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Visual lllusions

isual illusions result from many factors and appear in
many different forms.

[llusions occur when conditions modify the pilot’s per-
ception of the environment relative to his or her expectations,
possibly resulting in spatial disorientation or landing errors
(e.g.,, landing short or landing long).

Statistical Data

The Flight Safety Foundation Approach-and-landing Accident
Reduction (ALAR) Task Force found that visual approaches
were being conducted in 28 percent of the 76 approach-and-
landing accidents (ALAs) and serious incidents worldwide in
1984 through 1997.!

Visual approaches at night typically present a greater risk be-
cause of fewer visual references, and because of visual illusions
and spatial disorientation.

The task force found that disorientation or visual illusion
was a causal factor? in 21 percent of the 76 ALAs and serious
incidents, and that poor visibility was a circumstantial factor? in
59 percent of the accidents and incidents.

Visual lllusions
The following factors and conditions affect the flight crew’s abil-
ity to perceive accurately the environment, resulting in visual
illusions.

Airport environment:

* Ground texture and features;

« Off-airport light patterns, such as brightly lighted parking lots
or streets;

« “Black-hole effect"* along the final approach flight path; and/or,

« Uphill-sloping terrain or downhill-sloping terrain in the air-
port vicinity.
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Runway environment:

+ Runway dimensions;

« Runway slope (uphill gradient or downhill gradient);
« Terrain drop-off at the approach end of the runway;
« Approach lighting and runway lighting; and/or,

* Runway condition.

Weather conditions:

* Ceiling;

« Visibility; and/or,

+ Obstructions to vision.

Pilot’s Perception

Visual illusions result from the absence of visual references or
the alteration of visual references, which modify the pilot’s per-
ception of his or her position (in terms of height, distance and/
or intercept angle) relative to the runway threshold.

Visual illusions are most critical when transitioning from
instrument meteorological conditions (IMC) and instrument
references to visual meteorological conditions (VMC) and visual
references.

Visual illusions affect the flight crew’s situational awareness,
particularly while on base leg and during the final approach.

Visual illusions usually induce crew inputs (corrections)
that cause the aircraft to deviate from the vertical flight path or
horizontal flight path.

Visual illusions can affect the decision process of when and
how rapidly to descend from the minimum descent altitude/
height (MDA[H]).

The following are factors and conditions that create visual
illusions that can affect the pilot’s perception of:



+ The airport and runway environment;
« Terrain separation; and,
* Deviation from the horizontal flight path or vertical flight path.

Usually, more than one factor is involved in a given approach.

Airport Environment
Conditions that create visual illusions include:

» Black-hole effect along the final approach flight path;

* An uphill slope in the approach zone or a drop-off of terrain
at the approach end of the runway creates an illusion of being
too high (impression of a steep glide path [Figure 1]), thus:

- Possibly inducing a correction (e.g., increasing the rate of
descent) that places the aircraft below the intended glide
path; or,

- Preventing the flight crew from detecting a too-shallow
flight path; and,

¢ A downhill slope in the approach zone creates an illusion of
being too low (impression of a shallow glide path [Figure 2]),
thus:

- Possibly inducing a correction that places the aircraft above
the intended glide path; or,

- Preventing the flight crew from detecting a too-steep flight
path.

Runway Environment
Conditions that create visual illusions include:

« Runway dimensions:

- The runway aspect ratio (i.e., its length relative to its width)
affects the crew’s visual perception of the runway (Figure
3, middle panel, shows the expected image of the runway);

- A wide or short runway (low aspect ratio) creates an im-
pression of being too low (Figure 3, left panel); and,

- A narrow or long runway (high aspect ratio) creates an
impression of being too high (Figure 3, right panel);

* Runway uphill slope or downhill slope:

- An uphill slope creates an illusion of being too high (im-
pression of a steep glide path); and,

- A downbhill slope creates an illusion of being too low (im-
pression of a shallow glide path);

« Lighting:

- Approach lighting and runway lighting (including touch-
down zone lighting) affect depth perception, depending on:

Uphill Slope Creates lllusion That Aircraft Is on
Steeper-Than-Actual Glide Path

Actual
glide path

Perceived
glide path

Source: FSF ALAR Task Force

Figure 1

Downhill Slope Creates lllusion That Aircraft Is on
Shallower-Than-Actual Glide Path

Perceived glide path

Source: FSF ALAR Task Force

Figure 2
« Lighting intensity;
» Daytime conditions or nighttime conditions; and
* Weather conditions;

- Bright runway lights create the impression of being closer
to the runway (thus, on a steeper glide path);

- Low-intensity lights create the impression of being farther
away (thus, on a shallower glide path);

- Nonstandard spacing of runway lights modifies the pilot’s
perception of distance to the runway and glide path; and,

- If the runway lighting is partially visible (e.g., while on base
leg during a visual approach or circling approach), the run-
way may appear farther away or at a different angle (e.g.,
intercept angle is perceived as smaller than actual).

The following runway approach-aid conditions may increase the
crew’s exposure to visual illusions:
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Effects of Runway Dimensions on Perception of Height

B A C

Note: All three panels show a pilot's sight picture from an aircraft at 200
feet and on a three-degree glide path. The runway in panel A is 150
feet (45 meters) wide and 11,500 feet (3,500 meters) long. The runway
in panel B is wider/shorter than the runway in panel A; the crew may
believe that the aircraft is on a shallower-than-actual glide path. The
runway in panel C is narrower/longer than the runway in panel A; the
crew may believe that the aircraft is on a steeper-than-actual flight path.

Source: FSF ALAR Task Force

Figure 3

« A glideslope that is unusable beyond a certain point because
of terrain or below a certain altitude because of water;

s Offset localizer course; and,

+ Two-bar visual approach slope indicator (VASI), if used below
(typically) 300 feet height above touchdown (HAT) for glide-
path corrections.

Weather Conditions
The following weather conditions can create visual illusions:

« Ceiling and visibility (vertical, slant and horizontal
visibility):
- Flying in light rain, fog, haze, mist, smoke, dust, glare or
darkness usually creates an illusion of being too high;

- Shallow fog (i.e., a fog layer not exceeding 300 feet thick-
ness) results in a low obscuration and in low horizontal
visibility:

« When on top of a shallow fog layer, the ground (or
airport and runway, if flying overhead) can be seen;
but when entering the fog layer, forward visibility and
slant visibility are lost; and,

« Entering a fog layer also creates the perception of a
pitch-up, which causes the pilot to respond with a nose-
down correction that steepens the approach path;
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- Flying in haze creates the impression that the runway is
farther away, inducing a tendency to shallow the glide path
and land long;

- In light rain or moderate rain, the runway may appear in-
distinct because of the “rain halo effect,” increasing the risk
of misperception of the vertical deviation or horizontal de-
viation during the visual segment (the segment flown after
transition from instrument references to visual references);

- Heavy rain affects depth perception and distance
perception:

¢ Rain on a windshield creates refraction effects that
cause the crew to believe that the aircraft is too high,
resulting in an unwarranted nose-down correction and
flight below the desired flight path;

« In daylight conditions, rain diminishes the apparent in-
tensity of the approach light system (ALS), resulting in
the runway appearing to be farther away. As a result of
this illusion, the flight crew tends to shallow the flight
path, resulting in a long landing; and,

= In nighttime conditions, rain increases the apparent
brilliance of the ALS, making the runway appear to
be closer, inducing a pitch-down input and the risk of
landing short of the runway threshold;

- When breaking out at both ceiling minimums and visibility
minimums, the slant visibility may not be sufficient for
the crew to see the farther bar(s) of the VASI or precision
approach path indicator (PAPI), thus reducing the available
visual cues for the visual segment in reduced visibility;

e Crosswind:

- In crosswind conditions, the runway lights and environment
will appear at an angle to the aircraft heading; the flight crew
should maintain the drift correction and resist the tendency
to align the aircraft with the runway centerline; and,

« Runway surface condition:

- A wet runway reflects very little light; this can affect depth
perception and cause the flight crew to perceive incorrectly
that the aircraft is farther away from the runway. This effect
usually results in a late flare and hard landing.

Table 1 provides a summary of visual illusions factors and their
effects on the pilot’s perception and actions.

Lessening the Effects

To lessen the effects of visual illusions, company accident-
prevention strategies and personal lines of defense should
be developed and implemented based on the following
recommendations.



Factors That Cause Visual lllusions and

Result in Incorrect Pilot Responses

Factor Perception Action Result
Narrow or Too high Push Land short/
long runway hard
Runway or terrain
uphill slope
Wide or Too low Pull Land long/
short runway overrun
Runway or terrain
downhill slope
Bright runway Too close Push Land short/
lighting (too steep) hard
Low-intensity Fartheraway Pull Land long/
lighting (too shallow) overrun
Light rain, fog, haze, Too high Push Land short/
mist, smoke, dust hard
Entering fog Pitch-up Pushover  Steepen glide
(shallow layer) path/(CFIT)
Flying in haze Fartheraway Pull Land long/
(too shallow) overrun
Wet runway Fartheraway Late flare Hard landing
(too high)
Crosswind Angled with  Cancel drift  Drifting off
runway correction  track

CFIT = controlled flight into terrain

Source: FSF ALAR Task Force

Table 1

Hazard Awareness

Companies should assess their exposure to visual illusions on

their route network and in their operating environment(s).
Flight crews should be trained to recognize and to under-

stand the factors and conditions that cause visual illusions and

their effects, including:

« Perception of height/depth, distances and angles; and,

» Assessment of the aircraft's horizontal position and glide path.

Hazard Assessment
Approach hazards should be assessed during the approach
briefing by reviewing the following elements:

 Ceiling conditions and visibility conditions;
« Weather:

- Wind and turbulence;

- Rain showers; and/or,

- Fog or smoke patches;

» Crew experience at the airport and in the airport
environment:

- Surrounding terrain; and/or,

- Specific airport hazards and runway hazards (obstructions,
black-hole effect, off-airport light patterns); and,

» Runway approach aids and visual aids:

- Type of approach (let-down navaid restriction, such as a
glideslope that is unusable beyond a specific point or below
a specific altitude);

- Type of approach lights; and,
— VASI or PAPI availability.

Terrain Awareness
When requesting or accepting a visual approach, the flight crew
should be aware of the surrounding terrain features and man-
made obstacles.

At night, an unlighted hillside between a lighted area and the
runway may prevent the flight crew from correctly perceiving
the rising terrain.

Type of Approach

At night, whenever an instrument approach is available (par-
ticularly an instrument landing system [[LS] approach) the
instrument approach should be preferred to a visual approach,
to reduce the risk of accidents caused by visual illusions.

If an ILS approach is available, fly the ILS and use VASI or PAPI
for the visual portion of the approach.

If an ILS approach is not available, a nonprecision approach
supported by a VASI or PAPI should be the preferred option.

On a nonprecision approach, do not descend below the
MDA(H) before reaching the visual descent point (VDP), even if
visual references have been acquired.

To help prevent transitioning too early to visual references
and descending prematurely, the pilot flving (PF) should main-
tain instrument references until reaching the VDP.

During a visual or circling approach, when on the base leg, if
the VASI or PAPI indicates that the aircraft is below glide path,
level off or climb until the VASI or PAPI indicates on-glide-path.

Flight Path Monitoring

Resisting the tendency to pitch down or to descend intentionally
below the appropriate altitude is the greatest challenge during
the visual segment of the approach. This includes:

» Pitching down toward the approach lights in an attempt to
see the runway during a precision approach; or,

» Descending prematurely because of the incorrect perception
of being too high.
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The pilot not flying/pilot monitoring (PNF/PM) must maintain
instrument references, including glideslope deviation, during
the visual portion of an ILS approach.

Monitoring the VASI or PAPI, whenever available, provides
additional visual references to resist the tendency to increase or
to decrease the rate of descent.

On runways with an ALS with sequenced flashing lights I1
(ALSF-II), flight crews should be aware that two rows of red
lights are aligned with the touchdown zone lights; this will pro-
vide an additional guard against descending prematurely.

The following can counter visual illusions (and prevent a
flight crew from descending prematurely):

¢ Maintain an instrument scan down to touchdown;

« Cross-check instrument indications against outside visual
references to confirm glide path;

» Use an ILS approach whenever available;

» Use a VASI or PAP], if available, down to runway threshold;
and,

 Use other available tools, such as an extended runway center-
line shown on the flight management system (FMS) navigation
display, ILS-DME (distance-measuring equipment) or VOR
(very-high-frequency omnidirectional radio)-DME distance, al-
titude above airport elevation to confirm the glide path (based
on a typical 300-feet/one-nautical-mile approach gradient).

Crew Resource Management (CRM)

CRM should ensure continuous monitoring of visual references
and instrument references throughout the transition to the
visual segment of an instrument approach.

In demanding conditions, the PNF/PM should reinforce his or
her monitoring of instrument references and of the flight prog-
ress for effective cross-check and backup of the PF.

Altitude calls and excessive-parameter-deviation calls should
be the same for instrument approaches and for visual approach-
es, and should be continued during the visual portion of the ap-
proach (including glideslope deviation during an ILS approach
or vertical-speed deviation during a nonprecision approach).

Consequences
The following are cited often in the analysis of approach-and-
landing incidents and accidents resulting from visual illusions:

¢ Unconscious modification of the aircraft trajectory to main-
tain a constant perception of visual references;

« Natural tendency to descend below the glideslope or the
initial glide path;

e The preceding tendencies combined with the inability to
judge the proper flare point because of restricted visual

FLIGHT SAFETY FOUNDATION ALAR TOOL KIT | ALAR BRIEFING NOTE 5.3

references (often resulting in a hard landing before reaching
the desired touchdown point);

« Inadequate reference to instruments to support the visual
segment;

e Failure to detect the deterioration of visual references; and,

» Failure to monitor the instruments and the flight path be-
cause both pilots are involved in the identification of visual
references.

Summary

To guard against the adverse effects of visual illusions, flight
crews should:

» Be aware of all weather factors;
+ Be aware of surrounding terrain and obstacles;

» Assess the airport environment, airport and runway hazards;
and,

» Adhere to defined PF-PNF/PM task sharing after the transi-
tion to visual flying, including:

- Monitoring by the PF of outside visual references while re-
ferring to instrument references to support and monitor the
flight path during the visual portion of the approach; and,

- Monitoring by the PNF/PM of head-down references while
the PF flies and looks outside, for effective cross-check and
backup.

The following FSF ALAR Briefing Nctes provide information to
supplement this discussion:

» 1.6 — Approach Briefing;
e 5.2 — Terrain;
+ 7.3 — Visual References; and,

e 7.4 — Visual Approaches. @

Notes

1. Flight Safety Foundation. “Killers in Aviation: FSF Task Force Presents
Facts About Approach-and-landing and Controlled-flight-into-terrain
Accidents.” Flight Safety Digest Volume 17 (November-December
1998) and Volume 18 (January-February 1999): 1-121. The facts
presented by the FSF ALAR Task Force were based on analyses of 287
fatal approach-and-landing accidents (ALAs) that occurred in 1980
through 1996 involving turbine aircraft weighing more than 12,500
pounds/5,700 kilograms, detailed studies of 76 ALAs and serious
incidents in 1984 through 1997 and audits of about 3,300 flights.

2. The Flight Safety Foundation (FSF) Approach-and-landing Accident
Reduction (ALAR) Task Force defined causal factor as “an event or
item judged to be directly instrumental in the causal chain of events
leading to the accident [or incident].” Each accident and incident in
the study sample involved several causal factors.



3. The FSF ALAR Task Force defined circumstantial factor as "an event
or item that was judged not to be directly in the causal chain of
events but could have contributed to the accident [or incident].

