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Review of Motion Sickness with
Special Reference to Simulator Sickness

R. S. KENNEDY and L. H. FRANK

ABSTRACT

Simulator sickness has implications for training and safety because as many
incidents of simulator sickness have been reported since 1980 as in all the

previous time. The signs and symptoms,

stimulus and response characteristics,

anatomical structures, and susceptibility factors of simulator sickness are
reviewed. The prevalent theories of the genesis of this malady are put forth
and an integrating theory, which suggests that simulator sickness is a form of
motion sickness and may be best understood as a special case of sensory con-
flict, is proposed. Sensory conflict is a useful principle in the study of sim-
ulator sickness because the malady is clearly polygenic and polysymptomatic.
Therefore it may be argued that greater conflict leads to more severe and
greater incidence of sickness. Evaluations that will lead to recommendations
for preventing the problem, guidelines for predicting the outcome, and sugges-

tions for future research may be planned.

Simulator sickness is not a new phenomenon for those
who have worked around training devices and other
optical devices that have dynamic characteristics.
Moreover, to those who have experimented with per-
ceptual adaptation to optical transformations, it is
not surprising that sickness occurs. For those who
perform experiments in vestibular science, simulator
sickness may be considered the visual analogue of
more traditional forms of motion sickness, including

space sickness (1).
Simulator sickness, although not necessarily of

epidemic proportions, is on the upswing. Almost as
many incidents have been reported since 1980 as in
all the years before then. A sourcebook (2) reports
many relationships among causal factors, and a work-
shop has been held to discuss the implications of
simulator sickness (3). Simulator usage is also in-
creasing, and there is a question about whether the
increase in observed frequency is due to the in-
creased availability of simulators, increased kine~
matics available in simulated scenarios, or even
individual differences of today's user population.

There have been five major (and many minor) re-
views of the motion sickness literature (4-8) and
all of these contain excellent accounts of what is
known. Each has a comprehensive reference list. The
following review has been prepared to emphasize the
authors' bias that, as is the case with other forms
of motion sickness [e.g., space adaptation syndrome
(1,9-11)], simulator sickness may be best understood
in the context of motion sickness as a special case
of sensory rearrangement.

INTRODUCTION

Although the self-propelled locomotive behavior of
man (walking, running, jumping) does not induce mo-
tion sickness, transportation in some environments
does. It is probably reasonable to assume that the
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history of motion sickness began with man's domesti=-
cation of animals for transport. Riding camels or
elephants, for example, can induce motion sickness;
but, interestingly, riding horses does not (5). With
the invention of the boat came seasickness and the
question of whether a seaman could perform his
duties. In short, motion sickness became operation-
ally significant. Thus the search for the causal
factor or factors of motion sickness probably re-
ceived its initial impetus from a practical concern
about how to eliminate its debilitating effects.

MOTEgN SICKNESS--A DEFINITION

Motion sickness is a general term for a constella-
tion of symptoms and signs, generally adverse, caused
by exposure to abrupt, periodic, or unnatural ac-
celerations. Overt manifestations (signs) are pallor,
sweating, salivation, and vomiting (12-15). Drowsi-
ness, dizziness, and nausea are the chief symptoms.
Less frequently reported, but often present, are
postural changes, or ataxia, sometimes referred to
as "leans" or "staggers" (16,17). Other signs (5,18,
19) include changes in cardiovascular, respiratory,
gastrointestinal, biochemical, and temperature regu-
lation functions. Other symptoms include general
discomfort, apathy, dejection, headache, stomach
awareness, disorientation, lack of appetite, desire
for fresh air, weakness, fatigue, confusion, and,
occasionally, incapacitation. The consequences for
human performance and operational efficiency are
decreased spontaneity, carelessness, and incoordina-
tion, particularly in manual control. Motion sickness
is theoretically preventable, but that is not always
practical. When symptoms are severe, the passage of
time may be the only possible treatment.

STIMULUS CHARACTERISTICS

Many types of motion produce motion sickness. Among
the most common places for sickness to occur are in
ships, small boats, trains, gliders, zero-gravity
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aircraft, rotating rooms, chairs, vertical oscil-
lators, horizontal swings, and moving-base or fixed-
based flight simulators. In addition, tilted rooms
and buildings and chimneys have been implicated.

