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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 Federal Aviation Administration Academy as an institution does not
endorse the viewpoint 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
products, 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
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PHILOSOPHY STAT E M E N T
Cornelius 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
results 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, because 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
upset 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.

B.S.L.

1

Lanczos, C. (1988). Applied Analysis. Mineola, NY: Dover Publications, Inc.
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EDITOR’S NOTES
Formal Papers
Because of the increase in human consumption of caffeine-containing beverages,
such as coffee, tea, cola drinks, energy drinks, and chocolate, to cope with performance problems due to fatigue Deixelberger-Fritz, Tischler, and Kallus conducted
a study to evaluate the effects of a single standard dose of an Energy Drink on
performance of pilots in a fatigue-inducing paradigm. The results cannot be attributed to a caffeine withdrawal effect because the subjects were only nonsmokers
and low to moderate caffeine users and the subjects were not deprived from caffeine. Readers who are looking for positive options to cope with fatigue will find the
results of this study to be quite interesting.
Many schools and colleges are incorporating electronic methods into their instructional delivery. Although there have not been many studies to determine whether
instruction delivered in this way is equal to or better than the more traditional
“classroom” method, those interested in distance learning will find this study by
Howell, Denning, and Fitzpatrick showed that the academic performance of today’s
students is not impacted adversely by electronic instruction.
With the ever increasing expense associated with latest generation training aircraft, flight training devices, and materials, Young and Fanjoy recommend a tailored approach to advanced collegiate flight training that will take advantage of
cost effective program components and generate the potential for interaction with
aviation industry partners. They address issues associated with advanced flight
training resources as well as suggested levels of implementation that address the
particular needs and financial constraints of each collegiate flight training unit.
Although they state that the levels of advanced flight training resources they present
are not intended to be prescriptive, Young and Fanjoy propose that they do offera
starting point for consideration by members of a training unit’s flight faculty.
The thought that the recent identification of a new spatial ability (dynamic spatial
ability) is particularly important in occupations such as air traffic control and piloting, D’Oliveira conducted a study to analyze the potential predictive value of static
and dynamic spatial ability and the ability to coordinate information when predicting training results of air traffic controllers and pilots. Her study dealt with whether
both dynamic spatial ability and the ability to coordinate information are significantly better predictors of training results than static spatial ability, therefore contributing to potential improvements in current selection procedures adopted for
these occupations.
Using one questionnaire—called the Organizational Safety Culture Questionnaire
(OSCQ)—Patankar conducted an exploratory study to assess the safety attitudes
and opinions among flight operations personnel, maintenance personnel, and other
employees at one partner organization to determine the factors that may contribute to accident-free safety record of a specific organization. His study was based
on a previous survey of flight operations personnel, maintenance personnel, and
189

other employees to measure individual attitudes regarding safety and their opinions regarding the factors that may contribute toward their accident-free safety
record. In the case of this particular partner company, the success factors were
identified as follows: emphasis on compliance with the Standard Operating Procedures, collective commitment to safety, individual sense of responsibility toward safety, and the high level of employee-management trust.
Those interested in reducing errors made in aircraft cockpits and those interested in flight crew training/education might find the results of the Bliss and
Fallon study, which broadens the applicability of Normative Decision Theory by
demonstrating that it can be successfully applied to a specialized teamwork
environment, to be of interest. Bliss and Fallon examined the problem of faulty
information transfer among flight crew members by manipulating leadership style
and studying its effects on performance and satisfaction under conditions of
high and low workload. In addition to their findings, Bliss and Fallon discuss the
limitations of their study and recommend future research to continue to clarify
the conditions where the Normative Decision Theory applies and does not apply.
The FA A pilot knowledge test is a multiple-choice assessment tool designed to
measure the extent to which applicants for FA A pilot certificates and ratings
have mastered a corpus of required aeronautical knowledge. All questions that
appear on the test are drawn from a database of questions that is made available to the public. Casnar, Jones, Puentes, and Irani conducted a study to
investigate the FA A’s concerns that releasing test questions in advance may:
(1) negatively affect the way students learn and ultimately understand required
aeronautical knowledge; and (2) reduce the validity of the knowledge test as an
assessment tool. In addition to the results of their study, Casnar, Jones, Puentes,
and Irani discuss the limitations of their study, as well as the changes made by
the FA A to the Knowledge Test in July 2003.
In addition to those who treat individuals with a fear of flying, those with that fear
may find the article by Van Gerwen, Van de Wal, Spinhoven, Diekstra, and Van
Dyck to be of interest. Based on Bandura’s self-efficacy theory that judgments
and expectations concerning performance capabilities are relevant for the initiation, persistence, and modification of anxiety problems and specific fears, the
authors conducted a study on the differential effects on self-efficacy expectancies of various treatment components in a fear of flying protocol. They provide
detailed statistical analyses of the study, discuss the study’s shortcomings,
and recommend future studies.
Training Development Reports, Studies, and Papers
Readers who are involved in aviation education/training may find the Elliott article on biometric technologies valuable. As a result of the work to improve and
standardize airline security, biometrics is being considered for a number of transportation-related applications. Elliott provides an introduction to biometric tech190
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nologies, outlining the general concepts and definitions that students in aviation
technology will come across, the specific classifications, and the specific issues
within an airport environment that may affect the performance of individual biometric technologies. He discusses biometric technologies that have been successfully deployed within an aviation setting and suggests that those who develop
aviation curricula may want to include biometrics as part of a course in aviation
security or airport management.
Utilizing the findings of a 1998 study of the Characteristics of Successful Aviation
Leaders of Oklahoma, Kutz presents a review of literature to explore the power of
passion in leading aviation professionals—from introducing a description of the
term “passion,” as it relates to aviation, to discussing the problems with passion
in aviation leadership—and suggests that this subject deserves more extensive
research.
Book Reviews
We had an exciting experience for this issue of IJAAS – we were asked to provide
reviews of several publications. Because of the tremendous success we have
had with the increase in manuscript submissions, we were forced to limit the
reviews to three.
Todd Hubbard provides a positive review of Psychological Perspectives on Fear of
Flying, edited by Robert Bor and Lucas van Gerwen, which, by the way,tiesin
well with the article about the study conducted by Van Gerwen, Van de Wal,
Spinhoven, Diekstra, and Van Dyck, also in this issue. The text provides clinical
studies, therapy critiques, technological aides, suggestions for air carrier personnel, and therapy success stories. Hubbard highly recommends the book not only
for those suffering from fear of flying, but also for the classroom. He also suggests that readers investigate other works by the authors.
Our next book review (Passenger Behaviour, edited by Robert Bor) is provided by
Raymond King. Adding personal quips, King begins by suggesting that most
readers will not read this book from cover to cover the way in which he did to
prepare for his review review, but will use it as a reference tool. Furnishing a
picture of each chapter, he recommends the book, especially to those who fly on
a regular basis.
It seems only appropriate in this 100th year of aviation, that Mark Sherman and
Deak Arch reviewed a book about aviation history,The U.S. Air Service in the
Great War, 1917-1919, by James J. Cooke. Describing the book as one that
explores World War One Aviation, not from a pilot or unit perspective, but from a
military command and control perspective, Sherman and Arch suggest that those
with an interest in American Air Power organization during World War I, aeronautical logistics, or military command and control functions should read this book.
B.S.L.
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Formal Papers
Changes in Performance,
Mood State and Workload
Due to Energy Drinks in Pilots
D. Deixelberger-Fritz,
M.A. Tischler,and K. Wolfgang Kallus
Department of Psychology
Karl-Franzens-University Graz
Universitaetsplatz 2/III
8010 Graz, Austria
Email: wolfgang.kallus@uni-graz.at
Abstract
Twenty-four pilots and eight non-pilots participated in a randomized double-blind crossover study on performance changes in a
fatigue-inducing 6-hour laboratory paradigm in the early evening
hours on two different days without caffeine deprivation. After two
hours of work on mental performance tests, either 250ml of a placebo (same Energy Drink, without Caffeine, Taurine and
Glucuronolactone) or 250ml of an Energy Drink (containing Caffeine 80mg, Taurine 1000mg, and Glucuronolactone 600mg) were
administered. Changes in performance were assessed during the
following 4 hours. The kind of drink was switched on the second
experimental day. Statistical hypotheses based on a preliminary
study were tested via analysis of variance. Clear-cut positive effects of the energy drink could be demonstrated on choice reaction
time and on performance in a concentration test. Effects persisted
for more than two hours after administration. This long-lasting positive effect on performance can hardly be explained by the small
dose of caffeine. In addition, pilots performed markedly better on
the second day, despite the fact that tests were practiced extensively during baseline conditions. Effects on mood state and heart
rate variability were less pronounced.
Performance measures were controlled for errors to make sure
that the effects were not due to a mere change in the speed/accuRequests for reprints should be sent to Beverly Laughead, FA A Academy,AMA-502-OU,
P.O. Box 25082, Oklahoma City, OK 73125.
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racy trade-off towards more speed.
The study showed that breaks and nutrition in breaks can easily
change the performance potential even in highly selected people
like pilots. This offers positive options to cope with fatigue.

Introduction
Caffeine is the most widely used psychoactive substance in the world (Gilbert, 1976). Most of the caffeine consumed comes from dietary sources such
as coffee, tea, cola drinks, energy drinks, and chocolate. The early studies
used large doses of caffeine and it has been suggested that doses in excess of
500mg are not beneficial (Hasenfratz & Baettig, 1994). Consequently, smaller
doses that are closer to those in commonly used caffeinated beverages have
been used in more recent studies (Warburton, 1995; Durlach, 1998; Hindmarch,
Quinlane, Moore, and Porkin, 1998; Reyner & Horne, 2000; Warburton, 2001;
Alford, Cox and Westcott, 2001). Caffeine improves mental performance
(Hindmarch et al., 1998) e.g.: concentration (Alford et al., 2001), attention
(Warburton, 2001), and memory (Alford et al., 2001) as well as reaction time
(Lieberman, Wurtman, Emde, Roberts, and Coviella, 1987; Kerr, Sherwood, and
Hindmarch, 1991; Durlach, 1998; Kenemans & Verbaten, 1998; Alford et al.,
2001).
A rising number of humans use caffeine-containing beverages to cope with
performance problems due to fatigue. Experimental laboratory studies in fatigue
paradigms are necessary, if one wants to prove the benefits of energy drinks to
compensate fatigue-induced performance impairments. Rules of good clinical
practice (GCP, 1997) from pharmacopsychological drug studies (randomized
double-blind placebo controlled) should be adopted as far as possible. In addition, a multivariate approach should be used to obtain a picture of the drug
effects in different functional areas (attention, concentration, and mood).
Positive results of a small amount of coffee (e.g. two cups, about 150mg
caffeine) on alertness in fatigue-inducing laboratory studies have been reported
(Lorist, Snel, Kok & Mulder, 1994; Horne & Reyner, 1996; Reyner & Horne,
1997).
The present study was conducted to evaluate the effects of a single standard
dose of an Energy Drink on performance of pilots in a fatigue-inducing paradigm.
The study followed the rules of GCP.The problem of caffeine deprivation (James,
1997) is not relevant in this study as subjects with low habitual caffeine consumption were studied in the evening (telling subjects to abstain from caffeine
for 24 hours, James, 1997).
Method
Participants
Twenty-four pilots and eight non-pilots participated in a randomized double196
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blind crossover study on performance changes in two tiring six-hour laboratory
sessions.
All participants were nonsmokers and low habitual caffeine users (3-6 cups
coffee per day). Subjects with a higher average caffeine intake, smokers, and
those who took drugs regularly were excluded. On investigation days subjects
were not permitted to drink alcohol. Informed written consent was obtained from
all subjects.
All pilots had a valid flight license (13 commercial pilots, 4 military jet pilots,
7 VFR-Pilots =visual flight licenses for private pilots). Ranging in age from 23 to
40, the mean age was 29.75 years (std=5.08 years).
Independent variables
®
In this study, 250ml of an energy drink (Red Bull Energy Drink, containing
carbonated water, 80mg caffeine, 1000mg taurine, 600mg glucuronolacton, sucrose, glucose, citric acid, carbon acid, inositol, vitamins (niacin, panthenol,
B6, B12), flavours, colour) was tested. The placebo contained glucose and vitamins. The equivalence of taste for verum and placebo (at 2ºC) was ensured
before the experiment. In a preliminary study, a tipple comparison taste-tasting,
using two temperature levels (2ºC N=15, 5-10ºC N=8) to ensure equivalence at
taste, was conducted with 23 subjects.
Design
A repeated measure, double-blind crossover design was used with each subject receiving both treatments in a randomized order.The two treatment condi®
tions were 250ml Red Bull Energy Drink and the same amount of a glucosecontaining placebo.
Procedure
Both test sessions started at 1700 h and ended at 2300 h. The participants
completed a similar six-hour work block on both test days. The investigation
took place in a shielded psycho physiological, air-conditioned laboratory.A wash
out period of at least 24 hours was kept to avoid potential residual effects (cf.
Deixelberger, 2000).
Psychological Testing
The following tests were administered by means of a computer or in paper
and pencil form.
Performance Measures for Hypothesis Testing. Three performance measures were selected for hypothesis testing based on a preliminary study
(Deixelberger, 2000). The following measures were used:
1. sustained match to sample test “Cognitrone” (Schuhfried, 1994):
Score: MC = Mean reaction time of correct responses
The computer-based sustained match to sample task assessed sustained
Changes in Performance, Mood State and Workload Due to Energy Drinks in Pilots
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attention (Schuhfried, 1994). A series of four pictures was presented in the first
line on the screen and one picture below.The subjects determine whether the
picture in the second line is exactly the same as one of those in the first line.
For analysis, mean reaction time of correct responses is taken. The split-halfreliability is .98.
2. continuous performance task (arithmetic) CPT (Dueker & Lienert,
1959): Score: C-E (Correct – Error)
The CPT (Dueker and Lienert, 1959) obtains information about quantity and
quality of arithmetic performance and short term memory.The subjects add two
sets of figures and decide on a further subtraction or addition based on the
relation of the two sums. The highly reliable test (rt=.92) has been used in
series of psycho-pharmacological studies in the past 40 years.
3. d2 letter cancellation test (continuous attention performance,
Brickenkamp,1994):Score = T-E (Total – Error)
The letter cancellation test d2 (Brickenkamp, 1994) is a performance test,
measuring speed and accuracy by doing simple tasks like a vigilant task. The
subjects mark every d with two lines (one above and one below, both lines above
or both lines below) mixed with other letters. The results from this test can be
interpreted in three ways 1. quantitative – how many letters are marked, 2. how
many letters are marked within a certain time, 3. qualitative – total of performance minus errors. To prove the hypothesis, total performance minus errors in
this study was selected for the data analysis. The re-test-reliability is .92.
Supplementary performance tests.A set of supplementary performance tests
was used to simulate tiring, monotonous working conditions. The following
tests were used:
§ Stroop Color Word Test (German version by Baeumler,
1985).
§ Choice reaction test (Vienna Testing System, Schuhfried,
1996).
§ Pilot Spatial Test (Vienna Testing System, Schuhfried,
1996).
§ W AIS – Wechsler digits backwards (Tewes, 1991).
Assessment of psycho physiological state
§ Adjective Check List EWL (Janke & Debus, 1978) and a
short version for repeated measurements (BSKE)
§ Multidimensional Scale on Physical Symptoms (Erdmann
& Janke, 1984)
§ ECG during resting conditions and during task execution.
§ EEG during resting conditions and during task execution
(results not reported here).
Intervening variables
198
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Additional information was obtained for:
§ Initial state (RESTQ, Kallus, 1995; FAL Janke et al., 1976)
Initial state with respect to stress and recovery in the past
three days was assessed by psychometric questionnaire
(RESTQ). Additional questions on activities and nutrition
on the test day was assessed by the questionnaire (FAL).
§ Questionnaire on drug consumption (Janke et al., 1988).
The questionnaire assesses habitual drug consumption
and the use of functional foods.
§ Personality traits (Eysenck Pers. Inventory; Eggert, 1983);
The Eysenck Personality Inventory assesses two basic
personality traits (extraversion and emotional stability).
§ Biographical data
Biological data were used for description of the sample.
Testing procedures
The study was conducted in a shielded psycho-physiological laboratory in
the Department of Psychology, Karl-Franzens-University Graz, Austria. Volunteers were paid for participation.
The study started at 5 p.m. and ended at 11 p.m. Fatigue and monotony are
very common at this time and most of the people do not drink much caffeine.
Thus, side effects due to abstaining from caffeine were very unlikely.
The next two test phases were 120 minutes each. Before starting with test®
phase 1 on day 1 and day b, the Red Bull Energy Drink or the placebo was
administered.
Table 1
Testing procedure
baseline day a 17.00-19.30
application
19.30-19.40
test-phase 1 19.40-21.30
tests-phase 2 21.35-23.00

baseline day
b
application
test-phase 1
test-phase 2

Data analysis
Analyses of variance were computed for each of the three basic performance
measures using the average of each test block as a dependent variable. The
interaction term treatment*time was used to test the cross-over effect following
Lehmacher´s decomposition of possible effects in cross-over designs
(Lehmacher,1986). Type I error was 0.05, which was adjusted to three multiple
tests by the Bonferroni-Holm Procedure (Holm, 1979). SPSS-Manova was used
to compute effects. The overall individual level (mean across all measurements
on all days of each dependent variable) was subtracted to eliminate initial value
effects (Kallus, 1991).
Changes in Performance, Mood State and Workload Due to Energy Drinks in Pilots
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Supplementary descriptive data analysis is based on descriptive p-values
from analysis of variance. The results were analyzed “descriptively” to characterize the drug effects more precisely.The model of descriptive data analysis
(Abt, 1987) provides a framework for the combination of confirmatory and supplementary data analysis.
Results
Results for hypothesis testing are depicted in table 2. The energy drink showed
clear-cut effects on performance at the .05 level. Non-significant interaction
terms (treatment*time) were expected on the null hypotheses.
Table 2
Results of Analysis of Variance (time*Treatment-interaction)
Variable
(ranking
according to
p-values)
C PT
MC
(C ognitrone)
d2

pvalue
s

adjusted type-I-errors

.000
.020

.0167 *
.025 *

.322

.050 n.s.

Continuous Performance Task CPT. A significant time *treatment effect
(p=<.001) can be reported for the score total performance minus errors. Sub®
jects performed markedly better in the Red Bull Energy Drink condition compared to the placebo day.
12
10
8
6

RB_PL

4

PL_RB

2
0
-2
-4
a1

a2

b1

b2

tim e of m easure

Figure 1.Results in CPT (total minus errors) for crossed treatment conditions
®
(RB_PL means first day Red Bull , second day placebo; PL_RB means first
®
day placebo, second day Red Bull ) on two test days for both measurement
occasions on each day.
Sustained match to sample test MC. A significant time*treatment effect
(p=.020) for mean reaction time of correct responses in the sustained match to
sample test was observed. The subjects had the shorter reaction times on the
day with Energy Drink compared with the performance on the placebo day.
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Figure 2.Results in MC for both treatment groups for both phases on both days
D2 letter cancellation test. No significant time*treatment effects (p=.322) appeared for the score total of performance minus errors.
Further results
Positive effects for the energy drink were obtained for Stroop color word performance (p=.035) and motor reaction time (p=.066) in the reaction time test.
Figure 5 depicts the results for errors in the Stroop test.
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Figure 3.Results for the reaction time task.
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Figure 4.Results for the total of errors in the Stroop test
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Mood state. The positive effect of the energy drink was well reflected in the
subjective state of the subjects. Especially subjective deactivation was reduced
(p=.052).
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Figure 5.Means of deactivation for both treatment groups and all times of
measure
Heart rate. Heart rate reflected the different task conditions and showed no
systematic changes due to the energy drink.
Discussion
Clear cut positive effects on attention could be demonstrated for 250ml Red
Bull Energy Drink with controlled type one error ( =.05). The results showed
interesting correspondences with the positive results reported by Horne and
Reyner (2002).
®

In our study the subjects were only nonsmokers and low to moderate caffeine users and the subjects were not deprived from caffeine. Thus, the results
cannot be attributed to a caffeine withdrawal effect (James, 1997). The present
results are in accordance with the results reported in Warburton (1995), who
showed, that a small dose of caffeine could improve cognitive performance significantly. In another study with a caffeine and taurine containing Energy Drink
by Warburton (2001), the results concerning mental performance were confirmed. In Warburton´s study, the subjects were not deprived from caffeine.
In the present study,effects of a break with an energy drink on performance
were considerably large. This implied some practical significance in addition to
the statistical significance. Considering the difference in decision time of correct decisions in the continuous match to sample test, even highly selected
®
subjects like pilots show an improvement of about 0.1 second with Red Bull
Energy Drink. Decision time is increased by an amount, which is close to the
202

International Journal of Applied Aviation Studies

total amount of a simple reaction time of highly practiced subjects.
Performance increments could be demonstrated in the late evening under
tiring and monotonous working conditions, which increases impact of the results for night and shift work, which is common in all areas of aviation.
The observed high stability of enhanced performance in time should receive
further attention, especially because Horne and Reyner (2002) obtained similar
effects with the same energy drink. The effect can hardly be explained by the
low dose of caffeine. Other ingredients like taurine might contribute to a persisting increase in performance. Animal studies with these substances suggest
that this might be an interesting and important area of future research (Vohra &
Hui, 2000; Schulz, 1988).
The study showed that breaks and nutrition in breaks can easily change the
performance potential. This offers positive options to cope with fatigue as well
as possible risks. Finally, it should be noted that the positive results could even
be obtained in pilots, who are highly trained to cope with fatigue (Caldwell, in
print).
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Abstract
The Department of Aeronautical Science at Embry-Riddle Aeronautical University recently moved into a state-of-the-art instructional building. Along with the new building came teaching opportunities previously unobtainable, or at least difficult to achieve on
any scale. One of these occasions involved a requirement for students in a Flight Safety class to obtain instructional material (journal and magazine articles) independently from a variety of on-line
sources, versus the traditional method of in-class distribution of
handouts. Anecdotal evidence seemed to indicate that students
tasked with retrieving and utilizing the publications themselves
were less proficient in correctly answering test questions drawn
from the material than were students who were provided the handouts of the same publications in class. A study was devised to test
this observation, involving test and control groups of students in
four Flight Safety classes over two semesters. Results indicated
that, while there may have been significant differences in correct
response rates to individual questions between the two groups, in
the aggregate, there was no statistically significant difference in
performance at the .05 level between test and control groups that
was attributable to an electronic versus traditional mode of delivery of these specific course materials.
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Introduction
Nature of the Problem
The acquisition of an advanced technology instructional building, plus the
availability of a new academic intranet software service, Blackboard, has made
alternative methods of instruction possible on a scale never before possible at
Embry-Riddle Aeronautical University’s Department of Aeronautical Science.
This parallels the evolution of electronic delivery at most schools and colleges
across practically the entire spectrum of subjects. However, does the availability of this new technology translate to increased learning?
The Purpose of the Study
The purpose of the study was to find out if changing a specific element of
instructional material from traditional to electronic delivery had a measurable
effect on student learning. To keep this small study to an appropriate size, it
was decided to focus on one component of the available technology, i.e., the
ability to provide supplemental materials, in this case magazine and journal
articles, by electronic postings. Based on non-scientific observations, it was
the authors’ impression that students were not as successful in correctly answering questions originating from material that they were required to download
electronically as were students who obtained the same material from handouts
in class. Since the trend, at least at this university, (and presumably many
more) is to rely more and more on various forms of electronic delivery, it was
deemed to be a matter of some importance to ascertain the effects these modes
of instruction had on student performance. Depending on the results, this information could guide future instruction, or at least suggest how any negative
findings could be addressed.
Review of the Literature
As is readily evident to even the most casual observer, non-traditional methods of instruction, many of them via electronic delivery, have flourished in the
last few years. (As used here, “electronic/digital delivery” includes the spectrum
from a simple modification such as converting lecture notes to Power Point, to
the use of sophisticated interactive websites that operate sans professors.)
Even as early as 1995, higher education institutions had spent 20 billion dollars
equipping with computers and associated software and support systems (Katz,
Tate, & Weimer, 1995, cited in Jones & Paolucci, 1999). A few schools are
making sweeping commitments to electronic access and delivery. Massachusetts Institute of Technology, perhaps foremost in this group, is in the process of
publishing on line the lecture notes, assignments and reading lists for all of its
2000 on-campus courses (Massachusetts Institute of Technology, 2003) and
Farleigh Dickinson University now requires all entering students to take at least
one course on-line each year (Young, 2002). Many other schools, seeking to
reach new students and to increase their revenue bases, have made great efforts to develop on-line versions of their traditional courses to reach students
virtually anywhere on the globe. The U.S. military, whose members have been in
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almost constant motion for the last few years, has embraced electronic distance education to a vast degree. For example, the U.S. Army recently began
its first civilian education Internet portal, eArmyU, and plans to enroll up to
80,000 students in the next two years. The program is supported by 23 colleges
throughout the nation, who offer Army students 90-degree programs. The Army
will spend over 450 million dollars in the first five years of the project to purchase
the services and facilitate the colleges’ course delivery (Arnone, 2002).
More recently, “hybrid” courses, which incorporate a melding of classroom
and distance education, have become more popular (Young, 2002). These courses
seek to blend the best of traditional classroom instruction with the flexibility of
virtual classroom instruction into a more efficient instructional model. Bourne,
editor of the Journal of Asynchronous Learning Networks, says in the Chronicle
of Higher Education, (Young, 2002, p. 33), “I would guess that somewhere in the
80-90 percent range of classes could sometime become hybrid.”
Nevertheless, how effective are these new approaches in facilitating learning? Despite the embrace of academics and the rapid expansion of electronic
forms of delivery, there is not a quantity of evidence demonstrating that these
methods of instructional delivery are equal to or better than the more traditional.
Jones and Paolucci (1999, p. 17) agree saying, “…research supporting the
massive adoption of technology simply doesn’t exist to the extent that these
widespread trends are justifiable.” They estimate that “…since 1993 less than
5% of published research was sufficiently empirical, quantitative, and valid to
support conclusions with respect to the effectiveness of technology in educational learning outcomes” (p. 18). Those studies that have been done show
decidedly mixed results. For example, Kendall (2001) reported high student
satisfaction overall and higher grades for those who accessed WebCT based
course notes and posted messages most frequently in a study of 46 communications students. However, a study by Gay and Grace-Martin reported in the
Chronicle of Higher Education (Carlson, 2001) found while students who visited
more websites during computer science and communications classes made
higher grades, those communications students who spent more time on-line
outside of class were less successful academically. A Canadian study by
Goldberg (1997) indicated that students in the hybrid version of a computer
class out-performed both students who took the course exclusively on-line as
well as those who completed it in a traditional lecture based format. Contrasting
this is Byers’ (2001, p. 360) assessment that “…there is no significant difference in direct learning between technology based and face-to-face learning….”
It would appear from personal experience and a survey of the available literature, which includes many “how to” articles, that emerging technology has been
embraced and incorporated into the teaching and learning process largely for
reasons other than enhanced academic achievement. While some of these reasons are compelling in their own right (lower costs, ease of availability, better
graphics, etc.), the academic value of the various forms of electronic delivery is
Traditional versus Electronic Information Delivery
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either assumed, or in some cases, hoped for (Willet, 2002, Wallace & Mutooni,
1997, are program/ technology descriptions that illustrate this trend.). A conclusion can be drawn that the temptation is to use whatever technology is available
without regard to (or awareness of) learning efficacy.
Methodology
The research hypothesis for this study was as follows: “There is a significant
difference between the success rates of Flight Safety students who obtained
class materials electronically versus those who were provided the same materials by hand-outs in class.” The dependant variable was defined as the aggregate correct response rate for test questions drawn from the subject material,
and the independent variable were the two methods of obtaining the material,
i.e., electronic or hand-out.
Data collection was based on regularly occurring academic tests that were
part of a three credit-hour university course, Flight Safety. Students in this course
are typically juniors and seniors, have limited yet significant flight experiences,
and have usually earned FA A commercial and instrument certificates and ratings. Their goal, in most cases, is to become airline pilots with U.S. and international carriers.
As part of the course requirements, students were to read a selection of
articles related to the objectives of the course. The test group was directed to
electronic versions of the articles, posted on either Blackboard, an educational
software program to which the University subscribes, or on the World Wide
Web at several websites. In both cases, specific addresses were provided during class meetings. The control group was provided the articles by traditional
means, i.e., individual handouts in class. The test and control groups were
different sections of the same Flight Safety course. Both of the two sections
were provided identical instructions and syllabi from the same professor, used
the same text, and even met in the same classroom. The sections met sequentially, i.e., “back-to-back.”
The study was conducted over the course of an academic year. During the
initial semester (Fall) the first section (01) was the test group, and the second
section (02), was the control group. In the Spring semester this was reversed,
so that the first section was the test group and the second section was the
control group. This was done to minimize the possibility of skewed results from
individual students in the second class obtaining test information from students
in the first class. The groups averaged about 30 students per section, with very
slight variations from late enrollments and drops. Class Grade Point Averages
(GPAs) were calculated for each test/control pair, with results indicating a close
match in each case. Grade Point Averages were therefore determined to not be
a factor in the research design. Test questions specific to the designated articles were developed. These were included on two regular multiple-choice evalu210
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ations that were given during the conduct of the course. Upon completion of the
tests, the relevant responses were isolated and analyzed per the procedures
described in the next section.
Results
Raw scores were collected from four separate groups. The raw scores were
converted into percentage of incorrectly answered questions on each test and
then analyzed by method of teaching (i.e., traditional versus electronic groups).
Table 1 shows the proportions for each group by test. Proportions were calculated by dividing the number of individual wrong answers on each question by
the size of each control group. Each of the four tests had a control condition
(i.e., traditional teaching method) and a treatment condition (i.e., electronic teaching method). Therefore, each test has two scores representing the mean percentage answered incorrectly.
For the traditional group, the average percentage of incorrectly answered
questions was 20% (SD=15). In the electronic group, the average percentage of
incorrectly answered questions was 29% (SD=19).
A Levene’s Test for Equality of Variance was conducted and the results indicate that the test scores for the four separate test groups do vary approximately
the same. Table 2 shows no significant difference was found between the means
of the four separate test groups. Because the 95% confidence interval was used
between the groups, we can conclude that no significant differences were found
between the groups.
Table 1
Test Scores for Traditional and Electronic Teaching Methods
Q uestion
N um ber

Test1

Test2

Test3

Test4

Trad.

Elec.

Trad.

Elec.