4. The black-hole effect typically occurs during a visual approach
conducted on a moonless or overcast night, over water or over dark,
featureless terrain where the only visual stimuli are lights on and/
or near the airport. The absence of visual references in the pilot’s
near vision affects depth perception and causes the illusion that
the airport is closer than it actually is and, thus, that the aircraft is
too high. The pilot may respond to this illusion by conducting an
approach below the correct flight path (i.e., a low approach).
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Spatial Disori

Visual lllusions

SPATIAL DISORIENTATION:
Seeing Is Not Believing

Spatial Orientation

Our natural ability to maintain our body orientation and/
or posture in relation to the surrounding environment at
rest and during motion. Genetically speaking, humans are
designed to maintain spatial orientation on the ground.
The flight environment is hostile and unfamiliar to the
human body; it creates sensory conflicts and illusions that
make spatial orientation difficult, and, in some cases, even
impossible to achieve. Statistics show that between 5 to
10% of all general aviation accidents can be attributed to
spatial disorientation, and 90% of these accidents are fatal.

Spatial Orientation on the Ground

Good spatial orientation on the ground relies on the
effective perception, integration, and interpretation of
visual, vestibular (organs of equilibrium located in the inner
ear), and proprioceptive (receptors located in the skin,
muscles, tendons, and
joints) sensory
information. Changes in
linear acceleration,
angular acceleration, and
gravity are detected by
the vestibular system and |
the proprioceptive
receptors, and then
compared in the brain

Sensaory Organs
Transmission Paths

with visual information

(Figure 1).

Figure 1
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Spatial Orientation In Flight

Spatial orientation in flight is sometimes difficult to achieve
because the various types of sensory stimuli (visual,
vestibular, and proprioceptive) vary in magnitude,
direction, and frequency. Any differences or discrepancies
between visual, vestibular, and proprioceptive sensory
inputs result in a “sensory mismatch” that can produce
illusions and lead to spatial disorientation.

Vision and Spatial Orientation

Visual references provide the most important sensory
information to maintain spatial orientation on the ground
and during flight, especially when the body and/or the
environment are in motion. Even birds, reputable flyers, are
unable to maintain spatial orientation and fly safely when
deprived of vision (due to clouds or fog). Only bats have
developed the ability to fly without vision by replacing their
vision with auditory echolocation. So, it should not be any
surprise to us that, when we fly under conditions of limited
visibility, we have problems maintaining spatial orientation.

Central Vision

Central vision, also known as foveal vision, is involved with
the identification of objects and the perception of colors.
During instrument flight rules (IFR) flights, central vision
allows pilots to acquire information from the flight
instruments that is processed by the brain to provide
orientational information. During visual flight rules (VFR)
flights, central vision allows pilots to acquire external
information (monocular and binocular) to make judgments
of distance, speed, and depth.



Peripheral Vision

Peripheral vision, also known as ambient vision, is
involved with the perception of movement (self and
surrounding environment) and provides peripheral
reference cues to maintain spatial orientation. This
capability enables orientation independent from central
vision, and that is why we can walk while reading. With
peripheral vision, motion of the surrounding environment
produces a perception of self-motion even if we are
standing or sitting still.

Visual References
Visual references that provide information about distance,
speed, and depth of visualized objects include:

* Comparative size of known objects at different distances.

* Comparative form or shape of known objects at different
distances.

* Relative velocity of images moving across the retina.
Nearby objects are perceived as moving faster than
distant objects.

* Interposition of known objects. One object placed in
front of another is perceived as being closer to the
observer.

* Varying texture or contrast of known objects at different
distances. Object detail and contrast are lost with distance.

* Differences in illumination perspective of objects due to

light and shadows.

* Differences in aerial perspective of visualized objects.
More distant objects are seen as bluish and blurry.

The flight attitude of an airplane is generally determined
by the pilot’s visual reference to the natural horizon.
When the natural horizon is obscured, attitude can
sometimes be maintained by visual reference to the surface
below. If neither horizon nor surface visual references
exist, the airplane’s attitude can only be determined by
artificial means such as an attitude indicator or other
flight instruments. Surface references or the natural
horizon may at times become obscured by smoke, fog,
smog, haze, dust, ice particles, or other phenomena,
although visibility may be above VFR minimums. This is
especially true at airports located adjacent to large bodies
of water or sparsely populated areas, where few, if any,
surface references are available. Lack of horizon or surface
reference is common on over-water flights, at night, or in
low visibility conditions.

Visual Illusions

Visual illusions are familiar to most of us. As children, we
learned that railroad tracks—contrary to what our eyes
showed us—don’t come to a point at the horizon. Even
under conditions of good visibility, you can experience
visual illusions including:

Aerial Perspective Illusions may make you change
(increase or decrease) the slope of your final approach. They
are caused by runways with different widths, upsloping or
downsloping runways, and upsloping or downsloping final
approach terrain.

Pilots learn to recognize a normal final approach by
developing and recalling a mental image of the expected
relationship between the length and the width of an average
runway, such as that exemplified in Figure 2.

A final approach over a flat terrain with an upsloping
runway may produce the visual illusion of a high-alticude
final approach. If you believe this illusion, you may respond
by pitching the aircraft nose down to decrease the altitude,
which, if performed too close to the ground, may result in
an accident (Figure 3).

A final approach over a flat terrain with a downsloping
runway may produce the visual illusion of a low-altitude
final approach. If you believe this illusion, you may respond
by pitching the aircraft nose up to increase the altitude,
which may result in a low-altitude stall or missed approach

(Figure 4).




A final approach over an upsloping terrain with a flat runway
may produce the visual illusion that the aircraft is higher than
it actually is. If you believe this illusion, you may respond by
pitching the aircraft nose-down to decrease the altitude,
resulting in a lower approach. This may result in landing short
or flaring short of the runway and risking a low-altitude stall.
Pitching the aircraft nose-down will result in a low, dragged-in
approach. If power settings are not adjusted, you may find
yourself short of the runway, needing to add power to extend
your flare. If you do not compensate with power, you will land
short or stall short of the runway (Figure 5).

Figure 5 betier
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A final approach over a downsloping terrain with a flat
runway may produce the visual illusion that the aircraft is
lower than it actually is. If you believe this illusion, you
may respond by pitching the aircraft’s nose up to gain
altitude. If this happens, you will land further down the
runway than you intended (Figure 6).

Figure 6

A final approach to an unusually narrow runway or an
unusually long runway may produce the visual illusion of
being too high. If you believe this illusion, you may pitch
the aircraft’s nose down to lose altitude. If this happens too
close to the ground, you may land short of the runway and
cause an accident (Figure 7).

Figure 7

A final approach to an unusually wide runway may
produce the visual illusion of being lower than you actually
are. If you believe this illusion, you may respond by
pitching the aircraft’s nose up to gain altitude, which may
result in a low-altitude stall or missed approach (Figure 8).

Figure 8§

A Black-Hole Approach Illusion can happen during a final
approach at night (no stars or moonlight) over water or
unlighted terrain to a lighted runway beyond which the
horizon is not visible. In the example shown in Figure 9,
when peripheral visual cues are not available to help you
orient yourself relative to the earth, you may have the
illusion of being upright and may perceive the runway to
be tilted left and upsloping. However, with the horizon
visible (Figure 10) you can easily orient yourself correctly
using your central vision.

Figure 9

Figure 10

A particularly hazardous black-hole illusion involves
approaching a runway under conditions with no lights
before the runway and with city lights or rising terrain
beyond the runway. Those conditions may produce the
visual illusion of a high-altitude final approach. If you
believe this illusion you may respond by lowering your
approach slope (Figure 11).

.. Figure 11




The Autokinetic Illusion gives you the impression that a
stationary object is moving in front of the airplane’s path; it
is caused by staring at a fixed single point of light (ground
light or a star) in a totally dark and featureless background.
This illusion can cause a misperception that such a light is
on a collision course with your aircraft (Figure 12).

Figure 12

False Visual Reference Illusions may cause you to orient
your aircraft in relation to a false horizon; these illusions are
caused by flying over a banked cloud, night flying over
featureless terrain with ground lights that are
indistinguishable from a dark sky with stars, or night flying
over a featureless terrain with a clearly defined pattern of
ground lights and a dark, starless sky (Figure 13).

Figure 13

Vection Illusion: A common example is when you are
stopped at a traffic light in your car and the car next to you
edges forward. Your brain interprets this peripheral visual
information as though you are moving backwards and
makes you apply additional pressure to the brakes. A similar
illusion can happen while taxiing an aircraft (Figure 14).

Figure 14

How to Prevent Spatial Disorientation

* Take the opportunity to personally experience sensory
illusions in a Barany chair, a Vertigon, a GYRO, or a
Virtual Reality Spatial Disorientation Demonstrator
(VRSDD). By experiencing sensory illusions first-hand
(on the ground), pilots are better prepared to recognize a
sensory illusion when it happens during flight and to
take immediate and appropriate action. The Aerospace
Medical Education Division of the FAA Civil Aerospace
Medical Institute offers spatial disorientation
demonstrations with the GYRO and the VRSDD in
Oklahoma City and at all of the major airshows in the
continental U.S.

* Obtain training and maintain your proficiency in aircraft
control by reference to instruments.

* When flying at night or in reduced visibility, use and rely
on your flight instruments.

* Study and become familiar with unique geographical
conditions where flight is intended.

* Do not attempt visual flight when there is a possibility of
being trapped in deteriorating weather.

* If you experience a visual illusion during flight (most
pilots do at one time or another), have confidence in
your instruments and ignore all conflicting signals your
body gives you. Accidents usually happen as a result of a
pilot’s indecision to rely on the instruments.

* If you are one of two pilots in an aircraft and you begin
to experience a visual illusion, transfer control of the
aircraft to the other pilot, since pilots seldom experience
visual illusions at the same time.

* By being knowledgeable, relying on experience, and
trusting your instruments, you will be contributing to
keeping the skies safe for everyone.

Medical Facts for Pilots

Publication AM-400-00/1 (rev. 2/11)
Revised by: Melchor J. Antuniano, M.D.
FAA Civil Aerospace Medical Institute

To request copies, contact:

FAA Civil Aerospace Medical Institute
Shipping Clerk, AAM-400

PO. Box 25082 Oklahoma City, OK 73125
(405) 954-4831
A complete list of pilot safety brochures
is on the FAA Web site:
www.faa.gov/pilots/safety/pilotsafetybrochures/
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Visual Misperception in Aviation: Glide Path Performance in
a Black Hole Environment

Randy Gibb, U.S. Air Force Academy, Colorado, Roger Schvaneveldt and Rob Gray,
Arizona State University, Mesa, Arizona

Objective: We sought to improve understanding of visual perception in aviation to mit-
igate mishaps in approaches to landing. Background: Research has attempted to iden-
tify the most salient visual cues for glide path performance in impoverished visual
conditions. Numerous aviation accidents caused by glide path overestimation (GPO)
have occurred when a low glide path was induced by a black hole illusion (BHI) in
featureless terrain during night approaches. Method: Twenty pilots flew simulated
approaches under various visual cues of random terrain objects and approach lighting
system (ALS) configurations. Performance was assessed relative to the desired 3° glide
path in terms of precision, bias, and stability. Results: With the high-ratio (long, narrow)
runway, the overall performance between 8.3 and 0.9 km from the runway depicted a
concave approach shape found in BHI mishaps. The addition of random terrain objects
failed to improved glide path performance, and an ALS commonly used at airports
induced GPO and the resulting low glide path. The worst performance, however,
resulted from a combination ALS consisting of both side and approach lights. Sur-
prisingly, novice pilots flew more stable approaches than did experienced pilots. Con-
clusions: Low, unsafe approaches occur frequently in conditions with limited global
and local visual cues. Approach lights lateral of the runway may counter the bias of the
BHI. The variability suggested a proactive, cue-seeking behavior among experienced
pilots as compared with novice pilots. Application: Visual spatial disorientation train-
ing in flight simulators should be used to demonstrate visual misperceptions in black
hole environments and reduce pilots’ confidence in their limited visual capabilities.

INTRODUCTION

The black hole illusion (BHI) is a specific type
of illusion in featureless terrain. According to the
U.S. Department of Transportation (2002), “An
absence of ground features, as when landing over
water, darkened areas, and terrain made feature-
less by snow, can create the illusion that the aircraft
is at a higher altitude than it actually is. The pilot
who does not recognize this illusion will fly a
lower approach” (p. 8-1-6).

Dating back to the 1950s, aviation safety has
been concerned with the BHI and visual spatial
disorientation contributing to accidents caused by
misperception of altitude and distance (Calvert,
1954; Civil Aeronautics Board, 1960). The Na-
tional Transportation Safety Board (NTSB, 1977)
formally recognized the BHI in accidents as far
back as 1974 in the analysis of the Pago Pago,

American Samoa, crash in which only 5 of the 101
people on board survived. More recently, the BHI
was cited in a commercial aircraft accident at
Tallahassee, Florida, and the final approach was
characterized by the classic concave shape prior
to terrain impact (NTSB, 2002). Despite the pres-
ence of precision approach path indicator lights
(called PAPIs, similar to visual approach slope in-
dicator lights, VASIs), the pilots still experienced
glide path overestimation (GPO).

The U.S. Air Force (USAF) Accident Investi-
gation Board reported in 1999 on a C-130 accident
in Kuwait and in 2002 on a C-17 mishap in Af-
ghanistan. The C-130 mishap occurred during a
night approach over featureless terrain and re-
sulted in a short landing that was partly attributable
to a lack of ambient visual cues. The C-17 mishap
occurred during a night approach that landed short,
and the BHI was cited as a contributing factor to

Address correspondence to Colonel Randy Gibb, USAFA/DFBL, 2354 Fairchild Suite 6L.166, USAFA, CO 80840; randall.gibb@
usafa.edu. HUMAN FACTORS, Vol. 50, No. 4, August 2008, pp. xxx—xxx. DOI 10.1518/001872008X288619.
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the accident. In 2006, an F-16 came within 6 m of
the ground 0.9 km from the runway while flying
anight visual approach (E. Cassingham, personal
communication, October 27, 2006). The F-16 near
mishap occurred despite the presence of PAPIs to
the landing runway. As recently as February 2008,
the USAF made changes to a runway in Germany
to help alleviate visual misperception and obstacle
hazards that had contributed to eight mishaps since
1985 (Schonauer, 2008). Clearly, the problem has
not gone away.

Gibb (2007) described the visual misperception
that occurs in a featureless environment when a
pilot is induced into GPO (Figure 1). GPO results
when a pilot develops a false sensation that the air-
craft is too high, above the desired 3° glide path,
which is described as “feeling steep.” Incorrectly
trusting their perceptual capabilities, pilots initi-
ate an aggressive descent and wrongly adjust to an
unsafe position below the desired glide path. As
defined previously, the BHI refers not to the run-
way but to the environment surrounding the
runway. GPO, as shown in the figure, results in a
concave-shaped approach, a below-glide path
arc, which may result in impacting terrain or an
obstacle ahead of the runway.

GPO appears to stem from misperception of al-
titude and distance arising from a lack of reliable
visual information about these quantities. In the
featureless environments typically associated

(2) Pilot over-
estimates the
glide path

(1) Pilothas == _ S

correct altitude —Z2 ~
for distance, ™,
but... e

(3) Consequently, the pilot
initiates an aggressive
descent that puts the
airplane below glide path

with BHI accidents, the only visual cues available
for estimation of altitude and distance are the
shape and size of the retinal image of the runway.
For example, the aspect ratio of the runway’s reti-
nal image (e.g., the ratio of its medial and lateral
visual angles) increases as a function of altitude
and distance. Therefore, a long and thin retinal
image is typically seen when a pilot is high and far
from the runway; thus the runway appears more
orthogonal than when a pilot is low and close to the
runway. This perception of being high and far may
induce a pilot into an overly aggressive descent.

Similarly, the visual angle subtended by either
the medial or lateral axis of the runway will be in-
versely related to altitude and distance, so, for ex-
ample, when the front edge of the runway subtends
alarger visual angle, the pilot is typically low and
close to the runway. This perception may induce
pilots to lessen their descent rate. Nearly every avi-
ation visual perception discussion includes the
illusion of runway size and shape (e.g., Newman,
2005; Pitts, 1967). Pilots experience perceptual
constancy problems in rich viewing environments
when they encounter a runway different from
those to which they are accustomed.

