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This study examined flare accident rates and probable causes for improper flares.
Measures included the analysis of 6,676 aircraft accident reports published by the
National Transportation Safety Board and a 21-item perception questionnaire
administered to 134 pilots with varying experience levels. The results revealed rel-
atively high flare accident rates and showed that pilots believed the flare to be more
difficult than 9 other standard flight maneuvers. The results also showed that pilots
reported experience and instruction as the most important factors for proper flares.
This study indicates that those factors are also probable causes for improper flares
and discusses how they relate to depth perception. 

One of the first obstacles that student pilots have to face is landing an aircraft. Per-
fect landings are the ambition of every pilot and landings are frequently used to
evaluate pilot performance (Collins, 1981; King, 1998). Failure to properly land
the aircraft increases the time to solo and may discourage students from pursuing
the private pilot certificate. Yet, it is specifically the landing phase that most pilots
struggle with (Balfour, 1988; Matson, 1973; Nagel, 1988). Figure 1 shows the
breakdown of mean total and fatal accident-involved aircraft by first phase of
operation for the years 1995, 1996, and 1997 (National Transportation Safety
Board [NTSB], 1998, 1999, 2000) and establishes the landing phase as the lead-
ing cause of all nonfatal aircraft accidents.

A special maneuver within the landing phase of operation is the flare. The flare
is the transition from a controlled descent to actual contact with the landing sur-
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face (Federal Aviation Administration [FAA], 1999; Grosz et al., 1995) and is
also known as the flareout, roundout, or leveloff (Jeppesen, 1985). The task of
determining the aircraft altitude above ground is crucial to a successful flare
(Green, Muir, James, Gradwell, & Green, 1996) and is accomplished by the use
of vision more than any other sense (FAA, 1999; Jeppesen, 1985; Menon, 1996;
Nagel, 1988; Thom, 1992). Specifically, pilots rely on monocular depth percep-
tion cues rather than binocular depth perception cues (Benson, 1999; Bond,
Bryan, Rigney, & Warren, 1962; Langewiesche, 1972; Nagel, 1988). 

Because binocular depth perception is innate or acquired very early in life
(Fox, Aslin, Shea, & Dumais, 1980; Kalat, 1998; Reading, 1983; Reinecke &
Simons, 1974) and monocular depth perception is learned or dependent on expe-
rience (Benson, 1999; Bramson, 1982; Langewiesche, 1972; Love, 1995; Marieb,
1995; Tredici, 1996), the difference between binocular and monocular cues is
similar to the difference between nature versus nurture and is fundamental to
flare-training methods (for functional differences between binocular and monoc-
ular cues see Güntürkün, Miceli, & Watanabe, 1993; Green, 1988; Reinhart,
1982, 1996; Reinhart & Rutland, 1997). 

Failure to accurately determine aircraft altitude may result in flaring the air-
craft too high (Gleim, 1998; King, 1999; Quinlan, 1999) or too low above the
runway (Christy, 1991; Kershner, 1981; Love, 1995). Such flares may lead to a
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FIGURE 1 A breakdown of mean total and fatal accident-involved aircraft by first phase of
operation, 1995, 1996, and 1997 (adapted from National Transportation Safety Board, 1998,
1999, 2000).



stall and a hard landing (FAA, 1999), bouncing (FAA, 1999; Kershner, 1998), or
wheelbarrow landings (Butcher, 1996; Love, 1995) that contribute to increased
payloads on the main landing gear tires and struts at impact. Improper flares also
increase brake, nosewheel tire, and nosewheel shimmy dampener wear (on Cess-
nas; Christy, 1991; Jorgensen & Schley, 1990). 

The psychological consequences of improper flares are subtler. Because pilots
strive for perfect landings, improper flares may affect pilot self-esteem and self-
efficacy. For student pilots, improper flares may directly contribute to an increase
in time to solo, training costs, and dropout rates. In reference to the landing phase
of operations, the Flight Training Handbook (as cited in Matson, 1973) deter-
mined that “if the student shows no progress at first, he may become discouraged
and a severe mental handicap may develop” (p. 5).

The purpose of this study was to determine general aviation flare accident
rates and to study probable causes for improper flares. For this purpose the flare
maneuver was defined as the ability to determine 10 to 20 ft from the ground and
initiate the leveloff. 