Trad.

Elec.

Trad.

Elec.

1

.055

.147

.030

.125

.212

.200

.364

.300

2

.333

.352

.060

.264

.454

.200

.06

.150

3

.250

.323

.242

.437

.272

.300

.09

.150

4

.055

.176

-

-

.181

.150

.52

.500

5

.111

.176

-

-

.030

.150

-

-

6

.333

.705

-

-

.454

.850

-

-

7

.194

.235

-

-

.181

.400

-

-

Note. Test scores are given in percentage of population with wrong answers
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Table 2
InferentialStatistics by testusing IndependentSam ples t-test

TestN um ber

Significance

95% confidence interval
Low erbound

U pperbound

TestO ne

.509

-.299

.076

TestTw o

.726

-.475

.146

TestThree

.451

-.308

.175

TestFour

.305

-.355

.322

35
30

Percent

25
T raditional

20

Electronic
15
10
5
0
T est 1

T est 2

T est 3

T est 4

T est Number

Figure 1.Graphic display of Test Scores
Conclusions
Despite the higher overall incorrect response rate (29% versus 20%), student
achievement was not significantly adversely affected by the requirement to obtain course materials electronically on their own. This finding is consistent with
Russell (1999), who determined that there was no significant difference in the
academic performance of students in on-line and traditional courses.
It should be noted that there may well have been significance in correct
response rates on individual questions; however, due to small sample sizes this
was not feasible to examine and draw conclusions. The most relevant aspect is
that, in the aggregate, students are equally successful in performance regard212
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less of the method of obtaining the instructional information. It may be speculated that today’s students are sufficiently computer literate, and, more importantly, possess enough motivation to take the extra steps required to obtain and
utilize the electronic material. This would be expected with easy access (computer labs on campus, web access in the residence halls, high rate of personal
computer ownership), need for electronic research in other courses, and the
generally high degree of adeptness expected of a generation of students who
have always had access to computers as part of their teenage experience onward. One might wonder if this research would have had different findings if it
had been conducted, say, five years ago; however, that would be looking backward. The view towards the future seems to be that we can be reasonably confident that electronic delivery, at least as far as this small study can be extrapolated, is a viable and efficient mode of instruction as compared to traditional
delivery means.
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Abstract
The prominence of new flight technology instrumentation and problems associated with its use has prompted flight program educators to consider a variety of training aids and methods to prepare
flight graduates for employment. The expense associated with latest generation training aircraft, flight training devices, and materials has led most collegiate aviation program administrators, however, to defer such training and related costs to the aviation industry. The authors recommend a tailored approach to advanced collegiate flight training that will take advantage of cost effective program components and generate the potential for interaction with
aviation industry partners. Several issues related to funding and
operation of advanced training resources are presented. In addition, three levels of advanced technology implementation are suggested to effectively address the needs of collegiate aviation students, within the operating constraints of the host school. Finally,
opportunities for cooperative training arrangements with aviation
industry partners are discussed. Such arrangements have had and
will continue to have lasting benefit to both collegiate aviation and
the air transportation industry.

Over the last two decades, advances in computer technology have led to
amazing sophistication in aircraft and training systems resources. During the
same period, such advances have led to many unforeseen challenges for
crewmembers whose training historically has focused on psychomotor and procedural competencies. Airline pilot surveys and an evolving trend in flight automation-related accidents/incidents have highlighted the need for increased atRequests for reprints should be sent to Beverly Laughead, FA A Academy,AMA-502-OU,
P.O. Box 25082, Oklahoma City, OK 73125.
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tention to latest generation flight technology (Fletcher et al., 1997; Funk & Lyall,
1999; Hughes & Dornheim, 1995; Sherman & Helmreich, 1997). The costs associated with modern flight training equipment and media, however, have led
much of the air transportation industry to outsource the majority of initial, aircraft-specific training to high-volume, resource-intensive flight training academies
(Warwick, 2003). In addition, airline training sections have found great utility in
commercially produced computer-based training materials for a wide variety of
continuing and upgrade-training segments (Doherty, 2003). Collegiate aviation
faculties also have an interest in presenting training that reflects the latest technology to best prepare their graduates for a very competitive job market. Advanced flight training resources currently used in collegiate programs vary widely
from lecture materials and video to computer-based training programs to modern regional jet flight training devices (FTDs). Since most collegiate programs
operate within a fairly restrictive funding base, support for the latest generation
of flight training resources is limited. Despite funding shortfall for advanced technology flight training resources, collegiate program administrators attempt to
maintain an appropriate level of training, tailored to a school’s particular resource limitations. This paper will address issues associated with advanced
flight training resources as well suggested levels of implementation that address the particular needs and financial constraints of each collegiate flight
training unit. By doing so, the authors hope to present important programmatic
considerations of interest to flight program administrators and educators.
Aviation Program Survey
Young and Fanjoy (2002) completed a survey of four-year flight programs in
the U.S. to identify resources currently used to teach glass cockpit familiarization. Most program administrators indicated that this type of training was very
important to meeting their curriculum goals. However, only 51 percent of the
schools surveyed stated they taught this newer technology to their students.
While most schools indicated they would like to initiate this type of training,
resource costs and an already saturated curriculum were major barriers to doing so.
Results of the survey indicated that faculty who presented glass cockpit
technology (usually during the upper division course work) preferred hands-on,
interactive materials or devices to teach this subject area. Desktop trainers,
interactive computer programs, flight management system (FMS) trainers, and
flight training devices were perceived to be more effective than more traditional
means of presenting material, including lecture, video, and reading assignments.
Several of the cockpit training aids reported by collegiate programs were donated or in joint use with airlines and other training organizations. Virtually all
survey respondents indicated that cost was the primary reason that prevented
more effective teaching in this curriculum area. Schools were very interested in
the potential of low-cost alternatives to more expensive flight training devices
and full flight simulators.
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Issues Related to Technology Procurement
The wide variety of issues associated with the purchase of advanced flight
training equipment frequently leads to several “show-stopper” questions. Should
the eventual employer or the collegiate flight program be responsible for advanced automation training? Is the overall cost for advanced flight training enhancements out of the range of most collegiate flight programs? What burden
sharing is appropriate for students in support of new flight training resources?
Can new training resources be effectively funded through rental to outside users? What type of advanced training resources best mesh with the program’s
objectives and funding limitations? Each of these questions will be considered
in turn.
Training Responsibility
The objective of most collegiate flight programs is to produce a graduate with
200 to 300 flying hours who needs some additional experience and training
before being considered for duty with a commercial airline. Although exposure
to advanced flight systems is desirable, the authors’ survey indicates that many
administrators believe such training falls within the responsibility of the employing airline. Roessingh et al. (1999) conducted 58 interviews with pilots and training instructors to evaluate transition training for pilot upgrade to automated aircraft from traditional round-dial instrumentation. Findings from that study suggested that insufficient time is allocated to transition training courses in general, and aircraft difference training in particular to adequately prepare pilots for
operational flight duty.Although many collegiate flight faculty members would
like to add advanced flight technology training to their curricula, they are prevented from doing so by staff availability, limited physical resources, and austere budgets that frequently make such considerations prohibitive (Young &
Fanjoy, 2002). In addition to funding and staffing, there are a number of other
factors that impact a school’s potential to conduct advanced automation training. Some collegiate flight programs have invested time and money in advanced
technology resources only to experience hidden costs or find that such resources did not integrate well with program goals. Extraordinary student fee
increases to support activity in a new full flight simulator or flight-training device,
for example, may price the overall flight program out of the reach of most students. On the other hand, if the school accepts donated industry resources,
such equipment may only provide “showroom pieces” that are too expensive to
update or maintain. Finally, internet-based training has been embraced by many
airlines as a relatively lost cost option, but the cost of access to college flight
students may be unreasonable. Although some level of advanced flight training
technology is appropriate for most programs, many issues must first be addressed to insure new program additions provide a good fit for the department in
question.
Budget Tradeoffs
When flight training administrators conduct annual budget deliberations, airAdvanced Collegiate Flight Automation Training
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craft and the resources to maintain them are assigned a very high priority.The
significant costs associated with aircraft, ongoing maintenance, and associated insurance forces many collegiate aviation departments to consider outside
flight training providers. A similar philosophy has led many airlines to use independent flight training centers for initial and recurrent training (Warwick, 2003).
Although simulators are much cheaper and safer to operate than actual aircraft,
modern flight simulators, in some cases, have become more expensive than an
actual aircraft. Barber (1997) noted that modern flight simulators can be priced
as much as ten times the cost of the aircraft they represent. Unfortunately,the
end users/system operators must “foot the bill” for such expensive technology.
In consideration of expensive simulation assets and the impracticality of student travel to distant advanced flight training centers, collegiate programs frequently are limited in the level of advanced flight training they can provide. Although many college programs employ relatively simple light airplane training
devices, few can afford an advanced full flight simulator (FFS) or flight training
device (FTD) for their flight student population. Initial funding for either can easily
amount to several million dollars. Even when the considered resource is a donated FFS or FTD, shipping and installation costs alone can easily amount to
over $100,000 (W. Bauman, personal communication, May 20, 2003). A collegiate program administrator must consider the long-term utility of high priced
flight resources as well as hidden costs of operation. A flight department, for
example, could accept a donated advanced flight simulator only to find that
corresponding costs of maintenance and operations consumed an inordinately
large share of the budget. If, on the other hand, the school elected to purchase
a state-of-the-art glass cockpit flight training device, student costs to support
that resource might be unacceptable. Such concerns make capital outlays for
advanced technology, either in the form of aircraft upgrades, simulation equipment, or extensive software/internet support, unlikely for all but the most fiscally
solvent collegiate programs. Fortunately for the collegiate consumer, innovative
companies have begun to market lower-cost training equipment alternatives
(Fitzsimmons, 2003).
Burden-Sharing
Student burden sharing of advanced training costs is a fact of life. With the
current trend in rising tuition across the country, additional fees for aircraft and
flight simulator training can easily place a collegiate aviation education out of
the reach of most college students. Accordingly, it is imperative that additional
costs of modern training resources be carefully considered and distributed through
multiple users, rather than simply tacked on to existing student fees. The impact of training resources on student fees can be minimized through research
grants, shared used by other campus departments, and through external fees
for outside users. A proposed new FTD or aircraft upgrade, for example, could
find utility in support of a major grant for an engineering department. Desired
part task aircraft trainers might be developed or evaluated jointly by computer
science, education, or other academic units at the university. In addition, burden-sharing arrangements should be explored with industrial partners. The ben218

International Journal of Applied Aviation Studies

efit of such an association, should be clearly identified for a prospective partner,
particularly in consideration of the currently depressed aviation industry. Opportunities for a mutually beneficial partnership do exist. A ready source of future
hires and training methods research are just two of the benefits that might be
offered. A change in the operating environment, however, may negate the benefit
to the industrial partner at any time. A downturn in the already volatile airline
industry or change of aircraft type can lead to termination of sponsorship. Such
concerns are every day fare in the commercial sector but may not be intuitive for
a collegiate flight program.
Resource Rental
Funding for new flight training resources may be offset through resource rental
to outside users for either refresher or initial flight training. A college flight program may be able to provide such services to individuals at a cost well below the
fees charged by a major flight training center. Dry leasing of equipment by industry partners can also provide significant support for collegiate flight program
resources and should be actively courted. Such arrangements, however, can
have negative aspects for both partners. An industrial partner may require a level
of scheduling flexibility, for example, which does not correlate well with weekly
student use. In addition, the industrial partner may want commonly shared resources to be located near a major airline hub for easy employee access. An
airline partner may be supportive of a collegiate flight-training program, but will
not want to add extra costs to their operation. Accordingly, creative and flexible
solutions may be indicated to benefit each partner.
Maintenance Concerns
Equipment maintenance and replacement parts may constitute a significant
investment in support of an advanced FFS or FTD. Current industry standards
dictate a minimum of two technicians present in support of each simulator during operation. Although salaries for technicians vary widely, the ability to maintain equipment such as modern simulators is highly prized and commands a
respectable amount. In addition, a standing parts inventory for a modern FFS
may amount to more than $200,000. Individual parts, whether they represent
rehosted aircraft equipment or simulated instruments, are very expensive. A
typical “round dial” airliner attitude indicator, for example, may cost $20,000 to
repair or replace (W. Bauman, personal communication, May 20, 2003). Although an individual component may be commonly used to support of a wide
variety of simulators in a typical flight training center, a university may only have
a single flight training device, increasing the relative cost/value of each spare
component.
Resource Alternatives
Some college programs may desire to enter the advanced flight technology
market on a smaller scale, with a part-task trainer or computer-based training
program that uses an Internet/CD/DVD format. Several vendors currently produce these resources in a wide range of costs and capabilities. Inherent in the
Advanced Collegiate Flight Automation Training
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purchase consideration is whether the media/equipment can be upgraded and
how it integrates with other systems in use by the department. If a particular
variant of a flight management system is purchased, for example, will the skills
it supports be easily transferable to other program aircraft or classroom instruction? Is “free-play” available to reinforce student understanding of component
operation? Can a part-task trainer such as an electronic flight instrument system (EFIS) be integrated with programmed computer-based assets and building
space forecast by the department? Does the new resource under consideration
have to exactly duplicate an existing aircraft? Recent studies, for example,
seem to show that generic training devices provide a significant transfer of training to wide variety of aircraft systems (Johnston, 1998; Lintern & Naikar, 1999;
Teunissen, 1999). The cost of a generic FTD can be a fraction of that incurred for
a type-specific piece of flight training equipment. In addition, several studies on
computer-based training (CBT) reflect great value for that training method, despite its minimal presentation of psychomotor aspects (Dennis & Harris, 1998;
Koonce & Bramble, 1998; Moroney, Hampton, and Eggemeier, 1997; Taylor et
al, 1999). The Federal Aviation Administration (FAA) and the airline industry
have already accepted the findings of many of these studies and have expanded
CBT offerings as a prelude to actual FFS or aircraft training (Adams, 2003;
Doherty, 2003; Phillips, 2000).
Instructional Design
Most collegiate flight program administrators believe that technology associated with advanced flight systems presents a significant opportunity for addressing important program goals and further refining the high quality of their
graduates. Advances in flight instrumentation have led to significant growth in
the flight training industry over the last decade, yet the costs of high-end flight
training resources seem well out of the reach of most collegiate flight programs.
The authors believe there are opportunities to match new resources with program capacity and improve the level of offerings in support of advanced flight
instrumentation training. Rather than indiscriminately purchasing flashy new
toys, however, program administrators must first reconsider their program objectives and determine whether new technology training is appropriate for their
program and if so, which elements are most cost effective. Instructional design
methodology can be very useful in making such a determination. Brown (2001)
described a proficiency and mission-oriented training model, developed by United
Airlines, which sequentially considers training needs, corresponding training
objectives, and training devices that are matched to the objectives. Such a
model may be very useful to college program administrators who want to update
their curriculum offerings to include modern aircraft operations. When program
objectives are weighed against competing program/budgetary priorities, appropriate training resources can be identified.
Levels of Glass Cockpit Training
Upon review of vendor contacts and survey information from collegiate avia220
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tion schools, the authors suggest three possible levels of training for aviation
programs (Fanjoy & Young, in press). These levels vary in complexity and cost.
The suggested levels are certainly not comprehensive and school administrators must evaluate curriculum objectives and available resources in determining
an appropriate level of advanced flight training resources for its student population. A description of three proposed levels, including advantages, disadvantages, and typical costs, is presented.
Orientation Level
An introduction to new generation aircraft can be accomplished at this level.
Basic nomenclature, terms, and cockpit layout can be discussed. The primary
training focus is the identification and basic operation of electronic flight instrument system (EFIS) components, such as primary flight displays (PFDs), multifunction displays (MFDs), engine indication and crew alerting system (EICAS),
and FMS. Integration of automated flight systems, such as flight directors and
autopilots, can also be presented.
The orientation level may be accomplished through traditional teaching media and methods. Lecture, supplemented by handouts, overhead transparencies, video, PowerPoint slides, and/or other similar media, is commonly used to
orient the new student to advanced cockpits. In addition, several low cost computer programs are available to introduce glass cockpit and automation technology.Advantages of the orientation level include instructor familiarity with materials, availability of classrooms and resources that support this instructional delivery, and relatively low cost of materials. Disadvantages may include a lack of
student interaction with the new technology, the use of “generic” materials that
do not support detailed training objectives, and an inability to demonstrate how
all glass cockpit components are integrated within the aircraft.
Materials that support the orientation level may be found over the Internet, in
textbooks, from partner airlines or training organizations, and through vendors.
Some resources may be obtained at no cost while others may be priced up to
several hundred dollars. This level of flight automation training seems very affordable for most four-year schools.
Limited Familiarization Level
This level of training provides a more sophisticated means for learners to
become engaged with the new technology. During this level of training, students
are exposed to more “hands-on” operation of aircraft systems. This may be
accomplished through part-task systems media, FMS trainers, virtual cockpits,
and other computer-generated displays that facilitate student interaction with
airplane systems in either a structured or a “free-play” format. Typical resources
that represent this level of training might be system mock-up panels or interactive computer software.
Advantages of this level of training include increased student interaction with
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specific aircraft systems. If the training is focused on a particular type of aircraft,
students can spend the time needed to become proficient in the use of specific
systems. This saves valuable training time when the student transitions to an
FTD, FFS, or actual aircraft. Students can work in a less stressful environment,
at their own pace, using these types of educational devices. The main disadvantages of these resources are increased purchase/lease costs and possible
maintenance costs above those used in the orientation level of glass cockpit
training. In addition, training is limited to a subset of actual aircraft systems and
the student may not have the opportunity to master systems integration required for effective operation of the aircraft in all phases of flight.
Typical materials that support this level of training can be purchased from a
number of vendors or obtained from partner airlines or training organizations.
The cost for such resources can range from several hundred to several hundred
thousand dollars. Survey findings suggest that many collegiate aviation programs are currently interested in resources that will address this training level
(Young & Fanjoy, 2002).
Full Integration
Schools operating at this level employ flight training devices, flight simulators, and/or actual aircraft to relate all operations, performance, and integration
of systems into one training platform. While the majority of glass cockpit training devices in this category are airplane specific, several vendors have developed “generic” glass cockpit trainers that represent an entire class of modern
aircraft (i.e. regional jets). For educational purposes, these devices can be used
to present the basic concepts and procedures of new generation aircraft at a
lower cost than traditional aircraft simulators. Several airlines, aviation schools,
and training organizations are adding newer generation training devices to their
inventory to offset training time in actual aircraft (Seidenman, 2002).
The full integration level allows students to manipulate all the controls of the
aircraft and to observe the effects on various aircraft systems. In these training
devices most, if not all, systems are accurately represented in all possible
modes of operation. Students will not only be able to touch and manipulate
aircraft system controls but also comprehend the interrelationship of systems
to one another. In addition, this type of training device may be flown, unlike lower
level resources. This allows the student to experience the operational aspects
of systems and flight controls in actual (or simulated) flight conditions.
The advantage of the full integration level is that students acquire an accurate
picture of how all systems interrelate. If a student is preparing for flight in an
actual aircraft, a high fidelity flight training device or simulator can be used to
minimize safety concerns as well as actual flight time required for proficiency.
Airline training sections currently use modern full flight simulators to great advantage. In certain training programs, airline flight crews are allowed to complete all type-rating and airline transport pilot certificate training and evaluation
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requirements in a Level D full flight simulator.The primary disadvantage to this
methodology is cost – in both initial outlay and maintenance support funding.
Unit costs vary from approximately $200,000 for a “generic” device to $15M or
more for an aircraft-specific full flight simulator. In addition, significant space and
technical support are required to operate such devices. The high cost per hour
to operate these more expensive devices currently put them beyond the reach
of most collegiate flight training programs (Fanjoy & Young, in press).
Conclusion
Virtually all transport aircraft are now constructed with glass cockpit instrumentation and enhanced automation. Open literature seems to indicate that
general aviation aircraft will soon follow suit. A survey of college educators suggests the importance of training in the operation of modern flight automation
systems. Such knowledge is critical to the effective preparation of college aviation graduates for future employment. The authors have identified some key
issues and program options that may be useful when considering the objectives
and opportunities of a typical collegiate aviation program. Many aviation departments are currently pondering major program adjustments to meet regulatory
changes and changing department objectives. In addition, an evolving emphasis
on research in aviation education offers the potential to reap additional benefits
from newly acquired training resources. Although the proposed levels of advanced flight training resources presented here are not intended to be prescriptive, they do offer a starting point for consideration by members of a training
unit’s flight faculty.A careful consideration of curricular objectives and available
resources may present aviation faculty with an opportunity to provide great service both to their students and the commercial aviation community at large.
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Abstract
Air traffic control and piloting are occupations traditionally considered when referring to the predictive value of spatial ability. Recent
developments in the spatial ability literature have identified a new
ability, dynamic spatial ability. Along with the ability to coordinate
information, dynamic spatial ability is considered particularly important to performance in these occupations. This study considered the predictive relevance of dynamic spatial ability and the
ability to coordinate information for training results of air traffic controllers and pilots. A total of 86 trainees were administered a battery of paper-and-pencil and computerized spatial ability tests that
included specific tasks to assess dynamic spatial ability and the
ability to coordinate information. Results obtained revealed the
importance of coordinating information, either as a specific skill or
as a distinct task. Implications for current selection procedures for
air traffic controllers and pilots are considered. Recommendations
are also presented regarding the use and development of computerized measures for personnel selection in general.
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Introduction
The idea that spatial ability constitutes a separate domain in human intelligence is probably one of the most uncontroversial positions in the literature
(e.g., Boer, 1991; Pellegrino & Kail, 1982). However, the panorama changes
drastically when one considers spatial ability itself. Spatial ability has been
defined in very different ways with several authors speaking of several spatial
abilities and not just one (e.g., Lohman, Pellegrino, Alderton, and Regian, 1987).
Those same spatial abilities have been labeled in a variety of ways. Confusion
also is present in the literature regarding the immeasurable diversity of spatial
ability tests. Eliot and Hauptman (1981) claimed that spatial ability has been
referred to in such a variety of ways that it is difficult to be precise about the
meaning of the terms.
In spite of this apparent disagreement, the predictive importance of spatial
ability in several occupations is well established. Smith (1964) presented the
most detailed review on the predictive value of spatial ability.The author presented most initial studies, some dating to the 1920’s, where it was concluded
that spatial ability made a positive contribution to the performance prediction of
several technical training courses, namely mechanics in the Royal Air Force,
technical courses of engineering drawing, engineering apprentices, mathematics courses in college, among others. The author also considered the recommendations of the United States Employment Service regarding the occupations that required high levels of spatial ability. In 1957, and as presented by
Smith (1964), occupations such as architects, architectural draughtsman, structural draughtsman, aeronautical draughtsman, mechanical draughtsman, industrial designers, machinery and tool designers, sculptors, among others were
thought to require performers with very high levels of spatial ability. Smith (1964)
argued that several classes of engineering and draughtsmanship are emphasized in this list. McGee (1979) subsequently contended that four job categories – engineering, science, drafting, and designing – accounted for nearly 85%
of all jobs listed by the 1957 United States Employment Service.
Today the list of occupations could be enlarged to include others, namely in
the aviation domain. Carretta (1987) considered that spatial ability is required for
a great variety of jobs in the military domain, especially for pilots. A similar case
has been put forward by EUROCONTROL (1996, 2001) in what concerns air
traffic controllers (ATCs) while reviewing the selection procedures adopted in
many European countries2.
Integrated in a NATO Aircrew Selection Working Group, Carretta, Rodgers,
and Hansen (1993) developed a project that attempted to identify the abilities
required for successful performance in piloting fighter aircraft and the instruments to be used in selection procedures that could assess those critical abilities. The most important characteristics identified were in descending order,
2
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situational awareness, spatial orientation, time-sharing, aggressiveness, divided
attention, psychomotor coordination, perceptual speed, selective attention, and
visualization. As for the tests proposed to evaluate these characteristics, five
out of 21 tests were measures intended to evaluate spatial orientation and visualization.
The US Air Force has an extensive battery of written tests for the selection of
pilots– The Air Force Officer Qualifying Test (AFOQT). A detailed description of
the A F O Q T can be found in Carretta and Ree (1994). This multiple-aptitude
battery is composed of 16 paper-and-pencil tests that measure general intelligence (g) and five specific factors: verbal, quantitative, spatial, perceptual speed,
and aircrew interest/aptitude3. Usually a composite score is calculated and
used in the selection procedure. That same composite score also is used as a
predictor in validation studies.
Hunter and Burke (1994) also described how the visual domain has been
crucial for pilots. This occupation requires individuals to make quick and accurate comparisons, to identify objects embedded in other objects, to establish
locational relationships between objects or self and objects, imagining how something will look after changes, etc.
As for ATCs, the spatial domain has also been considered as representing
crucial abilities for successful performance. Several concepts are used to refer
to the same characteristic of the ATC’s job: mental picture, mental model, mental imagery, and more recently, situation awareness. Regardless of the concepts employed, all descriptions seem to emphasize a continuously changing
mental representation of the vast amount of information controllers receive.
The development and maintenance of this mental representation is dependent upon a spatial component. Airtraffic control takes place in a three-dimensional space (Hopkin, 1995). Controllers have well-defined spatial boundaries
within which their responsibility lies. Spatial relations between aircraft, ground,
weather patterns, winds, etc are considered (Endsley & Rodgers, 1994). The
ability to transpose two-dimensional map information into three-dimensional air
space visualization is involved (Isaac, 1995).
On the other hand, the importance of spatial abilities in air traffic control
seems to be recognized worldwide (e.g., Isaac & Ruitenberg, 1999; Wing, 1991).
The EUROCONTROL survey of the selection procedures adopted for ATCs illustrated this tendency as it was concluded that 71% of the countries involved in
3

The specific tests included in this battery are: Verbal analogies, arithmetic reasoning, reading
comprehension, data interpretation word knowledge, math knowledge, mechanical comprehension, electrical maze, scale reading, instrument comprehension, block counting, table
reading, aviation information, rotated blocks, general science and hidden figures (Carretta &
Ree, 1994).
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the survey evaluated spatial abilities4.
Recently the literature on spatial abilities has identified a new spatial ability:
dynamic spatial ability.This new ability is defined as the ability to reason about
movement and its identification and evaluation are intrinsically related with the
use of computers in personnel selection (Pellegrino & Hunt, 1989, 1991).
According to Pellegrino and Hunt (1989), the ability to deal with moving elements and dynamic spatial relations is separate from the abilities associated
with reasoning about static spatial information, which are assessed by conventional paper-and-pencil tests.
Several occupations can be considered where the ability to make decisions
regarding spatial events that involve moving objects or representations of moving
objects is necessary. Law, Pellegrino, Mitchell, Fisher, McDonald, and Hunt
(1993) considered that air traffic controllers and pilots to be good examples of
such occupations. ATCs have to consider data regarding relative velocities and
position of numerous objects, assess that information, and integrate it. Pilots
also are involved in a dynamic context with moving objects and also must integrate data provided from the onboard instruments, the controllers, and their own
perspective.
Pellegrino, Hunt, Abate, and Farr (1987) emphasized that it would be important to analyze if this ability to represent and reason about dynamically changing spatial relations will actually better predict performance in jobs that seem to
require this ability.The authors also claimed that no studies have examined the
utility of this new ability as a predictor of performance. Pellegrino and Hunt
(1991) suggested that dynamic spatial ability may be of great practical significance for predicting several visual spatial reasoning activities such as piloting
and air traffic control.
When one considers the descriptions of pilot and ATC jobs, it is not only
dynamic spatial information (e.g., winds, relations between aircraft) that is involved, but also verbal information, either aural or written, is included. Indeed, in
most circumstances, what is relevant is not the different abilities that are involved, but the way these are combined and used. In other words, it is how one
coordinates different types of important information. Examples of the involvement of such a skill are presented in several features of the jobs. In what concerns ATCs, flight strips are of crucial importance for an accurate representation
of the airspace under control. Pilots receive verbal instructions from controllers
during take off, in flight, and in arrival.
Barbarino’s (1995) description of the ATC job is quite illustrative of this aspect. The author claimed that the job “largely depends on the cognitive capacity
of the human to create a clear, stable two and often three-dimensional picture of
the airspace and aircraft within it from aural and visual data”(p. 1262).
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Therefore, the ability to coordinate dynamic spatial and verbal information is
also of practical importance for these occupations. Such ability was defined by
Yee, Hunt, and Pellegrino (1991) and its predictive value has yet to be analyzed.
This study analyzed the potential predictive value of static and dynamic spatial ability and the ability to coordinate information when predicting training results of air traffic controllers and pilots. Two hypotheses were formulated:
H 1: Is dynamic spatial ability a significantly better predictor of
training results than static spatial ability?
H 2: Is the ability to coordinate information a significantly better
predictor of training results than static spatial ability?
Method
Participants
A total of 86 volunteers (10 female and 76 male) were recruited from two
specific professional areas: air traffic control and piloting. Participants were all
trainees/recruits in the Portuguese Air Force military training courses of AT C
and piloting (Mean age was 22.32 with SD 4.78). Data was collected at the
beginning of the training courses.
Instruments
Paper-and-pencil spatial ability tests. Table 1 presents the nine paper-andpencil administered5
Table 1

5

Test

Author

M acQ uarrie – C opying Subtest

M acQ uarrie (1925)

M acQ uarrie – Blocks Subtest

M acQ uarrie (1925)

M acQ uarrie – PursuitSubtest

M acQ uarrie (1925)

PM A -Spatialtest

Thurstone (1947)

Figures R otation

Yela (1967)

D AT -SpatialR elations

Bennett,Seashore & W esm an (1947)

SpatialR easoning

Alm eida (1992)

G ATB 7

Boss,C ardinet,M aire & M uller(1963)

G ATB 12

Boss,C ardinet,M aire & M uller(1963)