Given these relationships, it is not surprising
that pilots seem to use these visual cues to control
their approach in featureless terrain conditions. As
discussed in the context of BHI (Perrone, 1984)
and more generally in relation to distance and depth

Figure 1. The black hole illusion induces pilots to fly unsafe, shallow approaches because of visual misperception. From
“Visual Spatial Disorientation: Re-Visiting the Black Hole Illusion” by R. W. Gibb, 2007, Aviation, Space, and Envi-
ronmental Medicine, 8, p. 802. Copyright 2007 by the Aerospace Medical Association. Reprinted with permission.

o



Gibb,rl.gxd

6/25/08 3:01 PM Page 3

VISUAL MISPERCEPTION IN AVIATION

—p—

3

perception (Gregory, 1997), the shape and size of
an object’s retinal image in isolation do not pro-
vide reliable cues to altitude and distance.

For one, the aspect ratio, medial visual angle,
and lateral visual angle of the runway’s retinal
image not only are related to distance and altitude
but will also depend on the physical slant of the
runway (i.e., whether it is on an up or down slope)
and the physical aspect ratio (e.g., whether it is a
2,700- x 30-m or 1,500- x 90-m runway). If these
physical characteristics are not known, the pilot
could make a dangerous misjudgment: For exam-
ple, the long and thin image produced by a narrow
runway (or arunway that is physically sloped up)
could be misinterpreted by the pilot as an approach
from a high altitude, appearing more orthogonal
and inducing GPO.

Although there is evidence that these factors are
related to BHI accidents (e.g., up-sloped runway
in Guam: NTSB, 1997; up-sloped runway and
rising terrain prior to the runway in Germany:
Schonauer, 2008), they do not seem to be the sole
cause, given that many of the featureless terrain
accidents have occurred on flat or down-sloped
runways that have common aspect ratios (e.g.,
down-sloped runway and 47 ratio in St. Thomas
[NTSB, 1998]; down-sloped approach and 53 ratio
for the 2002 Florida accident [NTSB, 2002]).

Another problem associated with using the
angular size and shape of an object’s retinal image
as the sole cue to its distance is that humans have
many estimation biases in environments with
impoverished visual cues. When only the target
object is visible, distance is consistently under-
estimated (Teghtsoonian & Teghtsoonian, 1969).
It has also been shown, analogous to the 2-D
horizontal-vertical illusion presented in many text-
books, that visual angles in the medial plane are
overestimated relative to visual angles in the lat-
eral plane (Crassini, Best, & Day, 2003).

Both of these biases are consistent with GPO
and the pilot behavior observed in featureless ter-
rain accidents. An overestimation of the runway’s
medial visual angle (and consequently its aspect
ratio) will lead to an overestimation of altitude, re-
sulting in GPO and inducing the pilot to “correct
low.” Because the approach angle associated with
a given altitude is inversely related to the distance
to the runway, GPO would be even further exac-
erbated by the pilot’s tendency to underestimate
distance. Clearly this analysis of GPO and BHI
suggests that additional sources of visual infor-

mation in the landing environment (e.g., visible
ground texture or landing lights) may help to dis-
ambiguate the cues provided by the runway’s reti-
nal image and/or reduce the overestimation of
distance and altitude.

Visual perception. Previc (2004a) defined a vi-
sual approach to landing as an ambient vision
task. Ambient vision is concerned with orienta-
tion within the environment relative to earth-fixed
coordinates (Parmet & Gillingham, 2002). This
ambient environmental orientation is the uncon-
scious portion of vision in terms of one’s lack of
awareness regarding the assimilation and infer-
ence gained from peripheral cues toward overall
perception. Ambient vision also provides an exter-
nal viewpoint of one’s motion (Previc, 2004b).
Previc (2004b) further described the function of
ambient vision as the veridical perception of dis-
tance and ground plane slant. In contrast, focal
vision is primarily involved with detail discrim-
ination and color as well as an internal viewpoint
in judging distance, size, and shape.

In an approach under rich viewing conditions,
the ambient cues providing veridical perception of
movement and spatial orientation are in the back-
ground (periphery) for the central task of landing.
Consequently, the runway is the perceived primary
visual cue and favored target during a visual ap-
proach (Riordan, 1974). The paradox is that in
black hole conditions, the favored runway image
is still present but the vital ambient cues are ab-
sent. Therefore, pilots may feel that they have the
same information available as they do under rich
viewing conditions. The missing ambient cues
are not actively attended to when they are avail-
able, so they may seem unnecessary. The BHI
clearly suggests otherwise.

Previous Research

An analysis of USAF spatial disorientation
(SD) mishaps from 1990 to 2004 found that of all
mishaps, 11% were attributed to SD. SD accounted
for 23% of accidents occurring at night (Lyons,
Ercoline, O’Toole, & Grayson, 2006). Benson
(1999) defined SD as when a pilot fails to sense
correctly the position, motion, or attitude of the
aircraft within the fixed coordinate system pro-
vided by the surface of the earth and the gravita-
tional vertical. Both Gillingham (1992) and Previc
(2004a) estimated that visual SD contributes to
nearly half of all SD mishaps. Two separate sur-
veys of USAF pilots (Matthews, Previc, & Bunting,
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2002; Sipes & Lessard, 2000) reported that in
terms of visual SD, the BHI is a leading form of
pilot misperception that is experienced during im-
poverished visual conditions.

Mertens and Lewis (1982, 1983) studied the
BHI by manipulating runway shape and approach
lighting systems (ALSs) during simulated night
approaches. They found that the higher a runway’s
ratio is, the greater the GPO will be (Mertens &
Lewis, 1982), and the addition of an ALS in-
creased a runway’s ratio and further induced GPO
(Mertens & Lewis, 1983). Mertens (1981, p. 385)
also recommended research into “extra-runway
cues” for visual perception guidance.

Perrone (1984) developed a model of slant
misperception in aviation to quantify the BHI,
and it is still a leading theory on the phenomenon
(Previc, 2004a). According to Perrone (1982), an
observer will often underestimate slant (from
vertical) by falsely perceiving the axis of rotation
at the bottom of a figure rather than at its center.
In impoverished viewing conditions during a
landing, pilots focus on their target — the approach
end of the runway — and this incorrect axis of rota-
tion results in foreshortening of the rectangular
image and an overestimation (from horizontal).
Perrone (1984) explained that the lack of surface
detail eliminated the monocular depth cue of lin-
ear perspective, leaving pilots with only runway
edge lighting.

Perrone’s (1984) formula is founded on the the-
ory that the higher the runway’s ratio, the greater
the GPO. Pilots use runway width for perspective
when landing at night. During rich viewing con-
ditions, in contrast, cues extend out beyond the
width of the runway, providing linear perspective,
the primary visual cue to perceiving distance
(Mertens, 1979; Previc, 2004b). Perrone (1984)
also expressed the need to quantify the amount of
textual information that is sufficient to assist pilots
in properly perceiving linear perspective.

Lintern and Walker (1991) examined scene
content and runway width in simulator landings,
assessing pilot performance from 3.0 to 0.7 km
from the runway. Scene content was categorized
as reduced or normal, and as a factor it was sig-
nificant: More shallow glide paths were flown in
the reduced-content scenes because of GPO. Sim-
ilarly, Galanis, Jennings, and Beckett (1998) con-
cluded that texture reduced pilots’ uncertainty
while they were attempting to maintain the glide
path. Palmisano and Gillam (2005) also concluded

that increasing information regarding the true ori-
entation of the ground plane improved glide path
judgments. See Gibb and Gray (2006) for further
discussion of the role of structural and textural ele-
ments in perceived terrain orientation.

Aims of the Present Study

As discussed in detail previously, in a feature-
less terrain environment the only visual cues avail-
able to the pilot are those provided by the retinal
image of the runway, resulting in misjudgments
of altitude and distance (i.e., the BHI). The GPO
that can occur in this situation could potentially be
remedied with the addition of other sources of
visual information in the landing environment.
The primary aim of the present study was to
directly compare the effectiveness of different en-
vironmental cues (objects on the ground terrain,
astandard ALS, and areconfigured ALS) in reduc-
ing the incidence of GPO.

The following specific hypotheses were ad-
dressed in the research:

1. Relative to the runway alone, the presence of random
terrain objects will reduce the magnitude of GPO
(Perrone, 1984).

2. Relative to the runway alone, a standard ALS will in-
crease the magnitude of GPO (Mertens & Lewis,
1983).

3. Relative to the runway alone, a reconfigured ALS
(consisting of lights on the side of the runway) that
has the effect of decreasing the perceived runway as-
pect ratio will reduce the magnitude of GPO.

4. The combination of a standard ALS with the recon-
figured ALS provides an optimal landing light
configuration for perception of the approach to land-
ing and accurate glide path performance (Gibb &
Gray, 2006).

5. Different visual cues influence pilot performance at
different distances from the runway (Galanis et al.,
1998; Lintern & Walker, 1991).

METHODS

Apparatus

Microsoft Flight Simulator™ (2004 version),
was used to simulate the landing approaches. This
system is often used as a research tool (Khan,
Rossi, Heath, Ali, & Ward, 2006) and as a training
system by the U.S. Navy for its future aviators
(Brewin, 2000). Microsoft Flight Simulator was
augmented by “add-on” software called FS Archi-
tect™ (2005 version), which created airfields at
particular latitude and longitude positions. The
two software packages allowed for the creation of
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black-hole approach environments for runways of
various shapes and sizes, ALSs, illuminated ob-
jects, and runway edge lighting. A Boeing 737-400
was flown by participants, with the gear down and
flaps fully extended. However, no instrument dis-
plays were provided; the approach was purely
visual.

The aircraft was controlled by a standard avi-
ation computer game joystick, Logitech Attack3.
The visual environment was projected on a large
wall using a LCD projector (Hitachi CPX1200
SER) updated at a rate of 60 Hz to simulate the
movement of the virtual aircraft. In order to reduce
variability caused by lateral movement of the joy-
stick, lateral control input was removed (x axis),
resulting in the participant controlling only the
pitch movement (y axis). The lateral position of the
participant’s aircraft always remained aligned with
the center of the runway. Thus, the pilot focused
on controlling the rate of descent to fly a 3° glide
path to landing. The participant sat 2.5 m from a
wall that displayed the projected image. The total
visual scene was 2.99 m horizontal and 2.26 m
vertical, creating a horizontal visual angle of 30.5°
and a vertical visual angle of 24°.

Dependent Variables

There were two dependent variables in this re-
search. The primary dependent variable was alti-
tude deviation, which consisted of precision and
bias performance data. Precision, or accuracy, is
the most common measure of performance, de-
scribing how close the pilot is to the desired 3°
glide path target, whereas bias refers to the direc-
tion of the glide path flown, relative to the desired
3° glide path (i.e., above or below it; Lintern &
Liu, 1991; Palmisano & Gillam, 2005). The sec-
ond dependent variable, standard deviation, refers
to the stability of the altitude deviation.

Glide path performance was obtained by dis-
tance and altitude data points collected approxi-
mately every second (0.99 s) throughout the entire
approach. The approach started and data collection
began at 9.3 km (5 nautical miles; NM), and data
collection continued until the landing; however,
only data between 8.3 km (4.5 NM) and 0.9 km
(0.5 NM) from the runway’s threshold (the aim
point) were analyzed. Data were not analyzed
from 9.3 to 8.3 km to allow the pilot participants
time to stabilize their control inputs, and data col-
lected closer than 0.9 km to the threshold were

not analyzed because of the large variability in the
data found during pilot studies.

The horizontal distance from runway threshold
(the start of the runway) and altitude at that dis-
tance were converted into a spatial position rela-
tive to the desired glide path, an angle to aim point.
Altitude deviation from 3° was computed by tak-
ing the current altitude and subtracting the de-
sired 3° altitude. For example, a position of 244 m
(800 ft) in altitude and 3.7 km (12,152 ft) from the
runway results in an altitude deviation of +48 m
(+163 ft). Altitude deviation was used instead of
the conventional glide path in degrees because the
sensitivity of the degree measure changes dramat-
ically as one approaches the runway. For instance,
in the example at 3.7 km, the 48-m altitude devi-
ation equates to 3.8°, but the same 48-m altitude
deviation at 2 km equates to 6.9°. The altitude de-
viation measure reflects both precision and bias
in that zero altitude deviation is the goal and the
sign of the altitude deviation reflects the direction
of the deviation (negative for below the glide path
and positive for above the glide path).

The second dependent variable, standard de-
viation, allowed us to assess the stability of per-
formance and was computed by averaging the
standard deviation values within each distance
interval range within each approach.

Independent Variables

The independent variables are listed in the fol-
lowing sections.

Terrain density. This variable was manipulated
with three levels of randomly placed objects per
square grid, based on Kleiss and Hubbard (1993).
The objects within each level were illuminated
rectangular solids of the dimensions 15.2 m (50 ft)
side X 15.2 m side x 9.1 m (30 ft) tall. Each run-
way was situated within a 6 X 10 grid layout; each
grid had the dimensions 3,048 m (1,000 ft) x
3,048 m, resulting in 3 grids each side of the run-
way and 10 grids in length (60 grids total). The
three levels were (a) Terrain Density 0 (zero ob-
jects); (b) Terrain Density 5 (S random objects per
60 grids; and (c) Terrain Density 10 (10 random
objects per 60 grids).

Approach lighting. This was manipulated with
four levels of lighting system configurations. The
first was (a) no ALS: This was the same condition
as the zero-object condition for terrain density. The
landing environment consisted of only the runway.
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The second was (b) standard ALS: Here, a stan-
dard ALS system was present. The ALS used in
this study was the ALSF2 (shown in the foreground
of Figure 2; also used by Mertens & Lewis, 1983),
which extended 732 m (2,400 ft) from the thresh-
old (out from the approach end of the runway).

The third and fourth approach lighting arrays
were new manipulations. (c) Reconfigured ALS:
This was a novel-shaped ALS consisting of illu-
minated objects at the sides of the runway in a dis-
tinct pattern, the same type of illuminated objects
used for terrain density (see Figure 2). No lights
extended from the end of the runway, only side
lighting. Twelve objects, three pairs on each side,
were positioned starting at 152 m (500 ft) down
the runway, then at 457 m (1,500 ft) and 762 m
(2,500 ft) down. The pairs were 15.2 m (50 ft)
from the side of the runway with 15.2-m gaps
between them, resulting in a total of 61 m (200 ft)
in width on each side. (d) Combination ALS: This
array combined the standard ALS and reconfig-
ured ALS, as shown in Figure 2.

Distance. Distance from the runway was as-
sessed at eight intervals ranging from 8.3 to 0.9 km
(4.5-0.5 NM) from the runway. Visual inspection
of the levels revealed three distinct groupings:
above, near, and below the desired glide path.

Figure 2. Example of approach lighting system (ALS)
condition (combination ALS).

Consequently, the eight intervals were collapsed
into three based on those groupings. The distance
ranges used were (a) distance far: 8.3-5.6 km
(4.5-3.0 NM) from the runway; (b) distance mid:
5.6-3.7 km (3.0-2.0 NM) from the runway; and
(¢) distance near: 3.7-0.9 km (2.0-0.5 NM) from
the runway.

Expertise. This was the only between-group
factor, and categorization was based upon a post
hoc grouping of the volunteer pilot participants.

Experimental Design

The experiment included two mixed designs.
The first design, the terrain density analysis, ex-
amined natural aspects of the landing scene and
was a within 3 (terrain density) X 3 (distance) be-
tween 2 (expertise) ANOVA. This manipulation
added natural aspects to a black hole approach
environment to improve visual perception. The
second design examined approach lighting ma-
nipulations using a within 4 (approaching light-
ing) X 3 (distance) between 2 (expertise) ANOVA.
These manipulations added manufactured lighting
configurations to counter the bias of a BHIL.

The runway for all conditions was 2,743 x 30m
(9,000 x 100 ft). This runway represented the more
narrow (long, thin) runway encountered by pilots,
having a ratio of 90. The condition with only the
runway (shape illuminated with edge lighting)
and no ALS and no terrain objects was the most
impoverished visual scene and was part of both
mixed designs (zero terrain objects condition and
no ALS condition).

