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Deficient Aeronautical Decision-Making Contributions
to Fatal General Aviation Accidents

Douglas D. Boyd; MarkT. Scharf

INTRODUCTION: General aviation (GA), mainly comprised of light (<12,5001b) aircraft, maintains an inferior safety record compared with
air carriers. To improve safety, aeronautical decision-making (ADM) practices have been advocated to GA pilots since

1991. Herein, we determined the extent to which GA pilots disregard such practices.

METHODS: Fatal accidents (1991-2019) involving private pilots (PPLs) in single-engine airplanes were identified (N = 1481) from the
National Transportation Safety Board Access® database. Of these, deficient go/no-go and in-flight ADM-related mishaps
were scored using the PAVE (pilot, aircraft, environment, external pressure)/IMSAFE (illness, medicine, stress, alcohol,
fatigue, eating) and PPP (perceive, process, perform) models, respectively. Statistical testing used Poisson distributions,

Fisher exact tests, and Mann-Whitney U-tests.

ResuLts: Of the 1481 accidents, 846 were identified as deficient ADM-related. Electing to depart into a hazardous environment
(PAVE), disregarding wellness (IMSAFE), and poor aircraft familiarity (PAVE) represented the most common categories
(54%, 21%, and 20%, respectively) of errant go/no-go ADM. A 64% decline in fatal accidents related to errant go/no-go
decisions for the environment category was evident over the 30-yr period, with little decrements in the other domains.
Within the errant environment-related category accidents, the decision to depart into forecasted adverse weather

(e.g., degraded visibility, icing, thunderstorms) constituted the most prevalent subcategory (56%, N = 195). Surprisingly,

of this subcategory, accidents were overrepresented by over nine- and threefold for instrument-rated PPLs disregarding

icing and thunderstorm forecasts, respectively.

CONCLUSION:
address such deficiencies for PPLs are warranted.
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eneral aviation (GA) is mostly comprised of civil, fixed-

wing, single-piston engine-powered, light aircraft

(£12,5001b)° engaged in nonrevenue operations. Unfor-
tunately, this segment of civil aviation has long shown an infe-
rior safety record in comparison with the airlines (also referred
to as air carriers), as evidenced by a 60-80-fold higher accident
rate.>** Importantly, this difference is further amplified if only
fatal mishaps are considered.” That said, it should be noted that
for the year 2021, there was a total of 268 GA fatalities per a
query of the National Transportation Safety Board (NTSB) data-
base.? Several reasons likely contribute to the inferior safety for
GA: 1) less stringent operational regulations'>'® and 2) less rig-
orous and more infrequent pilot training/recurrency.'' Regard-
ing the former, for example, 14CFR 91 regulations' governing
GA operations allow for a legal departure with zero lateral and
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vertical visibility. In contrast, strict weather minima must be
met'® for an aircraft, operating under the auspices of air carrier
regulations (14CFR 121), to legally depart an aerodrome.

With the flexibility of GA operational regulations, and in an
effort to improve safety, the aviation industry introduced the
concept of sound aeronautical decision-making (ADM) to GA
pilots some three decades ago.'>'*!® By definition,” ADM is a
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systematic approach to the mental process used by aircraft pilots
to consistently determine the best course of action in response to
a given set of circumstances, be it preflight or in flight. Prior
research had demonstrated that pilots who were taught this sub-
ject were safer than those aviators who did not receive such
instruction.” From a practical perspective, preflight, a pilot
weighs a variety of factors (all of which impact a flight’s safety) in
their decision to, or not to, initiate a flight (go/no-go decision).
These include, for example: 1) the pilot’s experience/currency, 2)
the pilot’s wellness/fatigue state, 3) aircraft capability, 4) environ-
ment viz-a-viz terrain and weather, and 5) external pressures to
complete a flight.>'® Good ADM is equally pertinent to in-flight
operations. Thus, a change in the flight situation (e.g., unforecast
weather, equipment failure) will require the pilot to recognize
the change and undertake appropriate measures in a timely
manner to complete the flight safely.'®

Notwithstanding the emphasis on ADM in training/
recurrency over the last 30yr, the authors are unaware of any
studies to address the extent to which GA pilots have adopted
(or as a corollary, disregarded) the safety practices intrinsic to
such training. This gap in knowledge represents the thrust of
the investigation herein. Accordingly, the specific aims of the
current study were: 1) use standardized ADM schema in fatal
accident analyses to identify which, if any, element(s) of the
pre- and in-flight decision-making models are most frequently
disregarded and 2) determine whether the rate of fatal accidents
related to poor ADM has declined since introduction of the
concept in 1991.

METHODS

Subjects

The research performed herein did not constitute human sub-
ject research by virtue of all data being obtained from sources/
databases in the public domain.

Procedure

The National Transportation Safety Board (NTSB) aviation
accident Microsoft Access databases®® were downloaded and
queried for fatal accidents (1991-2019) occurring in the
United States (excluding Alaska) involving single-piston
engine airplanes (<12,5001b) operating under GA regulations
(14CFR 91). The query was further restricted to mishaps
involving aviators with a private pilot license (PPL) and for
which the accident flight was undertaken for a personal mis-
sion. Instrument flight rules (IFR) rating status for PPLs and
total flight experiences were determined from the NTSB
accident reports. The following accidents were excluded
from the study: 1) in which a second pilot was present; 2)
involved a stationary aircraft; 3) for which the ownership title
included entities such as LLC, LTD, Inc., Corp., or a flying
club; and 4) involved homebuilt aircraft. It should be noted
that querying the NTSB accident database has clear advan-
tages over the “front-ended” web-accessible NTSB dashboard
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(https://www.ntsb.gov/safety/data/Pages/General Aviation
Dashboard.aspx) in that the latter does not analyze accidents
prior to 2012 or allow for specific inclusion (e.g., PPLs only,
IFR rating) or exclusion (e.g., second pilot, LLC, Inc., flying
club) criteria as per the current study.