Humans appear to be most susceptible to motion
sickness when exposed to very low frequency vibra-
tions in the range of 0.12 to 0.25 Hz (20), although
the data are limited largely to those from swings
and vertical oscillators. There does not appear to
be a frequency-specific relationship when cross-
coupled angular accelerations are employed (21). The
normal locomotive behavior of man has a mean fre-
quency of about 1.7 Hz (22,23) and, as previously
mentioned, does not induce sickness.

Most of the power used in spectral density analy-
ses of body sway is below 0.40 Hz (24), and perhaps
platform stimuli in this range could be amplified at
the head. Although acceleration of the environment
is generally required, visual perception of motion
alone is sufficient to produce sickness (25,26). The
effects are usually limited to the period of expo-
sure, but "postadaptation" effects are known to occur
(4,17,27).

In a comprehensive review of low-frequency motion
and human performance, Baker (28,p.2) comments that
“there is virtually no pertinent, documented infor-
mation regarding the effects of either motion sick-
ness or of motion upon human performance." The common
finding is that task performance simply ceases when
vomiting, the cardinal sign of motion sickness, be-
gins. More subtle evidence of performance decrement
before sickness has not been consistently found. An
exception is the increased tracking error obtained
when low-frequency motion causes direct biodynamic
interference with the task.

In a series of studies on very-low-frequency
vibrations (VLFV) conducted by G.R. Wendt and his
associates during the 1940s (29-33), psychomotor
performance tests were investigated, including an
obstacle course, a ©60-yd dash, dart thiowing, and
the Mashburn Complex Coordinator (a tracking device
used in pilot selection). The subjects, mostly, U.S.
Navy cadets, performed the psychomotor tests before
and after a 20-min exposure to a motion of a vertical
accelerator similar to an elevator. Pretest and
posttest performance scores of subjects who became
motion sick were compared with scores of subjects
who did not. Results showed virtually no effects of
motion sickness on the performance tests (28,32).

A field study of motion sickness and performance
was reported by Kennedy et al. (34). They measured
performance on a counting and short-term memory task
in three types of large aircraft undergoing severe
turbulence during hurricane penetrations. The main
finding was that performance decrements were directly
related to the amount of turbulence experienced
whereas the incidence of motion sickness appeared to
be only partly correlated with turbulence and partly
with the periodic frequency of the motion. On the
other hand, Wiker, Pepper, and McCauley (35) showed
that several psychomotor performances were degraded
at sea in connection with seasickness.

PHYSIOLOGICAL RESPONSES

Table 1 (1l1) gives a summary of the physiological
responses that occur as a function of motion sick-
ness,

Humans are adaptable, and the effects of almost
any environmental stressor on performance and physi-
ology will change over time (duration of exposure) .
The nature of the change is usually diminution of
the observed effect. These generalizations obviously
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TABLE 1 Physiological Manifestations of Motion Sickness® (11)

Manifestation

Cardiovascular Changes in pulse rate or blood pressure, or both
Increased tone of ailedial portion of capillaries in Lhe
fingernail bed
Decreased diameter of retinal vessels
Decreased peripheral circulation, especially in the skin of
the head
Increased muscle blood flow
oTY Altcrations in respiration rate
Sighing or yawning
Air swallowing
Inhibition of gastric intestinal tone and secretions
Salivation
Gas or belching
Epigastric discomfort or awareness
Sudden relief from symptoms after vomiting
Body fluids Changes in lactic dehydrogen ASE concentrations
Blood Increased hemoglobin concentration
Increased pH and decreased paCO, levels in arterial
blood, presumably from hyperventilation
Decreased concentration of eosinophils
Increased 17-hydroxycorticosteroids
Increased plasma proteins
Increased ADH
Decreased glucose utilization
Urine Increased 17-hydroxycorticosteroids
Increased catecholamines
Decreased body temperature
Coldness of extremities
Ocular imbalance
Dilated pupils during emesis
Small pupils
Nystagmus

Gastrointestinal

Temperature

Visual system

aAdnpted from,Nicogossian and Parker (11).

have limits, because extremely intense stressors can
cause injury or death (precluding adaptation). Pre-
dictions of performance decrements, ataxia, or other
potential effects due to motion are difficult to
make because the extent and time-course of adaptation
are not known and may only be inferred from the
literature on visual distortion (36).