With the exception of Yela (1967) and Almeida (1992), complete references for all paper-andpencil tests, publishers, and commercial availability can be found in Eliot and Smith (1981).
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List of paper-and-pencil tests administered and their authors
A main concern underlying the choice of paper-and-pencil tests was that
these measures should be in use by Portuguese organizations. The idea was
that traditional measures included in this study could actually be included in
any personnel selection battery used in Portugal and therefore would not require
a study for potential adaptation to the Portuguese population.
Computer administered tests. Dynamic spatial tests are still experimental and
were mainly developed for Pellegrino and Hunt’s studies. The relative arrival time
task used in this study is a marker of dynamic spatial ability (Law, Pellegrino
and Hunt, 1993). In this task subjects observed a computer controlled display,
containing a black and a white object (referred to as targets in task description).
Each object moved horizontally towards its own vertical “wall” line. The objects
traveled horizontally across the screen over a period of four seconds, and then
disappeared. The task was to determine which “target” would arrive first at its
respective “wall” assuming that they continued to move at the same speed.
Speed discrimination difficulty (three levels), path length traveled by the winning
object (two levels), and colour of the winning object (two levels) were crossed
over trials. Decisions required the observer to judge not only how far each target
was from its wall when it disappeared from the screen, but also how fast the
objects were travelling relative to each other. Feedback was always provided,
including errors and responses longer than nine seconds. A detailed description
of the task can be found in Yee, Hunt, and Pellegrino (1991).
Two tasks were used in order to evaluate the ability to coordinate information
(CI). Both tasks included two components: a visual component that corresponded
to the dynamic spatial ability task previously described and a verbal component
that regarded a sentence presented in the lower part of the screen describing a
possible outcome of the visual component. Participants had to observe the dynamic visual situation and then determine whether the sentence was a true or
false description of the situation. Difficulty of the verbal component was manipulated by varying grammatical complexity. Complementary information regarding
the verbal component can be found in Yee et al. (1991). Tasks differed in the
amount of information to coordinate, with a simple version and a more complex
type (e.g., targets did not always start from the same point and therefore the
distance traveled would be different).
All computer administered tests presented two performance indicators: accuracy and reaction time.
Criterion Measures
For both ATC and pilot recruits, training performance results were used as
criterion measures. Such results are usually expressed in a 0/20 scale with
values higher than 10 representing a pass mark.
Procedure
Groups of participants were constituted according to their training classes.
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The following administration order was used: paper-and-pencil tests, dynamic
spatial ability test, simple task of coordinating information, and complex task of
information coordination. Some general instructions regarding the testing session and the variety of tests being administered were given at the beginning of
the session. At the end of the session, participants were debriefed and the main
objective of the study was discussed. Criterion measures were obtained through
the administrative services after participants concluded their training courses.
Results
Table 2 presents means, standard deviations for the entire sample and by
occupation.
Table 2
Mean and standard deviations for entire sample and by occupation in each test
M easure
1.Copying
2.Blocks
3.Pursuit
4.PM A
5.F.R otation
6.DAT
7.SR
8.G ATB 7
9.G ATB 12
10.Acc.D.Spatial
11.R.Tim e D.Spatial
12.Acc.Sim ple CI
13.R.Tim e Sim ple C I
14.Acc.C om plex C I
15.R.Tim e Com plex CI

Entire Sam ple
M
SD
44.56
15.85
12.29
3.84
27.08
7.07
40.10
9.47
10.74
4.26
69.84
14.93
22.78
5.05
27.95
5.87
24.86
5.36
75.45
12.06
1437.22
381.66
69.39
13.35
2199.01
362.02
60.95
9.46
2479.97
565.24

ATC s
M
SD
38.16
13.87
10.38
3.61
27.08
6.24
35.33
9.74
10.33
4.38
65.75
14.23
21.38
5.66
26.50
6.33
23.92
6.51
82.86
7.03
1538.44
403.57
76.48
11.71
2264.64
399.43
66.75
8.50
2734.30
469.01

Pilots
M
SD
47.03
15.97
13.03
3.69
27.08
7.41
41.95
8.76
10.90
4.24
71.42
15.00
23.32
4.73
28.52
5.63
25.23
4.85
72.58
12.42
1398.04
368.74
66.65
13.01
2173.60
346.58
58.70
8.89
2381.52
571.80

Table 3 presents the correlation matrix of all measures used and the reliability results.
Table 3
Correlation matrix of all measures administered
M easure
1.Copying
2.Blocks
3.Pursuit
4.PM A
5.F.Rotation
6.DAT
7.SR
8.GATB 7
9.GATB 12
10.Acc.D.Spatial
11.R.Tim e D.Spatial
12.Acc.Sim ple CI
13.R.Tim e Sim ple CI
14.Acc.Com plex CI
15.R.Tim e Com plex CI

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

rxx

-

.31
-

.34
.24
-

.31
.40
.29
-

.20
.24
.07
.42
-

.26
.41
.20
.52
.51
-

.24
.33
-.11
.40
.32
.53
-

.53
.33
.30
.31
.34
.35
.24
-

.45
.38
.24
.37
.35
.48
.28
.59
-

-.17
-.00
-.05
.07
.18
.25
.20
-.07
.07
-

-.11
-.16
-.21
-.15
-.17
-.06
-.06
-.20
-.19
.42
-

-.06
-.06
-.09
-.03
.17
.14
.21
-.09
-.07
.31
.20
-

.01
.05
-.03
-.01
-.03
.14
.04
-.09
-.11
.20
.41
.28
-

-.15
.05
-.05
.11
.38
.22
.29
-.04
-.13
.46
.18
.70
.24
-

-.14
.05
-.09
-.05
.01
.13
.03
-.07
-.14
.28
.24
.36
.65
.44

a
a
.94
.82
.93
.85
.90
.86
.88
.99
.91
.97
.89
.99

a

1 -C opying;2 – Blocks;3 – Pursuit;4 –PM A;5 – Fig.R otation;6 – D AT;7 – SR ;8 –
G ATB 7;9 – G ATB 12;10 – Accuracy D ynam ic spatial;11 – R eaction Tim e D ynam ic
Spatial;12 -Accuracy Sim ple C I;13 – R .Tim e Sim ple C I;14 -Accuracy C om plex C I;13
– R .Tim e C om plex C I.
rxx – C ronbach’alpha
a
– Tests thatrequire anotherform ofreliability evaluation.
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The procedure recommended by Yee et al. (1991) and followed by Ramos,
Heil and Manning (2001) was adopted in order to estimate values for the coordinating skill or trait. Such procedure implies that when one intends to demonstrate that a coordinating trait exists, three measures have to be used:
a. trait a (e.g., dynamic spatial task)
b. trait b (e.g., verbal task)
c. trait ab (e.g., combined task)
Two steps should then be followed: (1) Calculate the regression for the prediction of trait ab (e.g. combined task) using traits a and b (e.g. dynamic spatial
task and verbal task) as predictors; (tables 4 and 5) (2) Calculate the difference
between the predicted and actual trait ab (i.e., combined task). This residual
score corresponds to the coordinating skill. This procedure was followed separately both for accuracy and reaction time thus resulting in two additional performance indicators: accuracy of coordination and reaction time of coordination.
Table 4
Summary of multiple regression results for calculating accuracy of coordinating
ability (N=86)
Variable
Acc.D ynam ic Spatial
Acc.Sim ple C I

B
.193
.420

SE B
.063
.057

β
.247
.593

p
.003
.000

R

2

.508

p
.000

Table 5
Summary of multiple regression results for calculating reaction time of coordinating ability (N=86)
Variable
R .Tim e D ynam ic Spatial
R .Tim e Sim ple C I

B
-.061
1.053

SE B
.133
.140

β
-.041
.675

p
.648
.000

R

2

.435

p
.000

Results were analyzed in two different phases. Initially, a forward stepwise
multiple regression was conducted using all possible predictors of training results. Results obtained are presented in table 6.
Table 6
Summary of forward stepwise multiple regression for measures administered in
training results (N=86)
Variable
Step 1
Acc.C om plex C I
Step 2
Acc.C om plex C I
R .Tim e C oordinating
Step 3
Acc.C om plex C I
R .Tim e C oordination
Acc.Sim ple C I

234

ΔR 2

B

SE B

β

p

.039

.007

.486

.000

.237*

.237*

.031
.000

.008
.000

.387
.214

.000
.044

.273*

.036*

.019
.000
.013

.010
.000
.007

.236
.215
.224

.080
.041
.076

.300*

.027
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Table 6 - continued
Variable
Step 4
Acc.C om plex C I
R .Tim e C oordination
Acc.Sim ple C I
R .Tim e C om plex C I
Step 5
Acc.C om plex C I
R .Tim e C oordination
Acc.Sim ple C I
R .Tim e C om plex C I
Pursuit
Step 6
Acc.C om plex C I
R .Tim e C oordination
Acc.Sim ple C I
R .Tim e C om plex C I
Pursuit
Blocks
Step 7
Acc.C om plex C I
R .Tim e C oordination
Acc.Sim ple C I
R .Tim e C om plex C I
Pursuit
Blocks
D AT

ΔR 2

B

SE B

β

p

.019
.001
.015
-.001

.010
.000
.007
.000

.235
.642
.262
-.479

.076
.006
.037
.039

.336*

.036*

.019
.001
.015
-.001
.010

.010
.000
.007
.000
.010

.235
.643
.264
-.473
.093

.077
.006
.036
.041
.305

.345*

.008

.022
.001
.013
-.001
.012
-.022

.011
.000
.007
.000
.010
.019

.270
.612
.231
-.437
.112
-.111

.048
.009
.72
.61
.226
.247

.356*

.011

.020
.001
.013
-.001
.012
-.034
.007

.011
.000
.007
.000
.010
.021
.005

.247
.641
.224
-.462
.115
-.171
.152

.069
.006
.078
.047
.210
.099
.132

.374*

.018

R

2

Results of the stepwise multiple regression suggested that seven measures
are significant predictors of training results: Accuracy and Reaction Time of
Complex CI, Reaction time of Coordination, Accuracy of Simple CI, Pursuit,
Blocks and DAT.As the adopted regression method tests the unique variance of
each predictor, it is not possible to assess the relevance of any particular domain of spatial ability (either static or dynamic) or the relevance of the ability to
coordinate information.
In order to test the hypotheses, two hierarchical multiple regressions were
conducted. In both regressions, step 1 included all the traditional measures of
static spatial ability. In order to test H1, accuracy and reaction time of the dynamic spatial task were added in the first hierarchical multiple regression as a
second step. Results can be observed in table 7.
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Table 7
Summary of hierarchical multiple regression for predictors static spatial ability
and dynamic spatial ability (N=86)
2

ΔR 2
.088
.019

ΔF
.815
.803

df2
p
76
.604
74
.452
* Significantatp< .05
M odel1:C opying,Blocks,Pursuit,PM A,Fig.R otation,D AT,SR ,G ATB 7,G ATB 12
M odel2:C opying,Blocks,Pursuit,PM A,Fig.R otation,D AT,SR ,G ATB 7,G ATB 12,
Accuracy dynam ic spatial,R eaction tim e dynam ic spatial
M odel
1
2

R
.297
.328

R
.088
.107

df1
9
2

Results obtained suggested that both static (R2=.088, n.s) and dynamic spatial
ability (R2=.107, n.s) are not significant predictors of ATCs and pilots training
results, therefore infirming H1.
In order to test H2, accuracy and reaction time of both complex and simple CI
and accuracy and reaction time of coordinating skill were included as predictors
in step 2. Results obtained can be observed in table 8.
Table 8
Summary of hierarchical multiple regression for predictors static spatial ability
and the ability to coordinate information (N=86)
M odel
1
2

R
.297
.634

2

R
.088
.402

ΔR 2
.088
.314

ΔF
.815
6.122

df1
9
6

df2
p
76
.604
70
.000*
* Significantatp< .05
M odel1:C opying,Blocks,Pursuit,PM A,Fig.R otation,D AT,SR ,G ATB 7,G ATB 12
M odel2:C opying,Blocks,Pursuit,PM A,Fig.R otation,D AT,SR ,G ATB 7,G ATB 12,
Accuracy sim ple C I,R eaction tim e sim ple C I,Accuracy com plex C I,R eaction
Tim e com plex C I,Accuracy C oordination,R eaction Tim e C oordination

Results suggested that measures included in step 2 (i.e., measures evaluating the ability to coordinate information) are significant predictors of training
results of ATCs and pilots (R2=.402, p<.05) and that these measures are significantly better predictors of training results than static spatial ability (F(6,70)=6.122,
p>.000), thus confirming H2.
Discussion
Recent developments in the spatial ability literature have identified a new
spatial ability: dynamic spatial ability.This ability is thought to be particularly
important in occupations such as air traffic control and piloting. At the same
time, these occupations also exhibit another interesting characteristic: both
required the occupant to make decisions after considering different types of
information such as verbal and dynamic spatial information. The relevance of
these abilities for the prediction of training results of ATCs and pilots was ad236
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dressed in this study. In particular, this research attempted to analyze if both
dynamic spatial ability and the ability to coordinate information would be significantly better predictors of training results than static spatial ability, therefore
contributing to potential improvements in current selection procedures adopted
for these occupations.
An initial stepwise multiple regression suggested that the best predictors of
training results for ATCs and pilots were accuracy for complex and simple CI,
reaction time for complex CI and reaction time for the coordination skill or trait.
Results from the hierarchical multiple regressions also seem to confirm this
initial result, i.e., significant predictors of training results are mainly associated
with the ability to coordinate information.
All in all, results in this research appear to highlight the importance of integrating and coordinating both spatial and verbal information to successful training results. Contrary to the literature, traditional forms of evaluating spatial ability (i.e., paper-and-pencil tests) did not reveal themselves as significant predictors of training results. Results from the hierarchical multiple regression also
seem to point in this direction. In fact, in order to present statistical significance
the spatial component has to have dynamic features and be associated with
verbal information.
Several issues may be considered regarding this study. First, as it has been
suggested in the literature, spatial ability is an important predictor of training
results in ATCs and pilots. However, no distinction is made in the literature
regarding the predictive value of the different domains or areas that can be identified in the spatial domain. Therefore, it could be expected that all measures of
spatial ability would be significant predictors of training results in some way.
Results in this study suggested that this is not the case. Further research
should address this issue and try to evaluate the predictive relevance of different
static spatial abilities. When considering the literature, namely the work developed by Pellegrino and his colleagues, spatial ability is a significant predictor
when considered along with other types of abilities. The efficiency with which
different types of information are combined and a decision is made seems to be
more important than individual abilities. Evaluating and responding to a spatial
situation requires more than individual abilities; a global response is more than
the aggregation of distinct components. A general decision is the result of coordination and integration of information. Therefore, selection procedures should
actually mirror this job characteristic. Results from the second hierarchical
multiple regression suggested that when this characteristic is incorporated in
selection procedures, significantly better prediction is achieved.
Another important issue to be addressed is the diversity of methods that can
be used in personnel selection and the advantages associated with the introduction of computers into these procedures. The main reason underlying the
use of computers in training programs is the increased fidelity in the way work
Dynamic Spatial Ability & Ability to Coordinate Information
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situations are portrayed (i.e., higher fidelity of scenarios) without compromising
safety.The introduction of computers in personnel selection in the aviation domain is not a new idea and it has been put forward by several studies. Main
advantages associated with the use of computers in personnel selection are:
time required for administration and scoring procedures is reduced, increased
reliability of scoring procedures, standardization of administration procedures,
etc (Bartram & Bayliss, 1984; Burke & Normand, 1987; Hunt & Pellegrino,
1985; Skinner & Pakula, 1986; among others). That is, advantages are mainly
associated with a more efficient management of the selection process. Disadvantages have also been suggested: financial investment required (not only for
initial setup, but also for continuous system upgrading), staff training, and in the
case of measures such as simulations, the time required for participants to gain
enough practice with the system. What seldom is considered in the literature
are the benefits resulting from the introduction of computers in personnel selection in terms of content, that is, in terms of what is evaluated. Fleishman (1988)
considered that computers could introduce substantial innovations in psychological evaluation, namely it could lead to the identification of distinct human
abilities. The predictive importance of a coordination skill for training results of
ATCs and pilots suggested in this study illustrates this issue. A review and
appraisal of the implications of computerized psychological assessment in terms
of how human abilities are today conceptualized is now overdue.
Several limitations should be considered when analysing results of this study.
Although participants involved in this study were starting their military training,
range restriction issues may have applied. In particular, it is known that static
spatial measures are used in the selection battery administered to pilot candidates. However, the same is not true for ATCs. Results regarding the relevance
of static spatial ability should therefore be interpreted with care. Further research should address potential differences between ATCs and pilots in regard
to spatial ability. When considering mean results for ATCs and pilots presented
in table 2, it is possible to identify a pattern of results: in what concerns static
measures, pilots usually have better results than ATCs. However, when considering computer-administered measures, ATCs respond with higher accuracy
and a slower reaction time than pilots. Although no specific analyses were conducted to evaluate statistical significance of these differences due to sample
size issues, further research should explore the existence of different patterns
of results, namely in terms of response strategy. On the other hand, it also
would be interesting to analyse in detail issues related with mental rotation
processes in both jobs. When such psychological processes are considered,
different types of mental rotation processes seem to be involved in these occupations. In air traffic control, for example, a typical mental rotation problem
would be when a target of an aircraft is displayed on radar with a heading 180º,
the controller has to consider the pilot perspective and give instructions considering a “mirror image” (i.e., the controller’s right is the pilot’s left). In pilots,
mental rotation issues involve both psychological and physical processes, i.e.,
when mental rotation issues are considered in pilots, usually they are associ238
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ated with physical rotation of the aircraft. In other words, in pilots, mental rotation issues always involve a physical rotation of the self (unsuccessful outcomes of these processes result in spatial disorientation issues). In ATCs mental rotation issues never involve this characteristic, as rotation is only a psychological process. Although this difference seems clear when considering job descriptions of both occupations, it has not been fully addressed by the literature.
Finally, it is worth mentioning the important effects that may arise in terms of
face validity from the use of computerized measures. By portraying work situations in a more reliable way or by simulating specific job tasks, computerized
measures may promote the selection process within the current jobholders and
contribute to a better understanding of job characteristics within job candidates.
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Abstract
Safety culture research in aviation indicates that national, organizational, and professional cultures influence the overall safety culture in any given organization. Such research has been a result of
the somewhat divergent developments in the fields of crew resource
management and maintenance resource management. Therefore,
different research groups, with somewhat different research methods, have been involved in the studies of flight operations personnel and maintenance personnel. This study is unique in that it presents an analysis of the extant safety culture in one aviation organizationusing both flight operations personnel as well as maintenance personneland using a common questionnaire. The survey reported in this article is based on a survey of a stratified sample
of flight operations personnel, maintenance personnel, and other
employees to measure individual attitudes regarding safety and
their opinions regarding the factors that may contribute toward their
accident-free safety record. In the case of this particular partner
company, the success factors were identified as follows: emphasis
on compliance with the Standard Operating Procedures, collective
commitment to safety, individual sense of responsibility toward
safety, and the high level of employee-management trust.
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Introduction
In the past two decades, the related fields of Crew Resource Management
(CRM) and Maintenance Resource Management (MRM) have grown somewhat
independently.Although the early MRM programs were based on the extant
CRM programs, both CRM and MRM programs have matured along separate
tracks.Initially, both programs were based on the need to improve interpersonal
communication, teamwork, awareness about human performance limitations,
and understanding of certain organizational factors that may contribute toward
accidents. Majority of the CRM research has been conducted by Professor
Helmreich and his team from the University of Texas at Houston, and majority of
the MRM research has been conducted by Professor Taylor and his team starting at University of Southern California and culminating in Santa Clara University. While Helmreich used a survey questionnaire called Cockpit Management
Attitudes Questionnaire (and later Flight Management Attitudes Questionnaire),
Taylor used a survey questionnaire called MRM/Technical Operations Questionnaire. Although some of the items in these questionnaires are similar, they have
evolved significantly throughout the last 15-20 years of research. Helmreich’s
questionnaires were designed for pilots and Taylor’s questionnaire was designed
for maintenance personnel. As such, both researchers conducted their research
among different populations using different survey questionnaires.
This article presents a study that used one questionnaire—called the Organizational Safety Culture Questionnaire (OSCQ)—to assess the safety attitudes
and opinions among flight operations personnel, maintenance personnel, and
other employees at one partner organization. The OSCQ is a composite of
items that have been used in the flight operations, maintenance, and organizational culture domains, and a few additional items. The new items were used to
assess perceptions regarding professionalism and specific factors that may
contribute toward the organization’s safety record.
This study, unlike other studies in CRM and MRM, was not conducted in
conjunction with, or in response to, any training or intervention programs. This
was simply an exploratory study to determine the factors that may contribute to
accident-free safety record of the partner organization.
Literature Review
Safety Culture
Culture, in general, is accepted as a set of shared beliefs, norms, attitudes,
and practices within a certain population (Pidgeon & O’Leary, 1995). When
these parameters were studied with respect to safety attitudes and behaviors
among pilots, Helmreich and Merritt (1998) classified culture, or rather safety
culture, into three areas: national culture, organizational culture, and professional culture. Differences in national cultures are typically categorized in terms
of collectivism or individualism (cf. Hofstede, 1984). Accordingly, western Euro244
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peans tend be more individualistic in their attitudes and behaviors compared to
their Asian and Latin American counterparts. Differences in organizational cultures have been measured in terms of factors such as safety compliance, hazard communication practices, and employee-management trust (Ciavarelli &
Figlock, 1997; and Taylor, 1995). Organizations with more positive safety cultures tend to have better communication among their employees, higher levels
of assertiveness, and higher levels of employee-management trust. From the
perspective of differences in professional cultures, Helmreich and Merritt (1998)
reported that the pilots were more individualistic than the surgeons. Subsequently,Taylor and Patankar (1999) reported that mechanics were more individualistic than pilots. Taylor and Patankar categorized maintenance professionals according to the type of their licensure: either based on the U.K.-Civil
Aviation Authority’s (CAA’s) system of Aircraft Maintenance Engineer or based
on the U.S.-Federal Aviation Administration’s (FA A’s) system of Aircraft Mechanic. Taylor and Patankar discovered that the CAA-based system tends to
be more collectivistic than the FAA-based system.
Measuring Instruments
Traditionally, survey questionnaires such as the Cockpit Management Attitudes Questionnaire (Helmreich, Foushee, Benson, & Roussini, 1986), Maintenance Resource Management/Technical Operations Questionnaire (Taylor, 1995),
and Command Safety Assessment Questionnaire (Ciavarelli & Figlock, 1997)
have been used to study the safety attitudes among either the flight operations
personnel or the maintenance personnel.
The Cockpit Management Attitudes Questionnaire (CMAQ). The CMAQ was
originally developed to measure pilot attitudes and opinions regarding safety in
the cockpit. When Helmreich and Merritt first discovered that the responses
received from Taiwan were significantly different from their predominantly American sample, they added items to specifically measure differences that may
exist based on differences in national cultures. Thus, some of Hofstede’s items
were included in the CMAQ (later changed to Flight Management Attitudes
Questionnaire—FMAQ) by Helmreich and Merritt. CMAQ/FMAQ, in its latest
form contains 86 items and has been administered at numerous airlines worldwide (Helmreich & Merritt, 1998).
The Maintenance Resource Management/Technical Operations Questionnaire (MRM/TOQ). The MRM/TOQ was originally developed from the CMAQ,
but has undergone several revisions, at times based on a series of factor analyses and at times to incorporate items related to interpersonal trust. In its latest
form, the MRM/TOQ contains 15 items on a five-point agreement scale. Respondents are asked to express their degree of agreement in a series of statements. The MRM/TOQ has been administered globally to over 5000 aircraft
maintenance personnel (Taylor and Thomas, 2001).
The Command Safety Assessment Questionnaire (CSAQ). The CSAQ, in
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its latest form, is a 62-item questionnaire (for civilian use) that incorporates
“many of the measurable components of high-reliability organizations” and has
been used extensively in the naval aviation domain (with 57 items). Responses
to each item on this questionnaire are rated on a seven-point Likert-type scale.
The results from CSAQ studies have been used by the United States Navy to
provide feedback to the Navy’s human factors Quality Management Board conducting a comprehensive study of aircraft accidents (Ciavarelli & Figlock, 1997).
Methodology
Goal
The goal of this study was to identify factors that contribute to the partner
organization’s accident-free safety record. A survey methodology was used to
conduct this study.
Survey Questionnaires
In order to combine flight operations personnel, maintenance personnel, and
other employees in the same study, using a common questionnaire, relevant
questions from the CMAQ, MRM/TOQ, and the CSAQ were extracted. A few
new questions aimed at testing the organizational attachment and the perception of professionalism between the flight operations personnel and the maintenance personnel were added.
A stratified sample consisting of a statistically meaningful representation of
maintenance, flight operations, and other employees was selected. Within each
professional group, all the participants received the Organizational Safety Culture Questionnaire (see Appendix) via the subject company’s mail distribution
system. The participants filled-out the survey and mailed them directly to the
Principal Investigator at Saint Louis University (SLU). The research team at SLU
then coded the survey data.
At the subject company, there are approximately 497 flight operations employees (required sample size = 217), 177 maintenance employees (required
sample size = 123), and 48 other employees (required sample size = 44). The
requisite sample sizes, per Gay and Airasian (2003, p. 113), for each group are
indicated in the parentheses.
The data collected through the Organizational Safety Culture Questionnaire
was analyzed as follows:
a. Factor Analysis:A factor analysis of the questionnaire items was
performed to determine the factor groupings or scales with which
each item may associate. Past research (Taylor, 1995; Ciavarelli &
Figlock, 1997; and Helmreich et al., 1986), with similar items, indicates that scales such as trust, power distance, hazard communication, etc. have emerged. Since the present questionnaire is somewhat different from those used in the past research, additional or
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different scales were likely.
b. Comparison Across Groups: Mean scores on each of the scales
derived from factor analysis were compared across professional
groups. Analysis of Variance (ANOVA) tests were performed to
test the significance of the differences that may exist across these
groups.
Inclusion Criteria
The Organizational Safety Culture Questionnaire was sent to all the employees in flight operations, maintenance, and rest of the company.The distribution,
response, and required sample size are summarized in Table 1. Considering the
small sample size, all the responses were included in the analysis.
Table 1
Distribution, Responses, and Required Sample Sizes
Job C ategory

Surveys

R esponses

R equired

D istributed

R eceived

Sam ple Size

Pilots

497

227 (46% )

217

M aintenance

177

124 (70% )

123

O therEm ployees

48

48 (100% )

44

Total

722

399 (55% )

196*

*The total required sample sized is based on total surveys distributed, not the sum of the

preceding required sample sizes.
Results
Description of the Samples
Out of the 722 surveys distributed among maintenance, flight operations,
and other employees, 399 surveys were returned. Seventy percent of maintenance personnel returned their surveys, 46% of flight operations personnel returned their surveys, and 100% of the other employees returned their surveys. In
the response sample, 57% were flight crew personnel, 31% were maintenance
personnel, and 12% were other employees.
Analysis of Responses to the Organizational Safety Culture Questionnaire
A factor analysis was conducted across the items in the Organizational Safety
Culture Questionnaire. As a result of such analysis, eight scales emerged: pride
in company, professionalism, safety, supervisor trust and safety,effects of my
stress, need to speak-up, safety compliance, and hazard communication. These
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scales are consistent with those reported by Taylor (1995), Ciavarelli and Figlock
(1997), and Helmreich et al. (1986).
Responses to questions regarding the perceptions of professional image of
pilots and mechanics across the three groups indicate that both mechanics as
well as other employees seem to think that pilots practice high standards of
safety. While other employees seemed to have similar opinion about mechanics, the pilots did not think that the mechanics practiced high standards of
safety.
Of the various scales identified in this study, only Pride in Company, Safety
Opinions, and Supervisor Trust and Safety, are discussed in detail in this article
because they are most relevant to the goal of this study. Each scale was tested
for reliability using Cronbach’s Alpha: Pride in Company tested at 0.88 (n=397),
Safety Opinions tested at 0.79 (n=400), and Supervisor Trust and Safety tested
at 0.85 (n=389).
Pride in Company
The following items were included in this category: “Working here is like
being a part of a large family,” “I am proud to work for this company,” “I am aware
of my company’s mission, values, and core ideology,” and “My company is the
‘Best in the business’.” Figure 1 shows the overall rating by the three employee
groups on a scale of 1-5 (1=strongly disagree, 2=disagree, 3=neutral, 4=agree,
and 5=strongly agree).
5.00
4.50

Significant (p < 0.000)

4.11

4.00

Significant (p < 0.001)
3.52

3.50
3.07
3.00
2.50
2.00
1.50

Significant
(p < 0.008)

1.00
0.50
0.00
Flight C rew

M aintenance C rew

O ther E m ployees

Figure 1. Comparison across the three employee groups on “Pride in Company”
Analysis of Variance (ANOVA) test on Pride in Company revealed that the
differences in the three employee groups’ ratings were statistically significant
(p<0.000). Thus, there was a better than 99.99% probability that these ratings
were not due to a random or chance error.
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A further analysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and maintenance (p<0.000), between maintenance and other employees
(p<0.001), and between flight crew and other employees (p<0.008). The maintenance crew is most proud to work for this company.
Safety Opinions
The following items were included in this category: “Safety in this organization is largely due to good luck” (scored on reverse scale), “Safety in this organization is largely due to adherence to the standard operating procedures,” “Safety
in this organization is largely due to our collective commitment to safety,” “Safety
in this organization is largely due to the efforts of a few key individuals” (scored
on reverse scale), “Safety in this organization is largely due to positive changes
resulting from our past experience with incidents and/or accidents,” and “Safety
is my responsibility.” Figure 2 shows the overall rating by the three employee
groups on a scale of 1-5 (1=strongly disagree, 2=disagree, 3=neutral, 4=agree,
and 5=strongly agree).
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Figure 2. Comparison across the three employee groups on “Safety Opinions”
Analysis of Variance (ANOVA) test on Safety revealed that the differences in
the three employee groups’ ratings were statistically significant (p<0.000). Thus,
there was a better than 99.99% probability that these ratings were not due to a
random or chance error.
A further analysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and maintenance (p<0.000) and between maintenance and other employees (p<0.000). The maintenance crew rated the organizational safety at the
highest level.
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Supervisor Trust and Safety
The following items were included in this category: “I feel comfortable going
to my supervisor’s office to discuss problems or operational issues,” “I know the
proper channels to route questions regarding safety practices,” “My supervisor
can be trusted,” “I am not comfortable reporting a safety violation because people
in my organization would react negatively toward me” (scored on reverse scale),
“My supervisor listens to me and cares about my concerns,” “My supervisor
protects confidential or sensitive information,” “Within my organization, good
communications flow exists up an down the organizational chain of command,”
and “My suggestions about safety would be acted upon if I expressed them to
my supervisor.” Figure 3 shows the overall rating by the three employee groups
on a scale of 1-5 (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, and
5=strongly agree).
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Figure 3: Comparison across the three employee groups on “Supervisor Trust
and Safety”
Analysis of Variance (ANOVA) test on Supervisor Trust and Safety revealed
that the differences in the three employee groups’ ratings were statistically significant (p<0.000). Thus, there was a better than 99.99% probability that these
ratings were not due to a random or chance error.
A further analysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and maintenance (p<0.000), between maintenance and other employees
(p<0.000), and between flight crew and other employees (p<0.008). The maintenance crew rated the supervisor trust at the highest level.
Furthermore, it is extremely important to note that since the U.S. national
average on this scale for maintenance personnel is 3.50/5.00 (n=2938, five com250
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panies) (Taylor & Thomas, 2001), the subject company’s maintenance personnel have the highest level of supervisor trust in the industry.
Factors Contributing to the Companys Accident-free Safety Record
The ultimate goal of this study was to identify the characteristics that may
contribute toward the accident-free safety record of the partner company. Responses to the following five items were analyzed: “Safety in this organization
is largely due to good luck,” “Safety in this organization is largely due to adherence to the standard operating procedures,” “Safety in this organization is largely
due to our collective commitment to safety,” “Safety in this organization is largely
due to the efforts of a few key individuals,” and “Safety is my responsibility.
”
Figures 4 - 8 show the overall rating by the three employee groups on a scale of
1-5 (1=strongly disagree, 2=disagree, 3=neutral, 4=agree, and 5=strongly agree).
5
4.5
4
3.5
3