The ANOVA results were assessed using an al-
pha value of .05, and the post hoc tests were com-
puted using an alpha of .10 divided by the number
of tests using one-tailed probability values where
directional hypotheses were in the expected direc-
tion. Sphericity was handled with the Huynh-Feldt
correction to the degrees of freedom.

Participants

All pilot participants were paid volunteers
($15) who had actual flying experience to ensure
they could accomplish a visual glide path to land-
ing. The 20 volunteer pilot participants fell into
two groups: 8 experienced and 12 novices. The 8
experienced pilots ranged in age from 34 to 48
years (mean = 42.1) and in flying hours from
2,000 to 15,000 hr (mean = 6,238, median = 4,000).
The 12 novice pilots ranged in age from 18 to 27
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years (mean 21.4) and in flying hours from 75 to
527 hr (mean = 256, median = 284).

Procedure

The experiment began with instructions and
three practice approaches with three different run-
way conditions. Each trial started 9.3 km from the
runway threshold and at 485 m (1,500 ft) above
the runway elevation. The simulator was taken off
“freeze,” and the participants were instructed to
fly straight and level until they felt they had inter-
cepted the 3° glide path to landing. At that time,
they vertically maneuvered the aircraft to the land-
ing runway. Pilots had to visually capture and then
maintain a 3° glide path to landing using no instru-
mentation. The desired intercept point for a 3°
glide path was at approximately 8.7 km (4.7 NM)
from the runway. The only input was the control
stick to either raise (to climb) or lower (to de-
scend) the nose of the aircraft. The autothrottles
maintained desired airspeed, 125 knots (64 m/s or
211 ft/s). Each trial was approximately 2 min 15 s
in duration.

It should be noted that because of space con-
straints, this paper presents less than half of the
data. In the actual experiment, each participant ac-
complished 18 randomly ordered conditions that
consisted of all terrain and lighting conditions
flown into runway ratios 17 and 90 with either a
horizon present or absent. The data presented, how-
ever, concentrate on the conditions producing the
BHI, namely flying into a high-ratio runway with
no visible horizon. Thus the reported data come
from six different manipulated conditions at ratio
90. It is important to note that the results should be

707 FAR:+253m
50
30

10 A

interpreted from the perspective that the pilots, at
the beginning of every condition, had not only ran-
dom environmental cues either present or absent
but also random runway ratios to perceive.

RESULTS

Distance Levels

The data were analyzed via the terrain density
and approach lighting designs described previ-
ously at all eight distance levels. Then additional
analyses were accomplished at collapsed distance
levels, from eight down to three. When collapsed,
the three distance levels were significantly differ-
ent, F(1.9, 686.8) =237.9, p < .001. The average
altitude deviation values for each distance were
+25.3 m (standard deviation = 2.4) for distance
far (Distance 1-3), —2.1 m (3.9) for distance mid
(Distance 4-5), and —15.5 m (2.7) for distance near
(Distance 6-8). Our data shown in Figure 3 depicts
the classic concave approach shape described in
previous mishaps (NTSB, 2002) and research
(Kraft, 1978).

Terrain Density Analysis

The average altitude deviation values for the
three levels of terrain density were, unexpectedly,
less accurate for the higher number of random
objects; 0 objects averaged —1.7 m (standard error
10.9), 5 objects averaged —16.8 m (9.7), and 10
objects averaged —23.9 m (10.0). As shown in
Table 1, terrain density as a main effect was sig-
nificant, and the post hoc assessment found that
the changes from 0 to 5 objects and O to 10 ob-
jects were significant, #(19) =-2.35, p=.015, and

NEAR :-155m

| ] e

Altitude Devition in meters
b A
o o
1 1
'_
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&
o
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8.3-74 7.4-6.5 6.5-5.6

5.6-4.6

4.6-3.7 3.7-2.8 2.8-1.9 1.9-0.9

Distance from Runway in kilometers

Figure 3. Altitude deviation performance over eight distance levels.
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TABLE 1: Terrain Density ANOVA on Altitude Deviation

Source Variance DF F P Partial Eta®
Terrain density 2,36 3.73 .034* A71
Distance 2,36 25.86 .000* .590
Terrain Density x Distance 4,72 1.06 .382 .056

*Significant at the .05 level.

t(19) = 4.97, p < .001 (one-tailed, alpha level
.033), respectively. Contrary to Hypothesis 1, ran-
dom terrain objects as presented in this study de-
graded glide path performance, leading to lower
approaches.

The altitude deviation performance between the
two different expertise levels depicted more accu-
racy for the novice pilots, who averaged +10.3 m
(11.4), as compared with the expert pilots, who av-
eraged —38.6 m (14.0). This main effect was also
significant, F(1, 18) =7.35, p=.014.

Approach Lighting Analysis

Table 2 represents the average altitude devia-
tion values of the four different approach lighting
manipulations, and Table 3 shows the ANOVA re-
sults. Approach lighting, distance, and the inter-
action were all significant main effects. Expertise,
however, was not significant.

As shown in Table 2, no ALS and the recon-
figured ALS produced the most accurate pilot per-
formance in terms of altitude deviation, and both
were significantly different from the combination
ALS, #(19)=3.66,p=.002, and #(19) =3.84,p =
.001, respectively. The difference between the
reconfigured ALS, +3.8 m, and the standard ALS,
—16.8 m, was nearly significant, #(19) =2.26, p =
.018 (one-tailed, alpha level .017). The less accu-
rate and low-biased standard ALS performance
suggests support of Hypothesis 2, whereas the

TABLE 2: Approach Lighting and Average Altitude
Deviations

Altitude Deviation

ALS Configuration (Standard Error)

No ALS +1.45m (11.5)
Standard ALS -16.3 m (9.8)
Reconfigured ALS +3.8m(11.1)
Combination ALS -30.9m (9.7)

Note. ALS = approach lighting system.

more accurate performance with the reconfigured
ALS supports Hypothesis 3.

In terms of the significant interaction between
approach lighting and distance, however, Figure 4
depicts the degrading performance of the combi-
nation ALS and standard ALS at distance mid and
distance near. The poor pilot performance in the
combination ALS condition failed to support Hy-
pothesis 4, which proposed that this condition
would lead to the best performance. Both no ALS
and the reconfigured ALS produced more accu-
rate, less biased approaches throughout the differ-
ent distances. Hypothesis 5 was supported by the
interaction of distance and approach lighting,
showing that lighting affects performance differ-
ently at different distances.

Pilot Variability

In terms of standard deviation (stability of per-
formance), there was a difference in expertise and,
again, it favored the novice pilots. In analyzing
both the terrain density and approach lighting
manipulated conditions at the original eight dis-
tance levels, we found that the expert pilots’ mean
standard deviation was 23.8 m (standard error 2.3),
compared with the novice pilots, whose standard
deviation turned out to be more stable at 15.3 m
(1.9). The between-subject comparison revealed
significance, F(1, 18) = 8.47, p = .009.

Ordinal Position

An analysis was conducted to determine if a
learning effect was present for the pilots, who per-
formed repeated, but random, trials within an im-
poverished visual environment. Figure 5 presents
the ordinal sequence of the original 18 conditions
flown by the pilots. The effect of the ordinal se-
quence was significant overall across the 18 ap-
proaches, F(12.6, 226.2) = 2.59, p = .003. The
expertise factor was not significant. Removing the
first 2 ordinal position conditions and performing
another ANOVA failed to reveal significance,
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TABLE 3: Approach Lighting ANOVA on Altitude Deviation

Source Variance DF F P Partial Eta®
Approach lighting 3,57 6.15 .001* 244
Distance 2,38 29.76 .000* 1.000
Approach Lighting x Distance 5.7, 107.7  2.26 .046* .102

*Significant at .05 level.

F(11.9,214.5)=0.79, p = .655. The average al-
titude deviation of the first ordinal position was
—36.0 m (standard error, 10.7) and the second posi-
tion was —18.7 m (11.2). The remaining 16 ran-
dom positions, Positions 3 through 18, averaged
+4.9 m (8.9). These findings suggest that pilots
tended to fly lower initially but corrected in sub-
sequent approaches. Although the averages im-
proved, there were still many occasions when very
low approaches were flown throughout the series
of conditions.

DISCUSSION

Terrain Density

Previous research had predicted that increasing
the number of objects around the runway would
increase performance accuracy, but this was not
the case (e.g., Gibb & Gray, 2006; Palmisano &
Gillam, 2005). It was puzzling that the addition
of terrain objects would actually hinder visual
perception to the point of degrading glide path
performance. Possibly the “objects” were not of
sufficient size or illumination to provide salient

visual information, or the number of objects pre-
sent was insufficient to provide adequate surface
plane orientation. Future research ought to explore
increasing the number of random objects as well
varying illumination levels to ensure proper stim-
ulus intensity to help with perceptual differen-
tiation.

Approach Lighting

Consistent with Mertens and Lewis (1983), the
standard ALS in the present study induced shal-
low glide paths, less accuracy, and low bias. The
standard ALS increased the runway to a ratio of
114. This is somewhat troubling because that
standard ALS is currently in use at airfields, per-
ceptually increasing the already-high-ratio run-
ways. Airports such as Los Angles International
(RWY 7L/25R, ratio of 81), New York JFK (RWY
13R/31L, ratio 97), Miami International (RWY27/
09, ratio 87), and Dallas-Fort Worth International
(three runways with a ratio of 89) are just a few
examples of high-ratio runways with BHI poten-
tial. Schiff (1994) also warned that the Honolulu
(RWY 8L/26R, ratio 82) and Las Vegas (RWY 7L/

40 - - ®- NoALS
L 301 —A—ALS
§ 20 A ——RALS
£ 10 —=— COMBO
c
E 0 1
S 10 - i
R -
= -20 -
S - _
g '40 1 — — %
2 50 4
-60 J

FAR

MID NEAR

Distance from Runway

Figure 4. Altitude deviation at the four levels of approach lighting. ALS = standard approach lighting system (ALS)
condition; RALS = reconfigured ALS condition; COMBO = combination ALS condition.
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25R, ratio 97) airports had runway approach en-
vironments with BHI potential.

Areconfigured ALS (side-mounted lights) and
its interaction with viewing distance improved
glide path performance in terms of accuracy and
bias if added to runways with no approach-end
lighting systems. This finding suggests one avenue
to offset the bias of a high-ratio runway: artificially
widen the runway to lower the ratio. The addition
of the side lights lowered the runway’s ratio to 18.
Possibly this could be used for temporary, tactical
runways and may assist with visual glide path per-
ception better than the standard ALS.

Established runways, however, already have a
standard ALS installed. Our findings indicate that
areconfigured ALS should not be added to that cur-
rent configuration. It is acknowledged that the pur-
pose of an ALS is to extend the runway out toward
the incoming pilot during impoverished visual
conditions, flying in weather on instruments. The
quandary is that during night visual approaches,
those same approach lights, which help pilots dur-
ing weather/instrument approaches, induce pilots
into dangerously low approaches during night vi-
sual conditions.

The significantly shallow glide path induced by
the combination ALS was unexpected. Possible
explanations relate to Freeman’s (1966) finding
that slant is overestimated for relatively larger ob-
jects as compared with smaller ones. The combi-
nation ALS produced a denser, larger illuminated
area as compared with other ALS configurations.
Another explanation may relate to the observation
that brighter levels of illumination may appear
closer (Schiff, 1994), and if the runway is per-
ceived as closer than it is (horizontally), the pilot
is induced into an unwarranted, aggressive descent
toward it.

Expertise

The expertise variable revealed unanticipated
findings. In terms of precision and bias, a differ-
ence was found between expert and novice pilots
in the random terrain manipulation but not in the
approach lighting manipulations. Furthermore,
expert pilots flew much lower below the desired
glide path, as compared with novice pilots. One
could argue that the experienced pilots were
falsely confident in their ability and hence started
down sooner. In contrast, the novice pilots were
more uncertain of their position (both vertically

and horizontally) with reference to the runway and
delayed descent. We should also note that a pos-
sible confounding factor was that the more expe-
rienced pilots were older.

The pilots’ level of expertise played a signifi-
cantrole in terms of stability (standard deviation).
Surprisingly, novice pilots were more stable. At
first one may attribute this to generational differ-
ences in familiarity with Microsoft Flight Simu-
lator and/or computer game joystick controls.
Also, one could argue more experienced pilots
may have felt uncomfortable flying the simulator
without the lateral control inputs and throttles.

Closer examination, however, suggests a dif-
ference in performance strategy. When pilots fly
in impoverished conditions, a great amount of un-
certainty is present as they attempt to ascertain the
saliency of cues. The experienced pilots may have
been seeking information and proactively varying
their pitch inputs to better comprehend the visual
cues in the environment, thus accounting for the
appearance of instability. Fajen (2005) argued that
visually controlled action theories should move
away from error-nulling concepts toward an ac-
ceptable “window of performance.” Also, Gib-
son’s (1966) ecological approach to perception
emphasized cue-seeking behavior involved in
“information pickup” — the eye resonating fo
needed information in terms of the pilot actively
searching for environmental change (p. 266).

General Discussion

Visual glide path overestimation in an approach
and landing is influenced by runway ratio, random
terrain objects, and approach lighting systems.
Attempting to determine which visual cue is best
is difficult, as it was found that certain cues were
more salient at different distances. The attempts
to reconfigure approach lights to improve glide
path performance found moderate success when
the illuminated objects were systematically placed
on the side of the runway in isolation. Whether this
success is attributable to lowering the runway’s
ratio, improving surface orientation, or enhancing
linear perspective is unclear. Combining those
side lights with a current (standard) ALS, how-
ever, produced dangerously low glide path perfor-
mance.

Aviation accidents and incidents have demon-
strated that pilots may ignore or fail to perceive
precision approach path indicator lights (PAPIs;
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e.g., NTSB, 2002, and the 2002 F-16 near-mishap),
or visual approach slope indicator lights (VASIs).
Thus, it is recommended that continued efforts be
made to create an airfield environment that re-
duces the frequency of shallow glide path per-
formance.

Although the BHI has the appearance of a well-
researched and documented phenomenon, much
work remains to eliminate visual misperception
as a contributing factor in aviation mishaps. The
runway ratio may still prove to be the most effec-
tive way to debias the black hole approach illusion.
Possibly runway shape and size, referenced by
Riordan (1974) and Mertens and Lewis (1982),
holds the key as the single optical invariant for
visual glide path estimation. The promising re-
sults of side-mounted runway lights, created on the
ideas of increasing terrain orientation via linear
perspective and decreasing ratio, should foster
continued efforts into ALS redesign.

Conclusion. Simply knowing about the BHI is
not sufficient to prevent either the illusion or the
threat to safety it engenders. Harris (1977) and
Wickens (1992) pointed to the unconscious nature
of visual perception and the difficulties in debias-
ing perceptual illusions despite objective knowl-
edge of certain visual environments. For over 50
years, visual SD has been a topic of great interest
in pilot training (Chamberlain, 2006; Cocquyt,
1953; Vinacke, 1947). Many pilot participants in
this study recognized the black hole environment
but then flew an inaccurate, low-biased approach.
The study demonstrated that no pilot was im-
mune from visual SD. Pilots with more experi-
ence tended to fly even lower than those with less
experience. Low approaches occurred through-
out the series of approaches. Visual SD represents
a perceptual limitation that needs to be actively
demonstrated to pilots for them to respect night
visual approaches. Pilots must learn that the safest
manner in which to fly a night visual approach is
not to go completely visual.

Visual SD has ecological perceptual under-
pinnings as well as a cognitive aspect regarding
pilot overconfidence in visual perception during
impoverished conditions (Gray, 2006). Conse-
quently, it is recommended that pilots perform
black-hole-type approaches during their annual
flight simulator training to reduce their confidence
in their visual system and to help them to appre-
ciate the lack of ambient cues available. Class-
room discussions on GPO do not tap into the

appropriate perceptual process. Well-designed
simulator training may help pilots become more
aware of the dangers of the BHIL.
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Abstract

Spatial disorientation (SD) is among the most common factors contributing to aviation accidents
and incidents, but its true prevalence is difficult to establish. This is because many accidents
where SD is cited as a likely factor are fatal, and therefore its role cannot be known with any
certainty, but also because in the many instances of SD where an accident doesn’t result, it goes
unreported.