STUDY 1: NTSB ACCIDENT REPORTS

Accident reports produced by the NTSB were analyzed to determine flare acci-
dent rates. The NTSB is an independent federal agency that investigates every
civil aviation accident in the United States. The accident database compiled by
the NTSB is open to the public and contains information about civil aviation
accidents within the United States, its territories and possessions, and in interna-
tional waters. In this study, only final descriptions of accident reports and proba-
ble causes were used. Because the lag time between preliminary and final reports
is approximately 3 years, this study analyzed accident reports from 1995 (NTSB,
1998), 1996 (NTSB, 1999), and 1997 (NTSB, 2000). Each narrative was read and
analyzed. An accident report was labeled as a flare accident if the NTSB deter-
mined the probable cause to be a flare accident or if there were definitive clues
within the narrative that implicated a flare accident. Overall, 6,676 accident
reports were analyzed.

STUDY 2: PILOT PERCEPTION QUESTIONNAIRE

Method

In addition to the analysis of NTSB reports, this study assessed pilot perceptions
of the flare as a function of experience. Three groups of pilots (novice, interme-
diate, and expert) were surveyed with purposive sampling. 
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Participants

Participants were 134 pilots (novice = 55, intermediate = 45, expert = 34) from
three Part 141-approved flight schools in the state of Oklahoma. The novice group
included student pilots (n = 55; M age = 20.45, SD = 3.31; M total flight
time = 27.68 hr, SD = 16.26) who were training for the private pilot certificate. Stu-
dent pilot total time exceeded 10 hr but did not exceed 60 hr at the time of the study.
The intermediate experience group included instrument student pilots (n = 45;
M age = 22.27, SD = 4.46; M total flight time = 183.02 hr, SD = 39.49) who were
training for the instrument-rating certificate. Instrument pilot total time exceeded
150 hr but was not more than 200 hr at the time of the study. Finally, the expert
group consisted of certified flight instructors (CFIs) who were actively involved in
student training (n = 34; M age = 25.85, SD = 5.21; M total flight time = 785.53 hr,
SD = 750.59). The total pilot time for CFIs exceeded 300 hr at the time of the study. 

The three flight schools were the Department of Aviation and Space  at Okla-
homa State University located in Stillwater, Oklahoma, the Spartan School of
Aeronautics located in Tulsa, Oklahoma, and the Department of Aviation at the
University of Oklahoma located in Norman. 

Oklahoma State University is a large (approximately 19,553 students; Summary
of Enrollment Spring 2000, 2000) comprehensive research university. Students par-
ticipating in the bachelor degree in aviation sciences with specialization in the pro-
fessional pilot program were recruited. The Department of Aviation and Space pro-
gram operates from Stillwater Municipal Airport. Spartan is a private aeronautical
college that offers diploma and associate degree programs. Students participating in
the professional pilot diploma program and the professional pilot degree program
were recruited. The Spartan School of Aeronautics operates from Richard Lloyd
Jones Airport in Tulsa. Finally, the University of Oklahoma is a large (approximately
23,153 students; Norman Campus Enrollment Summary, 2000) comprehensive
research university. Students specializing in the professional pilot or aviation man-
agement program that leads to an undergraduate degree in aviation were recruited.
The Department of Aviation operates from Max Westheimer Airpark in Norman.

Materials

Pilot perceptions were assessed with a 21-item questionnaire. The questionnaire was
developed with the assistance of novice, intermediate, and expert pilots. Experts in
the field of aviation and psychology were asked to rate the items for content valid-
ity on a scale ranging from 1 (low content validity) to 10 (high content validity), and
only items with a mean rating of 8 or higher were included in the questionnaire. 

To conceal the true nature of the study, pilots were asked to rate the flare maneu-
ver and nine other randomly selected standard flight maneuvers for the level of dif-
ficulty on a scale ranging from 1 (extremely easy) to 7 (extremely difficult) under
optimal conditions (i.e., no wind, 10 miles visibility). After rating the 10 items,
pilots turned the page and learned that the study was specific to the landing flare.
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In Item 11, pilots were provided with the number of total annual U.S. landing
accidents and were asked to estimate the number of annual flare accident fre-
quencies. The total number of annual landing accidents was 487 and was com-
posed from the mean number of landing accidents for 1995, 1996, and 1997. Pilot
estimates of landing flare accident frequencies were compared with accident sta-
tistics derived from this study and provided an index to the perceived significance
of the flare maneuver. Pilots were asked to indicate how confident they were in
their estimates of annual flare accident frequencies on a scale ranging from 1 (low
confident) to 7 (high confidence) in Item 12. 

