crash in Dryden, 
Canada that killed 24 people (Moshansky, 1992) and the Kegworth Air disaster 
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that occurred on the January 8, 1989, when a British Midland, Boeing 737 crashed 
in Leicestershire England (Air Accidents Investigation Branch, 1990).  In addition, 
the failed attempt to bomb Northwest Airlines Flight 253 on December 25, 2009, 
revealed deficiencies, which deserve serious consideration.  According to the FAA 
Administrator Randolph Babbitt, the pilots of Northwest Airlines Flight 253 were not 
immediately alerted that a passenger had tried to ignite a bomb on the flight from 
Amsterdam to Detroit.  The pilots said they had a problem when the flight landed 
in Detroit.  There was a communication gap between the cabin and the flight deck 
crew, which left the pilots unaware that there had been an alleged bombing at-
tempt onboard.  Administrator Babbitt told a House subcommittee, on February 
4, 2010, that the flight deck crew reported they had someone who had attempted 
to set firecrackers off, so it didn’t elevate to anyone — whether it was the cockpit 
or air traffic control — to anything of great seriousness at that point.  Thinking the 
alleged bombing was no more than a prank, air traffic controllers took no extreme 
action like routing the aircraft to a remote location of the airport, nor did the cockpit 
get very excited about it, Babbitt said it was not until the aircraft was on the ground 
did the cockpit crew and airport personnel become aware of the alleged extent 
of the bombing attempt.  These minutes and seconds could potentially be used 
to communicate with ground operations, warn other aircraft in the air, or land the 
aircraft, (U.S. House of Transportation and Infrastructure Committee, 2010). 

Research conducted in the area of flight attendant/pilot communication re-
mains limited, even though the need is clearly apparent (Clark, 2007; Edwards 
1992; FAA 1988; Kirvonos, 2005).  The “Pilot/Fight Attendant Communication and 
Joint Training” (Brown & Niehaus, 2009) study sought to identify gaps that impede 
effective communication in a post-9/11 environment from a global prospective. 
Some of the same issues (pre-9/11) were identified in the previously mentioned 
study completed by Chute and Weiner (1995).  The Chute &Weiner study (p. 13) 
asked the crewmembers what they thought could be done to improve cockpit/
cabin communication.  The primary request that the cabin crew made was for 
mandatory briefings and introductions.  Secondly, they asked for more respect 
and understanding of each other’s duties, responsibilities, and workloads.  They 
also requested joint training to teach both pilots and flight attendants communica-
tion skills.  Data from the “Pilot/Fight Attendant Communication and Joint Training 
Survey” (Brown & Niehaus 2009) shows that many of these same issues exist 
globally today.

Method
The “Pilot/Fight Attendant Communication and Joint Training Survey” (Brown 

& Niehaus 2009), funded by Western Michigan University, Faculty Research, and 
Creative Activities Award, was developed to investigate the status of recent crew 
interactions.  This study evaluated a) flight attendant/pilot relations, b) the effects 
of lack of joint CRM training exercises, c) flight attendant reluctance to contact 
the flight deck, d) the impact of the mandated cockpit door strengthening require-
ments, and e) if traditional CRM programs adequately address communication 
issues between the pilots and flight attendants. 

Survey Instrument

The instrument was a 25-item questionnaire composed of multiple choice 
5-point Likert-type scale responses and open-ended questions. 
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Current professional pilots and flight attendants were consulted as focus group 
members to aid in the development and evaluation of the survey instrument.  To 
facilitate this study, a literature review was conducted to determine the most com-
mon perceived gaps in flight attendant/pilot communications and CRM training 
events. The questions were determined regarding the experiences in communicat-
ing on board an aircraft in normal and abnormal situations, as well as areas pilots 
and flight attendants feel are lacking in training for these situations.  Additionally, 
questions were tailored for creating ways to produce more secure and cohesive 
aircraft environment.  A coded matrix was used to identify the common themes of 
the interviews.  Data collected during the study were used to develop a valid and 
reliable survey instrument.  Results garnered from the focus groups allowed re-
finement to the instrument.  The refined survey was distributed to a second focus 
group for evaluation.

Validation

Once the initial survey was developed from the focus group forums, a face 
validity methodology was used.  Utilizing professional pilot and flight attendants in 
a focus group forum ensured the survey questions were not confusing, misleading, 
or unintentionally measuring a different objective.  The focus group data and ques-
tion information was then used to modify all items mentioned. 

After the initial focus group sessions were completed, the survey instrument 
was placed on PulsewareSurvey.com.au where a focus group consisting of 36 pro-
fessional pilots and flight attendants were asked to read it and provide feedback 
on a user-friendly interface and on the instrument validity.  Once common themes 
were identified, a ranking system was used to identify which themes are most 
frequently discussed and to adjust the survey instrument accordingly to ensure a 
valid, reliable, user-friendly instrument.  Descriptive statistics were used to ana-
lyze the data collected.  A comparison of the data gathered from the focus group 
forum and the data collected online via Pulseware were completed to identify the 
common themes of the data.  The final survey instrument was then distributed to 
participants worldwide.  The necessary subjects included industry flight attendants 
and pilots currently employed with major or regional airlines.  A total of 342 crew 
members consisting of 112 pilots and 230 flight attendants participated in the sur-
vey.  Out of 342 total survey respondents, 322 were labeled as “complete” within 
the system.  Out of those 322 survey respondents, 291 successfully responded to 
the majority of the survey questions.  The 291 respondents included in the survey 
represent 29 countries throughout the world.  The countries of origin for the re-
spondents airlines include; Australia, Austria, Belgium, Brussels, Canada, China, 
Finland, France, Germany, Greece, Hong Kong, Ireland, Italy, Japan, Mauritius, 
Mexico, New Zealand, Poland, Portugal, Romania, Slovakia, Spain, Switzerland, 
The Netherlands, Turkey, United States, United Arab Emirates, United Kingdom, 
and Venezuela. 

The survey was translated to Spanish and Chinese to encourage global par-
ticipation.  No names or identification numbers were collected to ensure subject 
anonymity and confidentiality.  The participants were asked if they were employed 
as a pilot or flight attendant and how many years they have served in their respec-
tive positions.  The mean number of years as a pilot was 13 (SD = 10 years) with a 
range of 38 years.  The mean number of years as a flight attendant was 16 (SD = 
10 years) with a range of 38 years.  No other personal data was collected.  
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The electronic survey was distributed via union and non-union U.S. and in-
ternational airline websites, via links to the online survey, as well as links sent via 
email directly to individual participants.  Unions and airlines were sent an infor-
mational letter via either email or U.S. Postal Service to ask for their consent in 
allowing the use of their websites and members.  Individuals were informed via 
email, including a link to the survey and an explanation of the project including its 
importance in the industry. 

Participants were asked to read and understand the contents in the consent 
form and the survey ground rules to prove that they understand the terms of the 
study and agree with the rules of participation.  This form states that their identity 
will be anonymous.  The form also informs participants of their right to decline to 
answer any question or to remove themselves from the study at any point without 
penalty or negative consequences.  No research related questions would be con-
ducted before this form is read and the “I agree” button is clicked at the bottom of 
the form (this simulates an electronic signature of agreement). 