Significant (p < 0.000)
2.87
2.41

2.5
2.03
2
1.5
1
0.5
0
FlightC rew

M aintenance C rew

O ther Em ployees

Figure 4. Comparison across the three employee groups on “Safety is due to
luck”
Analysis of Variance (ANOVA) test on Safety is due to Luck revealed that
the differences in the three employee groups’ ratings were statistically significant (p<0.000). Thus, there was a better than 99.99% probability that these
ratings were not due to a random or chance error.
A further analysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and maintenance (p<0.000) The flight crew seemed to think that safety
was due to luck, more than the other employee groups.
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Figure 5. Comparison across the three employee groups on “Safety is due to
Standard Operating Procedures”
Analysis of Variance (ANOVA) test on Safety is due to Standard Operating
Procedures revealed that the differences in the three employee groups’ ratings
were statistically significant (p<0.022). Thus, there was a better than 97% probability that these ratings were not due to a random or chance error.
A further analysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between maintenance and other employees (p<0.022) and flight crew and other employees
(p<0.022). The flight crew and the maintenance personnel seemed to attribute
safety to standard operating procedures, more than the other employees did.
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Figure 6. Comparison across the three employee groups on “Safety is due to
collective commitment to safety”
Analysis of Variance (ANOVA) test on Safety is Collective Commitment to
Safety revealed that the differences in the three employee groups’ ratings were
statistically significant (p<0.000). Thus, there was a better than 99.99% probability that these ratings were not due to a random or chance error.
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A further analysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and maintenance (p<0.000) and maintenance and other employees
(p<0.003). The maintenance personnel seemed to attribute safety to a collective commitment, more than the other employee groups.
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Figure 7. Comparison across the three employee groups on “Safety due to
efforts of key individuals”
Analysis of Variance (ANOVA) test on Safety is due to Efforts of Key Individuals revealed that the differences in the three employee groups’ ratings were
not statistically significant. It is safe to say that all employee groups disagreed
with this item; therefore, they regarded safety as a team effort.
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Figure 8. Comparison across the three employee groups on “Safety is my responsibility”
Analysis of Variance (ANOVA) test on Safety is My Responsibility revealed
that the differences in the three employee groups’ ratings were statistically significant (p<0.001). Thus, there was a better than 99.99% probability that these
ratings were not due to a random or chance error.
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A further analysis of differences in ratings between groups, using the Scheffe
test, revealed that there were statistically significant differences between flight
crew and other employees (p<0.001) and between maintenance and other employees (p<0.005). Both the flight crew and the maintenance personnel seemed
to accept more responsibility for safety. Such ownership is consistent with their
legal responsibilities derived from their respective FA A certificates. Also, it is
normal for pilots to feel the most responsible for safety because they risk their
own lives when safety is compromised.
Discussion
The results of this research indicate that the employees are proud to work for
this company, they trust that their management will make decisions in the interest of safety, they emphasize consistent use of Standard Operating Procedures, and they think that safety is truly a result of their collective efforts. The
flight crew and the maintenance crew also exhibit a very high sense of personal
responsibility toward the safety of flight.
The most important element that distinguishes this company from most other
airlines and repair stations studied by Taylor and Patankar (2001), however,is
that the maintenance crew in this company exhibit a very high sense of trust in
their management: they trust that their managers will make decisions in the
interest of safety. Goglia, Patankar, and Taylor (2002) reported that up to about
one-third of the mechanics in the United States do not trust that their managers
will act in the interest of safety.Therefore, when the mechanic-to-management
trust is high, it is highly commendable. Conversely, a lack of such trust is a
strong indicator of serious organizational problems.
As more and more aviation companies strive to implement a confidential
error-reporting program such as the Aviation Safety Action Program, the level of
employee-management trust is likely to play a vital role in the success of such
programs. Therefore, before trying to implement any error-reporting programs, it
would be prudent to assess the organizational readiness to accept such programs. The organizational safety culture survey presented in this study would
be effective in measuring the extant safety climate, especially on Pride in Company, Safety Opinions, and Supervisor Trust and Safety.
Conclusion
Strong emphasis on compliance with the Standard Operating Procedures,
collective commitment to safety, individual sense of responsibility toward safety,
and the high level of employee-management trust are the factors that contribute
toward the accident-free safety record of the aviation organization reported in
this article.
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Appendix
ORGANIZATIONAL SAFETY CULTURE QUESTIONNAIRE
I.

BACKGROUND INFORMATION: Today’s Date: ___/___/___

For Flight Crew:
1.C rew Position:Captain ____
SO _____

FO _____

2.Status: Line Pilot _____ Instructor _____
C heck Pilot_____ M anagem ent _____

3.Base C ity orStation:______
4.Fleet(A/C type and series):______
5.Years ofexperience in this aircraft:________
6.Years as a pilotin this airline:________

7. PastExperience orTraining:(# ofyears:fillin below )
M ilitary:______(Years ofservice)
C ivilian (Private School): ______(Years ofservice)
[Use N am e (years)form at]:
O therAirline
_____________
_________________________________________________
_____
8. G ender:M ale ______ Fem ale _____
9. Yearofbirth:19___
10.C itizenship:______________

For Maintenance Crew:
1.Job Title:
_________________________________
2.Years in M aintenance atyourcom pany:_____

3.C ity orStation:______
4.PresentShift: ______
5.G ender:M ale _____

Fem ale _____

6.Yearofbirth:19___

7.PastExperience orTraining:(# ofyears:fillin below )
M ilitary:_____ (Years) Trade School:_____ (Years)
C ollege: _____ (Years) O therC om pany
[U se N am e (years)form at]:
_________________________________________________
_____
8.M ark type ofem ploym ent:R egularEm ployee _______
C ontractor
_______
9.W here do you w ork? Line
H angar
QC
Planning Shop
[C ircle one]
Stores
Engineering
Appearance
O ther

For All Other Employees:
1.Job Title:
_________________________________
2.Years in yourdepartm entatyourcom pany:
_____
3.C ity orStation:_______
4. PresentShift: _______
5. G ender:M ale _____

Fem ale _____

6. Yearofbirth:__________
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7.PastExperience orTraining:(# ofyears:fillin below )
M ilitary:_____ (Years) Trade School:_____ (Years)
C ollege: _____ (Years) O therC om pany
[U se N am e (years)form at]:
______________________________________________
8.M ark type ofem ploym ent:R egularEm ployee _______
_______
C ontractor
9.W here do you w ork? Line
H angar
QC
Planning
Shop
[Circle one]
R am p
C ustom erService
Store
Engineering
Appearance
O ther
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FLIGHT/MAINTENANCE OPERATIONS ATTITUDES:
1
Strongly D isagree

2
Slightly D isagree

3
N eutral

4
Slightly Agree

5
Strongly Agree

Using the above scale, please circle the number that best describes your
opinion.
1 2 3 4
5

1.

1 2 3 4
5
1 2 3 4
5

2.

1 2 3 4
5

4.

1 2 3 4
5

5.

1 2 3 4
5
1 2 3 4
5
1 2 3 4
5

6.

3.

7.
8.

O urcom pany’s safety practices
are consistentw ith the published
corporate values and m ission.
O urcom pany provides adequate
safety equipm ent.
Ifeelcom fortable going to m y
supervisor’s office to discuss
problem s oroperationalissues.
M y colleagues use the
appropriate safety equipm entat
alltim es.
Iam encouraged by m y
supervisors and cow orkers to
reportany unsafe conditions I
m ay observe.
O urm echanics practice the
highestm aintenance standards.
O urdrivers practice the highest
standards ofprofessionalism .
The people thatIw ork w ith
com ply w ith the com pany’s
Standard O perating
Procedures/G eneral
M aintenance M anual/Published
C om pany Procedures.

1 2 3 4
5

9.

Team m em bers should avoid
disagreeing with one another.

1 2 3 4
5
1 2 3 4
5

10.

1 2 3 4
5

12.

1 2 3 4
5

13.

O urinternalhazard identification and
m anagem entprogram is effective.
Itis im portantto avoid negative
com m ents aboutthe procedures and
techniques ofotherteam m em bers.
W e should always provide both w ritten
and verbalturnoverto the oncom ing
shift
Startofshiftteam m eetings are
im portantforsafety and foreffective
team m anagem ent

1 2 3 4
5
1 2 3 4
5
1 2 3 4
5

14.

11.

15.
16.

W e receive adequate am ountofsafety
training.
O urram p agents practice the highest
standards ofprofessionalism .
O urpilots practice the highest
standards ofprofessionalism .

III. GENERAL SAFETY CULTURE: Questions for ALL Employees
1
Strongly D isagree

2
Slightly D isagree

3
N eutral

4
Slightly Agree

5
Strongly Agree

Using the above scale, please circle the number that best describes your
opinion.
1 2 3 4
5

17.

Even w hen Iam fatigued,Iperform
effectively during criticalphases of
w ork.

1 2 3 4 5

34.

1 2 3 4
5

18.

Iknow the properchannels to route
questions regarding safety
practices.
19. H aving the trustand confidence of
m y cow orkers is im portant.
20. A truly professionalteam m em ber
can leave personalproblem s
behind w hen w orking.
21. Allem ployees should m ake the
effortto fosteropen,honest,and
sincere com m unication.

1 2 3 4 5

35.

1 2 3 4 5

36.

1 2 3 4 5

37.

1 2 3 4 5

38.

Iam adequately trained to conduct
allofm y job duties and
responsibilities.

1 2 3 4
5

22.

M y supervisorcan be trusted.

1 2 3 4 5

39.

1 2 3 4
5

23.

A debriefing and critique of
procedures and decisions aftera
significanttask is com pleted is an
im portantpartofdeveloping and
m aintaining effective coordination.
24. Personalproblem s can adversely
affectm y perform ance.
25. M y cow orkers valued consistency
betw een w ords and actions.

1 2 3 4 5

40.

W ithin m y organization,good
com m unications flow exists up and
dow n the organizationalchain of
com m and.
C om m unication betw een pilots and
m echanics should be encouraged.

1 2 3 4 5

41.

1 2 3 4 5

42.

1 2 3 4 5

43.

1 2 3 4
5
1 2 3 4
5
1 2 3 4
5

1 2 3 4
5
1 2 3 4
5
1 2 3 4
5

26.

1 2 3 4
5

27.

W orking here is like being a partof
a large fam ily.
Iam proud to w ork forthis A
com pany.

M y organization uses an internal
auditand hazard reporting system to
catch any problem s thatm ay lead to
an accident.
M y supervisorprotects confidential
orsensitive inform ation.
Iam aw are ofm y com pany’s
m ission,values,and core ideology.
M y com pany is the “Bestin the
Business.”

Safety in this organization is largely
due to good luck.
Safety in this organization is largely
due to adherence to the standard
operating procedures
Safety in this organization is largely
due to ourcollective com m itm entto
safety.

Study of
Safety
atet
an
Organization
44.
1 2
3 4 5 Culture
Saf
y inAviation
this organizat
ion is largely
due to the efforts ofa few key
individuals.
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1 2 3 4
5
1 2 3 4
5
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im portantpartofdeveloping and
m aintaining effective coordination.
24. Personalproblem s can adversely
affectm y perform ance.
25. M y cow orkers valued consistency
betw een w ords and actions.

1 2 3 4 5

41.

1 2 3 4 5

42.

Safety in this organization is largely
due to good luck.
Safety in this organization is largely
due to adherence to the standard
operating procedures
Safety in this organization is largely
due to ourcollective com m itm entto
safety.

1 2 3 4
5

26.

W orking here is like being a partof
a large fam ily.

1 2 3 4 5

43.

1 2 3 4
5

27.

Iam proud to w ork forthis
com pany.

1 2 3 4 5

44.

1 2 3 4
5

28.

M y organization closely m onitors
quality and corrects any deviations
from established quality standards.

1 2 3 4 5

45.

1 2 3 4
5
1 2 3 4
5

29.

1 2 3 4 5

46.

1 2 3 4 5

47.

Itrustm y subordinates to choose
safety overperform ance,regardless
ofm y presence.

1 2 3 4
5
1 2 3 4
5
1 2 3 4
5

31.

In m y organization,deviations from
published procedures are rare.
Iam notcom fortable reporting a
safety violation because people in
m y organization w ould react
negatively tow ard m e.
W e are proactive in hazard
identification and m anagem ent.
Iam aw are ofa self-reporting
system forincidents.
M y supervisorlistens to m e and
cares aboutm y concerns.

1 2 3 4 5

48.

1 2 3 4 5

49.

Itrustm y superiors to choose safety
overperform ance.
M y subordinates trustm e.

1 2 3 4 5

50.

30.

32.
33.
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Safety in this organization is largely
due to the efforts ofa few key
individuals.
Safety in this organization is largely
due to positive changes resulting
from ourpastexperience w ith
incidents and/oraccidents.
Safety is m y responsibility.

M y suggestions aboutsafety w ould
be acted upon ifIexpressed them to
m y supervisor.
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Abstract
Previous research has indicated that the majority of errors made in
aircraft cockpits are the result of faulty information transfer among
members of the flight crew. This study examined the problem by
manipulating leadership style and studying its effects on performance and satisfaction under conditions of high and low workload.
The participants in this study were Old Dominion graduate and
undergraduate psychology students between the ages of 18 to 42.
Forty-one dyads reacted to true and false alarms while performing
a primary psychomotor task. After the dyads completed the experiment, the researchers administered a survey to collect data about
copilots ratings of worker satisfaction. Statistical analysis revealed
that dyads in the participative leadership condition reacted to the
alarms significantly more appropriately than those in the autocratic
condition did, and that participants in the low workload group reset
primary task gauges significantly faster than those in the high
workload group. The post experimental survey indicated that, in
general, copilots were more satisfied with participative leadership.
Also, copilots in the low workload group reported significantly more
successful team interaction. The survey and alarm reaction appropriateness results could warrant training pilots to exercise participative leadership in times of task ambiguity.
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The Effects of Leadership Style and Primary Task Workload
on Team Performance and Follower Satisfaction
In past research, psychologists have linked many of the causes of human
error in flight crews to communication lapses in the cockpit. These breakdowns
often reflect issues such as automation mistrust (Parasuraman & Riley, 1997)
or interpersonal problems among members of the crew (Foushee, 1984). Some
psychologists have stressed the importance of pilot leadership to resolve these
issues and restore communication before error occurs. It was traditionally believed that leadership in the cockpit should be highly task oriented with very little
two-way communication. However, several studies have shown that when a communication breakdown occurs, a leadership style that fosters two-way communication may enhance flight crew performance (Smith, 1979; Hines, 1998). The
benefits are especially notable during situations of high mental workload where
the breakdown in information transfer is most common (Billings, 1991). In addition, a communicative leadership style may also create a more pleasant work
environment.
Because of increased automation in the cockpit, modern flight crews do
more observing than flying (Koonce, 1999). Such monitoring, however, is not an
easy task. Flight crews must be cognizant of many environmental aspects,
including the aircraft’s location, altitude, and velocity, the surrounding terrain,
current and projected weather conditions, and system states, including the proper
settings and functioning of equipment (Endsley, 1999). Problems often arise
because information about one or more of these factors is not effectively shared
within the flight crew. Such communication breakdowns can occur because of
social issues such as lack of assertiveness or interpersonal conflicts among
members (Jentsch & Smith-Jentsch, 2001; Wiegmann & Shappell, 2001). Communication disruptions may also occur between members of the flight crew and
the aircraft’s hardware and software interface elements. Such problems are especially common when members of a flight crew must interact with unreliable
flight equipment (Wiegmann & Shappell, 2001).
Regardless of the source of disruption, a breakdown in information
transfer often leads to disorder and ambiguity in the cockpit, which in turn
renders flight crews susceptible to human error. One study showed that failures in information transfer account for more than 50% of all errors inside the
cockpit (Wickens, 1995). Furthermore, researchers have suggested that these
problems are most likely to occur during periods of high mental workload (Bliss
& Dunn, 2000; Foushee, 1984).
According to Lysaght, Hill, Dick, Plamondon, Linton, Wierwille, Zaklad, Bittner,
and Wherry (1989), when the number of task elements rises and the complexity
within each element increases, the load of information placed on each flight
crew member’s cognitive processes also increases. Human error is likely to
occur in the cockpit during periods of high mental workload because each
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crewmember’s mental resources are limited as to the amount of information
they can process (Lysaght et al., 1989). If mental workload becomes too great,
members of the flight crew will no longer process information at the desired rate
and task performance will degrade. In the case of alarm research, empirical
studies have shown that reaction time during ambiguous situations is significantly slower under conditions of high mental workload (Bliss & Dunn, 2000).
Many researchers believe that training crew members to optimize team interdependence and communication is the best way to prevent disorder and restore
the lines of communication following crises (Sexton & Helmreich, 2000; Wickens
1995). However, communication among members of the crew can take many
forms and may affect performance in many ways. The style of communication
present in the cockpit is often dictated by airline policy and directed by the
leadership style of the pilot. By studying different pilot leadership styles, psychologists can determine the type of communication that works best during
situations of disorder and ambiguity, and can make recommendations about
how to manage human error (Helmreich, Merritt, & Wilhelm, 1999).
In the early 1970s, Vroom and Yetton developed a theory of leadership in
work environments that proposed two main styles of leadership: participative
and autocratic (Chemers, 2000). These forms of leadership are collectively included within Normative Decision Theory.According to that theory, the participative leader promotes two-way communication and allows subordinates to have
equal weight in the decision making process. In contrast, the autocratic leadership style involves very little interaction between the leader and subordinates.
An autocratic leader remains focused on the team’s tasks and makes all of the
team decisions without much input from other team members (Chemers, 2000).
Normative Decision Theory states that the effectiveness of each leadership
style is dependent on the situation (Chemers, 2000). The autocratic style is
more effective in situations where the task is clear and all members of the team
have a high degree of control over their responsibilities. In these situations very
little communication is needed in the decision making process, allowing the
autocratic leader to make quick decisions (Vroom, 2000). The participative style
is more effective in situations where problems with information transfer have
contributed to an ambiguous environment and the leader does not have much
control over the situation, yet must make very important decisions (Vroom,
2000). The increased two-way communication characteristic of this style helps
to clarify the situation and creates a supportive work environment that may
increase worker satisfaction and commitment to the team (Chemers, 2000).
One potential drawback of the participative style is that the increased amount of
participation may result in a much slower decision making process. Overall,
studies testing the validity of Normative Decision Theory have been favorable
(Chemers, 2000; Vroom & Jago, 1978). In one study, teams that properly instituted the use of this theory increased their number of successful decisions by
20% (Vroom & Jago, 1978). Also, although the effectiveness of leadership styles
Effects of Leadership Style/Primary Task Workload on Performance and Satisfaction
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may be situation specific, several studies indicate that subordinates generally
prefer the participative style regardless of the situation (Field, 1990; Foels, Driskell,
Mullen & Salas, 2000).
Early research concerning leadership style focused on industrial work environments. However, recent research in this area has been conducted in nontraditional work environments. One work environment that has received particular
attention is the aircraft cockpit. The cockpit differs from industrial working environments in both setting and size. Flight crews are often much smaller than
traditional work groups, typically consisting of only a pilot and copilot. Also,
cockpit dyads tend to be more cohesive. They function more as a team to
perform highly specialized tasks.
Several studies of leadership in the cockpit have indicated that the type of
communication a participative leader exhibits may be more effective for minimizing errors made in the cockpit (Foushee, 1982, 1984; Prince, Chidester,
Bowers, & Cannon-Bowers, 1992; Sexton & Helmreich, 2000). In one study
Nicholas and Penwell (1995) examined leadership styles in several work environments including aviation. They found that the task management style of effective leaders is predominantly participative and a strict autocratic style “does
not lend itself to effective operation of complex, technical machinery” (Nicholas
& Penwell, 1995, p.70).
One reason for using the participative style of leadership in the cockpit may
be to diagnose and understand communication disruptions when they occur.An
element that often causes disorder and uncertainty for flight crews is unreliable
avionics (Bliss, 1997). This includes the settings and functioning of avionics,
including alarm systems (Endsley, 1999). A breakdown in information transfer
may occur if communication between the human flight crew and the avionics is
disrupted due to an unpredictable or unreliable piece of flight equipment (Wiegmann
& Shappell, 2001). According to Muir’s Machine Trust Theory, the uncertainty
and disorder created by unreliable technology weakens the operator’s trust (Lee
& Moray, 1992). Anecdotal evidence has shown the applicability of Muir’s theory,
revealing that alarm system mistrust in the cockpit can decrease the frequency,
speed, and appropriateness of pilot responses (Bliss, 2003b).
Mistrust of automated systems in multi-crew cockpits can be further aggravated by psychosocial problems between flight crewmembers (Wiegmann &
Shappell, 2001). For example, the first officer’s lack of assertiveness or an interpersonal conflict between members can create further disruptions in information
transfer and more potential for human error (Jentsch & Smith-Jentsch, 2001).
If practiced in situations of machine mistrust, the participative leadership
style may serve two useful purposes. First, the increased communication may
help bring clarity and order to a situation rendered unclear by machine
unpredictability. Second, by promoting two-way communication and
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assertiveness, participative leadership may prevent psychosocial problems from
further confusing an already chaotic situation. Such benefits are likely to become increasingly important as further advances in aviation technology occur
(Wickens, 1995).
Goal of this research
Several studies in the past have examined the effects of participative and
autocratic leadership on flight crew performance (Foushee, 1982, 1984; Prince
et al., 1992; Sexton & Helmreich, 2000). However, no existing research has
examined the relationship between leadership style and team performance during periods of machine mistrust. The purpose of this study was to examine the
effects of leadership style and mental workload on performance of a primary
psychomotor task and a secondary alarm response task by dyads.
As part of this investigation, we examined the effects of leadership style and
mental workload on subjective ratings of leader satisfaction by followers. Leader
satisfaction has been studied in several work environments (Chemers, 2000;
Dubin, 1965; Field, 1990; Foels et al., 2000). However, to date there have been
no investigations in situations similar to a cockpit.
The two independent variables in the study were leadership style and mental
workload. Leadership style had two levels, autocratic and participative. The
workload independent variable also had two levels, high workload (three computer subtasks), and low workload (two computer subtasks).
We examined the effects of the independent variables on the speed and
appropriateness of alarm reactions, and on primary task performances. We
also examined the effects of workload and satisfaction on several dependent
measures of copilot satisfaction. These variables included self report ratings by
copilots on measures of overall team effectiveness, drive to participate in the
secondary task, perception of pilot cooperation, perception of pilot accuracy,
the degree of enjoyment experienced working with the pilot, and the degree to
which the pilot was perceived to be a likable person.
Hypotheses
We hypothesized an interaction between leadership style and workload on
reaction appropriateness to the secondary alarm task. We believed that
participatively led dyads in the high workload group would yield significantly
more appropriate reactions to true and false alarms compared to dyads that
were autocratically led in this group. This hypothesis is consistent with Normative Decision Theory, Muir’s Machine Trust theory, several studies of cockpit
leadership, and research concerning mental workload (Chemers, 2000; Foushee,
1982, 1984; Lee & Moray, 1992; Lysaght et al., 1989; Prince, Chidester, Bowers, & Cannon-Bowers, 1992; Sexton & Helmreich, 2000).
We also hypothesized main effects for workload and leadership style on
Effects of Leadership Style/Primary Task Workload on Performance and Satisfaction
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alarm reaction time. We believed that dyads following the autocratic leadership
style would react significantly faster to alarms than those following the participative leadership style. We also believed that dyads in the low workload group
would react significantly faster to the alarms than those in the high workload
group. These predictions are consistent with the Normative Decision Theory
and studies of alarm reactivity in conditions of varying mental workload (Bliss &
Dunn, 2000, Chemers, 2000; Dubin, 1965; Vroom, 2000).
We hypothesized a main effect for leadership on the copilot’s worker satisfaction variables. We predicted that copilots would be significantly more satisfied with the participative leadership style than with the autocratic style regardless of the workload condition. This hypothesis is consistent with Normative
Decision Theory and several studies of worker satisfaction (Chemers, 2000;
Dubin, 1965; Field, 1990; Foels, et al., 2000).
Method
Design
This experiment was conducted using a 2 X 2 mixed design. The betweengroups independent variable, workload, was determined by the number of
subtasks (2 or 3) on the primary task workstation monitor.The within-groups
variable, leadership style (autocratic or participative) was counterbalanced across
two experimental sessions, so that dyads followed each leadership style while
performing the primary tasks and reacting to alarms.
Participants
Convenience sampling resulted in a sample consisting of volunteer graduate and undergraduate psychology students from Old Dominion University.
Participants were offered class credit and a monetary bonus ($10.00 for the
team with the best experimental task performance) as an incentive for participating.
A power analysis revealed that 40 dyads would yield an experimental power
of 0.80 at p = .05 (Cohen, 1988). The researchers obtained results from 40
dyads comprised of one pilot and one copilot per dyad. Of the 40 dyads, 21
were in the low mental workload group and 19 were in the high mental workload
group. Attempts were made to equalize the sex balance across dyads: In the
low workload group, nine dyads included both sexes (in five cases the male
was the pilot; in four cases the female was the pilot), seven included both
males, and five included both females. In the high workload group, ten dyads
included a male and a female (in four cases the male was the pilot, in six cases
the female was the pilot), five included both males, and four included both
females. In addition, the within subjects variable (leadership style) was counterbalanced so that half of the dyads followed the autocratic strategy in the first
session and the other half were administered the participative strategy first.
Participants ranged from 18 to 42 years old, with the average age of approximately 23 years.
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Two important considerations are how well the participants knew each other
prior to participating, and how often they normally participate in teamed activities. To determine these considerations, we surveyed team members before
they participated. We found that 65% of team members did not know each other
at all before participating, 16% of team members barely knew each other, 5%
knew each other fairly well, 2% knew each other quite well, and 12% knew each
other extremely well. We also found that 59% of participants regularly participated in team activities outside of the experiment, whereas 41% did not.
Materials
The laboratory space used for this study was designed to simulate a cockpit environment. The space consisted of two primary task IBM-compatible computer workstations positioned side by side. A Macintosh computer hosting an
alarm response task separated the workstations.
The Multi-Attribute Task (MAT) battery (Comstock & Arnegard, 1992) was
hosted on the workstations as the primary experimental task. The MAT battery
includes three separate subtasks (dual-axis compensatory tracking, gauge
monitoring, and resource allocation) that require cognitive and spatial abilities,
simulating aircraft piloting demands. Depending on primary task workload condition assignment, teams were presented either two concurrent subtasks (tracking
and monitoring) or three (tracking, monitoring, and resource allocation). Within
a workload condition, each 14" VGA primary task computer monitor displayed
the same number of subtasks. The MAT battery has been used frequently as a
primary and secondary task in alarm trust research, and is thoroughly described
in other sources (Bliss, 2003a; Getty, Swets, Pickett, & Gonthier, 1995).
Participants performed the MAT tasks using the mice and keyboards to
make responses. At the same time, auditory and visual alarms were presented
on a Macintosh PowerPC personal computer with a 14" VGA monitor located
between the MAT workstations. The auditory stimulus was the fire bell digitized
from a Boeing 757/767 simulator, followed by a male voice announcing “temperature, temperature.” The stimulus lasted four seconds. The visual stimulus
was a yellow panel with the word “TEMPERATURE!” on it. When an alarm occurred, participants were to determine whether the MAT TEMP1 and TEMP2
gauges had both fluctuated out of tolerance within 15 seconds prior to the alarm.
If so, the alarm was true. Participants were then to reset the MAT gauges and
press the F12 key (marked “R” for “RESPOND”) on the Macintosh keyboard, in
that order. If the gauges had fluctuated out of tolerance more than 15 seconds
prior to the alarm, the alarm was false. Participants were then to press the F9
key (marked “C” for “CANCEL”) on the Macintosh keyboard and resume the
M AT tasks. Alarm stimuli were presented on a variable interval time schedule
(average interstimulus interval was 70 seconds), at 60 dB(A) (ambient sound
was 45 dB(A). Other than the timing of the gauge fluctuations, there was no way
to tell true alarms from false alarms, as they looked and sounded identical.
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Alarm reaction measures included speed to react (in seconds), appropriateness of reactions (how often participants appropriately responded to true
alarms and canceled false alarms), and response frequency (the percentage of
alarms participants responded to within each experimental session).
In addition to the computer tasks, participants also completed two forms.
Prior to participation, they completed a background information form including
questions about hearing and vision abilities, computer experience and their degree of familiarity with their teammate. After participation, all copilots completed
a four-page opinion questionnaire. The questionnaire included thirteen Likert
scale items to assess aspects of copilot satisfaction such as how much the
copilot liked the pilot, how much the copilot enjoyed working with the pilot, the
copilot’s impression of the team’s effectiveness, the copilot’s impression of the
pilot’s cooperation level, and how driven the copilot was to perform the experimental tasks. Calculation of the questionnaire’s internal reliability indicated that
the driven variable was not consistent with the five other measures and was
therefore excluded from future analyses. Excluding the driven variable, Cronbach’s
Alpha revealed that the opinion questionnaire had an internal consistency reliability of Alpha = .81.
Procedure
Upon arrival at the research laboratory, the two participants were required to
complete an informed consent form and the background questionnaire. Their
team was then randomly assigned to the high or low workload condition, and
participants were randomly assigned to the role of pilot or copilot.
Once the experimenter assigned the team to a condition and the team
members to their roles, the experimenter presented the primary task experimental instructions. To ensure comprehension, the instructions were delivered
in writing and were also read aloud to the participants. Teams in the high workload
condition received instructions for three primary subtasks: tracking (keeping a
ball aligned with a set of crosshairs), gauge monitoring (monitoring moving gauges
for excessive fluctuations), and resource allocation (keeping fluid present in a
number of on-screen containers). Those in the low workload condition received
instructions for only the tracking and gauge monitoring tasks.
The experimenter explained how to respond to true alarms and cancel false
alarms. The experimenter explained that during the actual experiment, alarms
would be occurring on the Macintosh computer.The teams had to determine if
the alarm was true or false and react accordingly.The experimenter explained
that alarms related to the monitoring subtask of the MAT. If an alarm was true, it
meant that the two TEMP gauges had fluctuated out of tolerance within 15
seconds prior to the alarm.To properly respond to a true alarm both participants
had to reset their gauges by pressing the F1 and F3 keys on the IBM keyboard,
and then press the F12 key on the Mac keyboard, marked “R” for respond. The
experimenter explained that if the team’s decision to respond was correct, the
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team would receive an increase of 1.5 points to their alarm score. If the decision
were not correct, 1.5 points would be taken away from their alarm score. If an
alarm was false, the two gauges had fluctuated more than 15 seconds prior to
the alarm. When a false alarm occurred, the alarm was to be canceled. One of
the teammates had to press the F9 key on the Mac keyboard, marked “C” for
CANCEL. Once again, if the team was correct on their decision to cancel, 1.5
points was added to the team score. If the team is incorrect 1.5 points was
deducted from the team score. Gauge fluctuations occurred in a congruent fashion
on both primary task computers.
After the instructions, the teams were allowed to practice the primary
subtasks in isolation for one minute, and were then given a 10-minute practice
session with the MAT and the alarms. The experimenter stressed that speed
and accuracy were equally important on all tasks. The team began the experiment with an alarm score of 50 points.
Participants were instructed to follow a specific alarm reaction decisionmaking strategy for each session. The strategy followed either an autocratic or
participative leadership style. In the autocratic condition, the participant assigned to the role of pilot was solely responsible for making the alarm response
decisions. He or she could not rely on the copilot for any opinions or advice
about how to respond. Once the pilot made a decision, he or she commanded
the copilot to press the appropriate response key on the alarm response keyboard. The copilot was instructed not to offer information unless specifically
asked by the pilot. The participant assigned to this role was also instructed to
follow the pilot’s commands without question. The autocratic strategy was designed to limit communication and participation.
In the participative condition, both participants had an equal weight in the
alarm response decision process. They were permitted to communicate freely
with each other throughout the session and when an alarm occurred they were
required to reach a mutual verbal agreement before reacting. This leadership
strategy was designed to promote communication and participation. Failure to
follow the prescribed decision making strategies resulted in a point deduction
for the team.
After answering questions, the experimenter started the first 10-minute task
session (either autocratic or participative). Once the first session was complete, the experimenter administered leadership strategy instructions for the
second session. As a within groups variable, leadership style was manipulated
and counterbalanced across sessions so that each team received both sets of
instructions. After the team completed both experimental sessions, the experimenter administered the opinion questionnaire to gather subjective ratings of
copilot satisfaction. Participants were then debriefed and dismissed.
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Results
After calculating descriptive statistics to ensure that the dependent measures were distributed normally, the researchers calculated three 2 x 2 mixed
A N O VAs to determine the effects of workload and leadership style on alarm
reaction appropriateness and alarm reaction time.