After rating their level of confidence, pilots turned the page and learned that
the next items were not only specific to the landing flare but also to their ability
to determine when to initiate the flare, that is, estimate 10 to 20 ft from the
ground. Pilots imagined that they were transitioning from descent attitude to flare
attitude in Item 13 and indicated how confident they were that their aircraft was
10 to 20 ft from the ground on a scale ranging from 1 (low confidence) to 7 (high
confidence). In Item 14, pilots recalled their first solo flare attempts and rated fac-
tors that assisted them in determining the aircraft altitude before initiating the
flare (CFI instruction, instrument readings, practice, pilot manual, ground-school
training, other) on a 7-point-scale ranging from 1 (not at all) to 7 (to great extent).
After a reminder that pilots flare the aircraft 10 to 20 ft from the ground, Item 15
ascertained how pilots rated the task of judging altitude when initiating the flare
on a scale ranging from 1 (very easy) to 7 (very difficult). In Item 16, pilots imag-
ined that they were on approach for landing and were asked to choose how they
determine when to initiate the flare, that is, how did they know they were 10 to
20 ft from the ground (instrument readings, gut reaction, I don’t, sense of sight,
sense of balance, other). Pilots were asked to indicate if there was a need for
improved flare-training methods in Item 17, on a scale ranging from 1 (definitely
yes) to 7 (definitely no) and to what factors (pattern practice, natural ability, sheer
luck, aviation books, my instructor, other) did they attribute their current suc-
cessful landing flares in Item 18, on a scale ranging from 1 (not at all) to 7 (to
great extent).

Whereas the preceding items were forced choice (Likert scale or multiple
choice), the remaining three were open-ended. To gather comprehensive data,
Items 19 and 20 reiterated Items 16 and 18, respectively, and required pilots to
elaborate and explain their responses. Pilots were instructed to think carefully
before they answered and be as specific as possible. Finally, in Item 21 pilots
were asked to indicate what type of visual information assisted them in deter-
mining when to initiate the flare. 

Design and Procedure 

Pilots were approached in their respective flight centers or ground schools and
asked to complete the questionnaires at their own pace. 
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Statistical Analysis

To control for training location, three separate sets of exploratory tests were con-
ducted for each item. One set examined the effects of training location on novice
pilot perceptions, another set examined the effects of training location on inter-
mediate pilot perceptions, and the last set examined the effects of training loca-
tion on expert pilot perceptions. Effects of training location were not anticipated
because all training locations followed standardized Part 141 Federal Aviation
Regulations, thus controlling for quality of training.

Next, depending on the results of the exploratory test, each item was ana-
lyzed for effects of experience (novice, intermediate, and expert) on pilot per-
ceptions. One-factor analysis of variance (ANOVA) was used to test the effects
of experience on perceptions for items that did not show a significant main
effect of training location. Conversely, treatment by block design was used to
test effects of experience on perceptions for items that did show a significant
main effect of training location. All assumptions underlying the use of a one-
factor linear ANOVA model (independence, normality, and homogeneity of
variance) were verified. Tukey honestly significant difference tests were used
to explore significant main effects. All comparisons were conducted at the
.05 level of significance.

RESULTS

Study 1: NTSB Accident Reports

Overall, 6,676 accident reports produced by the NTSB were analyzed for flare
accident rates. Because flare accident rates are subsumed within the landing
category, results presented in this section are unique to this study. It was dis-
covered that the NTSB investigated an average of 7.44 (SD = 3.91) flare acci-
dents per month across the years 1995 (M = 6.50, SD = 3.32), 1996 (M = 9.08,
SD = 4.48), and 1997 (M = 6.75, SD = 3.62). Given outliers, it would be pru-
dent to consider that the mode and median of flare accidents across the 3 years
was eight. There was no significant difference in mean flare accidents among
the 3 years, F(2, 33) = 1.654, p > .05. 

Figure 2 shows that the rates of flare accidents increased during the warmer
months, but this trend can be found across phases of operation. The reason may
be simply because more aircraft are flown during the warmer months the proba-
bility of accidents increase.

Flare accident rates by aircraft type are presented next. Overall, during the
years 1995, 1996, and 1997, 83.96% of all aircraft involved in flare accidents
were single-engine aircraft. Helicopter flare accident rates constituted 7.09% of
all flare accidents, multiengine 5.97%, jet engine 1.49%, glider 1.12%, and
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gyroplane 0.37%. Similar proportions are also reflected in total accident by air-
craft type data published by the NTSB. 