For the aforementioned accident cohort, those related to
deficient preflight (go/no-go) ADM were identified by review-
ing the corresponding final NTSB accident reports in the
context of the PAVE (pilot, aircraft, environment, external
pressure)”!® and IMSAFE (illness, medication, stress, alcohol,
fatigue, eating)’ models. For errant in-flight decision-making
culminating in a fatal mishap, an adaptation of the PPP (per-
ceive, process, perform)'® model was employed. These sche-
mata and their corresponding criteria are described in Table I.
Ambiguous accidents in context of ADM were discussed and
resolved by common agreement between both authors. Where
departure airport weather conditions were absent from the
NTSB accident report, these data were obtained from the
University of Jowa ASOS network, a repository of archived
weather data.?

ADM-related accident rates were determined using, as
denominator, fleet times aggregated for the indicated period
involving single-piston engine airplanes engaged in personal
missions per the GA annual survey.?® Data for 2011 were
derived by interpolating 2010 and 2012 fleet times.

Statistical Analysis

A Poisson distribution® was used to determine if differences in
fatal accidents rates were statistically significant over time. The
natural log of aviation fleet time was used as an offset. Differ-
ences in proportions were tested using a Fisher exact test
(two-sided)."*! Adjusted residuals (Z scores) were used to iden-
tify contributing cells. A Mann-Whitney U-test*! was used to
determine if differences in aviator median total flight times (h)
were statistically different. All statistical testing was performed
using the SPSS v27 package (IBM, Armonk, NY).

RESULTS

A total of 1481 fatal accidents (1991-2019) involving single-
piston engine airplanes operated by PPLs under the auspices of
GA regulations (14CFR 91)"* for the purpose of a personal mis-
sion were identified from the NTSB accident databases cover-
ing this period. Final NTSB reports corresponding to the
aforementioned fatal accidents were manually inspected to
identify those in which poor ADM was a contributing factor.
Toward this end, the PAVE/IMSAFE and PPP models (Table I)
for preflight (also referred to as go/no-go decision) or in-flight
ADM were employed, respectively. Any accident for which a
factor(s) within the PAVE/IMSAFE and/or PPP schemata was
evident per the NTSB final accident report was scored as related
to deficient ADM. It should be emphasized that findings in the
current study are restricted to those fatal accidents related to
deficient go/no-go or in-flight decisions.
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Table l. Description of the ADM Models used for Fatal Accident Evaluation.
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ACCIDENT SCORED AS

MODEL CATEGORY SUBCATEGORY, FACTOR, OR DESCRIPTION RELATED TO POOR ADM IF:
Preflight
PAVE Pilot Aviator inexperience, deficient flight recency and/or currency One/multiple factor(s) was/were
Aircraft Lack of aircraft familiarity, insufficiently equipped, unable to carry planned implicated in accident flight
load, incapable of operating at planned altitude, insufficient fuel for
trip/leg; unairworthy
Environment Adverse weather, winds, terrain (e.g., selection of inappropriate altitude),
night VFR pilot in area devoid of ambient lighting
External pressure “Get-there-itis’, passengers, impress someone (ostentatious behavior)
IMSAFE | lliness
M Cognitively impairing levels of medicine, including illicit substances
S Stress
A Alcohol
F Fatigue
E Eating
In-Flight
PPP Change in flight situation (e.g., equipment malfunction, weather encounter) Change was overlooked and/or

a corrective action delayed or
not undertaken

The PAVE/IMSAFE models were used to determine if an unsound go/no-go decision was made by the accident aviator. The PPP (Perceive Process Perform) schema was adapted to
identify accidents relating to poor aeronautical decision-making (ADM) brought about by a changed in-flight situation which was either not recognized by the pilot or for which a
corrective action was delayed or not undertaken. Equipment malfunction excludes any rendering the aircraft uncontrollable. VFR = visual flight rules.

Categorization of Deficient Go/No-Go ADM Mishaps

Using the PAVE/IMSAFE model (Table I), fatal accidents
involving errant go/no-go ADM were categorized for the afore-
mentioned 1481 fatal accidents. Interestingly, a poor preflight
decision to depart into a hazardous environment (V) (e.g.,
adverse weather, terrain) contributed by far to the most (54%)
fatal mishaps (Fig. 1). Fatal accidents involving pilots disregard-
ing their impaired physical/mental well-being (e.g., illness,
stress, alcohol, fatigue, cognitively impairing medicines/illicit
substances) as assessed by IMSAFE (Table I) represented a
smaller (21%) fraction of the fatal accidents (Fig. 1). A similar
percentage (20%) of fatal accidents involved pilots who made a
poor decision to initiate a flight despite a lack of familiarity with
the mishap airplane (A) (e.g., equipment, flight capabilities/lim-
itations, fuel burn). Conversely, deficiency in the pilot’s flight
skills in context of their experience/recency/currency (P) was
evident for a smaller fraction (12%) of fatal accidents (Fig. 1).
Somewhat surprisingly, flights with a fatal outcome undertaken
in response to external pressure (E) represented only a modest
fraction (10%) of mishaps. It should be noted that an accident
may have involved multiple categories concurrently.