This study provides a comprehensive explanation of the various types of SD in the aviation
environment, and suggest strategies for managing the risk associated with SD events. This report
provides an informative overview of the three basic types of SD, and the circumstances under
which disorientation might be more likely. These are of value to all pilots, and especially those
who conduct flights in instrument conditions or at night under visual flight rules. Single-pilot
operations, particularly where an autopilot is not available, face additional risks and the need to
identify and manage SD events.

This report also encourages pilots who have experienced SD episodes to share their experiences
with their aviation colleagues, either informally, or through magazines, journals and web-based
forums. This will serve to encourage a greater awareness of the incidence of SD, and help reduce
the stigma that some pilots might associate with these events. As other studies suggest, SD is
likely to be encountered by all pilots during the course of a lifetime’s flying — whether
professional or non-professional, experienced or inexperienced. A more open approach to
acknowledging and discussing SD and its various causes will make a valuable contribution to a
better understanding of this common human factor.




THE AUSTRALIAN TRANSPORT SAFETY BUREAU

The Australian Transport Safety Bureau (ATSB) is an operationally independent
multi-modal Bureau within the Australian Government Department of Transport
and Regional Services. ATSB investigations are independent of regulatory, operator
or other external bodies.

The ATSB is responsible for investigating accidents and other transport safety
matters involving civil aviation, marine and rail operations in Australia that fall
within Commonwealth jurisdiction, as well as participating in overseas
investigations involving Australian registered aircraft and ships. A primary concern
is the safety of commercial transport, with particular regard to fare-paying
passenger operations.

The ATSB performs its functions in accordance with the provisions of the
Transport Safety Investigation Act 2003 and Regulations and, where applicable,
relevant international agreements.

Purpose of safety investigations

The object of a safety investigation is to enhance safety. To reduce safety-related
risk, ATSB investigations determine and communicate the safety factors related to
the transport safety matter being investigated.

It is not the object of an investigation to determine blame or liability. However, an
investigation report must include factual material of sufficient weight to support the
analysis and findings. At all times the ATSB endeavours to balance the use of
material that could imply adverse comment with the need to properly explain what
happened, and why, in a fair and unbiased manner.

Developing safety action

Central to the ATSB’s investigation of transport safety matters is the early
identification of safety issues in the transport environment. The ATSB prefers to
encourage the relevant organisation(s) to proactively initiate safety action rather
than release formal recommendations. However, depending on the level of risk
associated with a safety issue and the extent of corrective action undertaken by the
relevant organisation, a recommendation may be issued either during or at the end
of an investigation.

The ATSB has decided that when safety recommendations are issued, they will
focus on clearly describing the safety issue of concern, rather than providing
instructions or opinions on the method of corrective action. As with equivalent
overseas organisations, the ATSB has no power to implement its recommendations.
It is a matter for the body to which an ATSB recommendation is directed (for
example the relevant regulator in consultation with industry) to assess the costs and
benefits of any particular means of addressing a safety issue.

About ATSB investigation reports: How investigation reports are organised and
definitions of terms used in ATSB reports, such as safety factor, contributing safety
factor and safety issue, are provided on the ATSB web site www.atsb.gov.au.
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EXECUTIVE SUMMARY

Flying an aircraft is a challenging activity, and exposes the pilot to many potential
hazards. One of the most significant of these is spatial disorientation (SD). Spatial
disorientation is defined as the inability of a pilot to correctly interpret aircraft
attitude, altitude or airspeed in relation to the Earth or other points of reference. It is
a very common problem, and it has been estimated that the chance of a pilot
experiencing SD during their career is in the order of 90 to 100 per cent. The results
of several international studies show that SD accounts for some six to 32 per cent of
major accidents, and some 15 per cent to 26 per cent of fatal accidents. The true
prevalence of SD events is almost certainly underestimated.

The complex motion environment of flight increases the risk of SD, by exposing the
physiological limitations of the normal human orientation systems. Spatial
disorientation is thus an ever-present hazard to aircrew, and the vestibular and
visual illusions that can occur with this phenomenon can result in loss of situational
awareness and aircraft control. The potential for a disastrous outcome in this
situation is clearly high. There are several pilot, aircraft, operational, and
environmental factors that can contribute, either alone or more commonly in
combination, to a SD event. Non-instrument rated pilots flying into instrument
meteorological conditions (IMC) are a not infrequent cause of SD accidents.

The chances of a SD event occurring in flight can be reduced by a series of simple
preventive measures, many of which can be attended to before flight. These include
flying when fit and well to do so, not flying under the influence of alcohol or
medications, avoiding visual flight rules into IMC, increasing awareness of SD
illusions, and planning for their possible appearance at different stages of flight in
the pre-flight planning process.

It is vitally important that pilots are aware that SD happens to normal pilots. It can
affect any pilot, any time, anywhere, in any aircraft, on any flight, depending on the
prevailing circumstances. Furthermore, experience of SD does not mean it will not
ever happen again. Awareness and preparedness are key elements in preventing an
SD accident.
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DAME
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Australian Transport Safety Bureau
Bureau of Air Safety Investigation
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What is spatial disorientation?

Flying an aircraft is a challenging activity, and exposes the pilot to many potential
hazards. One of the most significant of these is spatial disorientation (SD).

The Federal Aviation Administration provided a simple definition in its 1983
Advisory Circular (AC 60-4A). It stated that spatial disorientation to a pilot means
simply the inability to tell which way is “up” (FAA, 1983).

A more complex definition of SD is as follows (Benson, 1988b):

Spatial disorientation is a term used to describe a variety of incidents occurring
in flight where the pilot fails to sense correctly the position, motion or attitude of
his aircraft or of himself within the fixed coordinate system provided by the
surface of the Earth and the gravitational vertical. In addition, errors in
perception by the pilot of his position, motion or attitude with respect to his
aircraft, or of his own aircraft relative to other aircraft, may also be embraced
within a broader definition of spatial disorientation in flight.

If the disorientation phenomenon is not recognised immediately, it may lead to loss
of control of the aircraft or controlled flight into terrain with disastrous
consequences. Prevention of SD is thus an important step in enhancing flight safety.

How big is the problem in the aviation environment?

Spatial disorientation is a very common problem, and is a well recognised cause of
aviation accidents. Various military forces around the world have examined the
issue of SD in terms of its prevalence and contribution to accidents. In general, the
results of these studies show that SD accounts for some six per cent to 32 per cent
of major accidents, and some 15 per cent to 69 per cent of fatal accidents (Barnum
& Bonner, 1971; Braithwaite, Durnford, & Crowley, 1998b; Cheung, Money,
Wright, & Bateman, 1995; Gillingham & Previc, 1996; Hixson, Niven, & Spezia,
1972; Knapp & Johnson, 1996; Lyons, Ercoline, O’Toole, & Grayson, 2006;
Moser, 1969; Singh & Navathe, 1994).

The United States (US) Navy has reported that during the period 1980 to 1989,
some 112 major aircraft accidents involved SD of the crew (Bellenkes, Bason, &
Yacavone, 1992). The US Air Force, for the same period, reported that SD led to
270 major aircraft mishaps (Holland, 1992). Another US Air Force study found that
single-pilot aircraft might be more at risk from SD, and that a third of F-15 and F-
16 crashes were attributable to SD (Gillingham, 1992). A similar study also showed
that Royal Netherlands Air Force pilots in the F-16 experienced 73 per cent more
SD than in other types of fighter aircraft (Holland & Freeman, 1995). A US Air
Force study, looking at F-16 Class A accidents during the years 1975 to 1993,
found that 7.5 per cent of those accidents were due to SD (Knapp & Johnson,
1996). The most recent US Air Force study examined SD across 15 years of
accident data, and found that SD accounted for 11 per cent of US Air Force
accidents and 69 per cent of accident fatalities during the period 1990 to 2004
(Lyons et al., 2006).



In the United Kingdom (UK) Army, one study suggested that 21 per cent of their
accidents were attributable to SD (Vyrnwy-Jones, 1985). Some authors have
commented that comparing prevalence and incidence rates among air forces can be
problematic depending on how the definition of SD is applied (Navathe & Singh,
1994).

In a recent survey of SD in UK miliary aircrew, the researchers reported that 21 per
cent of aircrew who had experienced a disorientation event had regarded it as
significant, with a further four per cent regarding the event as severe and a risk to
flight safety (Holmes, Bunting, Brown, Hiatt, Braithwaite, & Harrigan, 2003).
Another UK study showed that the overall SD accident rate was one per million
flight hours (Bushby, Holmes, & Bunting, 2005).

In an Indian Air Force study, the researchers found that proven SD accounted for
two per cent of all accidents, and almost eight per cent of fatal accidents (Singh &
Navathe, 1994). However, if probable SD was added to proven SD, these figures
increased to almost six per cent and 18 per cent respectively. The authors noted the
difficulty that investigation boards were faced with in proving SD as a definite
cause of the accident.

In the civil aviation environment, prevalence data for SD is less commonly
available. However, SD does cause accidents, incidents and loss of life. In recent
years there have been some particularly high-profile SD-related accidents, such as
that involving John F. Kennedy Jr. In a US study examining disorientation in
general aviation, the authors attributed 15.6 per cent of major accidents and 2.5 per
cent of fatal accidents to SD (Kirkham, Collins, Grape, Simpson, & Wallace, 1978).

It has been reported that for a given pilot, the career incidence of SD is in the order
of 90 to 100 per cent (Braithwaite et al., 1998b; Clark, 1971; Eastwood & Berry,
1960; Edgington & Box, 1982; Patterson, Cacioppo, Gallimore, Hinman, &
Nalepka, 1997; Singh & Navathe, 1994; Tormes & Guedry, 1974). In other words,
if a pilot flies long enough as a career or even a hobby there is almost no chance
that he/she will escape experiencing at least one episode of SD. Looked at another
way, pilots can be considered to be in one of two groups: those who have been
disorientated, and those who will be.

One of the difficult issues with SD is the reporting of it. If a pilot experiences SD,
but recovers and is able to complete the flight, the episode may never be reported
and come to light. If no accident or incident occurs, the event may not be reported
to the authorities and no-one (other than the affected pilot) ever knows about it.
This may be the case if the pilot is reluctant to report such an event in fear of losing
their license. Similarly, if an apparently serviceable aircraft and a fit and well pilot
are involved in a fatal accident, it may be difficult to positively conclude that the
accident was due to a SD event. In many such cases, SD can only be suggested as
the most likely or most probable cause of the accident.

The following case serves as an example. On 15 August 2004, a privately operated
Mooney M20K aircraft impacted the sea off Queensland while on a visual flight
rules (VFR) flight. The pilot was killed. The latter part of the flight had been
conducted at night. The Australian Transport Safety Bureau (ATSB) accident report
was unable to positively identify the cause of the accident, but reached the
following conclusion (ATSB, 2006a):
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The circumstances of the accident are consistent with a loss of control due to the
pilot becoming spatially disoriented after flying into an area of minimal surface
and celestial illumination. Physiological and cognitive factors may have
contributed to the development of the accident. However, the factors that
contributed to the aircraft descending into the water could not be conclusively
established.

The true prevalence of SD in flight, especially in the Australian aviation context, is
therefore difficult to know. It is highly likely, however, that SD is much more
common than is reported.

Types of spatial disorientation

Three basic types of SD have been described, for the purposes of classification.
These types are Type | (unrecognized), Type Il (recognised) and Type llI
(incapacitating).

Type | (unrecognized)

In this form of disorientation, the pilot is unaware that they are disoriented or that
they have lost situational awareness. The pilot, unaware of the problem, continues
to fly the aircraft as normal. This is particularly dangerous, as the pilot will not take
any appropriate corrective action, since they do not perceive that there is in fact a
problem. The fully functioning aircraft is then flown into the ground, with often
fatal results. This form of SD is clearly dangerous, and accounts for the majority of
SD accidents and fatalities (Braithwaite et al., 1998b).

Type Il (recognized)

Type Il SD is more common than Type I. In this form of disorientation, the pilot
becomes aware that there is a problem. While the pilot may or may not be aware
that the problem is SD, in this form of disorientation they are aware that something
is not quite right, that their sensory system is giving information that does not agree
with the information available from the instruments, or that things just don’t add up.
The conflict between their own perceptions and that given to them by the
instruments or the outside visual world alerts them to a problem, which they are
then in a position to deal with. If this is successfully dealt with, a SD accident does
not tend to result. The pilot may then have received a valuable lesson on SD and
how to recover from it.

Type Il (incapacitating)

In Type 111 SD, the pilot experiences the most extreme form of disorientation stress.
The pilot may be aware of the disorientation, but is mentally and physically
overwhelmed to the point where they are unable to successfully recover form the
situation. They may freeze at the controls, or make control inputs that tend to
exacerbate the situation rather than effect recovery from it. The pilot may fight the
aircraft all the way to ground impact, never once achieving controlled flight. Such
forms of disorientation are a result of breakdowns in the normal cognitive
processes, possibly due to the overwhelming nature of the situation, especially if
other factors such as fatigue and high workload are also present.
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The normal process of spatial orientation

It is of fundamental importance that humans have some idea of where they are in
time and space, to facilitate normal movements and activities on the surface of the
Earth. Humans are equipped with a sophisticated set of systems that provide
information on orientation to the brain, which then builds up a composite picture of
the relative position in space. This is largely a subconscious process, but the
importance of this process is immediately obvious when the system fails and the
normal sense of orientation is lost. In order to understand such disorientation, and
the crucial role this issue plays in flight safety, it is necessary to first consider how
the normal process of spatial orientation works.

Under normal conditions, humans are able to accurately determine which way is up
and how they are oriented by using information from three specialized sensory
systems:

» thevisua system;

» thebalance organs located in the inner ears (also known as the vestibular
system); and

 the proprioceptive system (a so colloguially known as the “ seat-of -the-pants”).

These three systems rely on various sensory receptors to collect information and
then send that information to the brain, which integrates the incoming information
into a single model of orientation and under normal conditions, is highly accurate.
The integrated information is used to determine our position within a fixed
coordinate system provided by the surface of the Earth (as a horizontal reference)
and the force of the Earth’s gravity (which provides a vertical reference).

The three systems do not have equal importance in terms of providing orientation
information. The visual system is by far the most important of the three systems,
providing some 80 per cent of the raw orientation information. In conditions where
visual cues are poor or absent, such as in poor weather or at night, up to 80 per cent
of the normal orientation information is missing. The remaining 20 per cent is split
equally between the vestibular system and the proprioceptive system, both of which
are prone to illusions and misinterpretation. In poor or absent visual cue situations,
humans are forced to rely on the remaining 20 per cent of orientation information,
which is less accurate. In such situations both of these systems now each account
for 50 per cent of the orientation information. In the aviation setting, such a
situation can then result in any number of well-described SD illusions being
experienced by the pilot. This is even more dangerous when the pilot has no idea
that they are disorientated, believing that their sensory information is correct when
in fact it is not. Clearly, the absence of good visual cues deprives us of the vast
majority of orientation information. It is therefore little wonder that the majority of
disorientation events are associated with poor visual cues (as in IMC or night
flight).



The vestibular system consists of two important components: the semi-circular
canals and the otolith organs. There are three semi-circular canals in each ear, and
in functional terms they operate as three matched pairs, in each of the three primary
axes of motion. The canals in each ear are all at right angles to each other, and
function as angular accelerometers. Significantly, they have a stimulation threshold
of 2%sec?, below which they are not able to detect angular motion. This is of crucial
significance in the aviation setting — if a turn is made (intentionally or otherwise) at
a rate of angular acceleration less than this threshold, the canals will not register the
turn. In the absence of visual cues that a turn is happening, and with the force of
gravity still in the head-to-foot direction and as such giving unchanged
proprioceptive information, the pilot will not realise that a turn is underway and will
feel straight and level.

Figure 1: The three semicircular canals operate in each of the three primary axes
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There are two otolith organs in each ear, one in the vertical plane and the other in
the horizontal plane. These organs operate as linear accelerometers, and under
normal conditions the vertical otolith signals the effect of the Earth’s gravitational
field.

