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F L  I G H T  S A F E T Y  F O U N D A T I O N

The use of flight simulators for training aircrews has
gained great acceptance and popularity among military
and civil aeronautical communities worldwide.  Flight
simulators have several advantages over aircraft trainers
including lower equipment cost, lower operational and
maintenance costs, increased availability, unsurpassed
safety to train aircrews on emergency procedures and a
greater capability for immediate feedback on training
proficiency.  New developments in computer technology,
both in hardware and software, have led to the creation of
sophisticated simulators that produce a more realistic
simulation of flight than previous generations.

However, the widespread use of the new flight simulators
has also led to an increased number of reports of simula-
tor sickness, more properly termed simulator induced
syndrome (SIS), among both experienced and inexperi-
enced aircrews 3,10.  The term simulator sickness was first
used in 1957 by Havron and Butler to describe the occur-
rence of motion sickness in a flight simulator 9.

The occurrence of simulator sickness (as well as any
other type of motion sickness) should be regarded as a
normal response of a healthy individual (without organic
or functional disorder) when exposed to an unfamiliar
motion.  Therefore, individuals who experience this un-
pleasant condition should not be considered abnormal or
diseased.  In fact, experiencing motion sickness symp-
toms indicates the integrity of the neuro-vestibular sys-
tem (inner ear motion sensors).

Also, the use of the term simulator sickness can be mis-
leading because it has the connotation of an illness.  Con-
sequently, it is preferable to use the term simulator in-
duced syndrome to describe those signs and symptoms
that appear among some air crew members during their
training on flight simulators.

Signs and symptoms of SIS include vomiting, retching,
nausea, cold sweating, drowsiness, increased salivation
and swallowing, skin pallor, difficulty concentrating, mental
confusion, difficulty focusing, visual flashbacks, eye strain,
blurred vision, sensation of fullness of the head, apathy,
lethargy, increased yawning, stomach awareness, anorexia
(loss of appetite), burping, increased need for bowel movement,
headache, dizziness, vertigo, postural instability and in-
creased fatigue 5, 7, 11, 14, 21. However, the most commonly
reported symptoms of SIS are distinctly visual in nature
(eyestrain, blurred vision, difficulty focusing, visual flashbacks,
headache, difficulty concentrating) 13.

The immediate onset of SIS is the most common occur-
rence; however, post-flight (delayed) signs and symp-
toms have also been reported frequently 1, 4, 10, 12, 13, 20, 22.
Most of the available data on SIS has been obtained from
studies conducted by the U.S. military.  Table 1 summa-
rizes the data from several studies on the incidence of
SIS among military pilots.  The occurrence of this reac-
tion ranged from 10 percent to 88 percent, and involved
both fixed-wing and rotary-wing flight simulators. It is
unfortunate that there has not been a study on the inci-
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dence of this phenomenon among civilian commercial air
crews during their simulator training.  However, there are
some anecdotal reports indicating the occurrence of SIS
among this pilot population.

Sleep deprivation, general fatigue, alcohol consumption,
emotional instability, excessive rigidity in personal be-
havior, neurotic reactions, anxiety, fear, and insecurity
are all factors that can increase susceptibility to motion
sickness of any type (including SIS).  Females have been
shown to be more susceptible to motion sickness than
males of any age.  In addition, reduced mental activity
(low mental workload) during exposure to an unfamiliar
motion has been implicated as a predisposing factor for
motion sickness.  A pilot who concentrates on mental
tasks will be less likely to become motion sick because
his attention is diverted from seeking orientational clues.

Susceptibility Increases with Experience

A possible explanation for the occurrence of SIS is pro-
vided by the neural mismatch theory, also known as cue
conflict theory, sensory rearrangement theory or percep-
tual conflict theory 6, 18, 19.  This theory indicates that SIS
may be the result of a conflict between the sensory cues
(visual, vestibular, proprioceptive — those activated by

stimuli produced by movements or tension within tis-
sues) produced by the flight simulator and the pilot’s
expectations of what should be, based on his or her past
flight experience.  In other words, when the actual sen-
sory input transmitted by the eyes, the vestibular system
and the proprioceptive receptors does not agree with the
expected sensory input derived from past flight experi-
ence, a sensory mismatch occurs.