       The http://www.pulseware.com.au/ survey instrument developer was used 
to distribute the survey information to the union websites, valid internet host sites, 
or via email.  This program collected and analyzed the data.  The researchers also 
enlisted the help of the company Aptima, Inc., (Human Centered Engineering) to 
help in the analysis of the data.

Data Analysis

No names of individuals, airlines, unions, or identification numbers were col-
lected to ensure subject anonymity and confidentiality.  The data was collapsed 
across all the airlines.  Analysis of the open-ended comments required reading 
each response in order to establish response categories.  Categories were taken 
from the actual responses with as little inference as possible in order to preserve 
the integrity of the data.  There may be some overlap in categories.  However, 
since open-ending replies do not always fall within clear categories, some judg-
ment of the data was needed in the analysis.  The categorization was iterative until 
the raters agreed.

Limitations

There appears to be no published research of this kind in a post-9/11 envi-
ronment.  Therefore specific factors have not been identified through literature 
review as key variables involving flight attendant/pilot communications.  Additional 
research questions that arose during this study went beyond the scope of this proj-
ect and may be more appropriate for a future research study with smaller sample 
sizes. 

Results
Question 1.  How would you rate your current airline’s level of effective com-

munication between pilots and flight attendants? 

Flight attendant and pilots rated their airline’s level of communication effective-
ness. Out of 291 responses, three percent (3%) of the sample indicated poor com-
munication with no pre-departure briefing and little or no communications in-flight; 
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although 3% is a relatively low percentage, it is important to note that all of these 
responses came from U.S. Airlines. 

Figure 1. Flight Attendant/Pilot Communication Effectiveness

Ten percent (10%) indicated the typical communication between pilots and 
flight attendants at their airline consisted of a pre-departure briefing only; again, 
the data showed that the majority (all, but two responses) of the 10% were from 
U.S. Airlines. 

Fifty Nine percent (59%) indicated average communication in-flight with a pre-
departure briefing; (Including, respondents from the US, Poland, Turkey, Canada, 
Switzerland, Mexico, Australia, Venezuela, New Zealand, Japan, UK, Hong Kong, 
Mauritius, Mexico, Greece, Portugal, Spain, Paraguay, Argentina, and Romania). 

Eighteen percent (18%) indicated above-average communications with both 
pre-departure and post-flight briefings. (Belgium, France, Brussels, Slovakia, Ro-
mania, Australia, Poland, Germany Greece, Portugal, Switzerland, Spain, Finland, 
Netherlands, Turkey, U.S., and Canada). 

Ten percent (10%) indicated excellent communications in-flight with both pre 
departure and post- flight briefings and excellent communications in-flight. (Bel-
gium, France, Australia, Germany, Greece, Portugal, Switzerland, Finland, Neth-
erlands, Canada, and the UK).

*Note: 98% of the respondents from France indicated that their level of com-
munication was above-average to excellent (4-5, on the likert scale). 
90% of the respondents from France indicated that their communica-
tion was at level five on the Likert scale. Out of the sampling, 100% of 
the pilot and flight attendants from Belgium indicated that their airlines 
level of effective communication was above-average -to excellent.

     Question 2.  How does a thorough pre-flight briefing affect communications 
in-flight?  
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Out of 291 responses, six percent (6%) of the sample indicated that a thorough 
pre-flight briefing might not affect communications in-flight (1-2 on Likert scale).  
Sixteen percent (16%) indicated the pre-flight briefing might affect communication 
between pilots and flight attendants in-flight (3 on Likert scale).  Seventy Eight 
percent (78%) indicated that a thorough pre-flight briefing would affect communi-
cations in-flight (4-5 on Likert scale). 

Comments: I like it when the pilots…

Come to introduce themselves to the entire crew (pre-departure briefing is  ●
only for FA1).  Invite us to jumpseat for takeoff/landing.  Make us feel that 
concerns are taken seriously.

Begin the flight with open and respectful dialogue.  I feel valued and re- ●
spected as part of a team when my input is sought and we are treated 
as equals rather than subordinates.  I feel more like a team when we are 
treated with respect for the safety aspect of our job.

Conduct the required pre-departure briefings with all Flight Attendants, not just 
the number one or purser. The briefings that include weather/turbulence reports, 
time of flight, review of security when cockpit door is opened, etc.

Question 3.  Which areas have created barriers that influence effective com-
munication between pilots and flight attendants?  (Select all that may apply)

Time and operational constraints (n= 170)  ●

Fortress door (n=150)  ●

Lack of scenario based CRM training (n=92) ●

 Crew scheduling (n=88)  ●

Job understanding (n=76) ●

 Organizational structure (n=75)  ●

Procedures (n=68)  ●

Gender or  ● assumed sexual orientation (n=48) 
Misunderstanding of the sterile cockpit rule (n=32)  ●

Aircraft interphone (n=29) ●

Comments: 

I do not like it when pilots ignore me (I am a male FA) or do not provide  ●
me with the courtesy of an introduction or briefing.  Sexual orientation can 
affect communication, such as gay male flight attendant with straight male 
pilots. Pilot’s may keep contact with a flight attendant to a minimum due to 
suggested “morality issues.”

Any kind of expression of racism based on gender, color, & sexual orienta- ●
tion is a major obstacle for mutual trust on a professional level.  Discomfort 
with different sexual orientation causes communication barriers.

Flight Attendant/Pilot Communication, Post-9/11
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Question 4.  What is the most visible organizational obstacle that affects flight 
attendant/pilot communications? 

Figure 2. Organizational Obstacles

Comments:

FA’s feel betrayed by pilots because they got raises and FA’s did not. Be- ●
cause of this, FA’s do not want to interact more than necessary with pi-
lots.

Issues with management have created distrust between the two groups. ●

I believe our 4-year ongoing contract negotiations have caused some of  ●
our crews to lose interest in doing their job well. This has included not com-
municating with flight attendants simply for lack of motivation.

Poor moral, rapid turnover, and level of professionalism. In part due to em- ●
ployees leaving as a result of poor pay and working conditions.

Question 5.  Do you notice any positive work-related differences when you are 
paired with the same flightdeck (or cabin) crew for several legs, as opposed to one 
or two legs of a trip?

Out of the 265 participants, 95% noticed positive work related differences 
when paired with the same crew for more than 1-2 legs. 

Comments:

Pilot and Flight Attendants often switch crews after one or two legs. This can  ●
cause misunderstanding and poor communication. Multiple crew changes 
during quick turns, prevent introductions and briefings since boarding is 
already under way.
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I fear that the post- 9/11 security measures & economic constraints have  ●
set CRM back twenty years.  I would have to say that 8 out of 10 flights are 
done where the pilots do their thing and we do ours in the cabin.  A briefing 
is always done with the Purser (per FARs) but anything above that is rare.  
It is not uncommon, when working in the back, to have never met our flight 
deck crew when they fly just one segment that is dangerous. 