Sub-Categorization of Fatal Accidents Involving Errant
Environment-Related Go/No-Go Decision-Making

As shown above, the majority of fatal go/no-go ADM-related
accidents binned into the environment category per the PAVE/
IMSAFE protocol. Since this group comprises multiple subcate-
gories (see Table I), we then endeavored to subclassify such mis-
haps. Interestingly, the decision to depart into forecasted or
known adverse weather represented the most prevalent subcate-
gory (56%) of fatal accidents binned into the environment group
(Table II). Note that adverse weather represented either: 1) any
forecasted conditions cited by a Federal Aviation Administra-
tion (FAA)-approved provider in a preflight weather briefing'®
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and received by the accident aviator that would be contrary to
the safe completion of a flight; or 2) such weather at the depar-
ture airport at the time of departure. The preflight selection of
an altitude insufficient to maintain terrain clearance or in breach
of FAA regulations per low-level operations [1,000 and 500 ft
(304.8 and 152.4m) above ground level for operations over
inhabited and non-inhabited areas, respectively'] represented
the second most common group (34%) within the environment
category of the PAVE/IMSAFE model.
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Fig. 1. Categorization of deficient go/no-go aeronautical decision-making
(ADM) accidents. Fatal accidents (1991-2019) were scored for unsound pre-
flight ADM using the PAVE/IMSAFE model per Table I. The fraction (the total
representing the count of accidents related to deficient preflight ADM) of
mishaps corresponding to each of the PAVE/IMSAFE categories is illustrated.
Note that an accident could be scored for multiple PAVE/IMSAFE factors
concurrently. N = accident count.
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Table Il. Sub-Categorization of Fatal Accidents Binned in the Environment
Group.

ENVIRONMENT

SUB-CATEGORY ACCIDENT

(PRE-FLIGHT ADM) FRACTION COUNT (N)
Adverse Weather 0.56 195
Terrain 0.34 120
Deficient Lighting (non-IFR PPL) 0.07 23
Other 0.03 11

Mishaps related to poor go/no-go decision-making restricted to the environment
category of the PAVE/IMSAFE model were subclassified per the schema in Table I.
The fraction of accidents (of a total represented by the “V" category count) for each
subcategory is shown. Non-IFR PPL = non-instrument-rated PPL; N = accident count.

The findings of “adverse weather” as the predominant sub-
category of the environment group then raised the question as
to the types of such weather (e.g., degraded visibility, icing or
thunderstorms). It is noteworthy that adverse weather may be a
function of an aviator’s qualifications. By way of background,
an instrument rating allows a pilot to safely conduct a flight,
under the auspices of an IFR flight plan, by sole reference to
instruments (e.g., in clouds, commonly referred to as instru-
ment meteorological conditions, or IMC).!” Conversely, in the
absence of an IFR flight plan, such pilots, as well as non-IFR-
rated aviators, are limited to operating using external visual ref-
erences and in accordance with visual flight rules (VFR). These
rules specify minima cloud-ceiling heights and lateral visibility
distances.!” On the other hand, a go/no-go decision in regards
to forecasted icing and convection (thunderstorms) applies to
all PPLs, regardless of IFR rating, since the majority of light air-
craft are not certificated to fly in icing conditions?® and the
strong up/downdrafts associated with thunderstorms can cause
structural failure of such airplanes.”>!43

The decision to initiate a flight under the auspices of VFR
despite forecasted weather not meeting these minima criteria
was the most frequent errant preflight decision for PPLs,
regardless of their IFR rating (Fig. 2). For the non-IFR-rated
pilot, electing to depart into such hazardous conditions repre-
sented 92% of fatal accidents within the adverse weather sub-
category. Note that for each pilot group (IFR rating status)
accident fractions were determined using the sum of the con-
stituent weather groups mishaps as denominator. Perhaps not
surprisingly, this fraction of accidents was lower for pilots hold-
ing an instrument rating, accounting for 49% of mishaps binned
into the adverse weather subcategory. Presumably these avia-
tors, by virtue of their instrument training, are more able to
maintain aircraft control upon loss of external visual cues. This
difference in proportions between IFR-rated and non-IFR-
rated PPLs was statistically significant (P < 0.001).

Interestingly though, IFR-rated PPLs were overrepresented
(relative to PPLs not holding an instrument rating) for fatal
accidents related to the poor decision to initiate flight into
forecasted or known thunderstorms or icing (Fig. 2). Thus,
the fraction of IFR-rated PPLs involved in a fatal thunder-
storm encounter was threefold higher (0.15 vs 0.04, respec-
tively) than their non-IFR-rated counterparts, a difference
which was statistically significant (P = 0.009). Even more
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Fig. 2. Varying adverse weather types for IFR-rated and non-IFR-rated PPLs.
Fatal accidents involving errant decision-making for the adverse weather
subcategory (per Table Il) were grouped by the indicated forecasted weather
received by the aviator and whether he/she held an instrument rating. For
each pilot group (non-IFR PPL = black bars; IFR-Rated PPLs = gray bars)
accident fractions were determined using the sum of the constituent
weather groups mishaps as denominator. “Visibility < VFR Applicability”
represents forecasted cloud ceiling of <3000t (914.4m)' for accident
flights in which the pilot elected to operate by visual flight rules. Other
group represents forecasted windshear and wind exceeding the maximum
demonstrated crosswind limit of the accident aircraft. A Fisher Exact test
(two-sided) was performed to determine if difference in proportions was
statistically different. Contributions of cells were calculated from adjusted
residuals (Z scores). N = accident count.

dramatic was the difference between IFR-rated and non-IFR-
rated PPLs regarding their preflight decision to depart into
forecasted or known icing. Again, there was a disproportion-
ate count of IFR-rated PPLs involved in such accidents when
compared to non-IFR PPLs. More specifically, for the adverse
weather subcategory, while 34% of fatal accidents involved
IFR-rated PPLs making the poor decision to depart into fore-
casted/known icing conditions, this percentage was reduced
nearly tenfold for the PPLs restricted to visual flight opera-
tions. This difference was strongly statistically significant in
proportion testing (P < 0.001).