Study 2: Pilot Perception Questionnaire

The effects of experience on pilot perceptions for each item, as well as omnibus
findings, are presented next.

Perceived difficulty. As shown in Figure 3, significant effects of standard
flight maneuvers on pilot perceptions were found, F(9, 1330) = 32.469, p = .001
(h2 = .180, power = 1.00). Post hoc analysis revealed that pilots believed the flare
maneuver (M = 3.07, SD = 1.42) to be more difficult than steep turns (M = 2.61,
SD = 1.18), takeoff roll (M = 1.42, SD = .778), holding altitude (M = 2.18,
SD = 1.13), climbing (M = 1.57, SD = .862), descending (M = 1.62, SD = .940),
taxiing (M = 1.42, SD = .843), coordinated turns (M = 2.04, SD = 1.07), forward
slip (M = 2.31, SD = 1.26), and landing roll (M = 2.06, SD = 1.35). Furthermore,
results indicated significant effects of experience on pilot perceptions, 
F(2, 131) = 6.875, p = .001 (h2 = .095, power = .917). Post hoc analysis indicated
that novice pilots (M = 3.58, SD = 1.41) believed the flare maneuver to be more
difficult than intermediate (M = 2.84, SD = 1.15) or expert (M = 2.56, SD = 1.54)
pilots. Intermediate and expert pilot perceptions did not differ. 

When pilots were asked to rate the task of judging altitude when initiating the
flare, there was no effect of experience on pilot perceptions, F(2, 131) = .911,
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p > .05. Mean perceived difficulty was 3.32 (SD = 1.41). Similarly, when pilots
were asked to indicate how confident they were that their aircraft was 10 to 20 ft
from the ground, pilot perceptions were not affected by experience,
F(2, 131) = 1.960, p > .05. Mean pilot confidence rating (M = 5.57, SD = 1.13)
was compared with a theoretical population mean (M = 4) to determine confi-
dence magnitude. Findings indicated that pilots were confident in their ability to
estimate the aircraft altitude during the flare, t(133) = 16.004, p = .0001.

Perceived significance. Experience did not influence pilot estimation of
flare accident rates, F(2, 125) = 2.773, p > .05. Overall, regardless of experience,
pilots estimated that there were 199.39 (SD = 135.81) flare accidents per year.
Pilot estimates were compared with flare accident rates for 1995, 1996, and 1997.
The mean number of flare accidents during the 3 years was 89.33 (SD = 17.09).
Thus, pilots estimated flare accident rates to be more than twice as frequent as
they really were. Pilots were not equally likely to be confident in their answers,
F(2, 131) = 6.487, p =.002 (h2 = .090, power = .901). Post hoc analysis indicated
that expert pilots (M = 3.94, SD = 1.23) were more confident than intermediate
(M = 3.18, SD = 1.21) or novice pilots (M = 2.96, SD = 1.23). Note that expert
pilots tended to be more confident in their estimates of flare accident rates despite
not being more accurate than novice or intermediate pilots. 

FIGURE 3 Perceptions of difficulty by maneuver and pilot experience.



Components of successful flares. As shown in Figure 4, factors that may
have assisted pilots in estimating their altitude during their first solo flare
attempts had a significant effect on pilot perceptions, F(4, 665) = 159.818,
p = .001 (h2 = .490, power = 1.000). Post hoc analysis revealed that practice
(M = 6.43, SD = .984) assisted pilots more than CFI instructions (M = 5.33,
SD = 1.54), instrument readings (M = 3.20, SD = 1.75), the pilot manual
(M = 2.43, SD = 1.47), and ground school (M = 3.34, SD = 1.75). Pilots believed
that, with the exception of practice, CFI instructions help them more than instru-
ment readings, the pilot manual, and ground school during their first solo
attempts. The success of past solo flare attempts were not affected by experience,
F(2, 131) = .858, p > .05.