Question 6.  Have you as a Flight Attendant been hesitant to report a problem 
to a pilot due to the sterile cockpit rule, fear of being reprimanded, or lack of under-
standing about a problem or system?  

Out of the 224 flight attendants sampled, 55% reported that they have been 
hesitant to report a problem and 16% indicated that they have had a situation 
where they did not report a problem and did not inform the flight deck because they 
thought they already knew.  Out of the 51 pilots sampled, 41% indicated that they 
have had a situation where a flight attendant reported a problem and did not inform 
the flight deck because they thought they already knew. Additionally, 57%  of the 
pilots indicated they have noticed that flight attendants may be hesitant to report a 
problem due to misunderstanding of the sterile cockpit rule or other reason. 

Comment:

Crew members should not be afraid to speak up if they have concerns  ●
about a passenger or situation regardless of the outcome. Some are afraid 
due to time constraints and retribution from the airline in case of a mistake. 
Better training in this area will help to prevent mistakes and give assurance 
to individuals that fear retribution for making a poor call concerning a given 
situation.

Question 7.  Do you feel that allowing flight attendants to ride on the jump seat 
would improve their understanding of pilots’ workload and improve CRM?

Out of the 224 flight attendants sampled, 68% indicated that allowing flight at-
tendants to jumpseat would be very helpful, to improve their understanding of the 
pilots’ workload. 

This is what one pilot had to say in the comments:

The aforementioned familiarization flight/access to jumpseats would be a  ●
huge improvement in allowing the F.A.’s to understand more of what goes 
on in their airplane on a daily basis. I cannot understand why F.A. are 
considered safe in-flight but never allowed to view an entire flight on the 
jumpseat. Understandably pilot distraction is a concern. In addition, pilots 
being more exposed to F.A. duties, responsibilities, and emergency/medi-
cal situations would also be a great improvement. Scenario based training, 
perhaps in an A/C at the hangar, with the cockpit door open would allow 
crew members to visualize the situations and stresses the other experienc-
es during an emergency/medical and builds better understanding/concern 
than I see in many of the pilots/F.A.’s I work with today.

Question 8.  Please select the areas of training that you feel are lacking for 
pilots and flight attendants (Select all that apply).

Flight Attendant/Pilot Communication, Post-9/11
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 Figure 3. Jump Seating 

Figure 4. Areas of Training that may be Inadequate

In addition to the perceived inadequacy of joint CRM training, 73% of the pilots 
and flight attendants indicated that fatigue awareness training is lacking. Fatigue 
has been cited in recent accidents, incidents, and runway incursions.

This is what one pilot had to say in the comments:

I recommend that the airlines spend more time providing realistic and rele- ●
vant scenario-based joint training for pilots and flight attendants that would 
stress and develop crew resource management skills. If there must be a 
silo, then the pilots and flight attendants of a crew must be in that it silo.

Out of 228 respondents, 51% of the pilots and flight attendants indicated that 
their airline does provide joint communication training for pilots and flight atten-
dants and 48% indicated that scenarios would be a very valuable addition to their 
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current training. Only 12% of respondents thought adding scenarios would not be 
valuable.

Question 9.  Do you think it would be beneficial for the flight attendants and 
Federal Air Marshals (FAMS) to do any joint training together?

When asked, 79% of the survey respondents reported that they think it would 
be beneficial for flight attendants and FAMS to training together. 

Comments:

At my airline of employment, during recurrent training one or two FAMS  ●
would come in to speak to the classes.  They would discuss their role on-
board the aircraft and what would be expected of the pilot/flight attendants 
if they were called to action.  This discussion was beneficial but watching 
the FAMS perform actual drills would further pilot/flight attendant under-
standing of all roles involved.  

FAMS on board the aircraft are a crew resource.  As with any resource, in  ●
order to use it effectively, one must know how to use it and that knowledge 
is best obtained through joint training.  As a pilot, I have gone through 
some joint training with the FAMS and, as a result, I feel I have a better 
understanding of their use and function thereby.

I believe that if a FAM and an FA were really involved in a security emer- ●
gency, neither really has any idea what the other is going to do.  If they are 
going to be expected to perform jointly in any fashion, then each should be 
trained what to expect and how to help each other perform their duties.

This training is done in my airline and shows positive effects in coopera- ●
tion.

Question 10.  Do you feel that a discreet wireless communication device would 
enhance safety/security onboard the aircraft?

We asked 271 pilots and flight attendants if they felt a discreet wireless com-
munication device would enhance security or safety.  In the survey, 13% indicated 
a discreet wireless communication device would not enhance safety, 18% indicate 
a slight effect, 33% indicated a device may somewhat enhance safety, and 21% 
indicated the device would greatly enhance safety. 

Comments:

We need to stress better communications; the wireless panic button might  ●
be good if adequately protected from accidental activation.  There has 
been talk of cell phone availability in-flight, which, in some form, could 
allow discreet communications/panic button functions inexpensively.  We 
experienced a fire/emergency landing just last week and have been very 
concerned that my communications during the incident were inadequate.  
We were unable to post-brief as the FAA met us at the gate and whisked 
our FA’s off for their purposes.  I am sure I will get the opportunity to talk 
to that crew again, but wish it had been altogether as a crew and more 
timely.
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Question 11.  Would you say that the inter-phone system provides “discreet 
communications” between the cabin and flightdeck?

The total number of responses were 222 of which 58% did not find the inter-
phone system to be discreet, and 72% said they would be willing to wear the de-
vice to achieve wireless communication in-flight. 

Comments:

I do feel the inter-phone is very obvious, but think wearing a blue tooth  ●
would make the F/A a target for an attack.

Bluetooth, how would it be more discreet when it’s visible, and so is some- ●
one speaking into it? Within galley areas or jumpseat areas a wireless 
system might make more sense. More defensive and/or profile training 
might be helpful.

I think that wireless headsets would increase communication and save  ●
time during an incident or emergency. 

Question 12.  Have you had an experience where an unfamiliar accent made 
communications difficult?   

According to the study, unfamiliar accents also create barriers in communica-
tion, with 28% reported accents between flight attendants and pilots, 4% reported 
accents between pilots, 18% reported accents between pilots and air traffic con-
trol, 7% reported accents between flight attendants, 14% reported accents be-
tween “other” and 29% reported no accent challenges.

Comments:

The lead Flight Attendant spoke with a heavy accent.  Not only were his  ●
announcements unintelligible to passengers, I would not have known if he 
were giving any safety or emergency-related messages.

During an emergency on board the aircraft and I was giving CPR to a pas- ●
senger.  I told the other flight attendant to contact the cockpit and give them 
the information and we must make an emergency landing.  She was Asian 
and her accent was not able to be understood by the cockpit, it increased 
in difficulty as she became more nervous. The cockpit needed to talk to me 
in order to be clear of the emergency, but I was busy saving a life.