There are both large individual differences in
adaptation and large time-course variances within an
individual's adaptation to differing motion environ-
ments. However, adaptation is a double-edged sword.
It implies a modification of sensory processes to
enable the individual to function more successfully
in an altered environment. When the individual re-
turns to his "normal" environment, however, the
modified sensory processes most probably will not be
optimal. Adaptation must occur in the opposite di-
rection (readaptation) for the individual to func-
tion optimally in his normal environment. This type
of adaptation and readaptation process has been well
documented in the research literature under a variety
of environmental influences such as optical distor-
tion (37-39), weightlessness (40,41), rotation (42,
43), and rectilinear motion (44).

It is quite likely that adaptation, in the form
of less symptomatology during repeated simulator
exposure, will occur to the perceptual rearrangement
found in flight simulators (whether visual or iner-
tial). However, to rely on reduction or elimination
of symptoms through adaptation misses the point of
the requirement for minimum human factors engineering
design criteria and may also affect safety of sub-
sequent flying and other activities. The very adapta-
tion that reduces the effects during exposure to the
simulated environment may cause problems when the
person returns to the normal environment. Further-
more, these effects may interact in peculiar ways,
should the individual be transported in a conveyance
be it under his own control (e.g., an automobile) or
not.
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ANATOMICAL STRUCTURES RELATED TO MOTION SICKNESS

Table 2 is a list of anatomical structures and their
probable role in motion sickness. The interested
reader is referred to the longer version of this
paper (2) or to Money's and Wood's (45) excellent
review of the neural mechanisms underlying the
symptomatology of motion sickness on which it was
based., Individual differences and other factors are
given in Table 3.

TABLE 2 Anatomical Structures Related to Motion
Sickness

Structure Role

Vestibular apparatus Probably required

Visual apparatus Important, not necessary
Viscera Definitely not necessary
Proprioceptive afferents Not known

Visual afferents Not known

Peripheral afferents
Vestibular nuclei
Chemoreceptor trigger zone
Cerebrum

Limbic

Important, may not be necessary
Probably necessary

Necessity presently challenged
Not necessary

Speculatively related

TABLE 3 Individual Differences and Other Factors in Motion
Sickness

Factors Findings
Sex Men appear less susceptible
Age Younger than 18 months—virtually immune

2 years to puberty—high

Puberty to 21 —decreasing

21 to 50—declining

Older than 50-rapidly disappearing

Appears to be related in several studies

Repeated exposures invariably result in lessening
of symptoms

Head movement In most environments increases the symptoms

Motion regularity The more complex the motion, the more sickness

Field independence
Adaptation

There is considerable evidence that overstimula-
tion does not satisfactorily account for all inci-
dences of motion sickness. As has been mentioned,
vision alone is sufficient to induce sickness as
demonstrated in the case of some fixed-base simula-
tors (46). Motions that are difficult to consider
overstimulating, such as slow rotation rooms and
ship movement, can induce severe sickness.

FLUID SHIFT THEORY

The idea that fluid shifts within the body may con-
tribute to motion sickness is both recent (47) and
old (48). Wallaston (48) claimed that motion sickness
was caused by sloshing of the blood, which led to
alternate engorgement and anemia of the brain.

That fluid shift may be a possible explanation of
space motion sickness accounts for the majority of
research and interest in fluid shift theory. During
space flight there is a cephalic shift of 1.5 to
2.0 L from the lower extremities (11). Calf girth
correspondingly decreases about 30 percent. Mean
resting heart rate and systolic blood pressure tend
to increase, while diastolic pressure decreases.

According to space fluid shift theory, the rostral
shift in body fluid alters cranial pressure and ves-
tibular response. For example, altered fluid pressure
in the labyrinth could result in a change in gain
and phase shift (49). Graybiel and Lackner (50,51)
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have examined the evidence for this theory on earth
by the use of head-down tilt to induce fluid shift.
Their work has shown that £fluid shift toward the
head has no effect on susceptibility or causes a
small decrease in susceptibility as the magnitude of
the shift increases (41).