Considering that “terrain” represented the second most
common environment subcategory (see Table II) in accidents
involving deficient go/no-go decision-making, we endeavored
to subclassify accidents within this group. Accordingly, mishaps
within this subcategory were empirically divided using the fol-
lowing criteria: 1) operations at low level, commonly referred to
as “buzzing’;, i.e., flights below 500 or 1000 ft (304.8 or 152.4m)
above ground in unpopulated and populated areas, respectively,
per GA regulations'®; 2) flights for which an altitude insuffi-
cient to clear mountains/ridges was selected; and 3) low-level
aerobatics performed below an altitude of 1500ft (457.2m)
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Table lll. Deficient Preflight Altitude Decision-Making.

ACCIDENT ACCIDENT
TERRAIN COUNT (N) FRACTION
Low level operation/buzzing 92 0.77
Insufficient mountain/ridge 11 0.09
clearance
Low level aerobatics 17 0.14
TOTAL 120 1

The fraction of fatal accidents relating to poor preflight aeronautical decision-making in
context of the terrain subcategory of the environment group is shown. The sum of the
accidents across constituent terrain groups represented the denominator for fraction
determinations.

above ground.!® Of particular concern, “buzzing” represented,
by far, the most prevalent group (Table III), comprising 77% of
accidents within the terrain subcategory of errant preflight
ADM. In contrast, the choice of an altitude incompatible with
clearing a mountainous region/ridge enroute and pilots™ pre-
flight decision to perform aerobatics at a height lower than that
prescribed by FAA regulations'® constituted only 9% and 14%
of accidents, respectively, within the terrain subcategory of
mishaps (Table III).

Faulty In-Flight ADM

The aforementioned data addressed accidents related to errant
go/no-go ADM. However, manual inspection of the 1481 fatal
mishaps occurring over the 1991-2019 period identified 296
mishaps involving unsound in-flight decision-making, using
an adaptation of the PPP model'® (see Table I). Such accidents
were then subclassified using an empirical schema based on the
errant ADM-related mishaps within the current cohort. Failing
to recognize, or a delayed action in avoiding IMC, was by far
the most common deficient in-flight decision for non-IFR-
rated PPLs (77%) and IFR-rated PPLs (38%) operating under
VER (Fig. 3). In proportion testing, non-IFR-rated PPLs were
overrepresented (P < 0.001) for fatal accidents in this category
of deficient in-flight ADM.

Conversely, failing to recognize in-flight icing conditions
or a delayed corrective response to this hazard was more likely
to involve IFR-rated PPLs than aviators not certified for
instrument flight (Fig. 3). More specifically, while deficient
in-flight ADM applicable to icing contributed to 21% of all
such fatal accidents for IFR-rated PPLs, less than 1% of mis-
haps could be attributed to this threat for non-IFR aviators.
This difference was strongly statistically significant in propor-
tion testing (P < 0.001). It is noteworthy that the same threats
to flight safety were evident for accidents binned in the
go/no-go ADM model (see Fig. 2).

Temporal Trends in ADM-Related Accidents

Considering the emphasis on ADM in ab initio and recurrent
GA flight training since 1991,>'>'® the next question posed was
whether the rate of fatal accidents related to deficient go/no-go
ADM has diminished for each of the PAVE/IMSAFE categories
over the intervening three decades. The most compelling
decline in fatal accidents related to errant go/no-go decision
was in the environment category, as evidenced by a 64%
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Fig. 3. Differences in errant in-flight aeronautical decision-making
categories distinguish IFR-rated PPLs and non-IFR-rated PPLs. Fatal mishaps
involving unsound in-flight decision-making were binned into the stated
categories and by IFR-rating. Accident fractions were determined using the
sum of mishaps for each pilot cohort (non-IFR PPL = black bar; IFR-rated
PPLs = gray bar) as denominator. A Fisher Exact test (two-sided) was used to
determine if the difference in proportions was statistically different.
Contributions of cells were calculated from adjusted residuals (Z scores).
VMC-IMC = continued flight from visual to instrument conditions;

N = accident count.

reduction (P < 0.001) over the 30-yr period (Fig. 4). In fact,
decrements in mishap rate in this category for the 2001-2005
and subsequent periods were statistically significant in a Pois-
son distribution (P < 0.001), using the initial period as referent.
In contrast, reductions in the fatal accident rate related to faulty
go/no-go decision making in the other PAVE/IMSAFE catego-
ries were more modest over the three decades. While improve-
ments in go/no-go decision-making in the context of the pilot
physical/mental well-being (per IMSAFE) were evident based
on an accident rate reduction of up to 50% for this category for
the period spanning 2006-2010, this reduction was unchanged
for the most recent period (P = 0.641), using the initial period
as referent. Regarding the pilot category, a mere 5% reduction,
which was not statistically significant (P = 0.876), was witnessed
when comparing the most recent and initial periods. Similarly,
the accident rate in the preflight ADM aircraft category varied
across the three decades. It diminished (P = 0.009) for the
2011-2015 period but not for the most recent period (P = 0.060),
again using the initial period as referent.