This mismatch may also occur when there is a conflict or
incongruity between the several types of information trans-
mitted by the visual, vestibular and proprioceptive recep-
tors.  Such a sensory mismatch leads to neurovegetative
responses that represent the signs and symptoms of SIS.
The longer and more intense the exposure to a sensory
mismatch is, the higher the probability of experiencing
SIS.  However, the repetitive exposures to the unfamiliar
motion conditions produced by a particular flight simula-
tor can result in adaptation and increased tolerance.  Un-
fortunately, adaptation of a pilot to a particular simulator
is not the ideal solution because upon return to the mo-
tion conditions encountered during real flight, a sensory
mismatch can occur again, and this time it could result in
airsickness.

It would be reasonable to expect that pilots who do not
experience airsickness during real flight should not ex-

perience SIS, if the quality of the flight simula-
tor was almost identical to real flight.  However,
the occurrence of SIS among aircrews can be
regarded as evidence of the limitations of current
equipment to simulate real flight 13.  An inad-
equate flight simulation exposes a pilot to an
unfamiliar motion environment to which he is
not adapted and can result in SIS.  Imperfections
in flight simulation are better perceived by pilots
with extensive flight experience, because they
have learned to expect certain orientational clues
to occur in response to certain control inputs.
These observations explain why highly experi-
enced pilots are more likely to develop SIS than
less experienced pilots 4,11.

There are several factors related to the design and
operation of modern flight simulators that can be
involved in the occurrence of SIS, including:

• Flat screens and computer-generated imagery
systems for simulated “outside views” through
the windshields can produce optical distor-
tion, inadequate image resolution and annoy-
ing flicker.

• Multiple, wide-field-of-view screens can re-
sult in abnormal stimulation of peripheral vi-
sion.

Table 1. The Incidence of Simulator Induced Syndrome
Among Military Pilots

Author and Ref. Type of Simulator No. of Subjects % of Cases
No. Participating of SIS
Baltzley (1) Fixed Wing (P-3C) 51 22
Baltzley (1) Fixed Wing (E-3C) 13 62
Baltzley (1) Fixed Wing (2E-6) 10 30
Baltzley (1) Fixed Wing (F/A-18) 45 56
Baltzley (1) Fixed Wing (F/A-18) 22 45
Crosby (3) Fixed Wing (P-3C) 20 50
Frank (5) Fixed WIng (E-2C) 21 48
Hamilton (7) Fixed Wing (CP-140) 16 50
Hartman (8) Fixed Wing (SAAC) 114 52
Kellogg (10) Fixed Wing (SAAC) 48 88
Kennedy (13) Fixed Wing (F/A-18) 94 31
Kennedy (13) Fixed Wing (F/A-18) 26 27
Kennedy (13) Fixed Wing (F-14) 52 10
Kennedy (13) Fixed Wing (E-2C) 55 47
Kennedy (13) Fixed Wing (P-3C) 66 39
Magee (16) Fixed Wing (C-130H) 42 83
Money (17) Fixed Wing (CP-140) 114 43

Baltzley (1) Rotary Wing (CH-46) 176 48
Baltzley (1) Rotary Wing (AH-64) 130 50
Baltzley (1) Rotary Wing (CH-53) 121 55
Baltzley (1) Rotary Wing (SH-3) 98 57
Havron (9) Rotary Wing (FH-2) 36 78
Kennedy (13) Rotary Wing (SH-3) 223 60
Kennedy (13) Rotary Wing (CH-46) 281 26
Kennedy (13) Rotary Wing (CH-53D) 159 36
Kennedy (13) Rotary Wing (CH-53E) 230 33
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• Inadequate screen illumination, inadequate view-
ing distance and off-axis viewing can all produce
visual fatigue, and result in parallax and distorted
visual perception.