The vestibular system is extremely important for normal human spatial orientation.
It performs a complex series of integration functions of angular and linear
acceleration, and via its myriad neural connections with the eyes and the motor
coordination centres in the brain, helps to regulate postural tone, maintain balance
and achieve coordinated, clear vision during motion.

This latter function of maintaining good quality visual information during motion,
(especially of the head), is a function of the vestibulo-ocular reflex. This reflex
means that if, for example, the head is turned to the left while focusing on a given
object, the eyes will automatically be moved as a coordinated pair in the opposite
direction, to maintain a tightly focused view of the object. This automatic response
is crucial for clear, focused and stabilized vision.

1 The semi-circular canals sense angular rotation about each of the three axes. Angular acceleration
within the canals is measured in terms of degrees per second squared.



The proprioceptor system consists of pressure sensors throughout the body,
especially in the joints, tendons, ligaments, muscles and skin. Under normal
conditions, the pressure exerted on a given set of pressure receptors helps contribute
to the overall sense of orientation. For example, the pressure receptors in the soles
of the feet and the joints of the ankle and knee signal to the brain that upright
posture is being maintained.

All of this sensory information is constantly being sent to the brain for processing,
S0 as to maintain an accurate sense of orientation with respect to the surface of the
Earth and the gravitational vertical. It is important to remember that these systems,
on which humans depend so much, are not designed to operate in the three-
dimensional environment of flight. In that environment, it is possible to operate
independently of the normal visual cues (as in bad weather or night flying) and both
the magnitude and applied direction of gravity can be altered. The complex motion
environment of flight thus dramatically increases the risks of SD by exposing the
physiological limitations of the normal human orientation systems.
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A comprehensive analysis of all potential illusions is beyond the scope of this
review. We will concentrate on the more common examples, and consider some
actual cases where these illusions resulted in an accident or incident.

Vestibular illusions

As discussed previously, the vestibular system consists of the balance organs in
both inner ears. They are designed for motion detection during surface of the Earth
operations, and as such their inherent limitations make them susceptible to error
during flight. Some of the more common vestibular illusions that can occur are:

» the somatogravic illusion (pitch-up illusion);

» thesomatogyral illusion (grave-yard spin or spiral);
e theleans;

» theCoriolisillusion; and

* the G-excessillusion.

The somatogravic illusion

The somatogravic illusion is also known by various other descriptive terms, such as
the dark night take-off illusion, the pitch-up illusion and the inversion illusion
(Benson, 1988a; Buley & Spelina, 1970; Campbell & Bagshaw, 2002; Gillingham
& Previc, 1996; Lane, 1958). At the heart of this illusion is a strong sensation of
pitching up during aircraft acceleration, as would be experienced during take-off.
The illusion generally occurs in conditions of poor visual cues, such as night
operations or instrument meteorological conditions (IMC). During a take-off in
such conditions, the vestibular system (in particular, the otolith organs) will
accurately register the linear acceleration involved in the take-off process.
However, in the absence of visual information that would confirm the actual flight
path of the aircraft, the brain instead assumes that the linear acceleration is in fact a
pitch up event. The unwitting pilot then pushes forward on the control column, in
order to cancel out the sensation of too much pitch up, and to achieve a feeling of
normal pitch. This manoeuvre then results in a pitching down of the aircraft, and
since this illusion generally occurs during a low altitude setting with takeoff, the
inherent risk is that the aircraft is flown into the ground. Such an illusion of strong
pitch-up during a take-off at night is potentially very dangerous, and has resulted in
several accidents over the years.

A report from the then Bureau of Air Safety Investigation (BASI), now part of the
Australian Transport Safety Bureau (ATSB), examined dark night take-off
accidents in Australia between January 1979 and May 1993, and found that of the
35 accidents in this period, 15 of them (42 per cent) involved spatial disorientation
(SD) as a primary factor (BASI, 1995). In that report, a similar study from the US
National Transportation Safety Board was cited, in which 78 per cent of the 291
night take-off accidents in the period 1983 to 1993 involved SD.
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The opposite form of this illusion can occur during flight when a sudden
deceleration occurs. If this occurs in conditions of poor visual cues, the pilot may
experience a sensation of strong pitching down. This may lead the pilot to
inadvertently pull back on the control column, in the mistaken belief that this will
prevent pitch down and maintain level flight. However, the aircraft then actually
pitches up, and may in fact stall2. If there is sufficient altitude, and the pilot
recognizes what has happened, recovery may be possible. However, the situation
can rapidly deteriorate if the pilot becomes truly disoriented and confused. A loss of
control and fatal accident may then result.

The somatogyral illusion

The somatogyral illusion is also known as the graveyard spin or spiral (Benson,
1988a). It is again a function of how the vestibular system works. During the entry
into a spiral turn or a spin (deliberately or inadvertently), the vestibular system (in
particular the semi-circular canals) will register the initial angular acceleration. This
of course assumes that the entry into the turn is above the threshold for activation of
the semi-circular canals.

Once the spiral turn or spin is stabilized, the angular acceleration will tend towards
zero, with a constant velocity turn (ie no acceleration). In this situation the semi-
circular canals will not be stimulated, as they only register a change in angular
velocity. The canals will effectively then signal that there is no turn happening. The
visual system, however, being the dominant orientation mechanism, will over-ride
the vestibular system signals and confirm the ongoing turn, due to the outside visual
world rotating as the turn continues.

However, if there are poor visual cues, the pilot may experience a sensation that
they are no longer turning. When the spiral turn or spin is halted, and a return to
straight and level flight affected, the semi-circular canals may register the change in
angular velocity associated with the cessation of turning. This can then create an
illusion within the pilot that they are now turning in the opposite direction to the
original turn. This strong sense of false rotation may lead, in the absence of good
visual cues, to a re-entry into the original turn or spin. This may cancel out the false
sense of rotation, with the pilot now believing that they are straight and level, but in
fact they have re-entered the original turn or spin, and be losing altitude as a result.
Unless this dangerous situation is recognised and appropriate recovery steps taken,
impact with the ground will inevitably result.

The link between the visual and vestibular systems (as mentioned previously) is
very obvious during the somatogyral illusion. Upon recovery from the spin or
prolonged spiral turn, the semi-circular canals signal the false sense of rotation in
the opposite direction. This vestibular input then can result in a series of involuntary
oscillatory eye movements known as nystagmus. This can then lead to the
oculogyral illusion, where the visual field appears to move, and in so doing tends to
reinforce the false sense of rotation. In effect, the pilot then gets apparently
confirmatory visual evidence of rotation, which can lead the pilot to re-enter the
original turn. This combined effect makes this illusion extremely dangerous.

2 Stall: an aerodynamic condition where the airflow along the upper surface of an aerofoil (eg wing)
separates resulting in a loss of lift (Kumar, 2004).
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Vestibular stimulation generally results in visual changes, such as nystagmus. The
visual effects of vestibular stimulation reflect the very close connection between the
two systems, which are critically important for normal orientation.

Once the sense of nystagmus has worn off, clear visual information may then be
available to the pilot. Looking at the instruments may reveal that the original turn
has been re-entered. The pilot may then recover, but in so doing may then get the
false sense of rotation again, and succumb to the illusion once more by
inadvertently re-entering the original turn. Nystagmus may then reappear, and only
when it resolves will the pilot see what is happening and then recover. However, it
can be seen that this cycle of turn, recover, turn and recover can continue right up to
ground impact, with the pilot experiencing multiple episodes of the illusion. The
pilot can of course become completely disoriented and confused and lose all control
of the aircraft. Tightening of the turn can also exacerbate the sense of false rotation.

This is a particularly dangerous illusion, and has claimed many lives.

The leans

The leans has been well recognised as the most common form of disorientation
(Benson, 1988a; Holmes et al., 2003; Navathe & Singh, 1994; Sipes & Lessard,
2000). If a pilot experiences disorientation during their career, they will almost
certainly experience this form of disorientation at some point. Fortunately, episodes
of the leans are generally of a minor nature.

The leans is manifested by a false sensation of roll. It is extremely common, and is
so named because it may cause pilots to lean to one side in order to cancel out the
false sensation. The leans can occur in conditions of good visual cues.

The typical situation in which the leans may occur involves a pilot flying an
aircraft, trimmed for straight and level flight. For whatever reason (wind gust, etc)
one wing may drop and the aircraft may then enter a gentle turn. This turnis at a
rate of angular acceleration less than the threshold for activation of the semi-
circular canals. The result of this is that the pilot (who is generally head-down in the
cockpit, studying a map for example) believes that they are still straight and level,
while the aircraft is in a turn. As soon as the pilot looks up and out of the aircraft or
at the instruments, the inadvertent turn is recognised and immediate recovery
actions taken to restore actual straight and level flight. However, the crucial element
here is that return to straight and level flight is generally made at a rate of angular
acceleration greater than the threshold for activation of the semi-circular canals. As
such the first input the canals receive is when the aircraft returns to straight and
level flight. However, the canals now register an apparent change from straight and
level flight to a turn in the opposite direction.

Hence, if the initial inadvertent turn was to the left, the pilot now sits in a straight
and level aircraft with the canals now signalling an apparent turn to the right. In
order to effectively make their head fell straight and level, the pilot leans in the
direction of the initial turn (in this case, to the left). This may feel bizarre, with the
pilot seeing the aircraft straight and level, and at the same time feeling straight and
level but being aware of themself leaning to one side. Fortunately, if this is
maintained the erroneous sensation of roll will wear off and leaning to one side is
no longer required. Clearly, though, there is potential for disorientation and
confusion to develop, and in a worst case scenario the pilot may become
incapacitated by the unusual sensations and lose control of the aircraft.
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The Coriolis illusion

The Coriolis phenomenon (also known as cross-coupled stimulation) is a severe
tumbling sensation brought on by moving the head out of the plane of rotation,
simultaneously stimulating one set of semi circular canals and deactivating another
set.

The Coriolis illusion is manifested by a very strong and unpleasant sensation of
tumbling, which often has a rapid onset. The tumbling can be severe enough to lead
to feelings of nausea. The illusion is caused by a pilot moving their head out of the
plane of rotation. For example, a pilot may be making a coordinated turn as part of
their approach to land. The canals in the plane of rotation of this turn will signal the
angular acceleration, but the other two sets of canals, sitting in different axes, will
not signal any thing. If the pilot then moves their head, such as looking back into
the turn, down into the cockpit, or up into the sky (as in looking for other traffic),
the result is what is known as cross-coupled stimulation of the semi-circular canals.
The set of canals that were originally signalling the turn are now taken out of the
plane of rotation of the turn, and signal a deceleration. At the same time, a new set
of canals is brought into this plane of rotation as a result of the head movement, and
these canals signal an acceleration. The brain then receives two sets of
contradictory signals, one signalling acceleration and the other signalling
deceleration. The result is a complex series of tumbling movements being suddenly
experienced by the pilot, which can be extremely strong and disorientating. The
degree of tumbling sensation is a function of the magnitude of the initial turn, the
direction of head movement and the speed at which the head movement is made.

The G-excess illusion

The G-excess illusion is a potentially very dangerous illusion, especially if it occurs
during low altitude and high speed operations (Ercoline, DeVilbiss, Yauch, &
Brown, 2000). In such settings, the illusion can lead to erroneous control inputs,
which can be disastrous given the limited time available to recognize and recover
from the illusion.

The G excess illusion is a complicated phenomenon, involving multiple inputs to
the vestibular system. In practical terms, a pilot who enters a turn at a level of G
greater than the normal +1 Gz3, and then looks back into the turn, may experience a
phenomenon where they feel that the initial angle of bank is reducing. During a +2
Gz turn, a pilot may experience an apparent underbank of at least 10 to 20 degrees.
In order to maintain the desired bank angle, the pilot may apply more bank, with the
unintended consequence being a significant overbank phenomenon. This can then
result in a dramatic loss of altitude and/or stall, which can lead to ground impact if
the situation is not recognised quickly and swiftly recovered from.

3 +Gz: Gravitational force acting through the vertical access of the body (head-to-foot).
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Visual illusions

The visual system can also suffer from misinterpretation. Given that the visual
system is the dominant system for normal orientation, a visual illusion can be very
powerful. Visual illusions can occur even in perfect weather, and in many cases the
illusions that occur depend on expectations of what the pilot “should” be seeing.
Common visual illusions include:

» doping cloud banks and false horizons;
» illusionsrelating to runway size, shape and slope;
e autokinesis; and

 the blackhole approach.

False horizons

Normally, flying is associated with reference to a horizontal surface, such as the
horizon or the top of a cloud layer. There are circumstances, however, where the
visual system can perceive a horizontal reference when in fact the feature is not
level. Sloping cloud banks can catch out a pilot who climbs up through a cloud
layer and finds themselves on top. Under visual flight conditions, the tendency is
very strong to use the top of the cloud bank as a horizontal reference. However, if
the cloud bank is actually sloping, the pilot may inadvertently fly with some degree
of bank in order to maintain what they perceive as straight and level flight. This will
make keeping an accurate heading somewhat problematic. Reference to the
instruments will show the aircraft continually drifting off the intended course. A
UK study showed that such sloping horizon situations accounted for 75 per cent of
SD episodes (Holmes et al., 2003).

Similarly, a night approach to a coast line at an angle may also set up a false
horizon illusion. If there is a coastal highway with lights, the line of lights may lead
the pilot to fly against it as a reference. Since the flight path of the aircraft is at an
angle to the line of lights, using the lights as a horizontal reference will put the
aircraft into a degree of bank. This false horizon illusion can be dangerous if the
aircraft is operating at speed and low altitude. If unrecognised, the situation can
lead to a ground impact relatively quickly.

Runway shape and slope illusions

Landing an aircraft is generally a visual activity. The approach to the runway is
monitored and its accuracy assessed by the relative shape of the runway and its
position relative to the aircraft. There are well defined illusions that can catch pilots
out, depending on the shape, size and slope of the runway (Benson, 1988a;
Campbell & Bagshaw, 2002), especially if the pilot is unaware that the runway they
are approaching is different from what they are expecting.

For example, flying an approach to a down-sloping runway means that at a certain
altitude and distance from the runway, less will be seen of the runway compared
with a normal, completely flat runway. If the pilot does not know that the runway is
down-sloping, the pilot may perceive that they are low on approach, since they are
seeing less of the runway. As a result, the pilot may fly higher, to make the runway
look like it normally does when they are at that height and distance.
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However, the unsuspecting pilot, although feeling on the correct glideslope and
approach angle, is actually higher than they should be. The end result may be a less
stabilised approach and a landing well down the length of the runway. This may be
a problem if there is then insufficient runway remaining to stop the aircraft.

The opposite may occur if the runway is upsloping. The pilot may feel too high, and
consequently fly a lower than normal approach, in the mistaken belief that they are
now on glideslope. The problem here is that the aircraft may land short of the
runway, or not achieve sufficient clearance from obstacles (for example, power
lines) in the approach path.

The width of the runway can also give an illusion to an unsuspecting pilot. A
runway wider than the pilot is used to may make them feel lower and closer,
making them fly higher than normal. Conversely, a narrower runway may make
them feel further away and higher than normal, making them fly lower. Longer than
usual runways give an illusion of height, and shorter than usual runways give an
illusion of being lower than normal.

Clearly all these runway illusions can be mitigated against by pilots being aware of
the characteristics of their destination airfield in advance, and by being aware of the
potential for such illusions to occur.

Figure 2: Sloping runways can cause illusions that can lead to incorrect perceptions
of height above the ground during approach
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Autokinesis

The autokinesis phenomenon occurs at night or in conditions of poor visual cues,
where there is a single point source of light (ie a single landing light or a star). As
the pilot fixates on this single light source, the light appears to oscillate randomly
and move around in the visual field. The pilot may believe that the light is that of
another aircraft, for example. The reason this occurs is because of the normal very
small movements of the eyes. In conditions of poor visual cues with a single point
source of light, the normal eye movements are interpreted by the brain as
movements of the object being viewed. An approach to a landing using only a
single point source of light (as in a helicopter flying into a confined space at night)
can result in a less than stable approach.