Appropriate Reactions (%)

The omnibus A N O VA for alarm reaction appropriateness showed no interaction between leadership style and workload, p > .05. However, the main effect
for leadership style showed that the participative leadership style led to more
appropriate alarm reactions than the autocratic style, F(1,38) =4.667, p=.037,
???= .109 (see Figure 1). The main effect for workload was not significant, p >
.05.
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Figure 1. Alarm Response Appropriateness as a Function of Primary Task
W orkload and Leadership Style.
Next, the researchers computed an A N O VA to determine whether alarm reaction time changed as a function of leadership and workload. The interaction,
main effect for workload, and main effect for leadership were not significant, p >
.05.
W e also computed mixed A N O VAs to determine the effects of leadership
style and primary task workload on measures of primary task performance.
Specifically, we tested whether MAT tracking error, monitor reset time, and resource allocation pump activation frequency varied as a function of leadership
style or primary task workload. Of those three A N O VAs, the only significant
effect we observed showed that monitor reset time was longer under conditions
of high primary task workload, F(1,33) = 10.472, p = .003, partial £.£= .241
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Monitor Reset Time (secs)

(See Figure 2). All other interactions and main effects were not significant, p >
.05.
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Figure 2. Gauge Monitor Reset Time as a Function of Primary Task Workload
and Leadership Style.
Copilot Satisfaction
W e computed a series of mixed A N O VAs to assess the effects of primary
task workload and leadership style on three copilot satisfaction measures.
A N O VAs were chosen to investigate the influence of leadership-workload interactions on the copilot satisfaction variables. The three variables chosen for analysis were the three most reliable dependent variables in the measure, as determined by a Cronbach’s alpha test. The variables were the extent to which the
team worked together successfully (Teamwork), the extent to which the copilot
enjoyed working with the pilot (Enjoy) and the extent to which the copilot found
the pilot to be a likable person (Likeability).
Researchers computed a 2 x 2 A N O VA to examine the effects of primary
task workload and leadership style on teamwork. The test did not find a significant interaction p > .05. The test did, however, show significant main effects for
leadership style, F(1,78) = 23.85, p<.001, partial £.£= .23 and workload, F(1,78)
= 6.28, p =.014 partial £.£= .08. Copilots reported significantly more teamwork
during the participative condition when compared to the autocratic condition and
copilots in the low workload group reported significantly more teamwork than
those in the high workload group (see Figure 3; note that due to inverse scaling,
a lower number indicates a higher teamwork rating).
The 2 x 2 A N O VA for Copilot Enjoyment did not find a significant interaction,
nor did the test find a main effect for workload, p > .05. Like Teamwork a significant main effect was found for leadership, F(1,78) =24.05, p<.001, £.£= .24.
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Copilots enjoyed working with their pilots significantly more during the participative condition than during the autocratic condition (see Figure 4; note that due to
inverse scaling, a lower number indicates a higher enjoyment rating).
A third A N O VA was computed to examine the effects of primary task workload
and leadership style on Likeability.The results followed the same pattern as the
copilot enjoyment variable. Neither the interaction nor the main effect for workload
were statistically significant, p>.05. However, a main effect for leadership style
was significant, F(1,78) = 22.94, p<.001,??? = .23. Copilots reported liking their
pilot significantly more during the participative condition then during the autocratic session (see Figure 5; note that due to inverse scaling, a lower number
indicates a higher likeability rating).
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Figure 3. Copilot Perception of the Level of Teamwork as a Function of Primary
Task Workload and Leadership Style.
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Figure 4. Copilot Perception of Pilot Enjoyment as a Function of Primary Task
W orkload and Leadership Style.
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Figure 5. Copilot Perception of Pilot Likeability as a Function of Primary Task
W orkload and Leadership Style.
Discussion
Our results marginally supported the first hypothesis. Although we did not
find an interaction between leadership style and workload for alarm reaction
appropriateness, we did observe a main effect: improved alarm reaction appropriateness for participative leadership. This finding is consistent with theories
extolling the benefits of participative leadership, such as Normative Decision
Theory (Chemers, 2000; Foushee, 1982, 1984; Prince et al., 1992; Sexton &
Helmreich, 2000). It is also consistent with recent research by Bliss (2003a)
showing better performance by teams that were forced to have more social
interaction. The current findings are important because they suggest that participative leadership can reduce human error in the cockpit during periods of
machine mistrust. It is interesting that primary task workload did not interact
with leadership style. However, because workload was a primary task variable,
participants may have devoted separate cognitive resources to the primary and
alarm reaction tasks, so that variability in one did not affect the other (Wickens,
Sandry, & Vidulich, 1983).
Our findings did not support the second hypothesis. Although we did see an
effect of workload on MAT gauge resetting time, there was no significant effect
for alarm reaction time as a function of either leadership style or primary task
workload. There may be several reasons for this.
It is possible that reaction time was not sensitive to our manipulation of
leadership. To maintain experimental rigor, we assigned specific and well defined leadership roles to each team member in the participative condition. In an
actual cockpit, such behaviors would likely occur more naturally. Furthermore,
it was evident that even though our instructions were clear, there were participative teams that did not communicate much, and autocratic teams that did. Yet,
as we observed from alarm reaction appropriateness and the copilot satisfaction
questionnaire responses, participants definitely distinguished between the two
Effects of Leadership Style/Primary Task Workload on Performance and Satisfaction
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leadership styles, preferring the participative style. To better study reaction time,
other researchers may elect to observe leadership more naturally as it occurs;
however, to do so would preclude using it as an experimental independent variable.
One advantage of specifying team duties before the experimental sessions
was that participants might have exhibited less confusion during the actual task.
In actual flight performance situations, pilots and copilots probably make leadership style decisions in real time, taking more time and perhaps leading to more
errors. However, in this experiment, the participants did not have to devote energy to that decision, because it was made for them. As a result, perhaps there
was less variability of reaction time within and across the leadership styles.
Another possibility was that the experimental tasks were not complex enough
to reveal differences for reaction time (or response frequency). In an actual cockpit, there are a variety of actions that crews must perform following an alarm
signal. However, in this experiment, the actions were comparatively straightforward: following an alarm, participants were to estimate whether gauges had
fluctuated within 15 seconds prior to the alarm, and cancel or respond to the
alarm accordingly. It is clear that reaction appropriateness was better when the
leadership style was participative. However, this advantage may generalize to
other performance variables only if the alarm reaction task is more challenging.
Future researchers may elect to systematically increase the complexity of the
alarm task to determine whether this might be true.
The third hypothesis was generally supported by the results. A main effectfor
leadership style was revealed for the three measures of copilot satisfaction.
According to these results, copilots believed that during the participative condition their team exhibited significantly more teamwork, their pilot was a more
likable partner and was more enjoyable to work with. These findings support
decades of research on worker satisfaction and leadership that demonstrate a
strong preference by the worker for participative leadership style in traditional
work environments (Chemers, 2000; Dubin, 1965; Field, 1990; Foels et al., 2000)
.
However, the current findings are unique because they indicate that leadership
affects worker satisfaction within a more specialized team environment.
The results also suggest a possible link between copilot satisfaction and
alarm reaction appropriateness. As team reaction appropriateness improves under
participative leadership, copilot satisfaction increases. The low level of follower
satisfaction found under autocratic leadership may have contributed to the poorer
performance in this condition. Dissatisfied copilots may have created psychosocial problems within the team. For example, when under autocratic leadership
copilots may have been less assertive during team interaction, further limiting
communication. Some researchers have suggested that problems such as these
can lead to human error in the cockpit (Wiegmann & Shappell, 2001; Jentsch &
Smith-Jentsch, 2001). This potential relationship should be examined in future
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studies.
Analysis of the survey data also revealed an unpredicted finding. Copilots in
the low workload group reported significantly higher levels of teamwork than
those in the high workload group. One possibility for this finding is that during
periods of high primary task workload, copilots were consumed by their individual tasks and felt less free to work together with their pilots. This explanation,
however, is not supported by any degradation in alarm reaction performance
between groups.
Future Research
We believe that the findings reported here have important practical implications for flight crew training programs. For example, trainers might be well advised to consider decision accuracy and copilot satisfaction by encouraging
pilots to adopt a participative style of leadership in situations of task uncertainty.
The current study provides some theoretical support for the Normative Decision Theory by revealing that copilots are more satisfied with the participative
leadership style, and that this satisfaction may be reflected in alarm reaction
appropriateness. This study broadens the applicability of Normative Decision
Theory by showing that it can be successfully applied to a specialized teamwork environment. However, there may be limitations to its applicability. For
example, the researchers found that autocratic decisions were not made significantly faster than those in the participative condition were. Future research is
recommended to continue to clarify the conditions where the theory applies and
does not apply.
Limitations of this Study
As noted previously, a primary goal of this research was to maintain experimental control. To do so, we chose to test college students as they performed
a contrived task in an experimental laboratory. Because the research reported
here was conducted in a laboratory, its generalizability to operational environments is likely limited. Our decision to test college students may have led dyad
members to interact with each other in ways that are not typical for flight
crewmembers. For example, they may have occasionally chosen to disregard
our instructions concerning the details of participative and autocratic leadership. In contrast, actual pilots would likely follow such instructions more closely.
The experimental tasks, although designed to exercise skills used in aviation, are comparatively simplistic. For example, the fear experienced by participants, and the stated consequences of poor performance do not match those
faced by pilots, and the complexity of the MAT battery pales in comparison to
some piloting demands.
Finally, the alarm reaction scenario assumed that participants were suffiEffects of Leadership Style/Primary Task Workload on Performance and Satisfaction
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ciently motivated to react in realistic ways. This contrived paradigm was necessary for ethical reasons. However, the data presented here likely understate
what is possible in an actual piloting situation.
Because of the above limitations, we recommend that future researchers
attempt to replicate the current experiment using high fidelity flight simulators
and aviators as participants. By doing so, it may be possible to study the influence of such realistic distracters as flight attendant calls, air traffic control calls,
and cross-traffic on operator performance. Future research should also be conducted to confirm the validity of the questionnaire items used to measure copilot
satisfaction. The questionnaire was specifically designed for the current research
and had never been used in previous research. Although we calculated internal
consistency reliability using Cronbach’s Alpha (r=.81), we cannot be sure that
the questionnaire items are a valid measure of copilot satisfaction. One possible procedure might be to assess the face validity of the measure by conducting focus groups of actual copilots. In addition, researchers could assess concurrent validity of the questionnaire by comparing it to other reliable and valid
measures of worker satisfaction.
We also recommend that future researchers consider performing longitudinal
studies of leadership acceptability in conditions of alarm mistrust. Authors such
as Breznitz (1984) have stressed that alarm mistrust becomes more pronounced
as task operators become more experienced with the alarm system. Similarly,
the benefits and limitations of the leadership styles examined here may become more pronounced after a longer task performance period.
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Abstract
The FAA pilot knowledge test is a multiple-choice assessment tool
designed to measure the extent to which applicants for FAA pilot
certificates and ratings have mastered a corpus of required aeronautical knowledge. All questions that appear on the test are drawn
from a database of questions that is made available to the public.
The FAA and others are concerned that releasing test questions
may encourage students to focus their study on memorizing test
questions. To investigate this concern, we created our own database of questions that differed from FAA questions in four different
ways. Our first three question types were derived by modifying existing FAA questions: (1) rewording questions and answers; (2) shuffling answers; and (3) substituting different figures for problems
that used figures. Our last question type posed a question about
required knowledge for which no FAA question currently exists.
Forty-eight student pilots completed one of two paper-and-pencil
knowledge tests that contained a mix of these experimental questions. The results indicated significantly lower scores for some question types when compared to unaltered FAA questions to which
participants had prior access.
Requests for reprints should be sent to Beverly Laughead, FA A Academy,AMA-502-OU,
P.O. Box 25082, Oklahoma City, OK 73125.
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Introduction
A requirement for most every FA A pilot certificate or rating is the knowledge
test that each applicant must pass to demonstrate mastery of the aeronautical
knowledge required to safely exercise the privileges of the certificate or rating
being sought. Required by the U. S. Code of Federal Regulations, knowledge
tests present applicants with a series of multiple-choice questions designed to
assess applicants’ knowledge of aeronautical topics such as aerodynamics,
weather, regulations, navigation, performance, and flight planning. The questions that appear on every knowledge test are drawn from an item bank, a fixed
database of questions created by the FA A for each pilot certificate or rating. For
example, the item bank for the Private Pilot Airplane knowledge test currently
contains 915 questions. Each Private Pilot Airplane knowledge test presented
to an applicant consists of 60 questions selected from the 915-question item
bank.
Since the mid-1980s, the FA A has made the item banks available to the
public. This allows every pilot applicant to access, in advance, all of the questions that can potentially appear on every knowledge test. This situation has led
to great controversy for two reasons. First, pilots now have the opportunity to
limit their study to just those questions that appear in the item bank. Since the
item bank does not contain questions pertaining to all knowledge required to fly
safely, it seems possible for pilot applicants to skip over some knowledge and
still achieve a high score on the knowledge test. Second, pilots have the opportunity to simply memorize the questions and answers, rather than develop an
understanding of the knowledge that the questions aim to test.
The problems associated with neglecting to learn material that is required
but that is not formally tested are evident and need no further discussion. The
negative outcomes associated with rote memorization strategies have been
documented by more than a century of psychological research. In the case of
the FA A knowledge tests, the crudest memorization strategies allow students
to avoid looking at questions at all. Flash cards that contain an FA A question
number on the front and the correct answer letter designation on the back allow
students to engage in the most primitive paired-associate learning (Calkins,
1896; Mandler, 1970). Other strategies link the letter designation for the correct
answer to the content of the question. For example, the FA A Private Pilot knowledge test contains a flight-planning question using an airport named Addison.
The answer to the question was traditionally “A.” Other psychologists have demonstrated the effectiveness of using simple mental images to successfully associate pairs of key words or phrases (Kothurkar, 1963; Paivio, 1965; Bower,
1972). For example, 8 minutes is the answer to an FA A flight-planning question
involving a flight to an airport called Redbird. The answer is easily recalled after
visualizing a red bird flying in a figure-eight pattern. Strategies like these are
particularly useful for test questions that otherwise require time-consuming and
effortful calculations (e.g., weight and balance, flight planning, aircraft perfor278
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mance, etc.)
Even in the cases in which students read the questions and memorize answers, the distinction between rote memorization and understanding has been
demonstrated by other psychological studies (Tverksky, 1973; Craik and Lockhart,
1972; Kieras and Bovair, 1984). Students who achieve deeper levels of understanding are more successfully able to solve similar problems, recall solution
steps, and use their knowledge in novel ways. Later research demonstrated the
same phenomena in the domain of flight training. This research led to the same
conclusions: when complex skills and concepts are to be learned, rote memorization is a poor substitute for understanding (Telfer, 1993; Moore and Telfer,
1990; Telfer, 1991). Consequently, these ideas are emphasized in the FA A’s
Aviation Instructors Handbook (FAA, 2001).
Indirect Evidence of Question Memorization
The FA A has been concerned with the validity of the knowledge tests for
some time. Their principal concerns are, if applicants are focusing their study
on questions and answers, that student understanding may be negatively impacted and that the test scores being awarded to pilot applicants may not accurately reflect their knowledge.
Flouris (2001) made an initial attempt to relate differences in study methods
to differences in knowledge test scores. Flouris compared the scores of students who completed a formal ground school at Auburn University and students
who studied on their own. Flouris stressed that the Auburn ground schools
stress learning for understanding and try to dissuade students from question
memorization. Flouris found no significant difference between the two groups.
Since the true study practices of both groups of pilots remain unknown, it is
impossible to know what kind of preparation led to what test scores or the real
level of mastery of either group at the time of the tests. Flouris’ study cast
further suspicion on the extent to which the FA A tests accurately measure
knowledge and motivated future research.
A compelling piece of evidence in support of the question-memorization hypothesis was gathered by the FAA. This evidence is the amount of time that test
takers spend completing knowledge tests. Today,allFA A knowledge tests are
administered by computer.The computer systems record the amount of time
that test takers require to complete each exam and the amount of time required
to complete each question. Figure 1 shows timing data gathered by the FA A in
2002 for the knowledge tests required for the private and commercial pilot certificates as well as the instrument airplane rating (FAA, 2003).
The data show that many applicants complete the test in far less time than
would be required for the average human to even read the questions and answers on the test.
FAA Pilot Knowledge Tests: Learning or Rote Memorization?
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Test

Ave. Completion Time

Minimum Time

(minutes)

(minutes)

Private Pilot – Airplane

73

2

Instrument Rating – Airplane

79

2

Commercial Pilot - Airplane

91

11

Figure 1.Average and minimum completion times for the Private, Commercial,
and Instrument Airplane knowledge tests [Data provided by the FA A (FAA, 2003)].
Figure 2 shows timing data for a few individual test questions. These questions require applicants to work through complex calculations needed for flight
planning under specified conditions. The data show that questions that would
typically require several minutes to work through are being answered in merely
a few seconds.
After departing GJT and arriving at Durango Co., La Plata Co. Airport, you are unable
to land because of weather.
How long can you hold over DRO before departing for return flight to the alternate,
Grand Junction Co., Walker Field Airport?
Total usable fuel on board, 68 gallons.
Wind and velocity at 16,000, 2308-16
Average fuel consumption 15 GPH.
A)
B)
C)

1 hour 33 minutes.
1 hour 37 minutes.
1 hour 42 minutes.

Mean Time:
Minimum Time:

569 seconds
6 seconds

An airplane descends to an airport under the following conditions:
Cruising altitude
Airport elevation
Descends to
Rate of descent
Average true airspeed
True course
Average wind velocity
Variation
Deviation
Average fuel
Consumption

6,500 ft
700 ft
800 ft A G L
500 ft/min
110 kts
335
060 at 15 kts
3 W
+2
8.5 gal/hr

Determine the approximate time, compass heading, distance, and fuel consumed
during the descent.
A) 10 minutes, 348, 18 NM, 1.4 gallons.
B) 10 minutes, 355, 17 NM, 2.4 gallons.
C) 12 minutes, 346, 18 NM, 1.6 gallons.
Mean Time:
Minimum Time:

195 seconds
5 seconds

Figure 2. Average and minimum completion times for flight planning questions
[Data provided by the FA A (FAA, 2003)].
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The FA A data clearly suggested that memorization was at work. For at least
some test takers, the data clearly demonstrated that the test was not measuring the applicants’ abilities to exercise the required knowledge and skills.
The evidence for question-memorization gathered by the FA A is compelling.
However, there remains one credible refutation of the question-memorization
hypothesis: it may be possible that pilot applicants satisfactorily learn the material and then memorize the questions in the item bank in order to expedite the
taking of the test. In other words, in can be argued that the FA A’s timing data
demonstrated the presence of question-memorization, but it did not demonstrate the absence of understanding.
To directly address the concerns about the validity of the test, we conducted
an experiment using private pilot students recruited from local flight schools.
The experiment aimed to measure more directly what pilot applicants know at
the time of their FA A knowledge test.
Method
Our approach to measuring pilot understanding of the required aeronautical
knowledge was to administer an experimental knowledge test to private pilot
applicants who had just prepared for and completed the FA A knowledge test.
Our experimental knowledge test contained questions that varied from FA A questions in systematically increasing ways. Some experimental questions made
cosmetic changes to existing FA A questions. Other experimental questions
asked pilot applicants to use their aeronautical knowledge in different ways. The
goal of our experimental test was to discover if pilot applicants’ knowledge of the
required aeronautical knowledge was based on understanding or on a more
superficial review of the questions appearing in the FA A item bank. It was hypothesized that if applicants understood the required material, their performance
on the experimental questions would be comparable to their performance on
FA A questions.
W e distinguished two types of questions that appear in the FA A item banks.
Skills questions require the applicant to exercise a procedure they had learned
such as interpreting a chart, working through a flight planning, or airplane performance calculation problem. Knowledge questions require the applicant to recall
a fact or to reason about a concept they had learned.
To create our experimental item banks, we began with knowledge and skills
questions that we randomly sampled from the FA A item banks. We left some of
these FA A questions in their unaltered form to use as a control. We modified the
remaining FA A questions to generate our treatment questions. Our selection
and modification of the FA A knowledge and skills questions resulted in six different experimental questions types described below.
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Unaltered Skills Questions
Figure 3 shows an example of an unaltered FA A skills question. Our purpose
in including questions of this type was to establish a baseline measure for how
well test takers performed on FA A skills questions, without having to ask them
to reveal their score on the FA A test.
UA/OV KOKC-KTUL/TM 1800/FL120/TP BE90//SK BKN018-TOP055/OVC072-TOP
089/CLR ABV/TA M7/WV 08021/TB LGT 055-072/IC LGT-MOD RIME 072-089
The wind and temperature at 12,000 feet MSL as reported by a pilot are
A. 080 at 21 knots and -7 C.
B. 090 at 21 knots and -9 C.
C. 090 at 21 MPH and -9 F.

Figure 3. Unaltered skills question
Different Data Skills Questions
Figure 4 illustrates our only modification of the FA A skills questions. This
modification substituted different data (a different pilot report (PIREP), in this
case) for the original data appearing in the question.
UA/OV KMOD-KOAK/TM 2209/FL060/TP PA28//SK OVC022-TOP050/
CLR ABV/TA M8/WV 28026/TB MOD 035-060/IC LGT-MOD RIME 035-060
The wind and temperature at 6,000 feet MSL as reported by a pilot are
A. 280 at 26 knots and -8 °C.
B. 280 at 26 knots and 8 °C, measured.
C. 220 at 9 MPH and -8 °F.

Figure 4. Different figure skills question
Unaltered Knowledge Questions
Figure 5 shows an example of an unaltered FA A knowledge question. These
questions were intended as a control to establish a baseline score for each
applicant on FA A knowledge questions.
How should an aircraft preflight inspection be accomplished for
the first flight of the day?
A. Thorough and systematic means recommended by the manufacturer.
B. Quick walk around with a check of gas and oil.
C. Any sequence as determined by the pilot-in-command.

Figure 5. Unaltered knowledge question
Shuffled Knowledge Questions
Figure 6 illustrates the simplest of the modifications we made to FA A knowledge questions. This modification shuffled the order in which the answer choices
appear in the question. This modification was designed to detect reliance on the
crudest of memorization strategies that associate questions with memorized
letters and answers (e.g., “A” for Addison).
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How should an aircraft preflight inspection be accomplished for the first
flight of the day?
A. Quick walk around with a check of gas and oil.
B. Any sequence as determined by the pilot-in-command.
C. Thorough and systematic means recommended by the manufacturer.

Figure 6. Shuffled knowledge question
Reworded Knowledge Question
Figure 7 illustrates our second and slightly more sophisticated modification
of the FA A knowledge questions. This modification slightly reworded both the
question and the answer.The rewordings used for these questions were limited
to simple rearrangements of sentence structures and substitutions of non-critical words. In no case was a technical word or phrase (e.g., angle of attack)
changed. This modification was designed to further test for memorization strategies based on simple question and answer recognition.
For the first flight of the day, an aircraft should be preflighted using
A. the procedure recommended by the manufacturer.
B. a walk around with a check of gas and oil.
C. a systematic procedure determined by the pilot-in-command.

Figure 7. Reworded knowledge question
Different Knowledge Question
Figure 8 illustrates our third and most sophisticated modification of the FA A
knowledge questions. This modification extracted the target concepts tested by
each question and asks a slightly different question about the same concepts.
Questions of this type were created by a group of three certified flight instructors
who worked until consensus was reached on two key points: (1) that the modified question tested the same concepts as the original question; and (2) that the
modified question was not more difficult than the original question. The aim of
this type of question was to measure applicants’ performance when questionmemorization strategies were no longer possible.
Figure 8 shows a modified question about wing flaps, along with all of the
existing FA A questions about wing flaps. The question in Figure 8 illustrates our
attempt to write questions that “fell between the cracks” of the existing FA A
questions.
Our Different Question About Wing Flaps
One purpose of wing flaps is to
A - permit touchdown at higher airspeeds.
B - maintain a lower angle of attack at slower airspeeds.
C - permit safe flight at slower airspeeds during approach and landing.
Two Existing FAA Questions About Wing Flaps
One of the main functions of flaps during approach and landing is to
A - decrease the angle of descent without increasing the airspeed.
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B - permit a touchdown at a higher indicated airspeed.
C - increase the angle of descent without increasing the airspeed.
What is one purpose of wing flaps?
A - To enable the pilot to make steeper approaches to a landing without increasing the
airspeed.
B - To relieve the pilot of maintaining continuous pressure on the controls.
C - To decrease wing area to vary the lift

Figure 8. Different knowledge question
Apparatus
Two different paper and pencil knowledge tests were used for data collection.
Each knowledge test contained equal numbers of randomly-sampled and ordered questions drawn from the item bank of question types described above.
The first knowledge test contained 50 questions and measured performance for
the first five question types. The second knowledge test contained 20 questions
and compared performance for the third and sixth question types described
above.
The number of questions appearing in our experimental test was a compromise between the statistical power needed and the expected fatigue and motivation levels among our student pilot participants.
Participants
A total of 48 student pilots from local flight schools agreed to participate in
the study. We attempted to recruit every private pilot applicant that was scheduled to take the FA A Private Pilot knowledge test at every local flight school that
offered testing services. Every applicant that was both qualified and willing participated in the study. Each pilot completed exactly one of the two different
experimental knowledge tests.
Participants were not told any details about the experiment in advance; however, they were told that they did not need to undertake any special studying or
preparation for the experiment.
Student pilots who completed the 50-question experimental knowledge test
received payment equal to the cost of their FA A knowledge test. Pilots who
completed the 20-question experimental knowledge test received a NASA Aviation t-shirt.
Procedure
Our experimental knowledge tests were completed by student pilots during a
scheduled appointment. Most student pilots took our experimental knowledge
test directly after taking their FA A Private Pilot Airplane knowledge test, although some completed the test up to three days after completing the FA A test.
Unlike the FA A knowledge test, we did not pose a time limit for the experimental
284

International Journal of Applied Aviation Studies

test. When completing the test, participants were allowed to use the same
materials permitted by the FA A for their knowledge tests (e.g., blank paper,
calculators, pencils).
All participants were informed that their responses would remain anonymous
and no names were recorded.
Results and Discussion
Figure 9 shows the scores for the two knowledge tests that compared the six
question types.