• Presence of visual and inertial lags inherent in the
equipment can cause desynchronization between
the display of visual information and the actual
motion of the simulator.  This can result in con-
flicting sensory stimulation.

• Indiscriminate use of the situational freeze mode
or the reset function by the instructor can be very
disorientating for air crew members.

Overall, SIS is more frequent among aircrews training in
simulators with six-degrees-of-freedom and in simula-
tors with computer-generated imagery systems 3, 10, 21.

Consequences  Addressed

There are a number of results that can be attributed to SIS:

• A possible decrease may occur in the voluntary
use of flight simulators to avoid the unpleasant
symptoms (immediate and post-flight).

• Aircrews may experience distrust or lack of confi-
dence in the received training, due to the unfavor-
able conditions under which practice in the flight
simulator took place.  Therefore, it is reasonable to
assume that SIS may prevent air crews from achieving
the full training potential of flight simulators.

• Post-flight symptoms can result in impaired psy-
chomotor performance which may interfere with
the safe operation of motor vehicles (aircraft, au-
tomobiles, motorcycles, etc.).

• Occurrence of delayed symptoms of SIS upon re-
turn to normal flight duties may represent a poten-
tial risk for the safe operation of the aircraft.

Among SIS defense and prevention mechanisms are the
following:

• Pilots who have experienced SIS in the past should
be aware that prolonged or intense exposure to the
simulator on subsequent training flights may again
result in SIS.

• Simulator training should be avoided when pilots
are diseased, ill or physiologically impaired due
to self-imposed stress (fatigue, sleep deprivation,
use of non-prescription medications, alcohol con-
sumption within 24 hours).

• If a pilot experiences motion sickness during training,
he should be instructed to immobilize his head
against the headrest and the flight should be ter-
minated as soon as possible.  The pilot should be
assisted out of the simulator (due to possible pos-
tural instability), and instructed to adopt a supine
position, close his eyes, and relax.  The remaining
simulator training should be re-scheduled for at
least 24 hours later.

• Pilots involved in simulator training (especially
those who have experienced SIS) should be in-
structed to sleep adequately and to avoid self-
imposed stresses before they return to their nor-
mal flying duties.

• At the discretion of the company’s physician, anti-
motion sickness drugs could be used prior to simulator
training to prevent the onset of symptoms.  This
allows air crews to cope with the training to pre-
vent the onset of symptoms and promotes an ad-
equate learning environment.  Scopolamine 0.3 to
0.6 mg, taken orally 30 minutes to one hour be-
fore training could be used for an effective pre-
ventative measure.  The only inconveniences with
the use of scopolamine are its side effects includ-
ing drowsiness, dry mouth, pupillary dilation and
impaired visual accommodation.  An alternative
is to use an oral combination of 0.3 to 0.6 mg of
scopolamine and 5 to 10 mg of dextroamaphetamine.
This combination is more effective than scopol-
amine alone, and eliminates the drowsiness.  An-
other effective oral combination is 25 mg of promet-
hazine and 25 mg of ephedrine taken one hour
prior to the training.  It is very important to make
sure that the effects of any of these drugs disap-
pear completely before air crew members are al-
lowed to return to normal flying duties.

Ideally, the solution to the problem of SIS would be to
improve the design of current flight simulators to make
them as realistic in relation to actual flight as possible.
Unfortunately, any improvement in flight simulation fi-
delity (especially at the upper limits) is expensive.  In
addition, a greater level of fidelity does not always result
in better training effectiveness.  Research has shown that
even though a good return in training transfer is obtained
from a moderate level of realism fidelity, only minor
improvements in training transfer can be attained at greater
levels of realism.  Therefore, in order to maintain a bal-
ance between cost and training effectiveness, careful thought
must always be given to specify the requirements for
fidelity in any given flight simulator.
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