The blackhole approach

The blackhole approach has resulted in several accidents over the years. As the
name suggests, it involves an approach to land at night where there is nothing to see
between the aircraft and the intended runway — there is just a visual “blackhole”
before the runway. The absence of peripheral visual cues, especially below the
aircraft, can give an illusion of height, and result in the pilot inadvertently flying
lower than necessary. This can result in landing short of the runway or impacting
terrain below the glideslope if the illusion is not recognised and corrected quickly.
Pilots need to monitor the aircraft attitude closely, and maintain an effective
instrument scan to ensure that speed, distance and altitude information is consistent
with a normal approach. The pilot can be trapped into keeping a constant visual
angle with the runway during the approach. This tends to result in a curving
approach, marked by an initially steep descent, which then progressively flattens
out into a much lower than normal approach.

Figure 3: The blackhole approach can be a hazard during night visual approaches to
some aerodromes
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2.2.6

2.3

Vection illusions

Vection illusions give a false sense of motion (Benson, 1988a; Braithwaite et al.,
1998b; Ungs, 1990)). They occur as a function of the power of peripheral vision.
An example of such an illusion occurs when stopped at a traffic light in a car.
Movement forward of the car next to you may be interpreted by you as your car
moving backwards, leading you to stomp on the brake. Vection illusions can occur
with helicopter flight, especially during hovering. If the helicopter is hovering over
long grass or water, the rotor wash moving through the grass or water may lead to
the pilot feeling that they are moving backwards, rather than remaining stationary.
In an attempt to counteract this sensation, the pilot may move the control column
forward. This will result in forward flight rather than a hover, and in severe cases
the helicopter can pitch forward and make contact with the ground or water.

Height perception illusions

Flight over featureless terrain can give a pilot few visual cues as to their height
above ground level. This can give an illusion of lack of movement, since the normal
passage of visual details is missing. It can also give the pilot a false sense of their
height above ground. Controlled flight into terrain may result from such a
misperception of height.

Other illusions

While the visual and vestibular illusions discussed above are the more common
forms of disorientation, there are some other illusions that occur less frequently and
are a function of the integrating ability of the brain, depending on the circumstances
prevailing at the time. These so-called ‘central errors’ or dissociative illusions can
result in bizarre forms of SD. These include such illusions as:

» the'break-off’ phenomenon;
» the‘knife-edge’ illusion; and
» the‘giant hand’ illusion.

The break-off phenomenon is associated with feelings of unreality and detachment
from the environment (Benson, 1988a; Braithwaite et al., 1998b; Gillingham &
Previc, 1996). In some cases, pilots may feel that they are sitting out on the wing of
their aircraft, watching themselves flying the aircraft. The knife edge and giant hand
illusions are both related to a false sense of aircraft movement and operability, but
are opposite to each other. The knife edge illusion gives the pilot a sensation that
the aircraft is precariously positioned in space, and extremely sensitive to control
inputs. By contrast, the giant hand illusion gives the pilot the opposite sensation,
that the aircraft is intolerable of control inputs and seemingly immovable in the air,
as if held aloft by a giant hand.

While seemingly bizarre, these illusions are generally associated with high altitude
flight where the pilot has a relatively low level workload (ie, autopilot-controlled
transit flight). Under such “fish-bowl!’ conditions, the brain can wander and generate
these strange illusions.
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CONTRIBUTORY FACTORS TO SPATIAL
DISORIENTATION EVENTS

3.1

There are several factors that help contribute to a spatial disorientation (SD) event.
Broadly speaking, these factors can be grouped into four distinct (yet overlapping)
sets of factors: pilot, aircraft, operational, and environmental factors. Some of these
factors are clearly a function of operating aircraft (eg night time operations and
poor weather) but others (such as pilots flying while unwell) can be addressed prior
to flight and as such go a long way to minimising the potential for a SD event to
occur during the flight.

Pilot factors

The pilot is the one who ultimately becomes disoriented, so any factor likely to
increase their susceptibility to disorientation is of importance.

Any illness that affects the vestibular system is likely to increase the risk of
disorientation during flight. As such, pilots should not fly when not physically or
mentally well. Even the common cold can affect the function of the ear, and lead to
such problems as pressure vertigo and viral labyrinthitis. Anxiety and stress can
lead to more perceptual errors being made by the pilot, and this can clearly be a
problem during flight, making disorientation more likely, as well as making
recognition of and recovery from disorientation more problematic.

Any medication (prescribed or even over-the-counter) may affect the functioning of
the central nervous system or the sensory systems that feed into it. Such functional
impairment can affect the quality of the sensory information going into the brain, or
the quality of the integration that the brain performs on the incoming sensory
information, or both. Clearly such impairment can increase the chances of
disorientation occurring in the three-dimensional environment of flight. Pilots
should not fly while under the influence of any medication that may affect sensory
system function or central nervous system function. Medications that are capable of
such effects include some common cold medications, anti-motion sickness
medications, allergy medications and some pain Killers, to name a few.

The effect of alcohol on the potential for SD has been extensively reviewed in a
recent Australian Transport Safety Bureau (ATSB) research report (Newman,
2004). Alcohol is known to have significant effects on both the vestibular and
visual systems (Newman, 1999, 2004). Alcohol changes the specific gravity of the
endolymph fluid within the vestibular system, making it more dilute and thus
signalling an exaggerated degree of vestibular stimulation during movement
(Gibbons, 1988; Newman, 2004). The nystagmus that results from Coriolis
stimulation can be similarly exaggerated and prolonged.
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Alcohol has been shown to significantly interfere with the normal functioning of the
visual system. It can reduce the visual system’s ability to suppress nystagmus,
especially during dynamic tracking tasks (Gilson, Schroeder, Collins, & Guedry,
1972; Guedry, Gilson, Schroeder, & Collins, 1975). It has also been shown to
reduce the speed and latency of eye movements, as well as affecting the eye’s
ability to change the shape of its internal lens when re-focusing, leading to blurred
vision and difficulty with distance vision (Katoh, 1988; Levett & Hoeft, 1977;
Levett & Karras, 1977). This phenomenon has also been found to be worse at night
with reduced display illumination.

The practical implications of this are clear: pilots may not be able to see their
instruments properly during dynamic flight (especially at night) if they are under
the influence of alcohol. This leads to blurring of vision, impaired visual fixation,
reduced perception of attitude, poor tracking performance and increased potential
for SD (Gilson et al., 1972; Modell & Mountz, 1990; Ryback & Dowd, 1970).
Furthermore, the alcohol-induced impairment of vestibular function (which may
persist for many hours) can decrease perception of aircraft attitude, and impair
tracking ability and visual fixation (Burton & Jaggars, 1974; Schroeder, 1971;
Schroeder, Gilson, Guedry, & Collins, 1973).

It is not just the acute effects of alcohol that are important. The effect of alcohol on
the vestibular and visual systems can persist for up to several days after blood
alcohol levels have returned to zero (Gibbons, 1988; Modell & Mountz, 1990;
Newman, 2004; Oosterveld, 1970; Ryback & Dowd, 1970). The implications of this
in the aviation environment can be significant.

On 26 September 2002, a Piper Cherokee Six departed from Hamilton Island, with
six persons on board. According to witness statements the engine was behaving
abnormally. The aircraft attempted a turn back towards the runway, but entered a
descent and impacted the ground. The aircraft was destroyed and all six persons on
board sustained fatal injuries. The ATSB investigation was complex and involved
consideration of many factors, including the potential for drugs and alcohol to have
affected the pilot’s ability to handle the emergency situation. In particular, the
report noted that (ATSB, 2004):

There was insufficient evidence to definitively link the pilot’s prior intake of
alcohol and/or cannabis with the occurrence. However, the adverse effects on
pilot performance of post-alcohol impairment, recent cannabis use and fatigue
could not be discounted as contributory factors to the occurrence. In particular,
the possibility that the pilot experienced some degree of spatial disorientation
during the turn as a combined result of the manoeuvre, associated head
movements and alcohol-induced balance dysfunction could not be discounted.

Fatigue can also increase the chances of SD. A fatigued pilot is generally operating
at a less than optimal level, and their state of arousal both physiological and
cognitive may be adversely reduced. They may not attend to their in-flight situation
as well as they otherwise might, and their fatigue-affected performance may hinder
their ability to recognise the onset of a disorientating event and to then take the
necessary recovery actions. Similarly, the presence of high levels of stress and
anxiety may cloud the pilot’s cognitive abilities and reduce their coping
mechanisms, both of which will increase the chances of a SD event either being
unrecognised or developing into a Type Il event.
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On 3 August 2000, a Cessna 206 on a charter passenger-carrying flight in
accordance with visual flight rules (VFR) impacted the water, fatally injuring the
pilot and passenger. The flight had departed later than planned, such that the latter
stages were conducted in non-VFR conditions, for which the aircraft was not
equipped and the pilot was not qualified. The ATSB accident report concluded
(ATSB, 2001):

Anxiety produced by the delayed departure, deteriorating weather conditions and
darkness, would have combined to increase the pilot’s level of stress. The
likelihood of fatigue affecting the pilot’s cognitive and motor skills due to the
mental and physical demands of flying the aircraft, especially in the latter stages
of the flight, may have been considerably increased. High stress levels, fatigue
and lack of external visual reference most likely contributed to the pilot
experiencing spatial disorientation and subsequent loss of control.

Since every pilot has a high chance of being disorientated at some point in their
flying career, lack of awareness of SD is a pilot-based factor that increases the
chance of disorientation. Not only that, but it increases the chances of a
disorientation event being unrecognised and/or potentially incapacitating. As such,
it increases the probability that the outcome of the disorientation event will be
significant, if not fatal.

Following on from this, if the pilot fails to adequately plan for the possibility of SD,
the chances of detecting an illusion and adequately recovering from it are
diminished. Moreover, if the pilot lacks the skills to safely fly on instruments,
through lack of an instrument rating or insufficient recency and/or currency, then
the chances of successfully flying out of a disorientation event if it should happen
during flight are similarly reduced.

Aircraft factors

There are several aircraft factors that can contribute to SD. Single pilot operations
face a more serious challenge identifying and handling disorientation, as the single
pilot has no other person to check information with, or to hand over control to if
disorientation occurs. It should be remembered, however, that it is possible for all
crew members to experience disorientation, but in multi-crew operations there is the
possibility of the non-handling pilot taking over from the disorientated handling
pilot.

An aircraft equipped with an autopilot system will allow a disoriented pilot to
maintain safe flight even while disoriented if the autopilot is engaged appropriately.
This may allow a disoriented pilot to overcome their erroneous sensations while the
aircraft’s fate is not threatened by inappropriate control inputs from the disoriented
pilot. The lack of an autopilot system, or the presence of an autopilot that
subsequently fails, can help contribute to a SD problem in the operating pilot.
Rotary wing aircraft are inherently less stable platforms than fixed wing aircraft, yet
helicopters are less likely to be fitted with an autopilot system. There is a strong
argument in favour of fitting autopilot systems to rotary wing aircraft as a risk
control against SD.
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In general, the aircraft instruments do not suffer from disorientation. The only time
they may contribute to a SD event is when they fail to operate normally. The
information from aircraft instruments should ideally be readily interpretable and
non-ambiguous, and should not be overwhelming in terms of the information load
presented and the resultant perceptual load on the pilot. In short, the instrumentation
should present a clear and intuitive sense of position, which the pilot under
conditions of high stress and workload can instantly achieve an idea of what the
aircraft is doing.

Failure of the aircraft instruments should hopefully never occur. However, in the
event that it does, the pilot needs to receive clear and non-ambiguous indications of
instrument failure. If a key instrument fails, such as the attitude indicator, the pilot
needs to know that it has failed so that they no longer depend on its information.

On 24 April 2001, a Grob 115C aircraft undertaking a solo night VFR circuit
impacted the ground shortly after take-off. The aircraft was able to climb away
from the initial impact, and made a successful return to the airfield and landed. The
student pilot received no injuries. The student reported difficulties with the
instruments, including an unreliable attitude indicator. The instruments were later
checked and found to be serviceable. The ATSB accident report determined that
(ATSB, 2002a):

The circumstances of the accident were consistent with the student becoming
disorientated after take-off, possibly associated with the change in aircraft
configuration during completion of the after take-off checklist. The student was
in the early phase of his night flying training and, although he reported that an
unserviceable attitude indicator had contributed to his disorientation, he had only
limited instrument flying experience. He had not completed the training required
in the operator’s syllabus prior to commencing night flying and, most probably,
had not developed his instrument flying skills to the standard normally required
for this stage of training...it is possible that fatigue had also affected the
student’s performance and his ability to maintain control of the aircraft with
reference to the flight instruments.

In general terms, the design of cockpits, and the layout and presentation of
instruments are all important in creating a user-friendly and disorientation-resistant
environment for the pilot. If key items of equipment are located in difficult
positions, their use may entail unnecessary head movements during critical phases
of flight, which can increase the chances of a Coriolis illusion developing. Cockpit
ergonomics need to take these factors into account, so that the pilot during critical
phases of flight where manoeuvring is likely (as in landing and takeoff) is not
required to make lots of head movements.

Increasingly, pilots are using a variety of vision enhancement devices during flight.
These devices include night vision goggles (NVG), which have been used in
military aviation for quite some time but are now increasingly being used by
helicopter crews engaged in emergency services operations.

The potential safety implications of NVGs were highlighted in a research report
released by the ATSB in April 2005. This report reviewed the benefits and risks
associated with helicopter operations using NVGs, and examined their potential use
for civil helicopter operations in Australia (ATSB, 2005b). In the September 2007
edition of The CASA Briefing, it was announced that Emergency Management
Queensland Helicopter Rescue will be the first Australian operator to carry out
approved flights using NVGs under Civil Aviation Order 82.6.
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3.3

While these devices tend to increase the information available to a pilot, they can
significantly increase the chances of disorientation (Braithwaite, Douglass,
Durnford, & Lucas, 1998a). Pilots need to be aware of such potential when they use
these devices. In a recent UK military study, 48 per cent of respondents had
experienced SD associated with NVG use (Holmes et al., 2003).

Operational factors

One of the tremendous advantages of modern aviation is that aircraft can operate at
any time of the day or night, in almost any type of weather condition. However,
night flight operations and flight into instrument meteorological conditions (IMC)
require orientation information to be derived from secondary visual cues (as in the
flight instruments), rather than the more normal outside visual world. As such, these
sorts of aviation operations are generally associated with a higher risk of SD.

Pilots need to be aware of the sort of flight operations that carry a risk of
disorientation. Pressing on into IMC conditions with no instrument rating carries a
significant risk of severe SD (Frederick, 2002; Batt & O’Hare, 2005; Transportation
Safety Board of Canada, 1990; NTSB, 1989). Indeed, one US study showed that
non-instrument rated pilots would on average lose control of their aircraft within
178 seconds after all visual references were lost (Bryan, Stonecipher, & Aron,
1954). Similarly, frequent alternating between visual flight and instrument flight
increases the chances of confusion and disorientation, as does late switching to
instrument flight once IMC conditions have been entered. It takes time to establish
an instrument scan — if switching to IFR is delayed or is too slowly achieved, then
there is a not inconsiderable risk that the pilot may become disorientated first. Pilots
need to be aware of their own limitations, and avoid situations which impose a high
risk of disorientation.

On 6 October 2005, a Robinson R22 Beta helicopter departed at 1800 hours Central
Standard Time on a private flight, with a pilot and one passenger aboard. The
helicopter subsequently collided with the ground, fatally injuring the pilot and
leaving the passenger with serious injuries. The ATSB accident investigation report
determined that the pilot was not qualified for the intended flight, as he did not hold
a night VFR rating. The helicopter was also not adequately equipped for the flight.
These factors were considered to have increased the risk of disorientation in the
prevailing dark night conditions. The report found that (ATSB, 2006b):

The pilot became disorientated at a height from which recovery was not possible
before the helicopter impacted the ground.