FEAR AND ANXIETY THEORY

Does anxiety or fear increase a person's suscepti~
bility to motion sickness? According to Benson (52,
p.486), "a definite correlation between susceptibil-
ity and psychometric measures of anxiety or neuroti-
cism has not been established." It is not known for
certain whether this is due to a true lack of rela-
tionship or, perhaps, to the lack of reliability in
measures of anxiety (53) as well as to the already
mentioned lack of reliability in measures of the
motion sickness criterion. In any case, clear-cut
evidence for the notion is hard to find.

BALANCE OF AUTONOMIC ACTIVITY POSTULATE

Waxing and waning of symptoms suggests competing
processes (54). The symptoms of motion sickness
resemble what might be associated with increased
cholinergic (55) and decreased adrenergic activity,
but the relationships are not clear-cut (56). Al-
though the drugs which are effective in motion sick-
ness are chiefly those that stimulate the sympathetic
nervous system, or those that shut down the parasym-
pathetic nervous system, the several exceptions (56)
imply that this postulate should be considered as
part of a larger theory.

TOXIC REACTION THEORY

Treisman (57) addressed the evolutionary significance
of the emetic response to motion sickness. What,
Treisman asked, is the adaptive function of vomiting
during motion sickness, and how does such a response
contribute to the survival of the species? His answer
was that the only adaptive significance vomiting
could have is the explusion of ingested toxins from
the body. Hence, when the body vomits in response to
motion sickness, it is interpreting the stimulus as
if it were a poison. Wiker (58) has also made this
point.

Normally, the sensory systems of the body comple-
ment each other. The eyes and the vestibular system
are in harmony. When a toxin is ingested, it acts on
the inner ear causing the vestibular signal to come
in conflict with vision and other senses. This con-
flict signals to the body that it has ingested a
poison and emesis occurs.,

PERCEPTUAL CONFLICT THEORY

Perceptual conflict theory is known by several names:
mismatch, neural mismatch, cue conflict, incongruity,
and sensory rearrangement. The authors believe that
perceptual conflict is the most descriptive term
and, consequently, recommend its use.

In brief, the perceptual conflict theory posits a
referencing function in which motion information,
signaled by the eyes, vestibular apparatus, or pro-
prioception, may be in conflict with expected values
of these inputs based on a neural store (which re-
flects past experience) or with the way in which the
system circuitry is wired. Kennedy (36) suggested,
as have others (59,60), that perceptual conflict
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theory is based on a lack of correlation between
appearance and reality. Under ordinary circumstances,
there is a correspondence between what is sensed and
the physical representation of the stimulus. The
sensory systems report reality and, after periods of
time, create a neural store of expectations. The
expectations are also referenced to the sensory
channel that delivered them and are stronger for
more experiences and also in those ranges within
which the channel is most sensitive. The purpose of
information processing and perception functions is
to predict reality in order that one may interact
with it, spatially and temporally. The authors be-
lieve that central nervous system integration could
be represented by a linear model (61). This version
of the sensory conflict theory is described in
greater detail in Kennedy and Frank (62) and Kennedy
et al. (63).

TOWARD A UNIFIED THEORY

The signs and symptoms, stimuli and response charac-
teristics, anatomical structures, susceptibility
factors, and prevalent theories of motion sickness
have been reviewed, and the authors believe that all
are relevant for simulator sickness as well. It is
evident from this review that motion sickness is
both polysymptomatic and polygenic., It should also
be evident from the number of corollaries, princi-
ples, postulates, and theories presented, and the
examples proposed to explain the outcomes, that we
are light years away from a proper understanding of
motion sickness. But we may be closer to predicting
its outcome and perhaps preventing its occurrence.
With these provisos in mind, the following comments
are offered.

The preceding theories need to be integrated into
one. This is described in more detail elsewhere (63).
The theories mentioned emphasize either the stimnlns
or the response characteristics that lead to motion
sickness. However, it appears clear from the litera-
ture that the key to understanding motion sickness
must include understanding of how the stimulus acts
at the receptor level. It is the view of the authors
that motion sickness is a result of decorrelated
sensory channels. This premise, which is in concert
with the perceptual conflict theory, states that any
stimulus that causes a decorrelation to occur ini-
tiates the firing of the chemoreceptor trigger zone
and motion sickness.