Figure 9. Average scores for two tests that compared the six different question
types.
There was no difference between average scores for question types 3, 4, and
5: the unaltered, shuffled, and reworded knowledge questions. These results
seem to rule out our worst fear: that participants relied solely on the crudest of
memorization strategies in which learners used superficial cues available in the
questions and answers. Shuffling and rewording questions had little effect on
participants’ ability to answer questions correctly.
There was a significant difference [F(1, 23) = 15.4, p < .001] between average
scores for question types 1 and 2: the unaltered skills questions and the skills
questions for which different data had been substituted for the original data. The
means and standard deviations for the two question types were 87.9% (0.10)
and 73.8% (0.18), respectively.This result seemed to confirm our suspicions
about the generality of the problem-solving skills being learned by students.
FAA Pilot Knowledge Tests: Learning or Rote Memorization?
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Few instructors or evaluators would disagree – a student whose chart interpretation or flight-planning skills are limited to only those airports appearing in FA A
test questions is operating under an obvious knowledge deficiency.Any test
instrument that rewards such a pilot with a passing score is therefore also deficient.
There was also a significant difference [F(1, 23) = 31.2, p < .0001] between
average scores for question types 3 and 6: unaltered knowledge questions and
knowledge questions that participants did not have the opportunity to see in
advance. The means for the two question types were 87.5% (0.12) and 64.6%
(0.12), respectively.The less-than-passing scores may indicate fairly serious
knowledge deficiencies, since these questions tested aeronautical knowledge
that was also tested by existing FA A questions.
Conclusion
Our results supported the FA A’s concerns that releasing test questions in
advance may: (1) negatively affect the way students learn and ultimately understand required aeronautical knowledge; and (2) reduce the validity of the knowledge test as an assessment tool. If the design and execution of our study are
accepted as reasonable, our data suggested that some pilot applicants may
leave the test center with two things: (1) aeronautical knowledge that is deficient; and (2) a notarized document certifying that the student’s aeronautical
knowledge is not deficient.
Limitations of Our Study
W e must admit a number of limitations of our study. First, despite our experts’ efforts to control for question content and difficulty, the questions we created for question type 6 may have differed in content from, or may have been
more difficult than, existing FA A questions. Second, there is the possibility that
some falloff in scores was due to some subjects’ unwillingness to work through
the unfamiliar questions, accepting a lower score in the interest of time. Regardless, even for these “lazy” subjects, the falloff in scores between the two question types still suggested that question and answer memorization was used for
the original FA A example questions, and their underlying knowledge of the material was not revealed by the current FA A test.
Changes Made by the FAA to the Knowledge Test
In July 2003, the FA A made a number of changes to the knowledge tests,
based on their own investigations and on the evidence and inputs presented to
them by outside parties. Our work was among the research that was reported to
the governing branch in the FAA. These changes included:
1. FA A question numbers are no longer associated with questions that are
released to the public.
2. Answer choices are now randomly shuffled.
3. Only a few examples of each type of skills question are now made
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available. Questions appearing on the tests will be of the same form as
the released question, but will use different data.
The first two changes were designed to foil crude memorization strategies
that make simple associations between questions numbers and letter designations or order of appearance among answer choices. The results for our shuffledanswers condition did not suggest a presence of this kind of memorization for
knowledge questions. However, we did not test our shuffling manipulation on
skills questions. It may be the case that test takers sometimes do resort to this
type of strategy for more difficult and time-consuming questions.
The third change agreed with our finding that significant numbers of test
takers may have focused their study on individual questions rather than mastering the underlying skills being tested. There remains at least one credible threat
to skills questions despite this countermeasure. Since skills questions require
significantly more time to answer, any one test contains a small number of
these questions. Under the current scoring system, all questions have the same
value. Test takers may opt to simply guess at the more time-consuming skills
questions, accepting a slightly lower overall test score.
One remedy for this problem is to increase the value of skills questions.
There are a number of problems with this approach. First, it suggests that aeronautical knowledge areas that require more time to exercise are more important
than other areas, a notion that is difficult to defend. Second, skills questions are
often missed because of simple mathematical errors. Penalizing test takers
several points for a simple math error seems unjustified.
What Depth of Understanding Is Enough?
In arguing for measures that might potentially lead to “deeper” understanding
of aeronautical knowledge by students, we must recognize a few natural limitations.
A first limitation we encounter is that some aeronautical knowledge elements
are simple facts and that the learning of facts inevitably leads to a process of
rote memorization. For example, Class D airspace extends by default to an
altitude of 2,500 feet AGL. The FA A offers no particular theoretical reason why
this altitude is chosen instead of 2,400 or 2,600 feet. The student is left to learn
that 2,500 feet A G L is the correct number. For aeronautical knowledge of this
type, we should be sure to include questions in the FA A item bank that exhaustively cover all of the facts to ensure that students are learning them.
A second limitation we encounter is that student understanding of any given
topic is naturally limited at any given level of expertise. For example, a new
student pilot’s understanding of flaps may be little more than a collection of
memorized facts. Such a student simply has not yet had the opportunity to
think through and experience the use of flaps in different flight situations, to
FAA Pilot Knowledge Tests: Learning or Rote Memorization?
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develop theories about how they work, and to validate or invalidate those theories during practical experience. If we admit this limitation, care should be taken
to ensure that the FA A item bank includes questions that cover a set of facts
about flaps that will allow them to act accordingly, for the time being, in all
required flight situations. This collection of facts must serve as an acceptable
substitute while the student progresses toward a more mature understanding
that only further study, practice, and experience can provide.
Knowledge Testing in the International Aviation Community
It is interesting to compare FA A knowledge testing practices to those used in
other countries. The European Joint Aviation Authorities (JAA) requires the applicant to pass seven separate knowledge tests for the Private Pilot License
(PPL). These tests cover: air law and operational procedures, human performance and limitation, flight performance and planning, aircraft general and principles of flight, navigation and radio aids, meteorology, and radiotelephony. Some
tests contain as few at 15 questions. All tests are multiple-choice and the JAA
does not reveal the potential test questions in advance. Questions from old
tests and questions similar to JAA test questions are available for student study,
as well as a suggested reading list.
Similarly,the Australian Civil Aviation Safety Authority (CASA) requires applicants for the Private Pilot License to pass Basic Aeronautical Knowledge and
Private Pilot License knowledge tests. Similar to JAA tests, these tests are
multiple-choice and sample questions (not drawn from the existing item bank)
are made available for student study.
India requires five written tests: navigation, meteorology, regulations, technical, and radiotelephony.All tests are multiple-choice and the questions are not
released to applicants in advance.
Whether aeronautical knowledge topics are tested in one or several tests,
the move away from publishing test questions makes the FA A more consistent
with testing practices used in other countries.
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Abstract
According to self-efficacy theory, judgments and expectations concerning performance capabilities are relevant for the initiation,
persistence, and modification of anxiety problems and specific
fears. This article presents a study on the differential effects on selfefficacy expectancies of various treatment components in a fear of
flying protocol. Subjects consisted of 199 patients (38.7% male
and 61.3% female) with fear of flying, who applied to a treatment
agency to deal with their fear of flying. Fear of flying was assessed
with three specific flight anxiety measures before and after treatment, the FAS, FAM, and VAFAS. The treatment process was measured from assessment to follow-up at eight different points in time
with two self-efficacy instruments, based on Banduras work
(Bandura, 1977, 1986): the Flight Self-Confidence Scale (FSCS),
and the Fear of Flying Coping Scale (FFCS). Results showed that
the most effective treatment components for enhancing self-efficacy were (in descending order of importance): (a) exposure, graded
practice with an in-therapy flight, (b) relaxation training with breathing exercises, (c) information about flying, and (d) controlling upRequests for reprints should be sent to Beverly Laughead, FA A Academy,AMA-502-OU,
P.O. Box 25082, Oklahoma City, OK 73125.
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setting thoughts. The conclusion is that performance experiences
particularly enhanced self-efficacy. Limitations of the study are discussed and suggestions for future research provided.

DIFFERENTIAL EFFECTS ON SELF-EFFICACY OF
TREATMENT COMPONENTS FOR FEAR OF FLYING
People tend to engage in behaviors they believe will produce a desired effect
and that they believe they can perform. We are more likely to take courses of
action that we anticipate will lead to desired goals than those that appear less
likely to succeed. We are also more likely to attempt actions and strategies
that we think are within our range of capabilities than those that seem to exceed
it. Several important psychological theories are based on these premises and
concern the role of personal effectiveness and control in psychological development and health. Self-efficacy theory (Bandura, 1977, 1986) is one of the most
prominent of these theories. The crux of self-efficacy theory is that initiation of
and persistence in behaviors and courses of action are largely determined by (a)
outcome value, (b) outcome expectancy, and (c) self-efficacy expectancy,that
is, judgments and expectations of behavioral skills and the capacity to successfully implement the selected courses of action. Much of Bandura and his
associates’ work focused on understanding the role of self-efficacy in the development and treatment of fears and phobias (Bandura, 1986). It showed that low
self-efficacy expectancies are an important feature in the continuation of anxiety problems and specific fears.
In previous studies, Bandura and his colleagues worked with patients having
specific fears or phobias, both to test the basic assumptions and hypotheses of
self-efficacy theory and demonstrate its clinical utility (Bandura, 1986). A selfefficacy model of anxiety primarily concerns anticipating that danger or harm is
imminent and expecting an inability to effectively prevent or cope with the anticipated aversive event. Self-efficacy theory also hypothesizes that the key element common to all successful clinical interventions for anxiety disorders is an
increase in patients’ sense of self-efficacy, enabling them to master the anxietyprovoking situation (Bandura, 1977). According to self-efficacy theory, people
with anxiety problems have inaccurate, unrealistic expectations of their own
behavior and underestimate or overestimate certain results or consequences.
They feel that nothing can be done to control events or feel incapable of performing the actions that could control events and lead to achieving goals (of which
others seem capable).
The present study was designed to gather information about the specific
contribution of elements of a multi-component, standardized fear of flying treatment program to a belief in self-efficacy to master that anxiety. Humans are
biologically driven to explore and master their environment, and they feel good
when they explore new situations and deal with them effectively.To explore the
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environment and new situations by plane is a problem for an estimated 10 - 40%
of the general population in industrialized countries (Arnarson, 1987; Dean &
Whitaker, 1982; Ekeberg, 1991; Nordlund, 1983). Fear of flying is a significant
problem and events like the terrorist attacks on the Twin Towers and Pentagon
might even lead to higher numbers of people with flight anxiety. Fear of flying is
a heterogeneous phenomenon (Howard, Murphy, & Clarke, 1983; Van Gerwen,
Spinhoven, Diekstra, & Van Dyck, 1997) and can be conceptualized both as a
situational phobia and the expression of nonsituational phobias. Fear of flying
often consists of one or more other phobias (Haug, Brenne, Johnsen, Berntzen,
Götestam, & Hugdahl, 1987) and can also be the effect of generalizing one or
more natural environment phobias, as described in DSM-IV (APA, 1994).
As the number of air travelers worldwide has increased, interest in anxiety
associated with flying also has increased. There has been an increase in facilities around the world for treating passenger flight anxiety, often the result of
collaboration between airlines and private entrepreneurs or mental health professionals (Van Gerwen & Diekstra, 2000). These developments have not been
matched by an increase in scientific research on flight anxiety treatment programs or analysis of the effective ingredients and components of these programs. The latter is probably due to the fact that most treatment programs have
mainly focused so far on their overall effects and less on redrafting or restructuring treatment, based on analysis of the contribution of program components to
the overall effect. In actual clinical practices, the common components of fear of
flying treatment programs are information on flying, teaching coping strategies
(breathing exercises and muscle relaxation) and exposure to test flights. More
advanced treatment programs also use components like cognitive restructuring
and beside the test flights on commercial airliners also exposure to flight stimuli,
such as a visit to a stationary aircraft in a hangar and the use of a flight simulator.There is a growing literature on the use of virtual reality exposure therapy but
it is not yet routinely used in actual clinical practice (Van Gerwen, Diekstra,
Arondeus, & Wolfger, submitted). The study of virtual reality exposure therapy
for fear of flying is promising. Virtual reality exposure can have lasting effects
both for the short (see Maltby, Kirsch, Mayers, & Allen, 2002 and also Rothbaum,
Hodges, Smith, Lee, & Price, 2000) and long terms, as indicated in the first
year-long follow-up study by Rothbaum, Hodges, Anderson, Price, and Smith
(2002). It is also promising, because a recent study confirmed that virtual reality
exposure could be more effective than imaginary exposure in treating fear of
flying (Wiederhold, Gevirtz & Spira, 2001).
This study gathered information about the specific contribution of elements
of a fear of flying treatment program in an actual clinical practice. The process
measures used to assess treatment component effects were based on Bandura’s
concepts in his book, entitled Belief in Self-Efficacy (Bandura, 1995). According to Bandura, “perceived self-efficacy refers to beliefs in one’s capabilities to
organize and execute the courses of action required to manage prospective
situations” (Bandura, 1977, 1986, 1998).
DifferentialEffects On Self-Efficacy Of Treatment Components For Fear Of Flying
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Two scales for belief in self-efficacy developed by Bandura (the Confidence
Scale and the Parental Self-Efficacy Scale) were reviewed, translated into Dutch,
adapted for flying situations, and psychometrically examined (Van de Wal, 1993).
One of them concerns the ability to control negative thoughts while flying and
the other assesses coping and dealing with flight anxiety feelings. This resulted
in the Flight Self-Confidence Scale (FSCS) and the Fear of Flying Coping Scale
(FFCS), two self-report instruments that are easy to administer.
This study is part of a larger research project on the determinants of fear of
flying and the differential efficacy of cognitive-behavioral interventions for flying
phobics. This study has four goals: (a) To determine the differential effects of the
specific components of the treatment program on belief in self-efficacy.(b) To
determine the relationship between increased belief in self-efficacy and decreased
fear of flying during treatment. (c) To ascertain whether fear of flying at posttreatment (i.e. three months after an in-therapy flight) can be predicted on the
basis of self-efficacy before the start of treatment. (d) To assess whether the
self-efficacy score at post-treatment can predict the long-term effects of the fear
of flying treatment program.
Method
Participants
Participants were consecutively referred to the VALK Foundation. All suffered from fear of flying and participated in the long-established multi-component fear of flying treatment program developed by the VALK Foundation, located in Leiden, the Netherlands. This foundation is a joint enterprise of the
Department of Clinical and Health Psychology at Leiden University, KLM Royal
Dutch Airlines, and Amsterdam Airport Schiphol. Trainers employed by VALK
are all certified clinical psychologists and/or psychotherapists, some with airline cabin crew or pilot experience. The participant sample (N=199) was collected from 1995 to 1998. The group consisted of 38.7% (N=77) males and
61.3% (N=122) females. Mean age was 41.4 years (SD=10.6). Thirty-four percent had higher education (higher professional or academic training), and 21%
medium level (professional) education. Thirty-three percent completed high school
education. Twelve percent completed elementary school education or lower professional training. Most participants had flying experience; only 10.4% (N=8) of
the male and 9% (N=11) of the female participants had never flown before. The
majority of the participants, 94.2% of the women and 85.8% of the men, reported symptoms ranging from severe anxiety to panic in flight situations.
Fifty-six percent were employed and 22% were self-employed, -10% were
housekeepers (all women), and two smaller groups did either volun-teer work
(3%) or attended a school or university (1%). Eight percent of the participants
did not fit into one of the above groups.
Measures
Flight Self-Confidence Scale (FSCS). The FSCS was used to measure belief
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in self-efficacy, specifically to measure participants’ belief in their ability to control thoughts. The FSCS consists of nine self-report items that are answered on
an 11-point scale, ranging from 0 (I cannot) to 10 (I definitely can). Participants
were instructed to imagine being on a turbulent flight with their seat belts fastened. They were asked to evaluate their confidence in their ability to neutralize
any unpleasant thoughts they might have in this situation. Participants with low
anxiety should have fewer negative thoughts about flying than participants with
high flight anxiety, and low-anxiety participants should express more control
over negative thoughts than high-anxiety participants. Some examples of the
items are “Thinking of something else,” “Stopping the thought,” and “Keeping
the thought under control.” There are two versions of the FSCS, versions A and
B, which were randomly presented to participants. Originally, the FSCS consisted of 18 items and the psychometric properties proved to be good (Van de
W al, 1993). A one-factor solution was found explaining 53.7% of the variance
(eigenvalue 9.67) and reliability measured with Cronbach’s Alpha was .92. After
dividing the 18-item questionnaire into the two 9-item A and B questionnaires,
Cronbach’s Alphas were .84 for A and .89 for B. The correlation of A with the
original questionnaire was .97, of B with the original questionnaire .96, and the
correlation between A and B was .87. It was therefore concluded that the two
parallel versions of the FSCS correlated sufficiently to be treated as the same
instrument (Van de Wal, 1993).
Fear of Flying Coping Scale (FFCS). The FFCS was also used to measure
belief in self-efficacy, but from a different angle than the FSCS. The FFCS measures participants’ belief in their ability to cope and deal with feelings. The FFCS
consists of five items that are answered on a 7-point scale, ranging from 1 (not
good at all) to 7 (very good). The items concern different emotional aspects of
fear of flying, and participants have to judge how well they can cope with each.
People with confidence in their ability to deal effectively with a threatening situation will approach the situation with self-assurance and calm, while those with
serious doubts about their coping skills will anticipate catastrophes and generate a state of affective arousal that will interfere with their ability to function
effectively. Some examples of the items are “How well can you stop worrying?,”
“How well can you cope with tension caused by flying?,” and “How well can you
keep difficult moments from getting you down?” There are also two different
versions of the FFCS, A and B, which were randomly presented to participants.
Originally, the FFCS consisted of 10 items and the psychometric properties
were good (Van de Wal, 1993). A one-factor solution was found explaining 56.7%
of the variance (eigenvalue 5.66), and reliability measured with Cronbach’s Alpha was .91. After dividing the questionnaire into an A and B version, Cronbach’s
Alphas were .83 for A and .82 for B. The correlation of A with the original questionnaire was .97, of B with the original questionnaire .97, and the correlation
between A and B was .89. Van de Wal’s study (1993) concluded that the two
parallel versions of the FFCS correlated sufficiently to be treated as the same
instrument.
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Flight Anxiety Situations questionnaire (FAS). The FAS has 32 items consisting of three subscales: (a) Anxiety experienced anticipating flying, up to the
time the flight actually starts (takeoff is announced) containing 14 items; (b)
Anxiety experienced during a flight (from start until landing) containing 11 items;
(c) Anxiety experienced in general in connection with airplanes, regardless of
personal involvement in a flight containing 7 items (Van Gerwen, Spinhoven, Van
Dyck, & Diekstra, 1999). The psychometric properties of the FAS proved to be
excellent (Van Gerwen et al., 1999). This study showed an internal consistency
of subscales varying from .88 to .97 and test-retest reliabilities ranging from .90
to .92 as measured with Pearson product moment correlation coefficients.
Flight Anxiety Modality questionnaire (FAM). The FAM has 18 items that are
designed to measure the following two modalities: (a) Somatic Modality, pertaining to physical symptoms, and (b) Cognitive Modality, related to the presence of distressing cognitions (Van Gerwen et al., 1999). The psychometric
properties of the FAM proved to be good to excellent (Van Gerwen et al., 1999).
The study showed an internal consistency of .89 for both subscales and testretest reliability of .79 for the Somatic Modality and .84 for the Cognitive Modality.
Visual Analogue Flight Anxiety Scale (VAFAS). The VAFAS enabled participants to indicate the extent to which they were anxious about flying on a onetailed visual analogue scale. This scale ranges from 0 “No flight anxiety” to 10
“Terrified.” Participants were instructed to “Please indicate how anxious you are
about flying at present.”
Follow-up information. Follow-up evaluations were carried out after 3, 6 and
12 months, during which participants were asked to state the number of oneway flights they had taken in that period.
Procedure
The design of the present study was uncontrolled. Data were collected in an
open study before, during, and after the fear of flying treatment program. Moreover, treatment components were provided in a fixed order.The standard multicomponent fear of flying treatment started with an assessment phase (diagnostic interview and questionnaires). After initial contact, participants were invited
for assessment at the VALK Foundation during which they filled out questionnaires on fears and phobias in general and fear of flying in particular (see Measures-). In a subsequent semi-structured interview, information was gathered on
flying behavior (Flying History Interview). To identify a representative group of
fearful flyers, they should have a minimum score of 6 on the VAFAS and be
willing to follow and pay a two-day group treatment. Assessment was followed
by an individualized preparation phase of two hours of individual therapy for
relaxation and breathing exercises and, if necessary, exposure to other feared
situations (i.e. heights and elevators) and a two-day group treatment (20 hours,
with a maximum of eight participants). The two-day group treatment started with
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a presentation by a pilot, covering aerodynamics, moving aircraft parts, procedures and performances as well as air traffic control and meteorological aspects
like turbulence. A video showed aircraft maintenance, air traffic control, and an
explanation of radar and transponder.After this, explicit cognitive interventions
were introduced. Participants were taught how to identify and change anxietyprovoking thoughts. In addition, information on anxiety, its physical effects, and
what can happen during a panic attack was provided. A cognitive model of panic
and anxiety was presented to show how panic could result from catastrophic
misinterpretation of certain bodily sensations (Clark, 1986). Coping skills were
ranked in terms of perceived efficacy. Some examples of coping skills are controlled breathing, muscle relaxation, the “stop” technique for negative thoughts
and distraction from negative thoughts. Participants were informed of the best
possible flight preparations. Next, an imaginary flight was taken, which was
tape-recorded. For this exercise, an aircraft cabin wall was available with twelve
aircraft seats. Then in vivo exposure was used. The group visited a Boeing 747
in a hangar at the airport and performed a relaxation exercise in the stationary
plane. Two flights were taken in a flight simulator,an Airbus A-310 cabin simulator, which accurately simulates a night flight, including sound and motion. During the first flight, participants received an explanation of flight sounds and motion. During the second simulator flight, participants were encouraged to practice coping exercises. After the two simulated flights, the group headed for a
one-way, one-hour flight in Europe in a commercial airliner Boeing 737 guided
by the therapist and the pilot. A briefing was held at the airport of destination and
the return flight provided a second opportunity to practice. Three months after
the in-therapy flight, a three-hour follow-up session was given to monitor maintenance and progress, at which point post-treatment data were collected. The
treatment program was based on a standard treatment manual (Van Gerwen,
1992). For a more detailed description of the treatment program, see Van Gerwen,
Spinhoven, Diekstra, & Van Dyck (2002).
The FSCS, FFCS, VAFAS, FAS, and FAM were completed during the diagnostic assessment phase and the follow-up session. Only the FSCS and the
FFCS were used during the treatment process. They were completed eight
times during the period extending from the diagnostic interview to the follow-up.
The eight times the questionnaires were completed were: T1) before the diagnostic interview,T2) after individual therapeutic sessions with relaxation training
and breathing exercises, T3) after technical information, information on flying
and aviation in general, pilot/cabin crew training, sensory experiences and personal hygiene (nutrition, exercise, etc.), T4) after Rational Emotive Therapy (RET)
exercises, for controlling upsetting thoughts, T5) after stress-management with
information on anxiety and distraction training, T6) after imaginary exposure, a
coping-exercise, T7) after in vivo exposure, graded practice (hangar, flight simulator, in-therapy flight), and T8) three months later at a follow-up session. Each
time, participants completed one of the two versions of the FSCS and FFCS.
Every participant was given all four questionnaires four times in a random order.
There were two versions of the questionnaires in order to keep participants from
DifferentialEffects On Self-Efficacy Of Treatment Components For Fear Of Flying
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getting bored and from becoming so familiar with a single version that they
would no longer read the items properly. Since randomization was important, all
possible combinations of the two versions of the FSCS and FFCS questionnaires were used: FSCS-A + FFCS-A, FSCS-A + FFCS-B, FSCS-B + FFCS-A
and FSCS-B + FFCS-B. Moreover, at the 3, 6 and 12-month follow-up sessions,
the VAFAS scores were collected and participants were asked to state the
number of self-initiated one-way flights they had taken in that period. Table 1
shows the points in time when measurements were taken. The length of treatment, the time between the assessment phase and the test flight was approximately three to five weeks.
The treatment program incorporated all four sources of efficacy information
as delineated by Bandura (1986): (a) emotional arousal, teaching patients to
relax and feel less anxious when flying, which is why relaxation training and
breathing exercises were included; (b) verbal persuasion, providing participants
with information, encouraging them to attempt behaviors they fear and challenging their expectations of catastrophe; (c) vicarious experiences, observing live
models flying (such as the therapist) and participating in a group; (d) performance experiences, actual practice with feared behaviors, such as leaving home
and approaching the airport and, of course, taking a real flight. In vivo experience
with the feared object or situation was performed in group therapy sessions.
Table 1
The components of treatment when assessment took place and the measurements that were taken.
Intervention
T1 Diagnostic assessment
T2 Individual training
T3 Information on flying
T4 RET exercise
T5 Stress management
T6 Imaginary exposure
T7 In vivo exposure
T8 3-month follow-up
6-month follow-up
12-month follow-up

FSCS

FFCS

VAFAS

FAS

FAM

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X

X

X

X

X

X X
X
X

X
X
X

Flightstaken

Statistical Analyses
To assess overall training effects and differences between pretreatment and
follow-up measurements three months after treatment, the VAFAS, FAS, FAM,
FSCS and FFCS were analyzed with paired t-tests. The size of training effects
was analyzed by computing Cohen’s d. Cohen considers an effect size of 0.20
to be slight, 0.50 to be moderate and 0.80 to be substantial. Cohen’s d was
calculated using the following formula: M post-treatment – M pretreatment / SD
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common (Cohen, 1977). For each measurement moment, we calculated the
mean of the FSCS and FFCS items, irrespective of the version participants
used. Differences between the eight consecutive measurements and the previous measurements were analyzed with paired t-tests and Cohen’s d for both the
FSCS and FFCS.
To analyze the relationship between changes in belief in self-efficacy and fear
of flying, multiple regression analyses were used and standardized residualized
gain scores (SRS) were computed. All dependent variables were statistically
corrected for pretreatment differences on the dependent variable analyzed.
Pearson correlations were computed between the self-efficacy SRSs and the
fear of flying SRSs. The predictive value of the baseline self-efficacy scores for
the magnitude of the training effect was analyzed by computing Pearson correlations between the pretreatment self-efficacy scores and the fear of flying SRSs.
Cohen (1977) considers a Pearson correlation coefficient of 0.10 to be slight,
0.30 to be moderate and 0.50 to be strong.
Finally, four hierarchical stepwise multiple regression analyses were performed to analyze the predictive value of the self-efficacy measurements at the
3-month follow-up for the VAFAS follow-up scores at 6 and 12 months. In the
first step, VAFAS scores at the 3-month follow-up were forced into the equation
to control for differences in outcome at that measurement moment. In the second step, FSCS or FFCS scores at the 3-month follow-up were entered as
independent variables in the regression analyses to check their additional, independent contribution to explaining the variance of VAFAS scores at the six or
12-month follow-up.
Results
Overall effect of treatment
The overall effect of treatment is shown in Table 2. This table provides the
paired t-tests and effect sizes of the mean on the VAFAS and the means on the
FAM and FAS subscales scale at pretreatment (T1) and at 3-month follow-up
(T8), but also, the mean scores on the FAS Total which consists of the 32 items
together.All variables showed statistically significant improvement 3 months
after treatment. All participants took the in-therapy flight. The effect sizes for
improvement on the scales and subscales for fear of flying were very large. In
particular, improvement on the most important In-Flight subscale showed a very
large Cohen’s d of 2.62. Improvement on the VAFAS even showed a Cohen’s d
of 3.43. In addition, all participants took flights on their own within one year after
treatment. The mean number of total one-way flights made after one year of
treatment was 9.61 (SD 9.29), four to five round trips.
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Table 2
Paired t-tests and effect sizes, means and standard deviations on the selfreport flying scales at diagnostic assessment (T1) and at 3-month follow-up
(T8).
Assessment
instrument

T1
M

SD

T8
M

SD

t  test
t

df

Effect size
d

VAFAS
FAS – anticipatory
FAS – in-flight
FAS – generalized
FAS – total
FAM – cognitive
FAM – somatic

8.4
28.6
29.2
5.2
70.7
15.0
18.3

1.4
11.6
9.3
5.1
24.2
10.0
7.4

2.4
8.5
7.4
1.5
19.5
4.1
4.2

2.0
8.4
7.2
2.6
18.7
4.4
5.0

40.37*
23.07*
30.52*
11.32*
27.95*
15.63*
26.49*

198
192
191
192
192
192
192

3.43
1.98
2.62
0.92
2.37
1.41
2.23

*p < .001

Belief in self-efficacy substantially increased over the course of treatment.
Scores on both the FSCS and the FFCS questionnaires showed a highly significant increase from diagnostic assessment (T1) to the 3-month follow-up (T8).
The FSCS mean changed from 3.6 to 8.2 (p < .001) and the FFCS mean from
3.1 to 5.2 (p < .001).
Differential changes in self-efficacy for the specific components
The FSCS and the FFCS questionnaires differed in the component of the
treatment with the biggest increase in self-efficacy scores. The results of the ttests are given in Tables 3 and 4. With respect to changes in participants’ belief
in their ability to control negative thoughts (FSCS), individual sessions with
relaxation training and breathing exercises (T2), and the exposure component
(consisting of a visit to a Boeing 747, a flight simulator and an ‘in-therapy’ flight)
(T7) produced the biggest gain, Cohen’s d effect sizes being almost equal (0.82
and 0.81, respectively; see Table 3). With respect to belief in the ability to cope
with anxiety feelings (FFCS), the biggest increase was observed after exposure
(T7) (see Table 4). Individual sessions with relaxation training and breathing
exercises (T2) were the second best intervention with respect to changes on the
FFCS.
Table 3
Paired t-tests and effect sizes with respect to the Flight Self Confidence Scale
(FSCS).
Intervention

Diagnostic assessment

300

range
M

1-11
SD
3.6
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t-test***
t
1.8

Effectsize
d

Table 3 - continued
Individual training
Information on flying
RET exercise
Stress management
Imaginary exposure
In vivo exposure
3-month follow-up

5.0
6.0
6.8
7.3
7.2
8.5
8.2

1.7
1.6
1.5
1.6
1.8
1.6
1.7

12.0**
11.6**
13.3**
7.4**
1.6n.s.
14.1**
2.8*

0.82
0.59
0.56
0.31
-0.08
0.81
-0.19

n.s.= not significant, *p < .01 ** p < .001
*** = t-test performed with the previous intervention assessment

Table 4
Paired t-tests and effect sizes with respect to the Fear of Flying Coping Scale
(FFCS).
Intervention

Diagnostic assessment
Individual training
Information on flying
RET exercise
Stress management
Imaginary exposure
In vivo exposure
3-month follow-up

range
M

1-7
SD

3.7
4.2
4.6
4.9
4.9
5.7
5.2

3.1
0.9
0.9
0.8
0.9
1.0
0.8
1.0

t-test***
t

Effectsize
d

9.0*
10.7*
10.7*
6.9*
0.6n.s.
13.5*
6.8*

0.62
0.58
0.56
0.36
-0.03
0.84
-0.50

1.1

n.s. = not significant, *p < .001
*** = t-test performed with the previous intervention assessment

On both the FSCS and the FFCS questionnaires, technical information on
aviation and sensory experience (T3) was the third most effective component in
producing changes. The exercise of controlling and modifying negative thoughts
(T4) was the fourth most effective intervention. Information on anxiety and distraction training (T5) also produced a moderate increase in self-efficacy. While
most interventions resulted in an increased belief in self-efficacy, the imaginary
exposure exercise (T6) did not.
At the follow-up session three months after treatment (T8), there was a significant decrease in scores on both questionnaires. The drop was rather substantial, especially for belief in the ability to cope as assessed with the FFCS,
having a Cohen’s d of -0.50. However, as is clearly shown in Figures 1 and 2, it
remained higher than before exposure. Figures 1 and 2 visualize clearly that
belief in self-efficacy (as measured with the FSCS and FFCS) had, in this order
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mean scores on FSCS

of components, relative effects of various sizes and the effects appeared additive except after the imaginary exposure exercise (T6) and three months after
treatment (T8).