As a deadheading crewmember on a “domestic” flight, the “lead” flight at- ●
tendant had a very thick accent, and obviously, English was not her first 
language.  During the orientation airborne welcome, she read the script 
directly from the announcement handbook without editing, (e.g., we will 
be serving breakfast, snack, lunch, dinner), all on a one hour flight.  Pas-
sengers found this humorous, if I had been a working crewmember, I would 
wonder if her communication with the cockpit would be affected by lack of 
understanding of implied meaning, shared cultural mores, and nuances of 
speech.  
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As a flight attendant, I have been in the flight deck when the controller was  ●
next to impossible to understand, and ground agents who were extremely 
difficult to understand when doing announcements on the aircraft, or in 
the gate area.  Many FA’s from China speak English only understood in a 
word here and there, and this has been alarming to passengers, as well 
as in emergency situations, such as asking for a de-fib, and I got de-caf 
(sic) coffee.

Discussion
This study examined the effectiveness of current flight attendant/pilot commu-

nication following the recommendations from the Chute and Wiener study (1995).  
This study focused on three primary areas: a) to what extent do traditional CRM 
programs address communication issues between pilots and flight attendants, b) 
do these CRM  programs need updating to reflect the post- 9/11 environment, and 
c)  to what extent has the post-9/11 environment affected communication and co-
ordination between flight attendants and pilots. 

In this study respondents were asked to select the areas that have created 
barriers that affect communication between pilots and flight attendants. The for-
tress door along with time and operational constraints were the factors that had the 
highest weighted values.  This suggests a post-9/11 change regarding equipment, 
procedures, and operational standards. 

This study has identified barriers, which may leave flight attendants and pilots 
feeling isolated, and may impede effective communication. Although the percent-
ages may seem relatively low, data shows that sterile cockpit is still an issue, simi-
lar to the findings in the Chute and Weiner (1995) research, and seen as a factor 
in previous incidents (NTSB, 1994).  This gap in effective communication can lead 
to loss of life as in the Dryden (Moshansky, 1992) and Kegworth (Air Accidents 
Investigation Branch, 1990) accidents, or create a communication gap that could 
impede the information transfer to the pilots, as seen in the Northwest Airlines flight 
253 (U. S. House Representatives, Transportation and Infrastructure Committee, 
2010) attempted bombing. 

Sterile cockpit issues can be identified and addressed during initial, recur-
rent training, and further clarified by the pre-departure briefing.  This is particularly 
important with the less experienced workforce, which is replacing the highly ex-
perienced crews, like the US Airways flight 1549 crew.  We know sterile cockpit 
misinterpretations have contributed to fatal accidents, and have been reported as 
a gap in communication in the past and seems to be a recurring issue. The flight 
attendants occasional reluctance to contact the flight deck with safety related in-
formation due to misunderstanding of the sterile cockpit rule, a lack of technical 
understanding, or fear of being reprimanded creates a gap in communication.  This 
barrier can be partially eliminated by briefing and training, which stresses the need 
to keep the flightdeck informed of all safety related items. 

On occasion, a flight attendant may report a situation to the flightdeck during 
sterile cockpit, only to discover they were wrong, such as misinterpreting APU 
torching.  This may cause the flight attendant to feel hesitant the next time they are 
unclear about a situation for fear of being wrong or, in some cases, reprimanded. 
Although additional systems training may help, it is crucial that the flight crew set 
a relaxed supportive tone at the beginning of flight, encouraging teamwork and 
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open communication, where all are encouraged to participate.  If a “team oriented” 
tone is not set during the briefing at the beginning of the flight, this may add to the 
hesitancy to contact the flight deck with a perceived safety issue, particularly, dur-
ing sterile cockpit.

The survey reveals that in many cases no briefing exists, or the purser is 
the only crew member briefed. It is understandable given the current economic 
constraints and constant change of crews that there is little or no time to brief.  
Therefore, introductions are very important to enable the “team formation” stage 
(Tuckman & Jensen, 1977), which may occur during the Captain’s briefing or after 
check in, to set the tone and establish the crew climate. Captains need to cre-
ate an environment of trust and support where a Flight Attendant is confident to 
pass on concerns of safety related information to the flight deck without fear of 
intimidation or ridicule. The relaxed supportive crew climate and tone for the flight 
can be accomplished during the briefing.  Pilots should keep the flight attendants 
informed and “in the loop” throughout the flight as workload and time permits to 
foster mutual respect.  An effective briefing is a valuable tool for the cabin crew 
and flight crew to help manage errors and improve outcomes.  The briefing should 
provide a clear picture of the flight ahead, and build a common understanding and 
expectation among the crew.  Training can be utilized to reiterate the importance 
of a thorough brief, and aid in the development of effective briefings.  Joint training 
would allow the opportunity for discussion and feedback. 

Chute and Wiener (1995, 1996) also found that flight attendants were almost 
universal in their complaint that pilots, especially captains, failed to introduce them-
selves.  Pilots also expressed a desire that flight attendants take the initiative to 
introduce themselves.  This investigation reveals that even when a briefing exists 
it is often only given to the lead flight attendant and is not always thorough, as 
perceived by the flight attendants.  In addition to all of the pertinent information for 
the flight and introductions, flight attendants want to feel valued. 

Communication can also be affected by the Captain’s leadership style; con-
versely, authority gradients can be reduced through making the briefing a neces-
sity.  Furthermore, a debriefing fosters team building and addresses any issues 
that may have come up during the flight.  A National Transportation Safety Board 
(1994) study has implicated crew familiarity (actually lack of familiarity) as a factor 
involved in accidents.  

One solution may be to collaborate between flight operations, training, man-
agement, and scheduling departments to identify and plan time for crew briefings, 
thereby ensuring this critical element is not omitted.  Furthermore, teaching pilots 
how to give an effective briefing may seem obvious; however, they may only re-
ceive this in their initial or upgrade training.

The survey results also indicated that gender has the potential to impede or in-
fluence flight attendant/pilot communication.  This is not limited to male pilot/male 
flight attendant, as research needs to consider female pilot/male flight attendant, 
and female pilot/female flight attendant communications and authority gradients.  
Wilson (2005) speaks to this in her research of attitudes toward female pilots.  She 
states, “Because perceptions on gender differences have a pervasive and power-
ful effect on behavior, it is important to manage gender diversity” (p. ii).  She main-
tains that these perceptions have important implications on crew effectiveness.  
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This validates the need to consider multi-gender flight crews in future research 
agendas.  Research completed by Tannen (1990, 1995, 1996), also notes that 
gender is an area that requires more in-depth future research, along with the influ-
ence of flight attendant and pilot sexual orientation on crew communication.