As is the case with the perceptual conflict
theory, correlations between sensory receptors build
up over time. Decorrelation occurs when inputs are
not in accord with what is expected from the neural
store or with the way in which that system is wired
to respond. This causes "troubleshooting" to begin.
The toxic reaction, overstimulation, and fluid shift
theories of motion sickness are all compatible with
this notion. Indeed, troubleshooting may be a hypo-
thetical construct for a toxic reaction. Each theory
implies that a modification occurs in which stimuli
are integrated. Overstimulation modifies the receptor
through sensitization, fluid shift through pressure
changes, and poison through varied means.

The autonomic and fear theories of motion sickness
are also compatible with the unified theory. The
autonomic and fear theories, however, really address
responses to motion sickness, not causal factors.

Thus, as Money and Cheung (64) contend, Treisman
is correct. Presumably, when inimical things happen
to the organism, the central nervous system inter-
prets those events to mean that it has been poisoned.
In general, this interpretation occurs when real
poisons are administered, but in those special cases
in which altered and rearranged perceptions occur,
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if the vestibular system is implicated, the system
interprets this to mean that the organism has been
poisoned. Under some conditions, the body possesses
resonances that, in the case of 0.20 Hz or so, the
system also interprets as poison. It is wondered
whether 0.20 Hz, or another resonance, would have an
adverse (i.e., it's poison!) effect with visual
stimuli alone. If so, such a finding would have
strong heuristic value for simulator sickness.

ACKNOWLEDGMENT

This study was supported in part by the Naval Train-
ing Equipment Center.

REFERENCES

1. J.L. Homick, ed. Space Motion Sickness. JSC-
18681. Workshop Proceedings, NASA Johnson Space
Center, Houston, Tex., 1982.

2. R.S. Kennedy, L.H. Frank, and M.E. McCauley.
simulator Sickness: Reaction to a Transformed
Perceptual World, II: Sourcebook and Sugges-
tions for Research. Naval Training Equipment
Center, Orlando, Fla., 1984.

3. M.E. McCauley, ed. Simulator Sickness: Proceed-
ings of a Workshop. Committee on Human Factors,
National Research Council and National Academy
of Sciences, Washington, D.C., 1984.

4., J.T. Reason and J.J. Brand. Motion Sickness.
Academic Press, New York, 1975.

5. K.E. Money. Motion Sickness. Physiological Re-
views, Vol. 50, No. 1, 1970, pp. 1-39.

6. H.I. Chinn and P.K. Smith, Motion Sickness.
Pharmacological Reviews, Vol. 7, 1955, pp. 33-
82.

7. D.B., Tyler and P. Bard. Motion Sickness. Physi-
ological Reviews, Vol 20, 1049, nn. 311-3A9.

8. W.,J. McNally and E.A. Stuart. Physiology of the
Labyrinth Reviewed in Relation to Seasickness
and Other Forms of Motion Sickness. War Medi-
cine, vol. 2, 1942, pp. 683-771.

9. J.L. Homick, ed. Space Motion Sickness. Final
Report. Symposium Proceedings, NASA Johnson
Space Center, Houston, Tex., 1979.

10. J.L. Homick. Space Motion Sickness. Acta Astro-
nautica, Vol. 6, 1979, pp. 1259-1272.

11. A.E. Nicogossian and J.F. Parker. The Neuroves-
tibular System. In Space Physiology and Medicine
(A.E. Nicogossian and J.F. Parker, eds.), NASA
SP-447, National Aeronautics and Space Adminis-
tration, Washington, D.C., 1982, pp. 141-155.

12, R.S. Kennedy and A. Graybiel. A Comparison of
the Susceptibilities of Three Groups of Naval
Aviation Personnel to Symptomatology of Motion
Sickness. Presented at the American Psychologi-
cal Association Meetings, Philadelphia, Pa.,
1963.

13. R.S. Kennedy and A. Graybiel. Pensacola Diag-
nostic Categorization Work Sheet for the Eval-
uation of Vestibular Sickness. NAVSCOLAVNMED
Form 6500/25. U.S. Naval School of Aviation
Medicine, Pensacola, Fla., 1963.

l4. S.F. Wiker, R.S. Kennedy, M.E. McCauley, and
R.L. Pepper. Reliability, Validity and Applica-
tion of an Improved Scale for Assessment of
Motion Sickness Severity. CG-D-29-79. U.S. De-
partment of Transportation, 1979.

15. S.F. Wiker, R.S. Kennedy, M.E. McCauley, and
R.L. Pepper. Susceptibility to Seasickness:
Influence of Hull Design and Steaming Direction.
Aviation, Space, and Environmental Medicine,
Vol. 50, 1979, pp. 1046-1051.

16. A.R. Fregly. Vestibular Ataxia and Its Measure-



Kennedy and Frank

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29,

30.

31.

32.

ment in Man. In Handbook of Sensory Physiology,

Vol. VI: Vestibular System, Part 2: Psycho-
physics, Applied Aspects and General Interpre-
tations, (H.H. Kornhuber, ed.), Springer-Verlag,

Berlin, Federal Republic of Germany, 1974.

A,R. Fregly and R.S. Kennedy. Comparative Ef-
fects of Prolonged Rotation at 10 rpm on Pos-
tural Equilbrium in Vestibular Normal and Ves-
tibular Defective Human Subjects. Aerospace
Medicine, Vol. 36, No. 12, 1965, pp. 1160-1167.
J.K. Colehour and A. Graybiel. Biochemical
Changes Occurring with Adaptation to Accelera-
tive Forces During Rotation. NAMI-959. National
Aeronautics and Space Administration and Naval

Aerospace Medical Institute, Pensacola, Fla.,
1966.

J.A. McClure and A.R. Fregly. Effect of Envi-
ronmental Temperature on Sweat Onset During
Motion Sickness. BAerospace Medicine, Vol. 43,
No. 9, 1972, pp. 959-967.

M.E. McCauley and R.S. Kennedy. Recommended

Human Exposure Limits for Very-Low-Frequency
Vibration. TP-76-36. Pacific Missile Test Cen-
ter, Point Mugu, Calif., 1976.

R.S. Kennedy and A. Graybiel. The Dial Test: A
Standardized Procedure for the Experimental
Production of Canal Sickness Symptomatology in
a Rotating Environment. Joint Report NSAM-930.
National BAeronautics and Space Administration
and U.S. Naval School of Aviation Medicine,
Pensacola, Fla., 1965.

C. Ashley. Equal Annoyance Contours for the Ef-
fect of Sinusoidal Vibration on Man. Shock and
Vibration Bulletin, Vol. 41, 1970, pp. 13-20.
B.K.N. Rao and B. Jones. Some Studies on the
Measurement of Head and Shoulder Vibration Dur-
ing Walking. Ergonomics, Vol, 18, 1975, pp.
555-566.

C.K. Bensel and E. Dzendolet. Power Spectral
Density Analysis of the Standing Sway of Males.
Perception and Psychophysics, Vol. 4, No. 5,
1968, pp. 285-288.

G.H. Crampton and F.A. Young. The Differential
Effect of a Rotary Visual Field on Susceptibles
and Nonsusceptibles to Motion Sickness. Journal
of Comparative and Physiological Psychology,
Vol. 46, No. 6, 1953, pp. 451-453,

J. Dichgans and T. Brandt. Optokinetic Motion
Sickness as Pseudo-Coriolis Effects Induced by
Moving Visual Stimuli. Acta Otolaryngologica,
Vol. 76, 1973, pp. 339-348.,

H.A. Witkin. Perception of Body Position and of
the Position of the Visual Field. Psychological
Monographs, Vol. 63, No. 302, 1949,

C.H. Baker. Motion and Human Performance: A
Review of the Literature. Technical Report 770~
1, Section 1. Human Factors Research, Inc.,
Goleta, Calif., 1966.

S.J. Alexander, M, Cotzin, C.J. Hill, Jr., E.A.
Ricciuti, and G.R. Wendt. Wesleyan University
Studies of Motion Sickness, I: The Effects of
Variation of Time Intervals Between Accelera-
tions upon Sickness Rates. Journal of Psychol-
ogy, Vol. 19, 1945, pp. 49-62.

S.J. Alexander, M. Cotzin, C.J. Hill, Jr., E.A.
Ricciuti, and G.R. Wendt. Wesleyan University
Studies of Motion Sickness, III: The Effects of
Various Accelerations upon Sickness Rates.
Journal of Psychology, Vol. 20, 1945, pp. 3-8.
S.J. Alexander, M. Cotzin, C.J. Hill, Jr., E.A,
Ricciuti, and G.R. Wendt. Wesleyan University
Studies of Motion Sickness, VI: Prediction of
Sickness on a Vertical Accelerator by Means of
a Motion Sickness History Questionnaire. Jour-
nal of Psychology, Vol. 20, 1945, pp. 25-30.
S.J. Alexander, M. Cotzin, C.J. Hill, Jr., E.A.

33.

34.

35.

36.

37.

38.

39.

40,

41.

42,

44,

45.

46.

47.

48.

49,

79

Ricciuti, and G.R. Wendt. Wesleyan University
Studies of Motion Sickness, VII: The Effects of
Sickness upon Performance. Journal of Psychol-
ogy, Vol. 20, 1945, pp. 31-39.

S.J. Alexander, M. Cotzin, J.B. Klee, and G.R.
Wendt. Studies of Motion Sickness, XVI: The Ef-
fects upon Sickness Rates of Waves of Various
Frequencies but Identical Acceleration. Journal

of Experimental Psychology, Vol. 37, 1947, pp.
440-448.

R.S. Kennedy, W.F. Moroney, R.M. Bale, H.G.
Gregoire, and D.G. Smith. Motion Sickness Symp=-
tomatology and Performance Decrements Occasioned
by Hurricane Penetrations in C-121, C-130, and
P-3 Navy Aircraft, RAerospace Medicine, Vol. 43,
1972, pp. 1235-1239.

Ss.F. Wiker, R.L. Pepper, and M.E. McCauley. A
Vessel Class Comparison of Physiological, Af-
fective State and Psychomotor Changes in Men at
Sea., CG-0-07-81. U.S. Department of Transporta-
tion and U.S. Coast Guard, 1980.

R.S. Kennedy. Visual Distortion: A Point of
View. Monograph 15. Naval Aerospace Medicine
Institute, Pensacola, Fla., 1970.

J.S. Baily. Adaptation to Prisms: Do Proprio-
ceptive Changes Mediate Adapted Behaviour with
Ballistic Arm Movements? Quarterly Journal of
Experimental Psychology, Vol. 24 (Part 1), 1972,
pp- 8-20.

J. Bossom. Movement Without Proprioception.
Brain Research, Vol. 71, 1974, pp. 285-296.

C.A, Burnham. Adaptation to Prismatically In-
duced Curvature with Nonvisible Arm Movements.
Psychonomic Science, Vol. 10, No. 8, 1968, pp.
273-274.

R.S. Kellogg, R.S. Kennedy, and A. Graybiel.
Motion Sickness Symptomatology of Labyrinthine
Defective and Normal Subjects During Zero Grav-
ity Maneuvers., Aerospace Medicine, Vol. 36,
1965, pp. 315-318.

J.R. Lackner and A. Graybiel. Etiological Fac-
tors in Space Motion Sickness. Aviation, Space,
and Environmental Medicine, Vol. 54, No. 8,
1983, pp. 675-681.

F.E. Guedry, Jr., R.S. Kennedy, C.S. Harris,
and A, Graybiel. Human Performance During Two
Weeks in a Room Rotating at Three rpm. Aerospace
Medicine, Vol., 35, 1964, pp. 1071~1082.

F.E. Guedry, Jr. Some Vestibular Problems Re-
lated to Orientation in Space. Acta Otolaryn-
gologica, Vol. 65, 1968, pp. 174-185.

G.G. Denton. Visual Motion Aftereffect Induced
by Simulated Rectilinear Motion. Perception,
vol. 6, 1977, pp. 711-718,

K.E. Money and J.D. Wood. Neural Mechanisms
Underlying the Symptomatology of Motion Sick-
ness. In Fourth Symposium on the Role of the
Vestibular Organs in Space Exploration, NASA
SP-187, Naval Aerospace Medical Institute,
Pensacola, Fla., 1968, pp. 35-44.

L.H. Frank, R.S. Kennedy, M.E. McCauley, and
R.S. Kellogg. Simulator Sickness Reaction to a
Transformed Perceptual World, I: Scope of the
Problem. NAVTRAEQUIPCEN TN-65, Naval Training
Equipment Center, Orlando, Fla., 1983.

J.E. Steele. The Symptomatology of Motion Sick-
ness. In Fourth Symposium on the Role of the
Vestibular Organs in Space Exploration, NASA
SP-187, Naval BAerospace Medical Institute,
Pensacola, Fla., 1968, pp. 89-96.

W.H. Wollaston. Croonian Lecture: 1810. Abstract

in Edinburgh Medical Journal, Vol. 8, 1811, p.
555
J.W. Wolfe, E.J. Engelken, and J.E. Olson. Ves-

tibular Responses to Biothermal Caloric and
Harmonic Patients with Meniere's Disease. In



80

50.

52w

53.

54.

55,

(%4
(=
.

Meniere's Disease (K.H. Vosteen, Thieme
and Stratton, New York, 1981.

A. Graybiel and J.R. Lackner. Comparison of
Susceptibility to Motion Sickness During Rota-
tion at 30 rpm in the Earth-Horizontal, 10°
Head-Up, and 10° Head~Down Positions. Aviation,
Space, and Environmental Medicine, Vol. 48,
1977, pp. 7-11.

A. Graybiel and J.R. Lackner. Rotation About
the Z Axis After 6 Hours in the 10° Head-Down
Position: Effect on Susceptibility to Motion
Sickness. Aviation, Space, and Environmental
Medicine, Vol. 50, No. 4, 1979, pp. 390-392.
A.J. Benson. Motion Sickness. Aviation Medicine,
vol. I: Physiology and Human Factors (G. Dhenin
and J. Ernsting, eds.), Tri-Med Books Ltd.,
London, England, 1978, pp. 468-493.

R.S. Kennedy. Motion Sickness Questionnaire and
Field Independence Scores as Predictors of Suc-
cess in Naval Aviation Training. AGARD Preprint
109. Proc., Advisory Group for Aerospace Re-
search and Development Meeting, Glasgow, Scot-
land, 1972.

C.D. Wood. Anti-Motion Sickness Therapy. In
Fifth Symposium on the Role of the Vestibular
Organs in Space Exploration, NASA SP-314, Naval

ed.),

Aerouspace Medical Inslilule, Pensacola, Fla.,
1970.
G.B. Koelle. Neurochemical Transmission and the

Autonomic Nervous System. In The Pharmacological
Basis of Therapeutics, 3rd ed. (L.S. Goodman
and A, Gilman, eds.), The MacMillan Company,
New York, 1965.

P.C. Tang. Artifacts Produced During Electrical
Stimulation of the Vestibular Nerve in Cats. In
Fifth Symposium on the Role of the Vestibular
Organs in Space Exploration, NASA SP-314, Naval
Aerospace Medical Institute, Pensacola, Fla.,
1970.

57.

58.

59.

[«
(&)
.

61.

62.

63.

64.

Transportation Research Record 1059

Motion Sickness:
Science, Vol. 197,

M. Treisman.
Hypothesis.
495.

S.F. Wiker, Motion Sickness and Associated Phys-
iological Response to Ship Motion. M.S. thesis,
The George Washington University, Washington,
D.C., 1981.

R. Held. Plasticity in Sensory-Motor Systems.
Scientific American; Vol. 213, No. 5; 1965, pp.
84-94,

J.T. Reason. Motion Sickness: A Special Case of
Sensory Rearrangement. Advancement of Science,
vol. 26, 1970, pp. 386-393.

J. Cohen. Multiple Regression as a General Data
Analytic System. Psychological Bulletin, No.
70, 1968, pp. 426-443.

R.S. Kennedy and L.H. Frank. A Review of Motion
Sickness with Special Reference to Simulator
Sickness. NAVTRAEQUIPCEN 81-C-0105-16. Naval
Training Equipment Center, Orlando, Fla., 1984.
R.S. Kennedy, K.S. Berbaum, and L.G. Frank.
Visual Distortion: The Correlation Model. SAE
Technical Paper Series 841595. Presented at the
Aerospace Congress and Exposition, Long Beach,
Calif., 1984.

K.E. Money and B.S. Cheung. A Mechanism for the
Facilitation of the Emetic Response to Poisons:
The Basis of Motion Sickness. Proc., Aerospace
Medical Association Meeting, Miami, Fla., 1982.

An Evolutionary
1977, pp. 493-

The opinions expressed in this paper are those of

the

of the Naval Training Equipment Center,

necessarily represent those
the Depart-

authors and do not

ment of the Navy, or the U.S. Department of Defense.

Publication of this paper sponsored by Committee on
Simulation and Measurement of Driving.