Considering the prominence of deficient go/no-go ADM
regarding forecasted <VFR weather, we then determined if the
rate of such fatal mishaps declined over time. Indeed, this was
evident with the accident rate for such accidents decreasing
(P =0.013) by 60% relative to the initial period (1991-1995).
Presumably, aviators are making more sound decisions in the
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Fig. 4. Temporal changes in rates of accidents related to go/no-go
deficient aeronautical decision-making. Fatal accident rates related to the
indicated PAVE/IMSAFE category were determined using fleet times for
single-piston engine airplanes engaged in personal missions as denomina-
tor. A Poisson distribution was employed to determine if the accident rate
changed over time.

context of refraining from departing into forecasted <VFR con-
ditions, although improvements in forecasting methodologies
could be contributory.

Total Flight Experience for Aviators Involved in Accidents
Related to and Un-Related to Failed ADM

Lastly, we entertained the notion that pilots with less total flight
experience would be more likely to be involved in unsound
ADM-related accidents than aviators who had accrued more
total time. To address this question, we compared total flight
times (where included in the NTSB report) for pilots involved in
an accident related to deficient ADM (pre- and/or in-flight) with
those in which the fatal mishap was caused by situations deemed
unrelated to ADM (i.e. in-flight catastrophic equipment failure
or a midair collision). While the median total flight times
trended lower for aviators faulted for poor ADM (594h and
772h, respectively), this difference was determined not to be sta-
tistically significant using a Mann-Whitney U-Test (P = 0.444).
These data do not align with the notion that inferior ADM skills
correspond to lesser flight experience, although a caveat is that
this conclusion is based on accident flights only.

DISCUSSION

Herein, we have shown improvements in GA safety, especially
in the context of the preflight decision to initiate flights into
forecast adverse weather. Notwithstanding this encouraging
finding, two observations still warrant concern. First, there is
a very modest (if any) decrement in go/no-go ADM in the
context of the pilot, IMSAFE, and aircraft categories. Sec-
ondly, and equally important, the fraction of accidents related
to errant ADM for the most recent period (2016-2019) still
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remains high, representing 58% of all GA accidents involving
PPLs operating single-engine airplanes for the purpose of a
personal mission.

Although substantial gains have been made in the go/no-go
decision to initiate flight into adverse weather, this category still
remains the largest for ADM-related accidents. It should be
noted that this observation applied to both IFR-rated and
non-IFR-rated pilots who chose to undertake a VFR flight
(rather than an IFR flight) into such weather. It remains to be
determined why aviators would depart into such hazardous con-
ditions. One possibility could be the modest accuracy of the ter-
minal aerodrome forecasts as reported in two prior studies.” In
this regard, it would behoove pilots to also add the Localized
Aviation MOS Program (LAMP) forecast to their preflight ADM
toolkit, especially when departing aerodromes for which no
Terminal Aerodrome Forecast is issued.® On a related note, our
conservative decision to use VFR with its prescribed minimum
ceiling of 3000ft (914.4m) above ground was based on two
reasons: 1) the aforementioned poor accuracy of terminal aero-
drome forecasts; and 2) the potential of man-made structures,
such as antennae, reaching in excess of 2000 ft (609.6m) AGL.

As to poor in-flight decision-making, a plethora of overlap-
ping human factors and behavioral studies****” have cataloged
motivation type,***’ continuation bias,***** and an individual’s
risk tolerance?’ as factors leading aviators to continue a flight**
in the face of deteriorating weather (i.e., ceilings progressively
lowering enroute). Unexpectedly, however, our finding of a low
score (10%) of ADM-related accidents in the external pressure
category of the preflight PAVE/IMSAFE model was inconsis-
tent with this notion. We suspect though that this low fraction
is due to a lower emphasis by NTSB accident investigators
on capturing human factors information surrounding the acci-
dent flight.

The dramatic reduction in the rate of errant ADM-related
accidents (environment category) through 2001-2005 merits
comment. It is unlikely that this was due to reduced GA fleet
time associated with the terrorist activities of September 11,
2001, as, by definition, the accident rate represents an adjustment
for fleet activity. On the other hand, could it be that technological
advancements in GA in the last 30yr, rather than improved
ADM, have yielded an artificial diminished rate of ADM acci-
dents through 2001-2005? For example, there has been a slow
but steady transition from analog flight instruments to electronic
flight displays starting circa 2003.%* Also, the introduction of the
IPad® tablet and mobile pilot applications such as Foreflight® and
GarminPilot®, both compatible with this device, has allowed the
aviator to identify weather hazards immediately preceding
departure as well as enroute. These include, for example, thun-
derstorms, prevailing visibility, and cloud ceilings at enroute
and destination weather-reporting airports. Thus, a potential
weather-related accident could be averted, yielding an apparent
lower ADM-related accident rate. However, this latter argument
is improbable since the founding of the Foreflight company
(2007)?? and the introduction of the IPad® device (2010)*°
occurred subsequent to the improvement in ADM-related
accident rate, with the latter witnessed prior to 2001-2005.
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So, why then did the accident rate related to some of the go/
no-go categories (pilot, aircraft, IMSAFE, external pressure)
remain relatively unchanged over the 30-yr period? One possi-
bility is the existence of a segment of the GA pilot population
resistant to any notion of safety practices (and unchanged in
numbers over time), instead favoring “thrill-seeking” flight
activities. A second possibility is that some GA pilots are still
unaware of ADM practices. Thus, while such subject matter is
now integrated into ab initio flight training'® and the WINGS
program,'? the latter activity is noncompulsory for the certified
pilot. Moreover, ADM represents only a discretionary activity in
mandatory flight reviews for certified GA pilots."* Nevertheless,
whatever argument is advanced must take into account the sub-
stantial improvement in safety regarding go/no-go decision-
making in context of adverse weather.