8 measurement times

mean scores on FSCS

Figure 1. Differential changes in self-efficacy measured with the Flight SelfConfidence Scale (FSCS)

8 measurement times
Figure 2. Differential changes in self-efficacy measured with the Fear of Flying
Coping Scale (FFCS)
The relationship between increasing self-efficacy and decreasing fear of flying
From the Pearson correlations shown in Table 5, it could be concluded that
there was a very strong and consistent relationship between the increase of
belief in self-efficacy during treatment, as measured with the FSCS and FFCS,
and a decrease in fear of flying, as measured with the FAS, FAM and VAFAS.
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Accordingly, it could also be concluded that self-efficacy is strongly congenial
with fear, but not identical. Cohen (1977) considered a Pearson correlation of
0.50 to be strong; here a range was found between -.41 to -.68 (see Table 5).
Table 5
Pearson correlations between residualized gain scores for self-efficacy and fear
of flying at 3-month follow-up (T8).

FSCS(T8)
FFCS(T8)

Residualized gain scores (T8):
FAS
FAS
anticipatory
in-flight

FAS

FAS
general

FAM
total

FAM
cognitive

VAFAS
somatic

-.57*
-.52*

-.49*
-.41*

-.64*
-.55*

-.54*
-.48*

-.60*
-.52*

-.50*
-.49*

-.68*
-.57*

* p < .01

The initial level of self-efficacy as a predictor of the level of fear of flying after
treatment
There was no significant relationship between the FSCS and FFCS scores at
diagnostic assessment and FAS, FAM, and VAFAS residualized gain scores at
three-month follow-up. The Pearson correlations ranged between .08 for the
FAS in-flight with the FSCS to -.12 for the VAFAS and the FFCS. Thus, the
initial level of self-efficacy at diagnostic assessment did not predict a decreased
fear of flying as measured with the FAS, FAM, and VAFAS at the follow-up
session. Consequently, it could only be concluded that changes in flight anxiety
were unrelated to belief in self-efficacy before treatment.
Post-treatment self-efficacy scores as predictors of the long-term effect of
fear of flying treatment
Fear of flying as measured with the VAFAS showed that with a mean value of
8.4 (SD 1.4) at pre-treatment fear decreased even further to 2.4 (SD 2.0) at 3
months, 2.1 (SD 1.9) at 6 months and 1.9 (SD 1.9) at 12 months after treatment. Analyzed with Wilks’ Lambda, the changes on the VAFAS over time
between all four measurement points were significant (F(3,196) = 745.40, p <
.001). Pairwise Bonferroni comparisons (alpha individual: p < .008) of mean
differences between VAFAS1 and VAFAS2 (5.95 SD .15), VAFAS1 and VAFAS3
(6.26 SD .14), and VAFAS1 and VAFAS4 (6.46 SD .14) were all significant (p <
.001). Pairwise comparisons of the mean differences between VAFAS2 and
VAFAS3 (.32 SD .09, p < .01) and VAFAS2 and VAFAS4 (.52 SD .12, p < .001)
were also significant.
Self-efficacy measured at the 3-month follow-up (T8) was significantly associated with VAFAS scores at the 6 and 12-month follow-ups. Correlations were
all around .50, ranging from .46 to .51 (p < .001). Four separate hierarchical
DifferentialEffects On Self-Efficacy Of Treatment Components For Fear Of Flying
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multiple regression-analyses were performed to analyze whether self-efficacy
measures predicted fear of flying at the 6 and 12-month follow-ups independent
and above the level of fear of flying at post-treatment. In these analyses, the fear
of flying level at the 6-month follow-up (VAFAS3) and 12-month follow-up (VAFAS4)
were predicted by VAFAS scores at the three-months follow-up in the first step
and the FSCS or FFCS scores at the three-months follow-up in the second step
of the equation. FFCS scores at post-treatment (T8) explained a significant,
additional 2% proportion of the variance of VAFAS scores at the 6-month followup (F change (1,196) = 7.878; p = .006) and 2% of the variance of VAFA S
scores at the 12-month follow-up (F change (1,196) = 7.821; p < .001). FSCS
scores at post-treatment only explained a significant, additional 4% proportion
of the variance of VAFAS scores at the 12-month follow-up (F change (1,196) =
13.437; p < .001), over and above the effect of the VAFAS scores at the 3-month
follow-up.
Discussion
This paper is one of the few recent studies that provides quantitative data on
the process of treating a large group of patients suffering from fear of flying in
actual clinical practice. Measures of self-efficacy expectancies were used in
the diagnostic assessment prior to treatment, at various stages of treatment,
and following treatment.
Belief in self-efficacy substantially increased over the entire course of treatment. Once patients began to experience some success, they might have developed a stronger sense of self-efficacy.According to self-efficacy theory, small
successes strengthen patients’ sense of self-efficacy and their expectations of
additional, bigger successes. Most effective clinical interventions help people
experience success as a way of restoring self-efficacy expectancies and a general sense of personal efficacy (Frank, 1961; Goldfried & Robins, 1982).
Although most intervention components produced an increase in self-efficacy, the largest gain was observed after exposure (visit to a Boeing 747, flight
simulator and in-therapy flight) (T7) and after relaxation training with breathing
exercises (T2). These components were followed in efficacy by technical information on flying (T3), the exercise of controlling and modifying negative thoughts
(T4), and information on anxiety (T5). This confirmed that, as the literature suggested, exposure and the learning of coping skills and how to control irrational
thoughts are important components of a cognitive-behavioral approach (Maddux,
1991). This is one reason why this fear of flying treatment program was based
on these components. The most important sources of efficacy beliefs are people’s
ability to modulate or control their internal physiological and emotional states
(Bandura, 1995) and the amount of confidence people have in- controlling their
emotions and cognitions in specific flight situations.
Post-treatment measures (VAFAS, FAS and FAM) were collected three
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months after treatment instead of immediately after the in-therapy flight to avoid
euphoric scores. There is already considerable anecdotal evidence that participants score better directly after an in-therapy flight due to a euphoric mood. At
the follow-up session three months after treatment, both the FSCS and FFCS
questionnaires showed a significant decrease in belief in self-efficacy scores in
comparison to scores obtained directly after the in-therapy flight (see Figures 1
and 2). Until now, no other studies have discussed the possibility of a euphoric
mood score directly after an in-therapy flight and no systematic empirical data
were available, but we think that increased anxiety and a decreased belief in
self-efficacy three months after treatment can be regarded as a correction for
this euphoric effect. On the other hand, the long-term effects measured with the
VAFAS showed a further decrease of flight anxiety 6 and 12 months after treatment. Consequently, there was no evidence of a fear of flying relapse after three
months.
Individual differences in belief in self-efficacy did not predict reduction of fear
of flying in the short or long term. Although belief in self-efficacy might not be
universally beneficial, it could be argued that participants with a greater belief in
self-efficacy will show more improvement in a therapy program where self-control is stressed, such as in the present study (Thompson & Wierson, 2000).
Apparently, the present fear of flying treatment program, incorporated all sources
of efficacy information such as emotional arousal, verbal persuasion, vicarious
experiences and performance experiences (Bandura, 1986) and was comprehensive enough to preclude the interaction effects of individual differences in
belief in self-efficacy and specific characteristics of self-efficacy enhancement
interventions.
Enhancement of belief in self-efficacy following treatment was closely correlated with reduction of fear of flying. Because correlation does not allow causal
inferences, it cannot be concluded that enhancing self-efficacy produced the
reduction of fear obtained. However, some empirical evidence was found that a
greater belief in self-efficacy predicted maintenance or even further improvement
of treatment gains. Participants with a greater belief in self-efficacy at posttreatment (T8) showed a somewhat better outcome at the 6 and 12-month follow-ups, even after statistically correcting for differences in fear of flying at posttreatment. These results suggest that belief in self-efficacy cannot be solely
regarded as an epiphenomenon of anxiety and leave open the possibility than
changes in belief in self-efficacy are of some causal importance in the process
of reducing fear.
The design of this study had several methodological shortcomings. It was an
uncontrolled open study and components had a fixed order. Because a control
condition was not included, it remains undetermined whether the changes during treatment were primarily due to the specific treatment components or could
perhaps be better explained by a general nonspecific intervention, maturation,
or test-retest effect. The fixed order of treatment components precluded any
DifferentialEffects On Self-Efficacy Of Treatment Components For Fear Of Flying
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definite conclusion about the individual efficacy of the various components. Ethical considerations rendered infeasible the methodologically more desirable approach of randomizing the order of treatment components in a counterbalanced
design. Consequently, conclusions about the relative effect of the various treatment components have to be interpreted in the context of the particular order of
treatment components in the present program. Although the largest increases
were observed after relaxation training with breathing exercises and exposure,
we do not know whether exposure alone would have resulted in the same gains
without other therapeutic preparation. Nor do we know whether relaxation training with breathing exercises would have had the same impact if introduced later
in the therapy. However, as stated above, therapeutic and ethical problems would
have arisen if participants were exposed to a flight without preliminary treatment
preparation, since most participants in this study had flown before and found it
very distressing.
Furthermore, self-efficacy expectancy measures have been developed mainly
for research; however, their suitability for use in clinical settings is unknown.
They have good logical or face validity, are brief and straightforward, highly specific with regard to problem behaviors and problem situations, and lend themselves to use at frequent intervals to efficiently monitor patient progress (Goldfried
& Robins, 1982). However, in this study, there was a close correlation between
changes in self-efficacy and changes in flight anxiety. Self-efficacy theory is
proposed as a model of behavioral change, not of emotional experience. Bandura
(1984) stated, “Self-efficacy scales ask people to judge their performance capabilities and not if they can perform non-anxiously.” In this study, it was assumed
that self-efficacy could also be applied to controlling anxiety-related cognitions
and that this cognitive change could help control anxiety states. There are strong
correlations of changes in self-efficacy and self-reported flight anxiety, but they
are not high enough to suggest that the two concepts are the same. However,
whether the construct validity of the self-efficacy questionnaires is sufficient and
whether these questionnaires do not also measure anxiety to a substantial
extent could be questioned. Consequently, it cannot be concluded that the effect of the treatment is through improvement in self-efficacy.
A related point for discussion is that there are likely also other factors that
could explain the change in anxiety apart from self-efficacy.Self-efficacy theory
focuses on the more cognitive aspects of mastery and effectiveness expectancies and values than on more affective constructs such as needs, motives, and
feelings. It was already known that exposure works as an anxiety reducing
therapy (Emmelkamp, 1994), but exposure affects more than just self-efficacy.
Change processes could also be taking place in other areas. Perhaps other
processes were responsible for changes, which cannot be explained on a cognitive level or by self-efficacy theory. It is most likely that habituation plays a
leading role subsequent to an exposure program.
The self-efficacy model and the measurement of self-efficacy could help clini306
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cians target specific competency-related beliefs and situations, predict areas of
potential difficulty, and tailor interventions to meet patients’ special needs. A
self-efficacy scale that provides detailed information about “at risk” situations
can also help therapists clarify, anticipate, and prevent problems patients typically encounter when attempting new or anxiety-provoking behaviors. However,
the results of this study indicated that self-efficacy measures were no crucial
predictors of therapy success, neither at pretreatment or post-treatment, given
the close correlations with anxiety measures.
A recommendation for future studies is to investigate whether self-efficacy
expectancy measures directly measure psychological adjustment and also
whether low self-efficacy expectancies are sufficient for diagnosing psychological dysfunction or whether high self-efficacy expectancies form a guarantee of
psychological health. Another recommendation could be to investigate whether
randomizing the order of treatment components in a counterbalanced design
would give a different result for the individual efficacy of the various components
in comparison to this study.
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Abstract
Post September 11, 2001, there has been an increased focus by
the airline industry and governments to evaluate various technologies associated with security and identification. Prior to September
11, Automatic Identification and Data Capture (AIDC) technologies have been used extensively in airports and the aviation industry for a number of years in applications ranging from bar coded
baggage tags to magnetic stripes on boarding cards. Although
used in limited applications before September 11, there is a renewed focus on another branch of automatic identification technology, namely biometrics. This paper will present a primer on biometric technologies and provide a theoretical framework, an understanding of the role of biometrics, and case studies, specifically
within the airline sector.

Introduction
Since the September 11, 2001 terrorist attacks in New York, Washington,
and Pennsylvania using commercial airliners, there has been considerable coverage, both politically and within the media, on transportation security, with the
majority of the focus being placed upon the aviation industry.Although prior to
September 11, there were installations of biometric technologies within airports,
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these were focused on immigration efforts by the Immigration and Naturalization
Service (INS), called the INSPASS, and employee access control. The passage
of the Aviation and Transportation Security Act focused on new and emerging
technologies that may include biometrics (Lazarick, 2002). In addition, Section
403 of the U.S. Patriot Act mandated “the Attorney General and the Secretary of
State work with the National Institute of Standards and Technology to develop a
technology standard that can be used to verify the identity of persons applying
for a United States visa for the purposes of conducting background checks for a
United States visa or such persons seeking to enter the United States pursuant
to a visa” (U.S. Patriot Act,” 2002). As a result of the work in this standards
committee, biometrics is being considered for a number of transportation-related applications. As such, those in academia now may want to include biometrics as part of a course in aviation security or airport management. This
paper is written as an introduction to biometric technologies, outlining the general concepts and definitions that students in aviation technology will come
across, the specific classifications, and the specific issues within an airport
environment that may affect the performance of individual biometric technologies. There will also be a section on biometric technologies that have been
successfully deployed within an aviation setting.

Biometric Definitions
There are three common ways of identifying someone’s identity: through an
individual’s knowledge, such as a password; through something an individual
has, for example an identification card; and the third method, through something they own. In many airport applications, individuals gain access to specific
areas by providing a card and personal identification number (PIN). A combination of these provides a more robust security option.
Biometric identification is defined as the “automatic identification or identity
verification of (living) individuals based on behavioral and physiological characteristics” (Wayman & Alyea, 2000, p. 269). Physiological biometrics include
facial recognition, finger, face, eye, and hand, whereas behavioral includes
speaker, keystroke, and dynamic signature verification (Rejman-Greene, 2001).
Furthermore, a biometric must be measurable, robust, and distinctive (Newton & Woodward, 2001). There are two applications of biometric technologies:
positive and negative identification. Positive identification is “to prove you are
who you say you are,” whereas negative identification is “to prove you are not
who you say you are not” (Wayman & Alyea, 2000,p. 269)
.
All biometric systems follow a generic biometric model - shown below in
Figure 1 (Wayman, 2000a). The generic biometric system consists of five different sections - data collection, signal processing, decision, transmission, and
storage.
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Figure 1. The General Biometric Model (Wayman, 2000a).

Assume the following scenario. An individual needs to gain access to a particular area that is secured by a biometric system. Once their identity has been
confirmed by presenting the access issuing authority a set of credentials, they
need to be entered into the system. An individual is entered into the system by
placing their biometric near or on a sensor.There are several ways of collecting
the biometric image. For a fingerprint, the finger is placed on a sensor and an
image taken; for face recognition, an individual looks into a camera; and for
hand geometry, an individual places their hand under a camera. The biometric
image then is transmitted to the pattern matching section, where features are
extracted and the features are processed through a quality control. If acceptable, the images are stored in the database. If these images are not acceptable,
there is a failure to acquire (FTA), and the individual is requested to present their
biometric again. Figure 2 shows an example of a fingerprint collected from a
sensor, and Figure 3 shows the extracted features called minutiae points. The
sample is taken a number of times. Some face applications can take up to 100
pictures and fingerprint sensors may collect between three and seven images.
These initial images then create a template.

Figure 2. Fingerprint

Figure 3. Extracted features from the fingerprint
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Several factors may affect the enrollment. The first is whether the individual
has measurable characteristics, if not, then an image may not be able to be
collected. The second is whether the image is robust – for example, if the biometric sample is damaged or changed overtime. The third factor is distinctive –
how it varies amongst the enrolled population.
The images are stored as a template, which is then stored, awaiting for the
next visit of the individual to the device. When that occurs, the individual presents the biometric to the sensor.Again, if the sensor cannot pick up a good
enough quality image, the individual is asked to present their sample again.
This could be due to poor presentation; for example, the individual may not have
put his/her entire finger on the device, may have misaligned his/her hand, or it
may be due to some other environmental condition. This environmental condition may occur when the enrolled device and the access area are in different
locations.
Once the individual presents his/her sample to the biometric device, the algorithm goes through a process of matching the two images. There are four
different outcomes associated with this matching computation. If the sensor
does not pick up a good enough sample, it is a failure to acquire. If the sensor
matches the sample to the wrong template, this is a false match and an impostor gains access to the area. If the sensor does not match the sample to the
correct template (called false non match), the correct individual is denied access to the area. A threshold is acceptance or denial of a biometric sample
based upon the score falling above or below a threshold. The threshold is variable so that the levels of security can change (AfB/ICSA, 1998). Verification is
the process of comparing a submitted biometric sample with a previously stored
biometric template in order to determine the identity of the subject (Wayman,
2000b).
The issue of biometric use and its cultural, moral, and social ramifications
depends largely on the application. Applications can be classified into seven
categories: cooperative versus non-cooperative, covert versus overt, habituated
versus non-habituated, attended and non-attended, and whether the system is
public or private, open or closed. Cooperative versus non-cooperative refers to
the action of the deceptive user or impostor.Applications verifying the positive
claim of identity, such as access control occur when the deceptive user is
cooperating with the system in order to be recognized as someone he or she is
not (Wayman, 2000a). A non-cooperative application is a deceptive user who is
not cooperating with the system in order not to be identified. When a claimant is
unaware that a biometric identifier is being used, the use of the system is classified as covert. If the user is aware that the biometric identifier is being taken,
the system is classified as overt. A habituated application is everyday use of the
biometric device; such as entry to a particular room, or log-on to a network
computer. However, if the use of the biometric device is infrequent, the system
is un-habituated. All systems will be un-habituated at the installation of the
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system, and may have a mixture of habituated and un-habituated users throughout
the operation of the device as new claimants and frequent and infrequent claimants use the device. A biometric device is non-attended if it does not have an
operator or someone is guiding users with the device. A standard environment is
the environment in which the biometric device operates. The sixth category
classifies the users, such as employees of the company (private) or customers
(public). If there is a requirement to share with other biometric systems then the
system is classified as open; if not, it is closed.
In the aviation industry, there are a number of different application classifiers
with which to deal. For the airport worker who needs to gain access to the ramp
on a number of occasions during their workday, the application classifier will be
cooperative, overt, habituated, non-attended, private, and closed. This is the
same application classifier as with the existing badges; however, biometric technologies add an additional level of security to the token and pin. For other security needs, these application classifiers will change. Applications may need to
be covert or have non-habituated users. Other applications may have non-cooperative individuals, with the resulting security setup altered to take this into
consideration.
Negative and Positive Identification
There are two applications of biometric technologies: positive identification is
“to prove you are who you say you are” and negative identification is “to prove
you are not who you say you are not.” For positive identification, verifying the
claim of the individual is through the comparison of the sample to an enrolled
template. In the negative identification system, the user makes no claim to
identity; therefore, requiring the search of the entire database (UKBWG, 2000).
Therefore, when enrolling in a negative identification system, a comparison is
made of the enrollment template with all other enrollment templates in a system
to make sure that there is not a match (UKBWG, 2000).
Positive identification does not require the use of biometrics; other forms of
physical identification such as driver’s licenses, passports, and passwords can
positively identify the individual. Positive identification applications include the
INSPASS system, which enables frequent travelers the opportunity to enroll in a
hand geometry database to gain entry into the United States, used by the U.S.
Immigration and Naturalization Service (Wayman, 2000b).
Conversely, negative identification, is only achieved using biometrics (Wayman,
2000b). Some applications require the use of negative identification, such as
biometrics on commercial driver’s licenses. When enrollment occurs in a negative identification system, the system compares the samples with all the templates in the database to ensure that there are no duplicate records. Table 1
below shows the relationship between Positive and Negative Identification as
explained in UKBWG (2000).
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Table 1.
Positive and Negative Identification Classifications
Positive
To prove Iam w ho Isay Iam
C om parison ofa subm itted sam ple to a single
claim ed tem plate
C an use alternative form s ofidentification such as
drivers licenses and passports
Voluntary
Biom etric linked to externalinform ation only through
externaldocum ents

N egative
To prove Iam notw ho Isay Iam not
C om parison ofa subm itted sam ple to allenrolled
tem plates
N o alternatives to this form ofidentification exists
N otvoluntary
Linkage to personalinform ation notrequired