To address some of the communication issues resulting from a post-9/11 en-
vironment – wireless communication devices and discreet “Panic Buttons” need to 
be closely evaluated.  These technologies may provide seamless communications 
throughout all phases of flight, when the flight attendants may not be near or un-
able to get to an inter-phone.  This would also allow a flight attendant or Federal Air 
Marshal a means to notify the flight deck (discreetly) at the first sign of a security 
breach.  Providing flight attendants with adequate security training and tools to en-
able communication if the inter-phone is disabled would send a positive message 
enabling them to feel less isolated, and feel more valued by the airline, thereby, 
increasing crew performance and security.  A wireless communication device may 
have prevented the communication gap between the pilots and flight attendants 
on the Northwest Airlines Flight 253, December 25, 2009. Clearly, these devices 
cannot prevent such attacks, however, they may increase effective communication 
and add another layer of security onboard the aircraft.  The flight attendants are 
the eyes and ears for the pilots in the cabin and have the ability to provide the pilots 
with critical time sensitive information.  These valuable minutes could be used to 
land the plane, divert, or communication with ground operations.

According to the survey results, these barriers may not be adequately ad-
dressed at most carriers.  While it is doubtful that fortress doors or secondary bar-
riers will be removed from U.S. Airlines, communication gaps surrounding these 
post-9/11 changes can be lessened with the application of these possible rem-
edies:

Joint scenario based training would  allow flight attendants and pilots to  ●
train together to stress the need to keep the flight deck informed of all 
safety related items, reduce sterile cockpit communication gaps, and im-
prove coordination.

Videos and case studies such as the failed bombing of the Northwest Air- ●
lines Flight 253 on Christmas Day 2009, Kegworth and Dryden accidents 
would allow dynamic crew discussion.  These accidents and incidents can 
be used as a stimulus for discussion of various aspects of the accident 
scenario, including corporate pressures, particularly those resulting from 
operating in a deregulated environment, crew communication, teamwork, 
and role definition (Hayward, 1994).

Joint CRM (preferably scenario based) training and familiarization jump- ●
seat rides for flight attendants may help crews to understand the informa-
tion each requires to perform their job effectively; and to be aware of the 
possible consequences if that information is delayed, or not provided, or 
is incorrect. 

Incorporating scenarios that practice how flight attendants give concise, ac-
curate information to the pilots and allow pilots to practice how and what questions 
to ask to get the most accurate picture of what is occurring in the cabin can be 
most beneficial. Active listening is also a very important part of the communication 
process and should be included into this training.  According to Kirvonos (2005), 

Flight Attendant/Pilot Communication, Post-9/11



243The International Journal of Applied Aviation Studies

this aspect of the training could cover the importance of listening, the cost of poor 
listening, the process of listening, barriers to effective listening, and steps to better 
listening.  However, mutual trust and respect must be established first and barriers 
removed before effective information transfer can take place.

Reinforcing the eight NASA team skills would be very helpful.  These leader-
ship/followership skills should be introduced long before the pilot reaches a com-
mercial airline setting.  Team skills should be used to enhance current academic 
curricula at early stages.  Flight programs and academic institutions focus on pilot 
training- often forgetting about the flight attendants.  It is evident that we need to 
start from the beginning and foster pilots that are good leaders and know how to 
interact with the cabin crew. Helmreich, Butler, Taggart, & Wilhelm, (1994) devel-
oped the line/LOS version IV checklist (currently line/LOS checklist VI) to assess 
team skills for pilots.  These same skills can be used to create behavioral markers 
to assess Joint CRM/LOFT training events with pilots and flight attendants.  Kirvo-
nos (2005) suggests the best methods for this type of training would include ex-
periential exercises, practicing communication skills, role-playing, small group and 
team building exercises, discussion, case study scenarios, and self-assessment 
tools.  Incorporating joint scenario based CRM and security training (considering 
possible Federal Air Marshal Coordination, when appropriate) would enable all 
crew members to practice emergency scenarios as a team.

Practice of high-stress situations that require clear explicit communication be-
tween all of the crewmembers, such as the loss of an engine on takeoff, ditch-
ing, or fire, would be highly beneficial.  This requires actions by the pilots along 
with rapid information transfer between the flight crew and ATC and between the 
cockpit and cabin crew.  These types of scenarios are often embedded into Line 
Orientated Flight Training (LOFT) scenarios, involving only pilots.  LOFT scenarios 
can include flight attendants to make the LOFT session more realistic and help 
flight crews practice these skills.  Highly practiced skills, such as effective commu-
nication, inevitably leads to better functioning crews in an emergency. This type of 
training can be accomplished in a Crew Orientated Flight Training (COFT) simula-
tor session, which integrates flight attendants into the scenarios. 

To decrease the extra time and cost of scenario-based training, the flight at-
tendants and pilots could complete some of the redundant recurrent training items 
online or via a home study course, saving some of the training time for joint sce-
narios.  One example is Australian Airlines who have developed and implemented 
“integrated crew training” (Based on the Australian Airlines expanded Model), with 
very positive results, in “Australian Airlines Pilot/Flight Attendant Integrated Crew 
Training” (Baker & Frost, 1994).  They have reported experiencing tangible ben-
efits in terms of improved understanding, communication, coordination, and coop-
eration among crews because of this endeavor.  The reaction of crews has been 
reported as “overwhelmingly positive and supportive.”

Conclusion
This study has revealed that current CRM programs need updating to reflect 

our post-9/11 environment, (particularly in the United States).  These updates are 
required to address the changes of crew interactions due to new procedures, for-
tress doors installed and kept closed, bolted and barricaded, pilots confined to the 
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flight deck, and passengers viewed with suspicion (Chute, 2002). The results point 
to operational, procedural, physical, and psychological issues that have developed 
as result of changes in the workplace after September 11, 2009. 

Joint CRM can provide participants with new operationally relevant and an 
interactive training experience with a human factors orientation, which can not only 
meet regulatory requirements, but also provide a vehicle for the development of 
better teamwork, communication, and improved relationships amongst crewmem-
bers.  Joint CRM can also be used to enhance effective crew coordination, practice 
communication skills as part of a team, understand, and appreciate each other’s 
role, both on a daily basis and in an emergency.  The results of the study indicate 
that some are airlines have already implemented this type of training, outside of 
the U.S.

Although these programs have been beneficial, it is evident that joint CRM, 
training has to go beyond putting both pilots and flight attendants in the same room 
and completing existing training programs.  While the concept of joint CRM train-
ing is not new, the design of effective joint scenarios where crews are together for 
repetitive sessions, ideally in an aircraft environment (such as a simulator or cabin 
trainer), may be more effective than training in isolation.  Scenario based training, 
with both flight attendants and pilots in an actual aircraft or cabin trainer with a 
flightdeck would allow crewmembers to experience emergency/medical situations 
to build better understanding. 

It would also be beneficial for the flight attendants to know about basics in the 
flightdeck such as- how to adjust the seat, squawk an emergency code, and basic 
use of the radio (if a pilot is incapacitated).  These simple introductions would allow 
the flight attendants and pilots to further mutual respect, job understanding, and 
team cohesion. 

With pilots safely barricaded behind their reinforced cockpit doors, and with 
instructions in place to limit their exposure to threats, it is crucial that airlines con-
sider adopting some of the remedies recommended in this study.  Whether it is 
using all crew inclusive scenario-based training or reliable communication tools to 
allow the aircraft crew on both sides of the door to communicate with one another, 
crews must work harmoniously together. 

Organizational obstacles were viewed as the number one area that affects 
flight attendant/pilot communication, so it is important to take a closer look at the 
individual obstacles.  The most prevalent obstacle is the separation of crews in two 
departments, this was also an issue followed by recommendation from Chute and 
Weiner (1995) following their study.  Fifteen years later, this is still a primary issue.  
“This can result in conflicting goals, inconsistent instructions, manuals, and lack of 
communication” states Chute and Weiner (1995, p. 8).  They also have argued this 
issue in previous papers, (Chute and Wiener, 1995, 1996) stating “that such orga-
nizational segregation also de-emphasizes the safety function of the cabin crew.  
If safety is truly the primary responsibility of the cabin crew, then they should be in 
the same department as the pilots” (p. 8). 

While joint scenario based training, development, and scheduling may not be 
realistic for all carriers in these lean economic times, improvement of sterile cock-
pit training, and improved crew briefings are both viable and crucial.  Coordination 
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and synergy of the flight deck and cabin crew has never been more significant or 
more challenging than our current operating environment, making the crew brief-
ing critical.  Collaborating efforts between flight operations, training, management, 
and scheduling departments to identify and plan time for crew briefings can ensure 
this critical element is not omitted.  Furthermore, teaching pilots how to give an 
effective briefing may seem obvious; however, they may only receive this in their 
initial or upgrade training.

It is clear operational conditions for commercial airlines have drastically 
changed since 9/11 and so must our response to training.  While any addition to 
expenditure is difficult to justify in the economic climate, we encourage operators 
to consider these recommendations.
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Abstract
Increasing concern over the effects of moderate altitude exposure on aircrew 

performance in unpressurized aircraft recently prompted efforts to formulate inter-
national standards for the use of supplementary oxygen. The purpose of this study 
was to assess the impact of low to moderate levels of hypoxia on the cognitive 
performance of aircrew. Fifty participants were administered 45-minute exposures 
at altitudes of sea level, 8000, 10,000, 12,000 and 14,000 ft. Altitudes were simu-
lated using the Reduced Oxygen Breathing Device. Participants completed the 
CogScreen®-Hypoxia Edition (CogScreen®-HE) to measure cognitive performance. 
Saturation of peripheral oxygen showed that although the participants did become 
hypoxic (p < .001), there was no statistically significant change in reaction time 
(p = .781), accuracy (p = .152), or throughput (p = .967) with increasing altitude. 
The results indicate that healthy individuals do not experience significant cognitive 
deficit, as measured by the CogScreen®-HE, when exposed to moderate levels of 
hypoxia at or below 14,000 ft.

1  Original publication citation: U. S. Army Aeromedical Research Laboratory. (2009). 
Subtle Cognitive Effects of Moderate Hypoxia (Defense Technical Information Center [DTIS] 
No. ADA511511). URL:http://handle.dtic.mil/100.2/ADA511511.

http://handle.dtic.mil/100.2/ADA511511
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Introduction
Due to recent rotary-wing accidents in the current theatre of military opera-

tions, there is increasing worldwide concern over the effects of moderate altitude 
exposure in unpressurized aircraft. To address this issue, efforts have been made 
to formulate international standards for the use of supplementary oxygen (Air and 
Space Interoperability Council, 2007).  Hypoxic hypoxia is a deficiency in alveolar 
oxygenation due to inadequate ventilation, ventilation-perfusion mismatch, or, in 
aviation operations, reduced partial pressure of oxygen in inspired air at altitude. At 
altitude, hypoxic hypoxia can result in a spectrum of symptoms including drowsi-
ness, poor judgment, and impaired coordination to central nervous system failure, 
cardiovascular collapse, and death at extreme altitudes (Table 1). 

Table 1

Symptoms of hypoxia from Aeromedical Training for Flight Personnel 
(Department of the Army, 2000).

Altitude 
(thousands of 

ft)
0 - 10 10 - 15 15 - 20 20 - 25

Estimated SpO2 99 – 90% 89 – 80% 79 – 70% 69 – 60%

Symptoms

Decrease 
in night 
vision

Drowsiness
Poor judgment
Impaired
     
coordination
     efficiency

Impaired 
     flight control
     handwriting
     speech
     vision
     intellectual
          function
     judgment
Decreased
     coordination
     pain 
sensation
     memory

Circulatory 
failure
CNS failure
Convulsions

Research findings have led to a common assumption that aircrew can func-
tion perfectly well at altitudes up to 12,000 ft and even higher for limited periods 
(Bahrke and Shukitt-Hale, 1993; Reed, Youngs, and Kanid, 1994).  Ernsting (1978) 
maintained that ascent to 10,000 feet (ft) produces no hypoxia symptoms in resting 
individuals. However, there is growing concern that hypoxia at moderate altitudes 
may cause cognitive deficits. 

With air transport, personnel can be moved from sea level to over 10,000 ft 
within minutes, a far shorter time than required for acclimatization. In a survey of 
Australian helicopter aircrew, approximately 75% of physically active helicopter 
aircrew who returned surveys reported experiencing at least one hypoxic symptom 
during flight between 8000 and 10,000 ft (Smith, 2005). The survey also showed 
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non-pilot aircrew reported a significantly higher number of hypoxia symptoms than 
pilots. A follow-up study demonstrated that altitude hypoxia may be exacerbated 
greatly by physical exertion typical of the duties of aircrew personnel (Smith, 2006). 
These studies found hypoxia effects at altitudes previously thought to be too low 
for significant concern.

The Federal Air Regulations (FAR) require supplemental oxygen as follows 
(14 CFR § 91.211):

At cabin pressure altitudes above 12,500 feet (MSL) up to and including 1. 
14,000 feet (MSL) unless the required minimum flight crew is provided 
with and uses supplemental oxygen for that part of the flight at those alti-
tudes that is of more than 30 minutes duration;

At cabin pressure altitudes above 14,000 feet (MSL) unless the required 2. 
minimum flight crew is provided with and uses supplemental oxygen dur-
ing the entire flight time at those altitudes; and

At cabin pressure altitudes above 15,000 feet (MSL) unless each occu-3. 
pant of the aircraft is provided with supplemental oxygen.

The crews of U.S. Army rotary wing aircraft in operations around the world are 
exposed to repeated incidences of moderate altitude (up to 18,000 ft).  Current 
flight regulations (Department of the Army, 2008) list the following oxygen require-
ments at altitude in unpressurized aircraft:

(1) Aircraft crews.
(a) On flights above 10,000 feet pressure altitude for more than   

 1 hour.
(b) On flights above 12,000 feet pressure altitude for more than   

 30 minutes.

(2) Aircraft crews and all other occupants.
(a) On flights above 14,000 feet pressure altitude for any period   

 of time.
(b) For flights above 18,000 feet pressure altitude, oxygen 

prebreathing will be accomplished by aircrew members.

To date, most of the literature has assessed gross cognitive change after 
multiple hours of exposure (e.g., Shukitt, Burse, Banderet, Knight, and Cymer-
man, 1988; Balldin, Tutt, and Dart, 2007), whereas current studies focus on subtle 
changes in cognition (e.g., Rice, et al., 2005; Balldin, Hickey, Sundstrom, Pilmanis, 
and Doan, 2006).  A recent study demonstrated slight but statistically significant 
decrements in the cognitive performance of resting individuals for 20-minute (min) 
exposures at 12,000 ft (Balldin et al., 2006).  Rice et al. (2005) sought to approxi-
mate the initial altitude a cognitive decrement would present at moderate altitudes 
as measured by the CogScreen®-Hypoxia Edition (CogScreen®-HE), and noted 
vigilance performance decrements at 15,000 ft.
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A major aim of the current study was to expose participants to moderate levels 
of hypoxia in smaller increments than previous studies in an attempt to assess 
whether there is a gradual change in cognitive functions with increasing altitude. 
This information may more accurately inform policy and countermeasure strate-
gies.  The overall purpose of this study was to assess the impact of low to moder-
ate levels of hypoxic hypoxia on the cognitive performance of aircrew personnel.  

Methods

The study was conducted by U.S. Army Aeromedical Research Laboratory 
(USAARL) personnel with logistical and technical assistance from the U.S. Army 
School of Aviation Medicine (USASAM).  The protocol was reviewed and approved 
by the USAARL Human Use Committee. Fifty participants were evaluated during 
the study. Each participant was exposed to five normobaric simulated altitudes: sea 
level, 8000, 10,000, 12,000, and 14,000 ft while at rest conducting a cognitive test 
battery.  The research intervention or independent variable that the research vol-
unteers experienced was a condition of hypoxic hypoxia that simulated the amount 
of oxygen in the atmosphere at defined altitudes.  These hypoxic conditions were 
generated with a Reduced Oxygen Breathing Device (ROBD).  The ROBD (En-
vironics® Series 6202) is a portable, computerized, gas-blending instrument that 
produces hypoxia without changes in atmospheric pressure.  It uses thermal mass 
flow controllers (MFC) to mix breathable air and medical nitrogen to produce the 
equivalent atmospheric oxygen partial pressures for altitudes up to 34,000 ft.  The 
MFCs are calibrated on a primary flow standard traceable to the National Institutes 
of Standards and Technology.

The ROBD was developed by the Naval Aerospace Medical Research Labo-
ratory (NAMRL) and is now marketed commercially by Environics® for aviation 
training and research purposes.  The ROBD enables individuals to be safely made 
hypoxic, without risk of barotrauma and decompression illness under controlled 
conditions in such a way that these individuals can engage in the performance-
based testing procedures described below that are the dependent measures for 
this study.  The ROBD is now routinely used by the Army and the Navy for re-
fresher hypoxia training for aircrew personnel. The ROBD provides simulation of 
0 to 34,000 ft elevation, 21% to 4.4% oxygen, an integrated pulse oximeter, an 
integrated oxygen analyzer, and an emergency oxygen dump switch for essentially 
instantaneous delivery of 100% oxygen.

Study population

Data were collected on 50 participants. Volunteers were restricted to active 
duty Army Soldiers. Most participants were Army aviators, student aviators, or in-
dividuals waiting to begin Army flight training.  The participants were aged 19 to 
45 years.  Pregnant individuals were excluded due to the risk of adverse effects of 
hypoxia on the fetus.  To limit the effect of any confounding variables, participants 
were disqualified if they had a history of drug abuse, addiction, or consumed more 
than ten beers, eight glasses wine, or eight mixed drinks, per week.  

Cognitive Effects of Hypoxia
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Experimental design

The study was a within-subjects repeated measures design in which 50 Sol-
diers were exposed to each of five normobaric simulated altitudes (sea level, 
8000, 10,000, 12,000, and 14,000 ft) while wearing a pulse oximeter to measure 
saturation of peripheral oxygen (SpO2).  Any possible order effect was prevented 
by blinding the participant to the simulated altitude to which they were exposed.  
These altitudes were assigned to the participants in a pseudo-random fashion en-
suring the final totals of each altitude in each order were equal.

 The purpose of recording SpO2 was to ensure acclimation occurred at 
each altitude before cognitive testing started.  The independent variable was alti-
tude, as generated by the ROBD, and the dependent variable was performance on 
the CogScreen®-HE.

Cognitive tests

CogScreen®-Aeromedical Edition (CogScreen®-AE) was designed for the Fed-
eral Aviation Administration (FAA) to detect subtle changes in cognitive functioning 
by, “rapidly assessing deficits or changes in attention, immediate- and short-term 
memory, visual-perceptual functions, sequencing functions, logical problem solv-
ing, calculation skills, reaction time, simultaneous information processing abilities, 
and executive functions” (Kay, 1995).  

The CogScreen®-HE is a shortened version of the CogScreen®-AE specifi-
cally designed for detecting changes in cognitive functioning due to hypoxia. The 
CogScreen®-HE’s touch-pen technology delivers rapid, non-invasive, validated, 
and sensitive cognitive tests that are appropriate for repeated measures testing. 
The CogScreen®-HE presents four subtests, visual sequence comparison, divided 
attention test, pathfinder combined, and matching to sample. The program ad-
ministers the subtests three times resulting in a 30 min testing session. Following 
test completion, the CogScreen®-HE provides several performance scores derived 
from the four subtests. For the purpose of this study, only reaction time, accuracy, 
and throughput (number of correct responses per minutes) were used.

Procedure

Data collection for a volunteer lasted one day. Table 2 describes scheduling 
during the experiment. Upon arrival to USASAM, participants read and signed 
informed consent forms and were given the opportunity to ask the researchers 
questions. Participants then spent approximately 1 hour training and practicing the 
CogScreen®-HE.  The practice session did not involve exposures to any altitude 
other than ambient room air (roughly 350 ft above sea level).  Practice sessions 
ensured that test performance was asymptotic and that the measurements were 
made with maximum efficiency.  

    Following training, individuals were exposed to the five hypoxic conditions: 
sea level, 8000, 10,000, 12,000, and 14,000 ft. Each exposure simulated flight at 
specified altitude and lasted for 45 min total.  This was broken down into 15 min at 
rest to equilibrate to the altitude and 30 min for completion of the CogScreen®-HE.  
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After each exposure to altitude, participants rested for 15 min, breathing ambient 
room air before starting the next altitude condition.  

Table 2

Testing itinerary.

Time Activity
08:00 In-Processing and Informed Consent
08:30 CogScreen®-HE Practice
09:00 Hypoxia Condition 1* and Cognitive Testing
10:00 Hypoxia Condition 2* and Cognitive Testing
11:00 Lunch
12:00 Hypoxia Condition 3* and Cognitive Testing
01:00 Hypoxia Condition 4* and Cognitive Testing
02:00 Hypoxia Condition 5*and Cognitive Testing
03:00 Out-Processing and Release

*Note: The hypoxia conditions (sea level, 8000, 10,000, 12,000, and 14,000 ft) were 
randomly presented to each participant.