The authors recognize that faulty ADM represents a contrib-
uting rather than a causal factor for the aviation accidents
herein. Still, it is well accepted®®*® in the “Swiss cheese” model
that any accident represents the contribution of multiple human
failures leading to the breakdown of a complex system and, in
this case, a fatal accident. Thus, had the aviator practiced sound
ADM (e.g., heeding an adverse weather forecast), a fatal acci-
dent would likely have been averted.

Our current study was not without limitations. First and
foremost, only deficient ADM (i.e., one which culminated in a
fatal accident) could be investigated. Related to this, although
the psychological (to family/friends) and financial impact of a
fatal accident far exceeds that of a nonfatal mishap,”*! thereby
rationalizing the current study, an aviator who has succumbed
to his/her injuries cannot be interviewed for motivations to
their ADM. Second, but equally important, we suspect the
number (and hence, rate) of ADM-related accidents represents
an under-count for a multitude of reasons, all related to the
NTSB investigative reports: 1) earlier ones had a paucity of
details on the accident flight; 2) they sometimes did not include
the weather forecast or whether the accident pilot was in receipt
of the corresponding hazardous conditions; and 3) they tend to
focus more on regulations violated than human factor details
preceding/contributing to the accident flight itself (e.g., exter-
nal pressure on the aviator to complete the flight and/or mental/
physical state). Indeed, it should be noted that the PAVE/
IMSAFE/PPP ADM schemata are instruments developed by
the FAA, whereas the NTSB has not adopted any specific
instrument in their accident analysis (Dr. Loren Groff, NTSB.
Personal communication; 2023). Third, we also assumed that
the decision to perform low altitude operations (“buzzing’,
low-level aerobatics) in breach of FAA regulations was premed-
itated and, accordingly, binned such mishaps in the pre- rather
than the in-flight decision category. Regardless, either case
would represent poor ADM. Lastly, in restricting the study to
the PAVE/IMSAFE and PPP models, some elements of ADM,
namely hazardous attitude or antiauthority personalities, were
not examined.

Finally, the findings herein raise the question: how can ADM
be improved in GA? Practices recently adopted by some insur-
ance companies for operations of light jets under 14CFR91
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regulations may offer some guidance. These practices specify
the requirement for a mentor pilot to be assigned and work
directly with the aviator to assist in ADM practices. More spe-
cifically, new owners of turbojets require a mentor during the
first 25-50h of operating experience. In addition, such owners
are also mandated to have a mentor for any flight with a family
member. As another potential intervention regarding a pilot
who has inadvertently encountered IMC, an air traffic control-
ler could plainly state that “no violation will be filed” to reduce
arousal associated with the fear of legal ramifications.

ACKNOWLEDGMENTS

The authors would like to express their gratitude to Mr. Bob Downing (certified
FAA instructor and airline transport pilot) for his valued input.

This research did not receive any specific grant from funding agencies in
the public, commercial or non-for-profit sectors.

Financial Disclosure Statement: The authors have no competing interests to
declare.

Authors and Affiliations: Douglas D. Boyd, B.Sc., Ph.D., and Mark T. Scharf,
B.Sc., Ph.D., Embry-Riddle Aeronautical University, Daytona Beach, FL,
United States.

REFERENCES

1. Agresti A. Categorical Data Analysis. 3rd ed. Hoboken (NJ): Wiley;
2012:37-60.

2. ASOS Network. Ames (IA): Towa Environmental Mesonet. [Accessed
December 15, 2018]. Available from https://mesonet.agron.iastate.edu/
request/download.phtml?network=AZ_ASOS.

3. Ayiei A, Murray J, Wild G. Visual flight into instrument meteorological
condition: a post accident analysis. Safety. 2020; 6(2):19.

4. Batt R, O’'Hare D. Pilot behaviors in the face of adverse weather: a new
look at an old problem. Aviat Space Environ Med. 2005; 76:552-559.

5. Boyd DD. A review of general aviation safety (1984-2017). Aerosp Med
Hum Perform. 2017; 88(7):657-664.

6. Boyd DD, Guinn T. A comparison of the localized aviation MOS program
(LAMP) and terminal aerodrome forecast (TAF) accuracy for general
aviation. JATE. 2021; 10(1):21-29.

7. Boyd DD, Guinn T. Efficacy of the localized aviation MOS program in
ceiling flight category forecasts. Atmosphere. 2019; 10(3):127-139.

8. Dobson AJ, Barnett AG. Poisson regression and log-linear models. In:
Carlin BP, Faraway JJ, Tanner M, Zidek J, editors. An introduction to gen-
eralized linear models. 3rd ed. Boca Raton (FL): Chapman and Hall/CRC
Texts in Statistical Science Series; 2008:165-171.

9. Federal Aviation Administration. Aeronautical decision making. Wash-
ington (DC): US Department of Transportation; 1991. Report No.: AC
60-22. [Accessed September 21, 2023]. Available from https://www.faa.
gov/documentLibrary/media/Advisory_Circular/AC_60-22.pdf.

10. Federal Aviation Administration. Aeronautical decision-making. In:
Pilot’s handbook of aeronautical knowledge. Oklahoma City (OK): US
Department of Transportation; 2016; 2-1-2-32.

11. Federal Aviation Administration. Certification: pilots, flight instructors,
and ground instructors. In: Electronic Code of Federal Regulation.
[Accessed January 1, 2021]. Available from https://www.ecfr.gov/cgi-bin/
text-idx?SID=ff99c129f19bfc12ab36a66da85735d5&mc=true&node=
sel4.2.61_156&rgn=div8.