Visual flight rules flight into IMC represents a significant cause of aircraft accidents
and fatalities. A US study showed that in the years 1975 to 1986, VFR flights into
IMC accidents were associated with a fatal outcome in 72 per cent of cases,
compared with an overall general aviation fatality rate of 17 per cent (NTSB, 1989).
Thus, there was a four times greater chance of fatality in a VFR flight into IMC
accident than any other sort of accident (Batt & O’Hare, 2005; NTSB, 1989). A
study in Canada produced a similar result: a 50 per cent VFR flight into IMC
fatality rate compared with 13 per cent for all other accident types, in the period
1976 to 1985 (Transportation Safety Board of Canada, 1990). In the year 2001, the
VFR flight into IMC fatality rate in the US was 84 per cent (Frederick, 2002). An
Australian study found remarkably similar results: 75.6 per cent of VFR flights into
IMC accidents resulted in fatalities (Batt & O’Hare, 2005).
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On 11 January 2002, a Cessna 206 operating on a VFR commercial flight arrived in
the vicinity of the intended aerodrome where the weather conditions were less than
visual meteorological conditions. The aircraft held pending the clearing of the
weather over the runway. A short time later a MAYDAY broadcast was heard.
Wreckage of the aircraft was subsequently found floating on the sea. The pilot, who
had limited instrument flight recency, was not found. The ATSB accident report
concluded (ATSB, 2002b):

The circumstances of the occurrence were consistent with a loss of control at low
level and at an altitude from which recovery was not considered possible. Due to
the limited information available to the investigation, the reason for the loss of
control could not be determined. However, the circumstances were consistent
with VFR flight into IMC.

There are some other types of operations and aircraft manoeuvres which are likely
to lead to disorientation. Flight conditions involving prolonged accelerations can
lead to somatogravic illusions and the G-excess illusion during turns. Prolonged
turns as in spiral dive or spinning manoeuvres can lead to the somatogyral illusion,
and if these are combined with head movements then the Coriolis illusion can also
be generated. The problem with prolonged turns is that if the angular acceleration
becomes zero (as with a constant velocity turn) then the semi-circular canals will no
longer signal motion, leading to false sensation of rotation and nystagmus on
recovery.

High workload situations can limit the capacity of the pilot to deal with in-flight
problems and resolve any episodes of disorientation. In such settings the coping
ability of the pilot may be exceeded, and incapacitating disorientation may result,
often with catastrophic outcomes.

Environmental factors

The major environmental factors are related to time of day and the ambient weather
conditions. Poor visual cues are a function of most disorientation illusions, so flight
at night or in conditions of bad weather can set a pilot up for a disorientation
experience. Flight in IMC involves deriving orientation information from the
aircraft instruments. This may occur while erroneous information is being sent to
the brain from the vestibular and proprioceptive systems in the absence of good
quality visual cues. This is more likely to result in SD when the aircraft instruments
are not used appropriately or at all.

On 8 September 2004, a Robinson R44 helicopter collided with the ground while on
a private flight, fatally injuring both pilot and passenger. The aircraft, operating
under VFR, was being flown at night at low altitude and with cloud and rain in the
area. There was little lighting in this area to provide any consistent visual reference.
The pilot had no helicopter instrument flight experience. The ATSB accident report
found that (ATSB, 2006c):

The investigation found that there was no evidence of a pre-existing defect in the
helicopter that may have contributed to the occurrence, nor was there any
evidence of a medical condition that could have affected the pilot’s ability to
control the helicopter. Consequently, the investigation concluded that in the
prevailing environmental conditions, the accident was consistent with pilot
spatial disorientation.
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The location of the intended runway can also be an environmental factor
contributing to the development of SD. Such a factor is often seen in combination
with other factors, such as an approach at night or in bad weather. For instance, if
the approach to land is made at night over water, there is the potential for a black
hole illusion to develop.

Night flight is associated with poor visual cues, which can lead to problems with
height perception, as well as autokinetic illusions if there are insufficient lights.
Ground/sky confusion can also occur, especially if there are similarly spaced stars
in the sky and houses with lights on the ground, often in conjunction with an
indistinct horizon. Deciding which way is up based purely on the visual information
from the outside world can be problematic for a pilot in such a situation.

Similarly, flight over featureless terrain (such as large bodies of water, desert sands
etc) can lead to false sensations of height above the surface, which may ultimately
result in disorientation and controlled flight into terrain.

On 27 April 2001, a Bell 407 helicopter was conducting a night-time search and
rescue mission for a distressed yacht. On a searchlight-assisted approach to the
stricken yacht, the helicopter descended into the water. Both crew members escaped
without injury. According to the ATSB accident report (ATSB, 2003):

The high rate of descent flown during the latter stages of the approach was an
inappropriate technique applied by the pilot. That was probably a result of the
inadequate operator procedures and the pilot’s lack of recency and proficiency in
over-water night operations. Although the pilot was using the searchlight to
assist him make a visual approach, the pilot lost situational awareness and did
not visually comprehend the high rate of descent or the amount of power and
control movement required to arrest the rate of descent. The pilot’s loss of
situational awareness was probably due to the lack of visual cues in the dark-
night conditions and the lack of ground definition in the beam of the searchlight.

Finally, false horizons may be seen when climbing out of weather and arriving on
top of an unrecognised sloping cloud bank. High altitude flight can also lead to
problems with false horizon illusions and various dissociative phenomena, as a
function of reduced visual cues.

Case report

On the evening of 17 October, 2003, a Bell 407 helicopter departed Mackay for
Hamilton Island, Queensland, to collect a patient, with the intent being to transfer
the patient to Mackay Hospital. On board the helicopter was a pilot, a crewman and
a paramedic. Approximately half an hour into the flight, contact was lost with the
helicopter. A second helicopter was launched on a search and rescue mission.
Wreckage was found floating on the sea about 3 miles east of Cape Hillsborough,
Queensland. No survivors were found.

The accident happened on a dark night, with no celestial or ground lighting
available. The weather in the area suggested the possibility that cloud might have
been encountered at the altitude flown by the helicopter. In addition, the forecast
weather included the chance of rain and storms, as well as thick smoke, all
associated with reduced visibility. According to the technical investigation of the
wreckage, the aircraft was serviceable at the time of the accident. It was determined
that the helicopter impacted the water at high speed, in a left skid-low, nose-down
attitude.
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According to the ATSB accident investigation report (ATSB, 2005a):

The investigation was unable to determine, with certainty, what factors lead to
the departure from controlled flight of the helicopter. The possibility of pilot
incapacitation was considered, but viewed as unlikely because of the pilot’s age,
recent medical examination results and available technical evidence. The forecast
weather and ambient lighting conditions on the night of the flight represented
several factors which are known to contribute to spatial disorientation. In the
absence of any radio broadcasts from the pilot in command, and technical
evidence of the helicopter’s serviceability, the circumstances of the accident
were consistent with loss of control due to spatial disorientation of the pilot in
command.

This tragic accident highlights many of the contributory factors that have been
discussed in this report. Specifically, and as noted in the ATSB accident
investigation report:

» thehelicopter was not equipped for flight in IMC;

» thepilot, while night VFR qualified, did not hold an instrument rating and had
only limited instrument flying experience;

» whilethe weather was interpretable as suitable for VFR flight, there was arisk
of encountering cloud at the cruise level chosen by the pilot; and

» thelack of good visual cues (due to the absence of celestial or ground/surface
lighting) resulted in the pilot not having visual reference to the horizon during
the over water part of the flight.

The ATSB accident report also noted several organisational and regulatory issues
that were relevant to the accident, including diffused responsibility for safety
oversight of the helicopter’s operations. These are fully detailed in the ATSB
report.
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PREVENTIVE MEASURES

Having analysed the different types of spatial disorientation (SD) illusions, and the
various factors that contribute to a SD event, it is worthwhile now considering what
preventive measures might be employed by pilots in order to minimise the risk of a
disorientation-related aircraft accident or incident

Firstly, it is important to emphasise to all pilots that SD happens to normal pilots,
and that if a pilot flies for long enough, eventually they will experience SD. As
discussed previously, disorientation simply occurs because aviation takes place in a
three-dimensional complex motion environment, and the inherent limitations of the
normal human orientation systems are exposed in this environment. These systems
are designed primarily for surface-of-the-Earth operations and not for flight.
Experiencing a SD event should therefore not be assumed to reflect a fundamental
abnormality on the part of the pilot.

While SD is an ever-present risk to aviation, there are many steps that can be taken
to minimise the risk of disorientation occurring or of such an event leading to an
incident, accident or fatality. In general terms, preventive measures involve
mitigating the various pilot, aircraft, operational and environmental factors that
contribute to disorientation, as discussed in the previous section.

The majority of these preventive mechanisms can be achieved before flight is
undertaken. Pilots should take care of the following factors (which in some cases
are covered in the Civil Aviation Regulations), which are grouped into three sub-
headings:

Health and fitness to fly:

» Do not attempt flight when not physically and mentally fit to do so. If in doubt,
a Designated Aviation Medical Examiner (DAME) should be consulted.

» Do not fly when under the influence of drugs (prescribed medications, over-the-
counter medications or illicit drugs). In some cases it is safe and permissible to
fly while taking some prescribed medications — pilots should consult with a
DAME before flight.

 Pilots should not fly while under the influence of alcohol, or while suffering
from the after-effects of alcohol ingestion (post-alcohol impairment).

» Pilots should ensure that they have had adequate rest prior to flight and are not
suffering from the effects of fatigue.

 Pilots should ensure that they are adequately hydrated and have eaten
appropriately prior to flight.

» Pilots should manage their personal and professional stress appropriately, and
not fly when suffering from high levels of stress and anxiety.

Planning and preparation:

» Pilots should be aware of the potential for disorientation to occur at various
stages of their intended flight, as part of their pre-flight planning activities. For
example, if a remote landing at night is planned, pilots should remind
themselves of the possibility of experiencing the blackholeillusion and be
prepared for it. This may require them to monitor their descent and approach
very carefully, to avoid undershooting.

- 23 -



Pilots should familiarise themselves with the characteristics of the destination
runway, especialy if it is unfamiliar to them. This will help prepare them for the
visual illusions inherent in approaching a down-sloping runway, for instance.

Pilots should seriously weigh the option of rescheduling aflight if it would
otherwise involve night VFR operations. If night VFR operations are conducted,
then pilots need to consider the amount of celestial light that will be available,
including information about the phase of the moon, and whether high level
cloud will reduce the amount of light that would increase the challenges of night
operations.

Pilots should not attempt to fly into instrument meteorological conditions (IMC)
under visual flight rules (VFR). Pilots should develop a plan prior to takeoff as
to what they will do if the weather en route is different from expected or
deteriorates. This plan should consider arequirement to divert or turn back prior
to entering IMC. Such aplan should ensure that a VFR flight into IMC does not
occur.

Training and education:

It is advisable for pilots to undertake regular instrument flight exposures,
preferably with an experienced instructor. This can be combined with some in-
flight disorientation demonstrations and upset/unusual attitude recovery practice
(Braithwaite, 1997; Collins, Hasbrook, Lennon, & Gay, 1978). The ability to
properly use the flight instruments may make the difference between survival
and not.

If a disorientation event occurs, it is extremely helpful to share the experience
with other pilots. This can be done through aviation industry magazines,
journals, and increasingly through on-line forums, for example. The more pilots
are aware of disorientation, the more prepared they can be.

Figure 4: This regular feature in the Flight Safety Australia magazine is an example of
a way in which pilots can share their experiences with others in the aviation
community.

" Write to us about an
aviation incident or
accident that YOU were

involved in. If we publish

your story, you'll receive
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There are also some measures that a pilot can take in-flight if a disorientation event
still occurs. If possible, control of the aircraft can be handed over to a second pilot.
Getting out of the weather or clouds and into good VFR conditions as soon as
possible will help resolve sensory conflicts by providing good visual cues as to the
horizon and other orientation references. Help can always be requested from air
traffic control. They may, for example, be able to relay appropriate track
information to get disoriented pilots out of the poor visual environment, or to vector
another aircraft to act as an escort, or to simply provide reassurance and
encouragement.

Fortunately, aircraft instruments are not prone to the same misperceptions as the
human operators of the aircraft. Believing the instruments is the best way to
minimise the effects of SD, even in the face of powerful visual and vestibular
sensations that seem to directly contradict what the instruments are saying. Pilots
who are experiencing disorientation should not only believe their instruments, but
they should do whatever is necessary to ‘make them read right’. That is, if a pilot
feels the aircraft is flying straight and level, but a look at the instruments reveals
inverted flight, the pilot should make the appropriate control inputs to make the
instruments read upright, straight and level. Internal sensory systems should be
ignored while this is being done. If these generally erroneous inputs are not ignored,
an internal struggle can develop within the pilot, who alternates between what the
instruments tell them and what their sensory systems tell them. This is a recipe for
setting up a Type Il disorientation event.

After achieving instrument-based straight and level flight, despite the erroneous and
sometimes powerful sensory information, the next step is to maintain straight and
level flight. The absence of ongoing manoeuvres will mean that the sensory systems
no longer have to deal with angular and linear accelerations, and can eventually
register the correct situation of straight and level flight. Once this has happened, the
pilot has successfully flown out of the disorientation event. It is then important to
quickly establish geographical orientation, especially with respect to underlying
terrain.

One final point is worth emphasising. Experience does not protect a pilot from SD
(Holmes et al., 2003). It is not the junior pilot who gets disorientated —some studies
show that the more at risk pilot is a highly proficient one (Lyons, Ercoline,
Freeman, & Gillingham, 1994). The truth of the matter is that disorientation can
affect any pilot, any time, any where, in any aircraft, on any flight, depending on
the prevailing circumstances. Experience of disorientation does not mean it won’t
ever happen again. It does, however, allow the disorientation phenomenon to be
recognised more readily in the future. Awareness and preparedness are key
elements in preventing the SD accident.
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CONCLUSION

Spatial disorientation (SD) is always a risk to pilots. It is a function of the inherent
operating limitations of the normal human orientation systems in the three-
dimensional, complex motion environment of flight. It can happen to any normal
pilot at any time. There are many different illusions and disorientating phenomena
that pilots may experience, depending on the nature of their operations and the
phase of flight. There are many steps that can be taken by pilots to minimise their
risk of experiencing SD on a given flight, many of which involve pre-flight
planning and adequate preparation. Being aware of the risk of SD is one of the key
elements in preventing a SD accident.
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MEDIA RELEASE

ATSB study reviews spatial disorientation

An ATSB research report released today examines the problem of spatial
disorientation.

Flying an aircraft is a challenging activity that exposes pilots to many potential
hazards. One of the most significant of these is spatial disorientation. Spatial
disorientation is a condition where the pilot is unable to correctly interpret aircraft
attitude, altitude or airspeed in relation to the Earth. The resulting disorientation can
lead to a loss of control of the aircraft.

Spatial disorientation is a very common problem. It is vitally important that pilots
are aware that it can affect any pilot, any time, anywhere, in any aircraft, on any
flight, depending on the prevailing circumstances. It has been estimated that the
chance of a pilot experiencing spatial disorientation during their career is in the
order of 90 to 100 per cent. In other words, if a pilot flies long enough as a career,
or even a hobby, there is almost no chance that he/she will escape experiencing at
least one episode of spatial disorientation.

The Australian Transport Safety Bureau (ATSB) commissioned aviation medicine
specialist, Dr David Newman, to explore the various types of spatial disorientation
in the aviation environment, and to suggest strategies for managing the risk
associated with these events.

The ATSB report explains that the chances of a spatial disorientation event
occurring in flight can be reduced by a series of simple preventive measures, many
of which can be attended to before flight. These include flying when fit and well to
do so, not flying under the influence of alcohol or medications, avoiding visual
flight rules into instrument meteorological conditions, increasing awareness of
spatial disorientation illusions and planning for their possible appearance at
different stages of flight in the pre-flight planning process.

The ATSB report encourages pilots who have had a spatial disorientation event to
share their experiences with their aviation colleagues, either informally, or through
magazines, journals and web-based forums.

A more open approach to acknowledging and discussing spatial disorientation and
its various causes will make a valuable contribution to a better understanding of this
common human factor.
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