In the event that a participant’s peripheral arterial oxygen saturation fell below 
70%, oxygen would be increased to the equivalent of 13,000 ft to safeguard the 
health of the volunteer. This procedure was not required as all participants main-
tained their oxygen saturation above 70%.

Results
All statistical analyses were performed using SPSS® 13.0 with significance 

set at an alpha level of .05 for all statistical tests. A repeated measures analysis of 
variance (ANOVA) was conducted to evaluate the impact of altitude on SpO2. Sat-
uration of peripheral oxygen declined with increasing simulated altitude, F(2.220, 
108.77) = 155.675, p < .001, with the Greenhouse-Geisser correction. These find-
ings confirm the efficacy of the ROBD system and that participants were, indeed, 
hypoxic. Follow-up results that emerged using paired samples t-tests confirmed 
significance (p < .001) at all levels of altitude.

Repeated measures ANOVA were conducted to evaluate the impact of alti-
tude on cognitive performance, as measured by the CogScreen®-HE. The depen-
dent variables were reaction time, accuracy, and throughput as measured by the 
CogScreen®-HE. No significant effect was found between altitude and reaction time, 
F(4,192) = .437, p = .781 (Figure 1).  Likewise, a non-significant effect emerged for 
altitude and accuracy, with a Greenhouse-Geisser correction, F(2.193, 105.245) 
= 1.889, p = .152 (Figure 2).  No significant effect was found between altitude and 
throughput, F(4,192) = .140, p = .967 (Figure 3). 

Cognitive Effects of Hypoxia
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Figure 1. Graphical representation of the relationship between reaction time, SpO2 
and altitude. Standard error bars for each mean are also shown.

90

91

92
93

94

95

96

97
98

99

100

0 8000 10000 12000 14000

Altitude

Ac
cu

ra
cy

75.00

80.00

85.00

90.00

95.00

100.00

Sp
O2 Accuracy

Sp02

Figure 2. Graphical representation of the relationship between accuracy, SpO2 
and altitude. Standard error bars for each mean are also shown.
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Figure 3. Graphical representation of the relationship between throughput, SpO2 
and altitude. Standard error bars for each mean are also shown.

Discussion
Results from this study demonstrated that moderate hypoxia at altitudes of 

8000 to 14,000 ft does not significantly decrease cognitive performance as mea-
sured by the CogScreen®-HE. These findings suggest that current standards regu-
lating supplemental oxygen use sufficiently protect aircrew from cognitive perfor-
mance decline in the unpressurized cockpit. However, these results may be due 
to this specific cognitive test battery not being sensitive enough to detect subtle 
changes in performance due to low altitude hypoxia. Rice et al. (2005) used the 
CogScreen®-HE to estimate the altitude at which cognition degradation occurs. 
Sixty resting aviators’ scores at 10,000 ft, 12,000 ft, and 15,000 ft were compared 
to their baseline scores. The only significant finding was in accuracy during the 
Vigilance subtest for 15,000 ft and the baseline scores (p = 0.012). Analysis of 
reaction time and accuracy indicated no significant differences. Further research 
is needed to determine at what specific altitudes the CogScreen®-HE is able to 
detect cognitive degradation.

Another possible explanation for the lack of significance is that participants were 
given a practice session.  Hypoxia is known to affect the learning process, and be-
cause participants were given a practice session before testing, the CogScreen®-
HE tasks were no longer novel.  Denison, Ledwith, and Poulton (1966) attributed 
increased reaction time in exercising subjects at 8000 ft to task novelty. Denison et 
al. found subjects who had a practice session at sea level on the Manikin test per-
formed better at 8000 ft than those subjects who did not have a practice session. 
Similarly, Kelman and Crow (1969) found that impairment of mental performance, 
as measured by a vigilance task, occurred at 8000 ft. However, subsequent stud-
ies by Fowler et al. (1985), using the same study design as Denison, failed to dem-
onstrate learning difficulties up to 12,000 ft. Figarola and Billings (1966) found no 
impairment on practiced tracking and vigilance tasks at 8000 ft; however, they did 
find performance decrements at 17,000 ft.  In a study on both resting and exercis-

Cognitive Effects of Hypoxia
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ing subjects, Paul and Fraser (1994) found that the ability to learn new tasks is not 
impaired by mild hypoxia at altitudes up to 12,000 ft. 

In addition, perhaps the critical altitude, which causes marked performance 
decrements was not reached in this study.  According to Nelson (1982), the de-
cisive altitude for changes in higher cognitive functioning lies between 4000 and 
5000 meters (13,123 ft and 16,404 ft, respectively).  Even at 4500 meters (14,764 
ft), Pavlicek et al. (2005) found no significant difference in word fluency, word as-
sociation, or lateralized lexical decision performances.  In addition, Schlaepfer, 
Bartsch, and Fisch (1992), found that mild hypoxia improved visual perception in 
healthy individuals.  If a testing session at 15,000 ft had been incorporated in the 
experiment and significance was found at that altitude, the experimenters would 
not only know that the CogScreen®-HE was sensitive enough to detect changes in 
performance due to hypoxia, but it would show that, on certain tasks, performance 
was not negatively impacted by moderate hypoxia (8000 ft to 14,000 ft).  

Many studies on moderate altitude hypoxia merely record cognitive perfor-
mance, and not subjective symptoms experienced at altitude. Some of the partici-
pants reported experiencing symptoms of hypoxia, particularly at 14,000 ft (e.g., 
slight light-headedness and minor headaches).  Although participants experienced 
hypoxic symptoms, their cognitive performance on the CogScreen®-HE was not 
significantly compromised. These reported symptoms came up in conversation be-
tween test sessions and were not recorded for later analysis. It is conceivable that, 
similar to Smith’s subjective survey study (2005), levels of hypoxia assessed in the 
present study may solely impact the psychological perception of hypoxia and not 
the measurable, objective cognitive consequences. Further research is needed 
to compare both the perception of hypoxic symptoms to objective decrements in 
cognitive performance. 

Crewmembers in the cabin of the aircraft are rarely stationary, and the cogni-
tive effects of moderate altitude may be exacerbated by increased heart rate and 
metabolic demands due to physical movement often required of flight medics and 
crew chiefs. Physical exertion accelerates the onset of hypoxia and lowers the alti-
tude at which symptoms occur. Paul and Fraser (1994) found exercising subjects’ 
reaction time to be slower on the Manikin task than resting subjects. Smith (2005) 
surveyed Australian Army helicopter pilots and found 60% of non-pilot aircrew re-
ported experiencing four or more hypoxic symptoms, compared to only 17% of 
pilots. The most common symptoms or areas of deficit experienced were light-
headedness (37.7%), calculation (45.3%), and reaction time (37.7%). Further re-
search is needed to examine how physical exertion affects cognitive performance 
at moderate altitudes.    

Conclusion
Healthy individuals aged 19 to 45 years did not experience significant cogni-

tive deficits as measured by the CogScreen®-HE when exposed to moderate lev-
els of hypoxia at rest for exposure times of 45 min at or below 14,000 ft.  
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