12. Federal Aviation Administration. Conducting an effective flight review.
Washington (DC): US Department of Transportation. [Accessed
September 21, 2023]. Available from https://www.faasafety.gov/files/
gslac/library/documents/2006/Oct/6578/Conducting%20an%20Effec-
tive%20Flight%20Review%20Dec05.pdf.

November 2023 813

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05


https://mesonet.agron.iastate.edu/request/download.phtml?network=AZ_ASOS
https://mesonet.agron.iastate.edu/request/download.phtml?network=AZ_ASOS
https://doi.org/10.3390/safety6020019
https://doi.org/10.3357/AMHP.4862.2017
https://doi.org/10.7771/2159-6670.1230
https://doi.org/10.3390/atmos10030127
https://www.faa.gov/documentLibrary/media/Advisory_Circular/AC_60-22.pdf
https://www.faa.gov/documentLibrary/media/Advisory_Circular/AC_60-22.pdf
https://www.ecfr.gov/cgi-bin/text-idx?SID=ff99c129f19bfc12ab36a66da85735d5&mc=true&node=se14.2.61_156&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=ff99c129f19bfc12ab36a66da85735d5&mc=true&node=se14.2.61_156&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=ff99c129f19bfc12ab36a66da85735d5&mc=true&node=se14.2.61_156&rgn=div8
https://www.faasafety.gov/files/gslac/library/documents/2006/Oct/6578/Conducting%20an%20Effective%20Flight%20Review%20Dec05.pdf
https://www.faasafety.gov/files/gslac/library/documents/2006/Oct/6578/Conducting%20an%20Effective%20Flight%20Review%20Dec05.pdf
https://www.faasafety.gov/files/gslac/library/documents/2006/Oct/6578/Conducting%20an%20Effective%20Flight%20Review%20Dec05.pdf

AERONAUTICAL DECISION-MAKING—Boyd et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

814

Federal Aviation Administration. Currency requirements and guidance
for the flight review and instrument proficiency check. Oklahoma City
(OK): US Department of Transportation; 2012; 1-16. Report No.: AC
61-98B. [Accessed September 21, 2023]. Available from https://www.faa.
gov/documentLibrary/media/Advisory_Circular/AC%2061-98B.pdf.
Federal Aviation Administration. General aviation and Part 135 activity
surveys. Oklahoma City (OK): US Department of Transportation.
[Accessed March 1, 2021]. Available from http://www.faa.gov/data_
research/aviation_data_statistics/general_aviation.

Federal Aviation Administration. General operating and flight rules. In:
Electronic Code of Federal Regulation. 2015. [Accessed January 10,
2015]. Available from https://www.ecfr.gov/current/title-14/part-91.
Federal Aviation Administration. Operating requirements: domestic, flag
and supplemental operations. In: Electronic Code of Federal Regulation.
2017. [Accessed January 5, 2017]. Available from https://www.ecfr.gov/
current/title-14/chapter-1/subchapter-F/part-91.

Federal Aviation Administration. Operating requirements: domestic,
flag, and supplemental operations: initial, transition and recurrent train-
ing and checking requirements. In: Electronic Code of Federal Regula-
tion. 2015. [Accessed January 10, 2018]. Available from https://www.ecfr.
gov/cgi-bin/text-idx?SID=913cace5e186609a4b2e48a8474f467b&mc=
true&node=pt14.3.121&rgn=div5#se14.3.121_1414.

Federal Aviation Administration. Safety of Flight: Meteorology. In: Aero-
nautical Information Manual. Oklahoma City (OK): US Department of
Transportation; 2017; 1-16-1-17.

Federal Aviation Administration. Thunderstorms. Oklahoma City (OK):
US Department of Transportation; 2013. Report No.: AC 00-24C.
[Accessed September 21, 2023]. Available from https://www.faa.gov/
documentlibrary/media/advisory_circular/ac%2000-24c.pdf.

Federal Aviation Administration. WINGS—Pilot Proficiency Program.
Oklahoma City (OK): US Department of Transportation; 2011. Report No.:
AC 61-91]. [Accessed October 31, 2018]. Available from https://www.faa.
gov/documentlibrary/media/advisory_circular/ac%2061-91j.pdf.

Field A. Discovering Statistics using IBM SPSS Statistics. 3rd. Thousand
Oaks (CA): SAGE Publications; 2009:720-759.

ForeFlight. About ForeFlight. [Accessed December 2, 2022]. Available
from https://foreflight.com/about/foreflight/.

Knill B, Pangborn T, Sable A, editors. 25th Joseph T. Nall report:
general aviation accidents in 2013. Frederick (MD): AOPA Air Safety
Institute; 2015. [Accessed September 19, 2023]. Available from
https://www.aopa.org/-/media/Filess/ AOPA/Home/Training-and-Safety/
Nall-Report/25thNallReport.pdf.

AEROSPACE MEDICINE AND HUMAN PERFORMANCE  Vol. 94, No. 11

24.

25.

26.

27.

28.

29.

30.

31.

33.

34.

35.

36.

37.

Li G, Baker SP. Crash risk in general aviation. JAMA. 2007; 297(14):
1596-1598.

NTSB Accident Database. Washington (DC): National Transportation
Safety Board. [Accessed May 1, 2020]. Available from http://app.ntsb.gov/
avdata/Access/.

O’Hare D, Owen D. Cross-country VFR crashes: pilot and contextual
factors. Aviat Space Environ Med. 2002; 73:363-366.

Pauley K, O’'Hare D, Wiggins M. Risk tolerance and pilot involvement in
hazardous events and flight into adverse weather. ] Safety Res. 2008;
39(4):403-411.