Biometric Technologies Commonly Used in Airports
There are a number of biometric technologies already in use in a number of
airports throughout the world. The most commonly deployed biometric technology in airports is hand geometry. Other biometrics described are fingerprint, iris
and face recognition.
Hand Geometry
Hand geometry measures hand characteristics such as finger length, width,
thickness, and curvatures (Jain, Bolle, & Pankanti, 2001). It does not measure
palm prints or take into consideration variables such as fingerprints, scars, or
color of the skin. Hand geometry has been implemented at a number of installations for immigration, access control, and time and attendance. One such example is at the San Francisco International Airport, which has installed over 600
machines at doors for access control. The hand geometry readers are hardwired
into an electromagnetic door lock. Individuals swipe a magnetic card with the
individual’s biometric template and then place their hand in the reader.This
benefits the airport since they previously had a problem with lost ID cards.
Attaching a biometric requirement to the ID card adds another layer of security to access control. It also ensures that if an airport ID card is lost, the card
can be deactivated along with the biometric. Therefore, if someone were to find
the ID card, he/she would not be able to simply use the card to gain access, as
he/she would also have to present a biometric. Another example of pre-September 11th installation of hand geometry is time and attendance applications. According to Biometrics (1999), the airline has over 2,000 full- and part-time employees using the system. The advantage in using biometric authentication for
time and attendance based systems is that it eliminates ‘buddy punching’ and
provides the airline with an accurate time and attendance record. At Ben Gurion
International Airport (2000), departing or arriving passengers use hand geometry
readers in conjunction with a credit card used for initial verification to gain a
receipt, allowing them to proceed through security.
Fingerprints
Fingerprints have a long history in personal identification and authentication,
the foundations of which were established by Galton in 1882, in a book titled
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Fingerprints, and Henry in 1901, who revised Galton’s features, also known as
minutiae points. Fingerprints are partitioned using the Henry Classification and
include right loop, left loop, whorl, arch, and tented arch. Galton features are
used for matching (Halici, Jain, & Erol, 1999). Galton defined four characteristics of a fingerprint: ridges, specifically the beginning and ending points of them;
forks; islands; and enclosures. Galton features were expanded to include dots,
short ridges, crossover, bridge and spur (Halici, Jain, & Erol, 1999). Within
biometric systems, there are two types of finger image typologies – minutiaand pattern-based systems. Minutiae-based systems have traditionally been
used within the forensic approach, and are the de facto standard for AFIS (Automatic Fingerprint Identification Systems). In this methodology, the minutiae are
extracted and recorded based on their location. For a more detailed discussion
on minutiae-based fingerprint feature extraction, see Halici, Jain, & Erol (1999).
The pattern-based approach has been driven by the requirements of smaller
sensors that can be deployed on mobile computers and PDA’s. According to
Soutar (2002), a pattern-based approach consists of two stages – a conversion
of the raw fingerprint image to “a cropped and down-sampled finger pattern”
followed by “cellular representation of the finger pattern to create the finger pattern interchange data” (p. 7).
Because of the Federal Aviation and Transportation Security Act of 2001, all
airports are to conduct criminal history record checks on all employees that
have unescorted access to secure areas. Fingerprint devices are being installed
in several airport facilities. As a response to the change in the law, many airports are purchasing biometric fingerprint technology. O’Hare International Airport uses finger imaging to secure entry and delivery into the universal air cargo
area. Combined with a smart card that holds manifest information, the fingerprint system identifies drivers and their corresponding trucks and cargo.
Iris Recognition
Iris recognition uses camera technology to recognize patterns within an iris
at a distance. These patterns include “arching ligaments, furrows, ridges, crypts,
rings, corona, freckles and a zigzag collarette” (Daugman, 2001, p. 2). Iris recognition has been deployed in a number of airports for employee identification
and identification at immigration halls. The first U.S. installation of iris recognition for airport security was at the Charlotte/Douglas International Airport (North
Carolina, USA). The system includes an access control station for U.S. Airways pilots and flight attendants, and a separate station for airport employees
and other airline personnel. At Frankfurt Airport, Germany, an iris recognitionbased identification system controls airport and airline employee access to
restricted areas and enhances security operations. This alternative eases the
cumbersome paper- and token-based identification processes and ensures security and convenience for airlines and employees. A five-month trial using iris
recognition is underway at Heathrow Airport. The trial is aimed at reducing the
time in the arrival hall where immigration documents are processed. Up to 2,000
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frequent-flyers on Virgin Atlantic Airlines and British Airways will participate in
the program (Eye Ticket, 2002).
Facial Recognition
There are several methodologies for facial identification, as discussed in Howell
(1999) and Podio (2001). Facial recognition is being trialed in a number of airports including Dallas-Fort Worth and Palm Beach International, where the technology will be deployed in checkpoint areas (Visionics, 2002). In Canada, Thunder
Bay International Airport utilizes facial recognition as an access control solution
(Industry Updates, 2002).
Biometrics and the Airport Environment
As discussed earlier, within the airport environment, there will be many different types of users; and many different classifiers may be employed in the same
facility, for example, attended enrollment at a security badge office, but unattended at the door or checkpoint. According to the Aviation Security Biometrics
W orking Group (ASBWG, 2001), there are five focus areas. These are transportation employees, surveillance, passengers, pilots and flight crew, and air traffic
controllers.
Each of these particular users will interact with the device in different ways.
While the classifiers described above are important in evaluating a biometric
before implementation, user psychology is important when assessing the implementation success of the biometric installation. According to Ashborne (2000),
biometric literature rarely discusses user psychology. If a user does not want to
use the system, he or she may not be consistent in the use of the system (e.g.
the presentation to the sensor), and will produce a wide variance in distance
measurements resulting in higher average error rate. The additional effect of
rejecting the user, even if claiming the correct identity, provides more reason for
the individual to be non-cooperative with the system. Conversely, someone who
is enthusiastic about the device will produce lower-than-average error rates. For
particular airport applications, door security for example, there are tangible benefits for users to accept the system. Check-in validation (due to the tangible
benefits) may induce the individual to perform at a lower-average-error rate. However, checkpoint screening at a choke-point within an airport may result in higher
errors, as people may or may not cooperate.
Identification brings problems of its own. Researchers have classified the
population into four groups: sheep, goats, lambs and wolves (Doddington, Liggett,
Martin, Przybocki, & Reynolds, 1998). Sheep are defined as the normal populace that have no problem enrolling and using biometrics, goats as people that
for one reason or another simply cannot enroll, lambs as people that their biometric measurements are easily mimicked in some way, and wolves as those
that can have measurements taken that will pass for someone else (Woodward,
2002).
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This poses challenges to airport authorities when trying to select the best
biometric for their specific application. The strengths and weaknesses of these
biometric technologies are a function of the application to which they are being
introduced. When selecting a specific technology, airport managers need to
focus not only within the application classifiers described above, but on a number of areas. User participation is a factor for successful deployment.
If a user does not want to use the system, he or she may not be consistent
in the use of the system (e.g., the presentation to the sensor), and will produce
a wide variance in distance measurements and a resulting higher average error
rate. The additional effect of rejecting the user, even if claiming the correct identity, provides more reason for the individual to be non-cooperative with the system.
However, several factors can improve the successful deployment of a biometric application. The first is to make sure that the biometric installation is not
dependent solely on the specific biometric alone. Biometrics is just one part of
the security system, and there are other factors that can affect the overall system chances of success or failure. The biggest mistake that individuals make
when introducing a biometric system is to assume that they know their population. However, the case is that biometrics may perform poorly when there are
outliers in the population. As discussed earlier, user perception is also important. For an employee access control solution at an airport, managers can
educate individuals and answer their questions or concerns. For a broader biometric program, such as a frequent traveler program, individuals may not want
to use the technology.This may be for a number of reasons such as fear, misconceptions, invasion of privacy or cultural objections. Another question is to
establish who the biometric users are – employees, contractors, or passengers. Again, these will have different application classifiers. What biometric is
going to be collected? This may be mandated or recommended by government
agencies, due to historical reasons. One such example is fingerprints for background checks. However, if the system is going to be closed, as the system in
San Francisco, the airport may choose the specific biometric technology. Other
biometric technologies might be mandated or recommended by international
bodies. Airport managers might also have to take into consideration device influences, such as sensor and hardware issues – cleaning the sensors due to dirt
and smears, residual samples (maybe the case in fingerprinting), sensor qualities, as well as human factors. Another factor for airport managers to consider is
throughput rates – at the security check-in for example, there will need to be
higher throughput than at an access control gate to the ramp.
Biometric Standards and Airport Security
However, some guides will aid airport managers and those making decisions
for biometric implementations. The USA Patriot Act (Act of 2001) in Public Law
107-56 Section 403c outlined the need for technology standard to confirm idenBiometric Technology: A Primer for Aviation Technology Students
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tity.The International Committee of Information Technology Standards (INCITS),
through its proposal IT/01-0917, established a new technical committee with
the purpose of developing standards for biometric technologies. As such, new
documents within the committee include proposals for biometric data conventions, formats for identification documents and card, application profiles for
interoperability and data interchange for the biometrics-based verification, identification of transportation workers, and verification and identification for border
crossings.
One of the goals for biometric standardization and aviation industry is being
pursued by the Transportation Security Administration (TSA), where the establishment of a common credential across the entire transportation system is
envisioned. This credential is envisioned to be used across all modes and for
access to secure areas of the transportation system. The goal of this standardized credential is the Transportation Workers Identification Card (TWIC). As it
involves identification of an individual, biometric technologies are being examined as part of this framework. According to Lazarick (2002), biometrics within
the airport environment will be reference and operational. Reference biometrics
will be used at the initial application and re-issuance. Lazarick anticipates the
use of fingerprint technology, where the template will be stored on the card and
also in a central database. This will, in effect, be a negative identification scenario to prevent alias enrollment. The operational biometric will be used for verification at points of access, and it is envisioned that local airports will select the
devices based on technology.As discussed in this article, there are many different types of biometric technologies, each suited for a number of different applications. Therefore, local airports may be made up of a number of different devices, capitalizing on the strengths of each biometric technology at a specific
application (access control, perimeter control, etc).
Conclusion
Given the current level of attention on aviation security, biometric technologies may provide an additional level of security that may not be available with
traditional tokens or password PIN combinations. Biometric identification will
play an important role for students in aviation. As discussed in this paper, there
are a number of biometric technologies available within the airline industry.A
caveat is that proper understanding of the environment and the application will
provide airports with the enhanced security and customer service required by
today’s traveling public.
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Abstract
History is replete with examples of powerful organizations led by
powerful people who recognized the value of passion or love for
the job in accomplishing the extraordinary. Aviation is no exception. In fact, aviators are known for their passion for flying that
sometimes borders on arrogance. Successful aviation leaders have
recognized the value of that pride and passion in achieving organizational mission success.
Contemporary research of aviation leadership indicates that aviators frequently see themselves as part of a prideful business that is
unique in its history and its achievement. The uniqueness of aviation leadership is attributed to: the volatility and futuristic nature of
the business; the safety issues and unforgiving nature of the profession that demands the highest standards; the visibility and public impact of aviation activity; the capital intensive requirements of
the industry; the technical skills and single focus sometimes required for success; and the camaraderie and esprit de corps of the
aviation community who share a passion for the industry. This article utilizes the findings of a 1998 study of the Characteristics of
Successful Aviation Leaders of Oklahoma to launch a review of
the literature and explore the power of passion in leading aviation
professionals.
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Introduction
Passion can be described in a variety of ways ranging from words of emotion
such as affection, devotion, and even love, to words of conviction such as enthusiasm or fervor for a topic or profession. The literature on leadership in general
uses these and many other synonyms to describe the powerful commitment
and emotion expressed as a fire in the belly kind of experience associated
with doing something you love. For purposes of this article, that expression will
be used to describe passion in leadership and to explore the power of that
passion in the aviation environment.
The emotion of passion can be associated with many professions. It is often
more readily associated with professions such as firefighting, military service,
medicine, and aviation, all of which require self-sacrifice, high risk, or noble
action. However, contemporary research has unearthed some surprising findings related to passion in a variety of other professions including management
and leadership. The power of leadership passion coupled with a passion for a
high-risk profession such as aviation provides a fertile field for future research.
Even before the Wright Brothers and the early attempts at flight, a fascination with and passion for flight has been a part of the history of aviation itself.
That passion manifested itself in the earliest years of flight with barnstormers
and their recklessness and willingness to risk their lives to engage in their profession. It has not diminished today, yet little has been done to research the
concept of passion in aviation leadership. This article will describe some of the
literature pertinent to passion in leadership and examine the impact of combining passion for both aviation and leadership in leading aviation professionals.
Contemporary Research
A beginning, albeit a small beginning, in researching the concept of passion
in aviation leadership had its origin in the 1998 findings of a qualitative study of
the Characteristics of Successful Aviation Leaders in Oklahoma which surfaced
some interesting perspectives on the implications of passion. In that study (Kutz,
1998), 18 aviation leaders from a variety of different aviation specialties were
interviewed regarding their background, opinions, and recommendations for future aviation leaders. When asked what if any differences they had noticed in
achieving success as a leader in aviation versus another environment, 50 percent of the respondents perceived the aviation leadership role as unique and
many of them cited passion as a reason for that uniqueness. The leaders cited
examples of their observations of passion at work in the aviation industry and
their perception of why aviation leaders often demonstrate a significantly higher
level of passion. Their perceptions included:
1. the natural high of a high-risk profession;
2. a pride and certain glamour that comes from the ability to conquer the
skies especially in the early years of aviation;
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3. the greater emphasis on quality and higher standards necessary in
aviation because of the unforgiving nature of the environment;
4. the dynamic nature of the profession both technically and in terms of
the business risk and capital intensiveness of the business;
5. the more structured and disciplined nature of the environment;
6. the critical importance of being futuristic and visionary in such a volatile
industry;
7. the impact of the overall aviation mission on the public;
8. the complexity of the technical skills necessary to survive;
9. the camaraderie or esprit de corps of aviation professionals; and
10. the sometimes single focus on aviation based on the love for the field.
As the research questions probed more deeply into the concept of motivation
and leaders were asked what motivates aviation leaders to perform exceptionally, the most frequently identified motivator of successful aviation leaders was a
love for the aviation business, a love for flying and a love for their job and what
they do (Kutz, 1998). The Kutz findings were consistent with those of Kouzes
and Posner (1995), and other more generic leadership research.
Kouzes and Posner (1995) described, “Love—of their products, their services, their constituents, their clients and customers, and their work” as possibly “the best-kept leadership secret of all” (p.14). This observation followed several years of research in which Kouzes and Posner created a research base of
60,000 leaders and constituents in a variety of occupations worldwide.
Review of the Literature
The Power of Leadership Passion
The concept of passion and love as an act of will or conviction and a source
of power is supported in the literature in a variety of ways. That power is a
derivative of a number of specific qualities noted in effective leaders.
Active, energetic leadership. Clemmer (1995) lamented the misuse of that
power when managers create a “passionless culture of budgets, business plans,
strategies, and projects and try to energize people by mission statements,
visions, values and other leader speak (¶2). Clemmer’s article went on to describe effective leadership as action, not a position. Effective leaders generate
action that comes from creating energy through excitement or urgency (¶7).
In his study of hundreds of ‘peak performers,’ Garfield (Clemmer, 1995) alluded to that energy which produces action when he described preference with
a passion or commitment to what they do as one of the single most dramatic
differences between peak performers and their less productive colleagues (¶5).
Leadership service. In an article entitled “Starting the Young on Passion for
Leadership,” Jimenez (2003) cited Maxwell’s description of a true leader in “The
One Emotional Aspect of Aviation Leadership
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21 Indispensable Qualities of a Leader” as someone with “a passion to serve
and build up others to the point of sacrificing your own personal wants for their
sake and benefit.” He described that passion as “loving your people more than
your position” (¶15).
Primal Leadership, Realizing the Power of Emotional Intelligence, Goleman,
Boyatzis, and McKee (2002), a team of renowned researchers, explored the
role of emotional intelligence in leadership and described the discovery of “The
Ideal Self” as the point where change begins. When leaders engage only at the
intellectual level, it is difficult to maintain the energy and commitment that comes
with a deep passion about one’s profession. It is that connection with one’s
dreams that releases passion, energy and excitement and arouses enthusiasm
in those who lead. They described the process of reaching deep into one’s gut
level to develop the ideal image and becoming passionate about the possibilities life holds (pp.115-116).
Peters and Austin (1986) described a seminar where a young undergraduate
asked what the most important criterion for success might be. Peters wrote on
the board, in letters a foot-and-a-half high, the word “Passion,” and proceeded to
elaborate that “you gotta love what you do. You gotta care” (p. 339). He later
quoted Vince Lombardi, coach of the Green Bay Packers, as saying, “I don’t
necessarily have to like my associates, but as a man I must love them. Love is
loyalty. Love is teamwork. Love respects the dignity of the individual. Heartpower
is the strength of your corporation” (p. 341).
Neff and Citrin (1999) of the renowned executive search firm, Spencer Stewart,
described their efforts to identify the most successful business leaders in America
based upon the most exacting standards imaginable. In their book, Lessons
from the Top, The Search for Americas Best Business Leader, they interviewed
each of the fifty leaders regarding their accomplishments, beliefs, careers, etc.
and identified ten traits each of the leaders seemed to have in common. The first
and most noticeable trait, according to Neff and Citrin, was the passion that the
leaders shared for their people and their companies. When asked for their advice to young people, they almost unanimously advocated loving what you do
(pp. 379-380).
Conviction. In Eagles Flight, Learning that Powers Performance, an article
entitled “Conviction Must Include Passion,” passion is described as an inner fire
or an emotion that “carries conviction…from the heart of one person…to the
inner self of others” (2002, ¶4). It further implored leaders not to allow their
convictions to motivate only themselves, but “through the magic of passion,
your visible excitement, allow them to be passed on to those looking to you for
leadership” (¶5).
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Aviation Leadership Passion
Lindbergh (1953) described the passion for aviation as “a love for the air and
sky and flying, the lure of adventure, the appreciation of beauty. It lay beyond
the descriptive words of men—where immortality is touched through danger,
where life meets death on an equal plane; where man is more than man” (p.3).
Petzinger (1995), in Hard Landing, The Epic Contest for Power and Profits
That Plunged the Airlines into Chaos, described flying as “an act of conquest, of
defeating the most basic and powerful forces of nature” (p. xvii). It involves the
power to wipe out hundreds of lives with one mistake.
The margin of error in the industry itself is thin with the ability to implode and
wipe out a long list of companies that once were going strong such as Pan Am,
Eastern, Braniff, and many others. Petzinger described it this way. “The union of
devilish details and “godlike power,” as Lindbergh found in the act of flying,
makes commercial aviation compelling for yet another reason: the anthropology of the executive suite…. The men who run the airlines of America are an
extreme type; calling them men of ego would be like calling Mount McKinley a
rise in the landscape” (p. xix). He further describes these executives as men “of
an age and of a type…all of them stricken with the same infatuation with aviation
and all of them committed to achieving personal triumph” (Pettzinger, 1995, p.
xxi).
Nowhere is the love or passion for aviation and aviation leadership more apparent than at Southwest Airlines which has built its phenomenal success in
the industry not only on their passion for aviation and for their company but for
their love for their customers, co-workers, the aviation public and people in general. Freiberg and Freiberg (1998), in their book entitled “Nuts! Southwest Airlines Crazy Recipe for Business and Personal Success, devoted an entire
chapter to the concept of love at Southwest. They described the LUV ticker
symbol at Southwest not just an advertising theme but a symbol of the loving
character of the company that permeates all levels of the organization as well
as the hiring practice based on people who can externalize or focus on other
people. They recognized that even though “macho managers might never use
the word ‘love’ in the workplace, most would admit that, when it comes right
down to it, the deepest need in human existence is the need to be loved and
accepted and that need does not mysteriously disappear when employees walk
through the door at work” (p. 217). Southwest believes love is an act of will,
something you do and that love permeates the organization all the way to its
leadership and the CEO level where it is reflected in the actions of Herb Kelleher
as he helps load baggage on Thanksgiving or refuses to change his schedule
when he has a commitment to Southwest employees (p. 221).

One Emotional Aspect of Aviation Leadership
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Problems with Passion in Aviation Leadership
Are there circumstances when passion, love, energy, and drive to action can
impact aviation leadership in a negative way? Does a passion for aviation necessarily equate to a passion for leadership?
I Just Want to Fly
Aviation students frequently share the passion for flight, which is often expressed in frustration with the need for courses that develop skill in communication and leadership as well as other soft skills. The student perceptions are that
they will find a career that lets them operate solely within their passion for
aviation. Much to their surprise, they discover that human communications,
team leadership, and technical skills are essential even in the cockpit. Because
of their technical skills, they more than likely will be thrust into organizational
leadership roles and the transition from a passion for aviation to a passion for
leadership is sometimes difficult.
Unrealistic Expectations and Impatience with Perceived
Underperformance. Passion for aviation can even become a negative in leadership when there is a tendency toward impatience and perceived disrespect for
the talents of non-pilots in the organization. In The Leadership Team: Leading
Lines. Coaching to Help You Lead and Succeed, Geisler, Dunlap, Favre, and
Johnson (2001) described feedback where managers were commended for their
passion but were also described as brusque, easily frustrated, impatient, all of
which were descriptors of poor interpersonal skills. It seemed that the evaluators were “sending a message to their leaders that their passion may explain
why you treat us this way, but it doesn’t excuse it; we want your passion channeled in more positive ways” (¶3).
Passion for Aviation versus Wise Decision Making. Aviation management
textbooks often caution students about the impact of their passion for aviation
that gets in the way of wise decision-making in a management role. Decisions
driven by a love for aviation rather than a passion for wise management of the
company can severely impact the effectiveness of the organization. For example, capital investments in new aircraft may be excessive if a decision to
purchase is driven by a fascination with new technology that outweighs wise
business practice.
Petzinger (1995) described aviation leaders whose passion for the industry
and for the job contributed not only to their personal demise but to that of the
company they led.
“….in the end most of these men were exiled from the executive suite…when
that same overwhelming ambition that drives so many executives to the top
also assures their failure; that when executives form emotional attachments
in business, whether to people, markets or machines, they deprive themselves of their best business judgment; that those who know an industry best
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are the most likely to take for granted, and ultimately ignore, its most inviolate principles; that although the rebuke may be slow in coming, greed in the
end, is almost always punished; that economics in short overpowers ego.
Just as they reflect the excesses of business in so many other respects the
airlines bespeak these lessons in spades” (p. xxii).
Conclusions and Recommendations
The concept of passion for aviation coupled with a passion for aviation leadership and the subsequent dynamics of leadership that could harness the combined power of both emotions deserves much more extensive study.The Oklahoma State University study (Kutz, 1998) simply exposed the deficit of understanding and the potential for a line of inquiry into a powerful leadership tool for
future generations of aviation leadership students. The power of passion and the
potential for subsequent problems associated with that passion are fertile fields
of further inquiry. In the meantime, it is important to recognize that emotions
such as passion and love are not mutually exclusive to success in leadership.
On the contrary, preliminary research and actual organizational examples such
as Southwest Airlines demonstrate the importance of these emotions to success in aviation leadership.
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The 251-page textbook is a pleasant departure from the dozens of self-help
books that promise relief from fear, but never tell you if their advice really works.
Robert Bor and Lucas van Gerwen treat their readers to a buffet of clinical studies, therapy critiques, technological aides, suggestions for air carrier personnel,
and therapy success stories. Most of the studies followed a survey research
format, rather than an ethnographic, empirical approach, since the aim of the
research studies was not to study a population of phobics, but rather to address
the root cause of the phobia and apply meaningful therapeutic strategies. Data
collected were generally of the ordinal scale variety, analyzed by non-parametric statistics. Therefore, most of the statistics were descriptive in nature and
generalizations were more meaningful for the populations sampled rather than
for the greater population of those with a fear of flight. Each study concluded
with a list of limitations or recommendations. In all cases, the authors were
honest about their results and did not overemphasize their meaningfulness.
Sample populations used in these studies tended to be potential passengers
on commercial aircraft who suffered from one or more phobias. Fear of flying in
pilots or aircrew members, caused by traumatic aircraft accidents, was not
addressed.
From the outset, this text puts to rest any notion that the contents are anecdotal accounts or that the authors are largely unknown souls doing poor work.
Requests for reprints should be sent to Beverly Laughead, FA A Academy,AMA-502-OU,
P.O. Box 25082, Oklahoma City, OK 73125.
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Before the preface, which was written by such notables as Robert Wolfger
and Josine Arondeus, the reader is presented with summaries of each author’s
work and credentials. With the aid of some foreshadowing of text’s content in
the introduction, the chapters were gift wrapped with thoughtful introductions
and informative conclusions. If a format is suggested, it is that the reliability
studies for the flight anxiety situations (FAS) questionnaire, the visual analogue
flight anxiety scale (VAFAS), and the flight anxiety modality (FAM) questionnaire are presented in the first half of the text, allowing the editors to place
companion studies in the second half of the text. Occasionally, the editors
interleaved a position paper among the studies, perhaps to break up the steady
flow of statistical information. Placing Flight Crew Involvement (Chapter 14) and
Putting Fear to Flight (Chapter 15) at the end of the text was a brilliant move.
Chapter 14 gave air carriers something to do and Chapter 15 ended on the high
note of success.
Forty-two percent of the contributors had ties to the VALK Foundation, a
collaborative venture between the University of Leiden, KLM, Royal Dutch Airlines, and the Amsterdam Airport Schiphol. Out of 15 chapters in the text, six
were written by those associated with the foundation. The VALK Foundation
(http://www.valk.org) has been in operation since 1989 and has continued to
perfect the scientific basis for therapies related to the cessation of fear of flying.
Clearly, the VALK Foundation is making a difference.
European authors are in the majority in this text. Exposure to European
studies expands the reading list for most American readers. Comparison of fear
of flying treatment protocols, among practitioners in the United States, Australia, and Europe, give readers an idea of where the western world is currently
focused. Although two contributors were from Australia, the text does not represent the possibility of alternative approaches to treatment for fear of flying from
Asia, Africa, South America, or the Near East. Future texts on this subject
should include the effect of culture on treatment methods.
Robert Bor and Lucas van Gerwen, in the introduction to their text, characterized a portion of their target audience as psychologists, psychiatrists, pilots, air
carrier employees, law enforcement, clergy, medical doctors and nurses, and
rescue workers engaged in the many aspects of fear of flying awareness and
treatment. However, it appears that most of the chapters were written for psychologists or those directly involved in treatment (doctors, nurses, flight attendants, and clergy). Pilots, air carrier employees, law enforcement, and rescue
services personnel might appreciate the topics in Chapters 2, 3, and 14, but
might not appreciate or fully understand the implications of the rest of the text
without tutorials on statistics, psychological therapies, and jargon used in this
field.
Those suffering from fear of flying might also benefit from this text, not because it provides aid to their suffering, but because there is evidence that some
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treatments have a higher success rate than other treatments. Today’s patients
like to know that there is a return on investment for treatment. Many of the
programs are costly, and as Mandy said in Chapter 15, “I’m not doing anything
else because it’s cost me a fortune and I can’t afford any more” (p. 238).
The text has utility for the classroom, as a companion text. The content
might not be lengthy enough for a stand-alone text, but if paired together with
other research studies in the same field, it would give the students a foundation
from which to launch into discussion and further study. Instructors will find it
easy to rearrange the chapter sequence as best fits their classroom needs.
At the close of this review, special attention should be given to the editors.
Readers often judge an edited text by the strength of credentials of its editors.
They will not be disappointed by what they discover about Robert Bor and Lucas
van Gerwen. The text is a masterful work of scientific research on fear of flying,
well packaged, and thoughtfully presented. Buy one for your library or use it as
a course text. You will not be sorry.

Book Review: Psychological Perspectives on Fear of Flying
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It is often said that it is a small world. That is certainly the case in the world
of aviation psychology. Before being asked to review Passenger Behaviour,I
had reviewed the proposal for the book by request of the publisher. Despite my
initial doubts, Robert Bor, the volume’s editor, has pulled off an ambitious project.
American readers, however, are cautioned that it contains numerous examples
of Winston Churchill’s assertion that the English and the Americans are separated by a common language. For example, I had no idea what a “hen weekend”
was, so to clue me in, I had to find a bona fide Brit (no easy feat in Oklahoma).
Such distractions, however, are a very small price to pay for the wisdom of the
chapters and lend to its charm. There are some deeper cultural issues, however, that may prove a little more cumbersome. I happened to sit next to a travel
agent from Calgary at the SkyDome in Toronto who explained to me the concept
(and popularity) of package tours in Canada and Europe, a marketing technique
infrequently used in the United States. Having dispensed with these minor issues, let’s now consider specific aspects of Passenger Behaviour. Most readers will not read this book from cover to cover the way I did to prepare this review
and will instead use it as a reference tool. Nevertheless, each section deserves
careful consideration.
The reader is first impressed with the stable of talent that Bor has assembled
to produce this book. The contributors are listed alphabetically; Bor is listed
first as a function of his last name being first alphabetically. The contributors
include a lawyer, travel consultants, medical doctors, and research and clinical
psychologists, and many other specialists.

Requests for reprints should be sent to Beverly Laughead, FA A Academy,AMA-502-OU,
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Bor sets the stage with his excellent introduction. He informs us that the
book is intended primary for flight and cabin crews and others who work in
commercial aviation. This reviewer would be remiss not to point out a glaring
error in the introduction (page 6): Flight 93 did not crash in a field in New Jersey;
it took off from Newark, New Jersey and crashed into a field in the neighboring
state of Pennsylvania. Similar to the contributor Simon Calder who “was born
two miles from the runway at Gatwick Airport,” I was born within two miles of the
runways at Newark. To their credit, all of the other contributors get this detail
right.
Glenvil Smith provides a brief but comprehensive chapter on the legal aspects of passenger behavior. He successfully avoids the perils of writing about
laws that do not pertain to the majority of readers and instead focuses on the
issues of interest to an international audience. Iain B. McIntosh convincingly
maps the genesis of air rage as a manifestation of flight-related stress and overindulgence of alcohol. Despite writing a comprehensive and well thought-out
chapter, he errs when he suggests that air travel “continues to increase” (page
17) despite the events of September 11. Other contributors are more accurate
on this point. Alex Cruz and Linda Papadopoulos provide a chapter on the evolution of the airline industry and the consequences on passenger behavior.The
requirements for the early “air hostesses” (page 34) are particularly amusing.
While they had to be nurses and weigh less than 115 pounds, their duties
included baggage handling and refueling the aircraft! The reader is introduced to
a bygone era of passenger aviation that was expensive, exclusive, luxurious,
and sometimes unreliable. Nevertheless, passengers were on their best behavior, and usually in their best clothes. What happened to this exclusivity? The
authors point to the revolutionary low-cost carrier, “People’s Express.” As a side
note, the airline was actually named People Express, another fact I know from
my childhood proximity to Newark (now Liberty) International Airport. The authors also delineate a theory of air rage. The root causes include the deterioration of cabin service, cabin crew profile, smoking bans, flight delays, and the
profile of the passengers themselves (page 41).
Elaine Iljon Foreman gives us an overview of the fear of flying. She contends
that fear of flying is actually a cluster of disorders to include fear of crashing,
heights, confinement, instability, panicking, and lack of control. This chapter is
of great interest to the more psychologically minded reader as it delves into
some pretty heavy theories of cognitive behavioral psychotherapy. I enjoyed it,
but I’m a clinical psychologist and I eat this sort of stuff right up. Other readers
may wish to skim this chapter. Julia Heller continues this clinical trend by writing about psychological and psychiatric difficulties among airline passengers.
She asserts on pages 60 and 61 that “medical consultation was sought on
approximately 24 per cent of U.S. flights.” It just can’t be accurate that medical
consultation is needed on a quarter of all U.S. flights. In any case, those who
are forced to deal with passengers’ anxiety while at 35,000 feet will find this
chapter to be of some use.
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Olga Levitt and Robert Bor explicitly deal with a topic that the other contributors also touch on when they consider air travel and the implications for relationships. They succinctly state: “Transitions perturb people (page 66).” Their exploration of Bowlby’s attachment theory is not for those uninterested in psychology. Susanne Robbins introduces us to homesickness. She points out “passengers on the same flight will typically be flying for very different reasons and
will experience the flight in very different ways (page 81).” While members of
various cultures may differ in their experience of homesickness, Robbins maintains that couples saying goodbye all bear resemblance to children being separated from their primary caregivers.
Angela Dahlberg, in considering air rage, takes issue with the concept of an
expectation that passengers assist when things go awry in the cabin. She maintains that such an expectation is not in line with the promises of safe transportation. She asserts that new selection techniques are needed to staff the cabin
to address newly emerged security concerns.
Lauren J. Thomas writes about passenger attention to safety information and
concludes, on the basis of published survey data, that many passengers simply
to not pay attention to the information that is presented to them. Ignoring this
information, which passengers assume is just redundant with information they
have heard on other flights, puts themselves and others at risk. She specifically
addresses the duties of those of us who tend to populate the emergency row
exits and notes the counterintuitive nature and difficulty of operating a Type III
exit hatch. This reviewer has had occasion to operate this type of exit hatch,
during a training exercise, and could not agree more completely. Ed Galea, in
the largest chapter of the book, expands upon the topic of passenger behavior in
emergency situations and notes passengers’ tendency to exit from the door
they boarded. He notes the research facilities at the Civil Aerospace Medical
Institute (CAMI) and Cranfield University but notes that real-life evacuations differ from laboratory studies due to social bonding – passengers attempt to reunite with separated traveling companions. The reader is advised that the author
uses the acronym CAMI twice before defining it. This chapter makes extensive
use of photographs and other illustrations.
Man Cheung Chung notes the devastating impact aircraft disasters have on
the communities in which they occur in his interesting chapter on the psychological impact of aircraft disasters. He also notes the trauma that rescue and
recovery workers face, particularly when children are among the victims.
Margaret A. Wilson changes the focus of the book a bit by focusing on hostage situations aboard aircraft. Drawing upon a rich history of hijacking events,
Wilson delineates likely outcomes of hijacking scenarios suggesting that hijackers and their victims follow preordained scripts. Wilson finally concedes
that the events of September 11 may have changed all the rules of behavior in
future hijacking events.
Book Review: Passenger Behaviour
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The book then takes a medical turn and addresses the issues of the physiology of flying (Richard Dawood), illness among passengers (Jane N. Zuckerman),
and travel fatigue and jet lag (Jim Waterhouse, Thomas Reilly, and Ben Edwards).
These are useful chapters for passengers and aircrew alike as they may help
prepare humans for the unique adaptations required for existing in a small space,
at altitude, for extended periods of time and then finding themselves in a time
zone not in synchrony with their body clock Smokers and liberal alcohol imbibers, in particular, will find useful information.
Next Peter Jones and Margaret Lumbers consider appetite and in-flight catering. Their chapter provides inside information on the logistics of serving a hot
meal in the setting of an aircraft. Their treatment of thirst and its management is
equally fascinating. Stephen Clift tackles the topic of sex and international travel.
This reviewer thought he would spend more time on the type of behaviors some
passengers engage in while flying. Rather, Clift focuses on those individuals
(the authors note that this tendency is not limited to male travelers) who fly
specifically to reach locations where they may engage in sex more freely than
at home (“sex tourism”). Such behavior has public health implications due to the
spread of disease. These practices are made even more dangerous and exploitive
due to the practice of importing women and girls from third world countries
expressly for sexual purposes. Finally, Simon Calder addresses the status of
civil aviation. He notes that some airlines have de-evolved to the point where
they promise nothing - and then deliver it. Dealing with modern airports is no
more relaxing for the traveling public. Calder concludes by stating: “violent or
aggressive behavior by passengers can never be justified, but the reasons for it
can be understood, and steps taken to reduce the causes of disruption” (to
include improved service and a reduction in the amount of alcohol offered to
passengers, particularly those in the premium classes).
Bor’s book will not be considered light reading by anyone lucky enough to
have an opportunity to study the wisdom contained within its covers. As noted,
it is also not perfectly consistent from chapter to chapter. For those of us who fly
on a regular basis, however, obtaining and studying this book promises to return
substantial
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In general, the role of aviation is only briefly touched upon in historical treat
ments of World War I, also referred to as the Great War. Historians focus primarily upon causative events leading up to war, postwar diplomacy including Wilson’s
fourteen points, and terms Germany was forced to accept under the Versailles
Peace Treaty. Because of the role this treaty played in leading to a Second
W orld War, positive contributions of World War One Aviation has not been accorded the study it deserves.
Dr. Cooke successfully used multiple primary, secondary, unit histories, and
periodical articles while attempting to detail contributions by the United States
Air Service to the Great War.As stated in his introduction, this work started with
research into the Rainbow Division, composed of National Guard units from 26
states and the District of Columbia. The four infantry regiments were respectively 165th (formerly New York’s 69th), 166th (formerly Ohio’s 4th), 167th (formerly Alabama’s 4th), and 168th (formerly Iowa’s 3rd). It was during his Rainbow Division research Dr. Cooke realized the division usually contained some
form of aviation assets: either pursuit aircraft or observation balloons, or both.
He also states the official four-volume U.S. Air Service in World War One contained a wealth of information. However, this resource failed to appreciate and
tie together the larger picture of how operational aviation assets (pursuit, observation, and bombardment squadrons) logistically operated with maintenance,
supply, and U.S. flight training occurring in England, France, and the United
States.
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Dr. Cooke attempts to integrate all aspects of aviation together by concentrating only upon American Air Power and its use toward a successful allied
prosecution of the war. Before the war, aviation in America was a novelty most
individuals regarded as foolish with only a few individuals, primarily the Aero
Club of America, calling unsuccessfully for aviation to be adapted for military
needs. The work begins by outlining American Congressional and War Department attitudes towards military aviation. After American entrance into the Great
War in 1917, military aviation assets existed but not in sufficient numbers to
support American Ground Forces against German Airpower. Dr. Cooke takes
the reader on a journey from America’s early period of aviation unpreparedness
to creation of a strong aviation arm within the U.S. Military. Once Congress
approved the aviation wing of the U.S. Military, it had to be organized, schools
constructed, pilots trained, equipment transported to Europe and further training
conducted in the war zone. This effect began with few assets and less experience.
The bias aviation encountered by traditional military combat arms is presented along with the attempt by aviation-minded individuals to work with traditional combat arms. If not for attempts by aviation-minded individuals like Billy
Mitchell, Frank Lahm, and individuals who previously had flown with either the
Royal Flying Corp or Lafayette Escadrille, the American Air Service efforts,finding itself in a new technological war, would have been greatly hindered. This is
evident with the discussion of air operations during the Marne Counteroffensive,
St. Mihiel Offensive, and battle for Meuse-Argonnne. The author does not stop
here but takes the reader through both demobilization and occupation duty.
This book is significant in the fact that it explores World War One Aviation,
not from a pilot or unit perspective along with the glory those publications tend
to immortalize, but from a military command and control perspective. Subject
matter such as this is seriously needed in Great War Aviation history. Mature
scholars with an interest in American Air Power organization during World War
I,Aeronautical logistics, or military command and control functions should read
this book.
It is readily apparent both students and staff in attendance at the U.S. Air
Force Air War College would utilize this work, rich with unit numbers and statistics, which non-scholarly and individuals without previous military experience
might find tedious. Having retired from Naval Aviation, I feel this military experience is essential for comprehension of each political decision or rational for
each command and control policy adopted during the war.
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