As depicted in Figure 5, similar effects were noted for factors that contributed
to current successful landing flares, F(4, 665) = 301.606, p = .001 (h2 = .645,
power = 1.000). Post hoc analysis revealed that pilots attributed their current suc-
cessful flares to pattern practice (M = 6.32, SD = 1.10) rather than their instructor
(M = 5.70, SD = 1.33), natural ability (M = 4.63, SD = 1.43), aviation books
(M = 2.75, SD = 1.35), or sheer luck (M = 1.78, SD = 1.18). Pilots believed that
their instructor helped them more than natural ability, aviation books, or sheer
luck and attributed their successful landing flares to natural ability rather than
aviation books or sheer luck.
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The contribution of pattern practice, F(2, 131) = .628, p > .05, and natural
ability, F(2, 131) = .627, p > .05, to the success of current landing flares were not
affected by pilot experience. Nevertheless, experience did have an effect on pilot
perceptions regarding the contribution of CFI instruction, F(2, 131) = 8.442,
p = .001 (h2 = .114, power = .962). Post hoc analysis indicated that novice pilots
(M = 6.24, SD = 1.30) contributed their successful landing flares to their CFI
more than intermediate (M = 5.31, SD = 1.38) or expert (M = 5.35, SD = 1.38)
pilots. Intermediate and expert pilots did not differ. Finally, experience did not
have an effect on pilot perceptions regarding the need for improved training
methods, F(2, 125) = .510, p > .05. Mean pilot perception was 3.63 (SD = 1.54).

Monocular cues. Overall, 86.93% of all pilots (novice = 76.4%, intermedi-
ate = 84.4%, expert = 100%) used vision to determine when to initiate the flare,
9.16% used gut reaction (novice = 16.4%, intermediate = 11.1%), 2.66% used
instrument readings (novice = 3.6%, intermediate = 4.4%), 0.70% used a sense of
balance (novice = 1.8%), and 0.70% did not know when to initiate the flare
(novice = 1.8%). The type of visual information pilots used to determine when to
initiate the flare is depicted in Figure 6. According to the results, 26.04% of the
pilots (novice = 10.65%, intermediate = 7.69%, expert = 7.69%) indicated the
horizon and end of runway, 18.93% (novice = 9.47%, intermediate = 5.92%,
expert = 3.55%) indicated the shape of the runway and runway markings, 9.47%
(novice = 4.14%, intermediate = 2.37%, expert = 2.96%) indicated familiar
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objects, 4.14% (novice = 2.96%, intermediate = 1.18%) indicated angle with run-
way, 1.18% (novice = 0.59%, intermediate = 0.59%) indicated motion parallax,
0.59% of the expert pilots indicated relative size, and 0.59% of experts indicated
texture gradient. Figure 6 also shows that 28.99% (novice = 13.02%, intermedi-
ate = 10.06%, expert = 5.92%) were not able to indicate how vision assisted them
to determine altitude above the ground. It is interesting to note that 10.06%
(novice = 5.92%, intermediate = 1.18%, expert = 2.96%) indicated the use of
kinesthetic information such as ground effect or “sinking rate” as a contributing
factor to successful landing flares.

DISCUSSION

Pilots and authors provide anecdotal evidence concerning the difficulty of the
flare maneuver, but the scientific literature has generally failed to address the
issues of flare accident rates and probable causes for improper flares. By address-
ing these issues, we wished to stimulate further study of the flare maneuver and
training methods associated with it.

This study first separated flare accident rates from landing accident rates. The
task was unique to this study because the NTSB and leading insurance companies,
such as the Aircraft Owners and Pilots Association Insurance Agency (B. Jennings,
personal communication, October 4, 2000), do not distinguish between flare acci-
dents and landing accidents. Findings revealed relatively high flare accident rates.
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FIGURE 6 Monocular cues employed during the landing flare.



In fact, 18.33% of all landing accidents in 1995, 1996, and 1997 were flare-related
accidents and even that assessment is conservative. Actual rates may be higher
because private aircraft owners may underestimate flare incidents or simply avoid
the embarrassment of reporting a flare incident to the NTSB. It was further found
that not all accident reports that included the symptoms of improper flares were
diagnosed as flare accidents. This fact indicates that actual flare accident rates may
be higher simply because they are difficult to diagnose. As a consequence, it is sen-
sible to suggest that organizations such as the NTSB and insurance companies con-
sider the flare in a special category by separating flare accident rates from total land-
ing accident rates.

The relatively high flare accident rates may serve as indirect evidence con-
cerning the difficulty of the flare maneuver. Analysis of pilot perceptions pro-
vided more direct evidence. Participating pilots believed the flare maneuver to be
more difficult than steep turns, takeoff roll, holding altitude, climbing, descend-
ing, taxiing, coordinated turns, forward slips, or landing roll and tended to over-
estimate the number of flare accidents per year. Taken as a whole, evidence from
accident reports and pilot perceptions indicates that the flare maneuver is a sig-
nificant hurdle in the quest for perfect landings and supports the need for further
flare-related studies.

In reference to flare accidents, it is possible that the factors that contribute to
proper flares are also probable causes for improper flares. As noted earlier, proper
flares depend on monocular cues, and monocular cues depend on experience
(Hawkins, 1993; Rinalducci, Patterson, Forren, & Andes, 1985). Despite com-
mitment, ambition, and enthusiasm, what many student and general aviation
pilots lack is experience. On average, the flare only lasts approximately 6 sec and
a pilot with a total time of 5,000 hr only has approximately 8 hr of flare time
(King, 1998). Without experience, how are student pilots expected to perform
proper flares? Indeed, all pilots attested to the importance of experience, and
novice pilots found the flare maneuver to be more difficult than intermediate or
expert pilots. Perhaps instruction on appropriate monocular cues would eliminate
the experience precondition for proper flares. 

Despite the appeal of teaching monocular cues, it is not clear which depth per-
ception cues are most important during the flare. In fact, pilots use different cues
or combinations of monocular cues. For example, overall, the horizon and end of
runway, shape of runway or runway markings, and familiar objects were the most
frequent visual cues that pilots used to estimate their altitude during the flare.
However, University of Oklahoma pilots most frequently used the horizon or end
of runway, whereas Oklahoma State University pilots used the shape of runway
or runway markings. 

Furthermore, despite all pilots recognizing instruction as the second most
important factor for proper flares, it may prove especially difficult to teach
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appropriate monocular cues. It appears that awareness is not critical to the learn-
ing of monocular cues; whereas all pilots recognized vision as the most impor-
tant tool for depth perception during the leveloff, most pilots could not explain
how vision is used during the flare. If that is the case, how are flight instructors
expected to teach what they themselves do not know? Indeed, a review of the lit-
erature revealed that there was no agreement among training methods on how to
use vision during the landing flare, and no one training method was found to be
more effective than another (see Matson, 1973). Anecdotal evidence also indi-
cated that instruction provided by flight-training manuals (Bramson, 1982) and
CFIs (Kershner, 1998; Penglis, 1994) was inconsistent and ambiguous. It is pos-
sible that “the reason no student knows where the ground begins is because the
method we use to teach landings to students is wrong and does not work”
(Penglis, 1994, p. 91).

Despite findings of implicit support concerning the difficulty of the flare
maneuver, this study failed to find omnibus effects of experience on pilot per-
ceptions. Similarities among novice, intermediate, and expert perceptions were
perplexing. The explanation may be embedded within the design.  In this study,
novices were defined as student pilots, intermediates were defined as instrument
pilots, and experts were defined as flight instructors (CFIs). Naturally, CFI and
student interaction in Part 141 flight schools is frequent and intensive. It is pos-
sible that flight instructors may have answered the various items from the per-
spective of their students, not their own. Alternatively, student pilots may have
emphasized CFIs’ concerns rather than their own.

Pilot perception data were also plagued with possible validity concerns char-
acteristic to survey designs. For example, participants may have interpreted ques-
tions in different ways and may have been influenced by demand characteristics
or role demands (McBurney, 1994). For example, the tendency of pilots to be
confident in their ability to estimate altitude during the flare, and to provide luke-
warm support for improved flare-training methods, may have stemmed from the
answers pilots believed were expected from them. Such expectations may have
developed from the pilot role as a “top gun” that should not admit to difficulties
or lack of confidence (recall that expert pilots were more confident, but not accu-
rate, in their estimate of flare accident rates). Perhaps special caution and method-
ologies, such as implicit data gathering, should be used when studying the unique
population of aviators.

Finally, recommendations for future studies may be suggested. Past studies
have attempted to identify and analyze the various monocular cues that enhance
depth perception during the flare (e.g., Mulder, Pleijsant, van der Vaart, & van
Wieringen, 2000; Riordan, 1974). However, it has already been established that
monocular cues enhance depth perception during the approach, landing, and
flare, and it appears that any attempt to determine how pilots use these cues is

LANDING FLARE ACCIDENT REPORTS 149



futile (Tiffin & Bromer, 1943; Warren & Owen, 1982). Pilots use different
monocular cues or a combination of cues. Suffice it to say that with experience,
visual cues are learned and proper flares executed (Green, 1988). 

Future studies should address the issues of experience and proper instruction
instead of providing further evidence on the usefulness of monocular cues and
mental representations of depth perception such as time-to-contact (see Grosz
et al., 1995; Mulder et al., 2000). Behavioral methods that optimize learning and
provide standardized flare instruction are recommended.
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