Reason J. The contribution of latent human failures to the breakdown
of complex systems. Philosophical Transactions of the Royal Society
of London, Series B, Biological Sciences. 1990; 327(1241):475-484.
[Accessed September 19, 2023]. Available from http://www.jstor.org/
stable/55319.

Scuffham P, Chalmers D, O’Hare D, Wilson E. Direct and indirect cost of
general aviation crashes. Aviat Space Environ Med. 2002; 73:851-858.
Shappell SA, Wiegmann DA. Applying reason: the human factors and
classification system (HFACS). Hum Factors Aerosp Saf. 2001; 1(1):59-86.
[Accessed September 19, 2023]. Available from https://trid.trb.org/view/
717644.

Sobieralski JB. The cost of general aviation accidents in the United States.
Transp Res Part A Policy Pract. 2013; 47:19-27.

. Steel Aviation. This History of Cirrus Aircraft. Las Vegas (NV): COPA

Magazine. 2015; 1-40. [Accessed September 27, 2023]. Available from
https://www.steelaviation.com/wp-content/uploads/2021/02/Cirrus-
Aircraft-The-History.pdf.

Van Benthem K, Herdman CM. A two-stage model of diversion knowl-
edge and skills highlight where pilot factors impact safety-related out-
comes. Int ] Aerosp Psychol. 2021; 31(4):304-318.

Vasquez, T. Stormy Encounters. 2017. [Accessed September 19, 2023].
Available at https://www.ifr-magazine.com/technique/stormy-encounters/.
Wikipedia. iPAD (1st Generation). [Accessed December 2, 2022]. Avail-
able from https://en.wikipedia.org/wiki/TPad_(1st_generation)#:~:text=
The%20device%20was%20announced%20and,3G%22%20variant%20
on%20April%2030.

Winter SR, Rice S, Capps ], Trombley J, Milner MN, et al. An analysis of a
pilots adherence to their personal weather minimums. Saf Sci. 2020;
123:104576.

Woods S, Hampton S, Winter SR, Craig P, Rice S. The impact of motiva-
tion on continued VFR into IMC: another perspective to an on-going
problem. Collegiate Aviation Review International. 2020; 38(2):51-66.

November 2023

http://prime-pdf-watermark.prime-prod.pubfactory.com/ | 2025-02-05


https://www.faa.gov/documentLibrary/media/Advisory_Circular/AC%2061-98B.pdf
https://www.faa.gov/documentLibrary/media/Advisory_Circular/AC%2061-98B.pdf
http://www.faa.gov/data_research/aviation_data_statistics/general_aviation
http://www.faa.gov/data_research/aviation_data_statistics/general_aviation
https://www.ecfr.gov/current/title-14/part-91
https://www.ecfr.gov/current/title-14/chapter-I/subchapter-F/part-91
https://www.ecfr.gov/current/title-14/chapter-I/subchapter-F/part-91
https://www.ecfr.gov/cgi-bin/text-idx?SID=913cace5e186609a4b2e48a8474f467b&mc=true&node=pt14.3.121&rgn=div5#se14.3.121_1414
https://www.ecfr.gov/cgi-bin/text-idx?SID=913cace5e186609a4b2e48a8474f467b&mc=true&node=pt14.3.121&rgn=div5#se14.3.121_1414
https://www.ecfr.gov/cgi-bin/text-idx?SID=913cace5e186609a4b2e48a8474f467b&mc=true&node=pt14.3.121&rgn=div5#se14.3.121_1414
https://www.faa.gov/documentlibrary/media/advisory_circular/ac%2000-24c.pdf
https://www.faa.gov/documentlibrary/media/advisory_circular/ac%2000-24c.pdf
https://www.faa.gov/documentlibrary/media/advisory_circular/ac%2061-91j.pdf
https://www.faa.gov/documentlibrary/media/advisory_circular/ac%2061-91j.pdf
https://foreflight.com/about/foreflight/
https://www.aopa.org/-/media/Files/AOPA/Home/Training-and-Safety/Nall-Report/25thNallReport.pdf
https://www.aopa.org/-/media/Files/AOPA/Home/Training-and-Safety/Nall-Report/25thNallReport.pdf
https://doi.org/10.1001/jama.297.14.1596
http://app.ntsb.gov/avdata/Access/
http://app.ntsb.gov/avdata/Access/
https://doi.org/10.1016/j.jsr.2008.05.009
http://www.jstor.org/stable/55319
http://www.jstor.org/stable/55319
https://trid.trb.org/view/717644
https://trid.trb.org/view/717644
https://doi.org/10.1016/j.tra.2012.10.018
https://www.steelaviation.com/wp-content/uploads/2021/02/Cirrus-Aircraft-The-History.pdf
https://www.steelaviation.com/wp-content/uploads/2021/02/Cirrus-Aircraft-The-History.pdf
https://doi.org/10.1080/24721840.2021.1890599
https://www.ifr-magazine.com/technique/stormy-encounters/
https://en.wikipedia.org/wiki/IPad_(1st_generation)#:~:text=The%20device%20was%20announced%20and,3G%22%20variant%20on%20April%2030
https://en.wikipedia.org/wiki/IPad_(1st_generation)#:~:text=The%20device%20was%20announced%20and,3G%22%20variant%20on%20April%2030
https://en.wikipedia.org/wiki/IPad_(1st_generation)#:~:text=The%20device%20was%20announced%20and,3G%22%20variant%20on%20April%2030
https://doi.org/10.1016/j.ssci.2019.104576
https://doi.org/10.22488/okstate.20.100214

	Deficient Aeronautical Decision-Making Contributions to Fatal General Aviation Accidents
	METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES


